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CHAPTER 01

Debugging Games in Unity and
Unreal

What you'll build: Readers will learn to effectively identify, diagnose, and
resolve bugs in Unity and Unreal Engine games using essential tools and best
practices for efficient development workflows. Time needed: ~120 minutes
Prerequisites: Basic understanding of game development concepts, Familiarity
with C# (for Unity) and C++ (for Unreal Engine), Unity Hub and Unity Editor
installed, Unreal Engine Launcher and Unreal Editor installed, Visual Studio or
JetBrains Rider installed Version scope: Unreal Engine: 5.x; Unity: official-docs-
current; JetBrains Rider: 2026.1; Visual Studio: official-docs-current Last verified:
2026-06-03 against official docs (https://dev.epicgames.com/community/unreal-
engine/getting-started/games)

Note: The verification confidence for this tutorial is medium, as
comprehensive, direct official Unity debugging documentation was not
explicitly found in the provided snippets. However, the information presented
is based on widely accepted practices and official integration guides for IDEs
like Visual Studio and JetBrains Rider.

Introduction to Game Debugging Principles

Welcome, future bug-slayers! In game development, bugs are an inevitable part
of the creative process. They can range from minor visual glitches to game-
breaking crashes. Learning to debug effectively is not just about fixing problems;
it's about understanding your code better, improving game stability, and
ultimately, delivering a polished experience to players.

Why Debugging Matters

Debugging is the process of identifying, analyzing, and removing errors (bugs)
from your software. In games, this is particularly critical because bugs can:

* Ruin player experience: Nothing breaks immersion faster than a glitch or
crash.

* Waste development time: Unresolved bugs can snowball, making future
development harder and slower.
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* Impact performance: Logic errors can lead to inefficient code, slowing
down your game.

Instead of just guessing or relying solely on Debug.Log (or UE LOG), we'll dive
into powerful interactive debugging tools that allow you to step through your
code, inspect variables, and understand the program's flow in real-time. This
approach saves immense time and provides deeper insights into why your game
isn't behaving as expected.

The Debugging Workflow
While every bug hunt is unique, a common workflow helps streamline the
process:

1. Reproduce the Bug: Can you make it happen consistently? If not, try to
understand the conditions under which it occurs.

2. Locate the Problem: Pinpoint the specific area of code responsible. This is
where interactive debuggers shine.

3. Analyze the Cause: Understand why the bug is happening. Is it faulty
logic, incorrect data, or an unexpected interaction?

4. Implement a Fix: Write code to resolve the issue.
5. Verify the Fix: Ensure the bug is gone and no new bugs were introduced.
This tutorial will equip you with the knowledge and tools to confidently navigate

steps 2 and 3 using industry-standard IDEs and engine-specific features for both
Unity and Unreal Engine.
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o Key Idea: Debugging is an iterative problem-solving process. Don't just fix
symptoms; understand and address the root cause.

By the end of this section, you understand the fundamental principles and
workflow of effective game debugging.
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Setting Up Your Debugging Environment (Unity)

To debug Unity games effectively, you need a powerful Integrated Development
Environment (IDE) like Visual Studio or JetBrains Rider. These IDEs integrate
directly with the Unity Editor, allowing you to attach a debugger to your running
game and inspect your C# code.

Preparing Visual Studio for Unity Debugging

If you're using Visual Studio, you'll need to ensure the "Visual Studio Tools for
Unity" component is installed. This component provides the necessary integration
for debugging.

1. Install Visual Studio Tools for Unity:

* Open the Visual Studio Installer. You can find it by searching for
"Visual Studio Installer" in your Windows Start menu or macQOS
Applications folder.

* Find your installed version of Visual Studio (e.qg., Visual Studio 2022).
* Click Modify.

* In the "Workloads" tab, ensure that the "Game development with
Unity" workload is checked. If it's not, check it and then click Modify
to install the components.

°* > Note: This step installs Visual Studio Tools for
Unity, which is crucial for seamless debugging.

* Close the Visual Studio Installer once the installation is complete.

2. Configure Unity Editor's External Script Editor:

* Open your Unity project in the Unity Editor.

* Goto Edit > Preferences... (Windows) or Unity > Settings...
(macO0S).

* Navigate to the External Tools section.

* Under External Script Editor, make sure Visual Studio is selected.
If it's not, click the dropdown and choose your installed Visual Studio
version.

* Close the Preferences/Settings window.
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3. Attach the Debugger:

* Open a C# script from your Unity project by double-clicking it in the
Project window. This should launch Visual Studio and open your project
solution.

* In Visual Studio, with your Unity project open, you should see a
"Attach to Unity" or similar dropdown button in the toolbar (often
near the "Start" or "Run" button).

* Click this button, or go to Debug > Attach Unity Debugger....

* A dialog will appear showing running Unity instances. Select the Unity
Editor instance corresponding to your project and click Attach.

- > Note: You must have your Unity project open and running

(even paused) in the Unity Editor for Visual Studio to attach to it.

Once attached, the "Attach to Unity" button might change to "Detach from Unity"
or the debugger controls (play, pause, step) will become active, indicating a
successful connection.

Preparing JetBrains Rider for Unity Debugging

JetBrains Rider offers excellent integration with Unity, often requiring less manual
setup once installed.

1. Ensure Rider is Configured for Unity:

* When you first install JetBrains Rider (version 2026.1 or later), it will
typically detect your Unity installations and prompt you to enable
Unity support. Ensure this is done.

* If you need to verify or configure manually, go to File > Settings
(Windows/Linux) or Rider > Preferences (macOS).

* Navigate to Languages & Frameworks > Unity Engine. Ensure the
checkbox for "Enable Unity support" is checked.

* Verify that "Use Unity's external script editor" is set to "Rider" in your
Unity Editor preferences (as described in step 2 for Visual Studio).

2. Open Your Unity Project in Rider:

* Open your Unity project by dragging the project folder onto the Rider
icon, or using File > Open... and selecting your Unity project folder.
Rider will automatically open the correct solution.
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3. Attach the Debugger:

* In Rider, you'll typically see a run configuration dropdown in the
toolbar, often labeled "Attach to Unity Editor".

* Click the "Debug" button (a small bug icon) next to this dropdown.
°* > Note: Ensure your Unity Editor is running with your

project open before attempting to attach the debugger.

Rider will automatically connect to the running Unity Editor instance. The debug
controls will become active, and the status bar might indicate "Connected to
Unity Editor."

Verifying Your Debugger Connection

To confirm your debugger is properly attached:

1. In your C# script within your chosen IDE, set a simple breakpoint (click in
the left margin next to a line of code).

2. Go back to the Unity Editor and press the Play button.
3. If the debugger is attached correctly, Unity should pause, and your IDE
should jump to the breakpoint, highlighting the line of code.

If this happens, congratulations! Your Unity debugging environment is ready.

By the end of this section, you have successfully set up either Visual Studio or
JetBrains Rider to debug your Unity C# projects.

Setting Up Your Debugging Environment (Unreal
Engine)

Debugging C++ code in Unreal Engine also relies on a robust IDE like Visual
Studio or JetBrains Rider. The setup involves ensuring your IDE can compile and
connect to the Unreal Engine process.
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Preparing Visual Studio for Unreal Engine Debugging

Unreal Engine projects are typically C++ projects, so your Visual Studio
installation needs the right components.

1. Install C++ Game Development Workload:

* Open the Visual Studio Installer.
* Find your installed Visual Studio version and click Modify.

* In the "Workloads" tab, ensure that the "Game development with
C++" workload is checked. This installs essential C++ compilers and
tools.

* Click Modify to install any missing components.

e Close the Visual Studio Installer.

2. Generate Project Files:

* Navigate to your Unreal Engine project folder in your file explorer.
* Right-click on the .uproject file (e.g., MyGame.uproject).

* Select "Generate Visual Studio project files" from the context
menu. This creates or updates the .sln (solution) file and .vcxproj
(project) files that Visual Studio uses.

- > Note: You might need to install the "Unreal Engine"
context menu extension if this option is missing. This is usually
done during Unreal Engine installation or can be added via the
Epic Games Launcher.
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3. Open and Configure the Solution in Visual Studio:

* Double-click the newly generated .sln file to open your project in
Visual Studio.

* In the Visual Studio toolbar, you'll see a dropdown for Solution
Configurations (e.g., Development Editor, DebugGame Editor).

* For debugging in the editor, select Development Editor.

* For debugging a standalone game build, select DebugGame or
DebugGame Editor (if you want to launch from the editor and
debug a game instance).

* Next to it, you'll see a dropdown for Solution Platforms (e.qg.,
Win64 ). Keep this as Win64 for Windows development.

* Ensure your game project is set as the Startup Project. Right-click on
your game project in the Solution Explorer and select Set as Startup
Project.

4. Launch Unreal Engine and Attach Debugger:

* With your project solution open in Visual Studio and the correct
configuration selected (e.g., Development Editor), click the "Local
Windows Debugger" button (often a green play icon with "Local
Windows Debugger" next to it).

* This command will launch your Unreal Engine Editor with your project
open. Visual Studio will automatically attach its debugger to the
running Unreal Editor process.

°* > Note: This action (Launch Unreal Engine project and
attach debugger from Visual Studio/Rider) initiates a
debugging session.
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Preparing JetBrains Rider for Unreal Engine Debugging
JetBrains Rider provides seamless integration for C++ Unreal Engine
development.

1. Ensure Rider is Configured for Unreal Engine:

* When installing Rider (version 2026.1 or later), ensure the "C++
Development" and "Game Development" plugins are enabled. Rider
will often guide you through this.

* Verify this in File > Settings (Windows/Linux) or Rider >
Preferences (macOS) under Languages & Frameworks > C++ >
Unreal Engine.

2. Open Your Unreal Engine Project in Rider:

* Open your Unreal Engine project by dragging the .uproject file onto
the Rider icon, or using File > Open... and selecting the
.uproject file. Rider will automatically generate and open the
solution.

3. Launch Unreal Engine and Attach Debugger:

* In Rider, you'll see a run configuration dropdown in the toolbar. It will
typically be pre-filled with options like "MyGameEditor
(Development)" or "MyGame (DevelopmentClient)"”.

* Select the appropriate configuration (e.g., MyGameEditor
(Development) to debug the editor).

* Click the "Debug" button (a small bug icon) next to this dropdown.

°* > Note: This action (Launch Unreal Engine project and
attach debugger from Visual Studio/Rider) initiates a
debugging session.

Rider will compile your project (if necessary), launch the Unreal Editor, and
automatically attach its debugger.

Verifying Your Debugger Connection

To confirm your debugger is properly attached:

1. In your C++ code within your chosen IDE, set a simple breakpoint (click in
the left margin next to a line of code).

2. Go back to the Unreal Editor and initiate an action that triggers that C++
code (e.qg., press Play in the editor, or interact with an object).

Debugging Games in Unity and Unreal 11



3. If the debugger is attached correctly, Unreal Editor should pause, and your
IDE should jump to the breakpoint, highlighting the line of code.

If this happens, your Unreal Engine debugging environment is successfully set up.

By the end of this section, you have successfully configured either Visual Studio
or JetBrains Rider to debug your Unreal Engine C++ projects.

Core Debugging Techniques (Breakpoints,
Stepping, Inspection)

Now that your debugging environment is set up, let's explore the fundamental
techniques that make interactive debuggers so powerful. These techniques are
largely consistent across both Visual Studio and JetBrains Rider, whether you're
debugging C# in Unity or C++ in Unreal Engine.

Understanding Breakpoints

A breakpoint is a marker you place in your code that tells the debugger to pause
execution at that specific line. This allows you to examine the program's state at
that exact moment.

Setting a Simple Breakpoint

1. Locate the line: In your C# (Unity) or C++ (Unreal) code file, find a line
where you suspect an issue might be occurring.

2. Click in the margin: Click in the left margin of the code editor, next to the
line number. A red circle will appear, indicating a breakpoint.

e |n Visual Studio, it's a red circle.
* In Rider, it's also a red circle.

When your game runs and hits this line of code, execution will pause, and your
IDE will bring focus to that line.

Conditional Breakpoints

Sometimes, you only want to break execution when a certain condition is met
(e.g., a variable reaches a specific value, or a loop iteration count is high).

1. Right-click the breakpoint: Right-click on an existing breakpoint.
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2. Select "Conditions..." (Visual Studio) or "Edit Breakpoint" (Rider):

* In Visual Studio, select "Conditions..." and enter a C# or C++
expression (e.g., playerHealth < 0 or loopIndex == 10).

* In Rider, select "Edit Breakpoint" and then enter your condition in the
"Condition" field.

3. Confirm: Save the condition. The breakpoint icon might change slightly to
indicate it's conditional.

Hit Count Breakpoints

These breakpoints only trigger after they've been hit a certain number of times.
Useful for debugging issues in loops or frequently called functions.

1. Right-click the breakpoint: Right-click on an existing breakpoint.
2. Select "Conditions..." (Visual Studio) or "Edit Breakpoint" (Rider):
* In Visual Studio, choose "Hit Count" and specify the number of hits.

* In Rider, select "Edit Breakpoint" and then use the "Hit count" option.

1\, Common mistake: Placing breakpoints randomly. Be strategic! Place them
where data changes, or just before a known problematic function call.

Stepping Through Code

Once your debugger hits a breakpoint, you have control over how the program
executes, line by line.

* Continue (F5): Resumes program execution until the next breakpoint is hit
or the program ends.

* Step Over (F10): Executes the current line of code and moves to the next
line. If the current line calls a function, it executes the entire function and
then stops at the next line after the function call, without going into the
function's code.

» Step Into (F11): Executes the current line. If the current line calls a
function, it jumps into that function's code and stops at the first line of the
called function.

* Step Out (Shift+F11): Executes the remainder of the current function and
stops at the line immediately after the function call returned.

These stepping commands allow you to precisely follow the execution flow and
identify exactly where your logic deviates from expectations.
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Inspecting Variables and the Call Stack

While execution is paused, you can examine the values of variables and
understand the sequence of function calls that led to the current point.

* Locals Window: This window (usually at the bottom of your IDE)
automatically displays all local variables in the current scope and their
current values.

* Watch Window: You can manually add any variable or expression to the
Watch window to continuously monitor its value as you step through code.
This is great for variables that are out of the immediate local scope but still
relevant.

» Call Stack Window: This window shows the sequence of function calls that
led to the current breakpoint. It's like a history of how your program arrived
at this point. Each entry represents a function, and double-clicking an entry
will show you the code at that point in the call stack. This is invaluable for
understanding the context of a bug.

Practical Example (Unity C#)

Let's imagine a simple Unity script where a player's score isn't updating correctly.

// PlayerScore.cs
using UnityEngine;

public class PlayerScore : MonoBehaviour
{
public int score = 0;
public int pointsPerKill
private int enemyCount =

= 10;
0;

void Start()
{

}

Debug.Log("PlayerScore initialized.");

public void AddKill()
{

enemyCount++;

score += pointsPerKill * enemyCount; // Potential bug: should be just
pointsPerKill

Debug.Log($"Enemy killed! Current score: {score}");

}

void Update()
{

// Simulate a kill every few seconds for testing
if (Input.GetKeyDown(KeyCode.K))
{

}

AddKill();
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1. Attach your IDE debugger to Unity as shown in the "Setting Up Your
Debugging Environment (Unity)" section.

2. Set a breakpoint on the line score += pointsPerKill * enemyCount;
inside the AddKill() method.

3. Go back to Unity Editor, ensure PlayerScore.cs is attached to a
GameObject, and press Play.

4. In the game, press the K key to simulate a kill.
5. Your IDE should pause at the breakpoint.

6. Inspect: Look at the Locals window. You'll see score, pointsPerKill,
and enemyCount.

* On the first kill, enemyCount is 1. score becomes 0 + 10 * 1 = 10.

Looks okay.
* Press F5 (Continue) or F10 (Step Over).

* Press K again in Unity.

* Your IDE pauses. Now enemyCount is 2. score becomes 10 + 10 * 2

= 30. Wait, why 307 It should be 20 (10 for first kill + 10 for second).

7. Identify the bug: The line score += pointsPerKill * enemyCount; is
incorrect. It's multiplying pointsPerKill by the total enemyCount each
time, instead of just adding pointsPerKill.

8. Fix: Change the line to score += pointsPerKill; .

9. Verify: Remove the breakpoint, save the script, and run the game again.
Press K multiple times and observe the Debug.Log output in Unity's
Console. The score should now increment by 10 each time (10, 20, 30...).

Practical Example (Unreal Engine C++)

Let's consider a simple C++ actor that moves but might have an issue with its
speed calculation.

// MyMovingActor.h

#pragma once

#include "CoreMinimal.h"

#include "GameFramework/Actor.h"

#include "MyMovingActor.generated.h"

UCLASS ()
class MYPROJECT API AMyMovingActor : public AActor
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GENERATED BODY ()

public:
// Sets default values for this actor's properties
AMyMovingActor();

protected:
// Called when the game starts or when spawned
virtual void BeginPlay() override;

public:
// Called every frame
virtual void Tick(float DeltaTime) override;

UPROPERTY (EditAnywhere, Category = "Movement")
float BaseSpeed = 100.0f; // Units per second

UPROPERTY (EditAnywhere, Category = "Movement")
float SpeedMultiplier = 0.5f; // Bug: Should be 1.0f for normal speed

private:
FVector CurrentDirection;

iF

// MyMovingActor.cpp
#include "MyMovingActor.h"

// Sets default values
AMyMovingActor: :AMyMovingActor()
{
PrimaryActorTick.bCanEverTick = true;
CurrentDirection = FVector(1.0f, 0.0f, 0.0f); // Move along X-axis
}

// Called when the game starts or when spawned
void AMyMovingActor::BeginPlay ()

{

Super: :BeginPlay();

UE LOG(LogTemp, Warning, TEXT("MyMovingActor spawned with BaseSpeed:
%f"), BaseSpeed);
}

// Called every frame
void AMyMovingActor::Tick(float DeltaTime)

{
Super::Tick(DeltaTime);

float EffectiveSpeed = BaseSpeed *
SpeedMultiplier; // Calculate effective speed
FVector DeltalLocation = CurrentDirection * EffectiveSpeed * DeltaTime;

AddActorWorldOffset(DeltalLocation);

UE_LOG(LogTemp, Log, TEXT("Tick: EffectiveSpeed=%f, DeltaTime=5%f,
DeltalLocation=%s"),
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EffectiveSpeed, DeltaTime, *DeltalLocation.ToString());

1. Attach your IDE debugger to Unreal Editor as shown in the "Setting Up
Your Debugging Environment (Unreal Engine)" section.

2. Set a breakpoint on the line float EffectiveSpeed = BaseSpeed *
SpeedMultiplier; inside AMyMovingActor::Tick() .
3. In Unreal Editor, drag an AMyMovingActor into your level, then press Play.

4. Your IDE should pause at the breakpoint.

5. Inspect: Look at the Locals window. You'll see BaseSpeed (100.0f) and
SpeedMultiplier (0.5f).

*» The EffectiveSpeed will be calculated as 100.0f * 0.5f = 50.0f.

* You expected the actor to move at BaseSpeed (100 units/sec), but it's
only moving at 50 units/sec.

6. Identify the bug: The SpeedMultiplier was initialized to 0.5f in the
header, effectively halving the speed.

7. Fix: Change float SpeedMultiplier = 0.5f; to float
SpeedMultiplier = 1.0f; in MyMovingActor.h.

8. Verify: Recompile your C++ code (usually by pressing the Debug button in
your IDE again, or using the "Compile" button in Unreal Editor). Remove the
breakpoint, run the game, and observe the actor's movement. It should now
move at the intended speed.

By the end of this section, you are proficient in using breakpoints, stepping
controls, and variable inspection to diagnose issues in your C# and C++ game
code.

Engine-Specific Debugging Tools and Features

Beyond the core IDE debugger, both Unity and Unreal Engine provide their own
powerful, integrated tools for debugging specific aspects of your game, from
logging to visual representations and performance analysis.

Unity's Built-in Debugging Aids
Unity offers several tools within its editor to help you debug without always
needing to jump into your IDE.
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Debug.Log and its Variants

While we advocate for using the IDE debugger for complex logic, Debug.Log is
still useful for quick checks, tracking simple flows, or outputting data in builds.

* Debug.Log("Message"); : Prints a message to the Unity Console.

* Debug.LogWarning("Warning message"); : Prints a warning, useful for
highlighting potential issues.

* Debug.LogError("Error message"); : Prints an error, often with a stack
trace, for critical failures.

* Debug.LogAssertion("Assertion failed!"); : Used for debugging
assumptions; it prints an error if the condition is false.

// Example using Debug.Log variants
using UnityEngine;

public class MyDebuglLogger : MonoBehaviour

{
public int itemAmount = 5;

void Start()

{
Debug.Log("Game started.");

if (itemAmount <= 0)
{
Debug.LogError("Item amount is zero or negative! This might cause
issues.");

}
else if (itemAmount < 10)

{
}
else

{
}

Debug.LogWarning("Item amount is low, consider adding more.");

Debug.Log("Item amount is sufficient.");

» To verify: Attach this script to a GameObject in Unity, adjust itemAmount
in the Inspector, and run the game. Observe the output in the Unity Console
window.

Debugging Games in Unity and Unreal 18



I, Common mistake: Over-reliance on Debug.Log or print statements for
complex issues. This can clutter your console, make it hard to follow
execution flow, and doesn't allow real-time variable manipulation like an IDE
debugger. Use Debug.Log for simple status updates or quick checks, but
switch to the IDE debugger for deeper investigation.

Unity Editor's Play Mode and Pause
The Unity Editor itself is a powerful debugging tool.

* Play/Pause Button: You can pause the game at any time during Play mode
to inspect GameObject properties, component values, and scene state in the
Inspector. This is incredibly useful for visual debugging.

* Frame by Frame: While paused, you can step forward one frame at a time,
allowing you to observe subtle changes over time.

°* > Note: This is different from the IDE debugger's line-by-line
stepping, as it advances the entire game simulation by one frame.

Gizmos for Visual Debugging

Gizmos are visual debugging aids that draw lines, spheres, and other shapes in
the Scene view, helping you visualize concepts like raycasts, collision bounds, or
custom logic.

// Example: Visualize a detection radius
using UnityEngine;

public class DetectionZone : MonoBehaviour

{
public float detectionRadius = 5f;
public Color gizmoColor = Color.yellow;

void OnDrawGizmos ()

{
Gizmos.color = gizmoColor;
Gizmos.DrawWireSphere(transform.position, detectionRadius);

}

void OnDrawGizmosSelected()

{

Gizmos.color = Color.red;
Gizmos.DrawSphere(transform.position, detectionRadius * 0.5f);
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» To verify: Attach this script to a GameObject. In the Scene view, you'll see
a yellow wire sphere around the GameObject. Select the GameObject to see
a red solid sphere. This helps visualize its detection zone.

Unity Profiler

While primarily a performance tool, the Profiler (accessible via Window >
Analysis > Profiler) can help identify code that's running too frequently or
taking too long, indirectly pointing to logic bugs or inefficient algorithms.

Unreal Engine's Debugging Arsenal

Unreal Engine provides an extensive suite of in-editor and console-based
debugging tools, particularly robust for C++ development and Blueprint scripting.

UE_LOG for C++ and Blueprints

Similar to Debug.Log, UE LOG is the primary way to output messages from C++
code to the Unreal Editor's Output Log.

// Example using UE LOG
#include "MyActor.h"
#include "Engine/Engine.h" // Required for GEngine->AddOnScreenDebugMessage

AMyActor: :AMyActor()
{

}

PrimaryActorTick.bCanEverTick = true;

void AMyActor: :BeginPlay()

{
Super: :BeginPlay();

UE LOG(LogTemp, Warning, TEXT("MyActor %s has begun play!"), *GetName());

// Also display on screen for quick visual feedback
if (GEngine)
{
GEngine->AddOnScreenDebugMessage(-1, 5.f, FColor::Yellow, TEXT("Actor
Initialized!"));
}
¥

void AMyActor::Tick(float DeltaTime)

{
Super::Tick(DeltaTime);
// UE _LOG(LogTemp, Log, TEXT("Actor %s ticking."), *GetName()); // Too
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verbose for every tick, use sparingly

}

* To verify: Compile this C++ code, drag AMyActor into your level, and
press Play. Observe the Output Log (Window > Developer Tools > Output
Log) for the warning message and the on-screen message in the viewport.

Blueprint Debugger

For logic implemented in Blueprints, the Blueprint Debugger is invaluable.

1. Open a Blueprint: Double-click any Blueprint asset to open it.
2. Start Play In Editor (PIE): Run your game in the editor.

3. Select Debug Object: In the Blueprint Editor toolbar, click the "Debug"
dropdown and select the instance of the Blueprint you want to debug from
the "World Outliner" list.

4. Set Breakpoints: Click on the execution wire between nodes to set
breakpoints (red circles).

5. Step Through: When execution hits a breakpoint, the Blueprint Editor will
highlight the current node, and you can use the stepping controls ( Step,
Step Over) in the toolbar to follow the flow. The "Details" panel will show
variable values.

Visual Logger

The Visual Logger (accessible via Window > Developer Tools > Visual
Logger ) records and visualizes events, Al decisions, and other data directly in the
viewport. It's excellent for understanding complex Al behavior or movement
paths.

Enable: Open the Visual Logger window.

Start Recording: Click the "Record" button in the Visual Logger.

1.

2.

3. Play Game: Play your game in the editor.

4. Stop Recording: Click "Stop" in the Visual Logger.
5.

Review: You can now scrub through the timeline and see visual
representations of your game's state and events in the viewport.

Stat Commands

Unreal Engine has a powerful console command system. Many stat commands
provide real-time performance and debugging information. Open the console with
~ (tilde) during Play In Editor.

 stat fps: Displays frames per second.
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e stat unit: Shows frame time breakdown (Game, Draw, GPU, RHI).
* stat game: Detailed game thread statistics.

* stat rhi: Rendering Hardware Interface statistics.

e stat memory: Memory usage.

e stat cpu: CPU usage.

Draw Debug Functions

Similar to Unity's Gizmos, Unreal's DrawDebug functions allow you to draw
temporary shapes in the world for visual debugging from C++ or Blueprints.

// Example: Draw a debug line for a raycast
#include "MyActor.h"
#include "DrawDebugHelpers.h" // Required for DrawDebuglLine

void AMyActor::Tick(float DeltaTime)

{
Super::Tick(DeltaTime);

FVector StartLocation = GetActorLocation();
FVector EndLocation = StartLocation + GetActorForwardVector() *
500.0f; // 500 units forward

// Draw a red debug line for 0.1 seconds

DrawDebugLine (GetWorld(), StartLocation, EndLocation, FColor::Red, false,
0.1f, 0, 5.0f);
}

* To verify: Compile this code, drag AMyActor into your level, and press
Play. You'll see a red line extending from the actor's front in the viewport.

By the end of this section, you have explored and understand how to use engine-
specific debugging tools in both Unity and Unreal Engine to gain deeper insights
into your game's behavior.

Advanced Debugging Strategies and Performance
Analysis

As games become more complex, basic debugging techniques might not be
enough. This section covers strategies for tackling elusive bugs, optimizing
performance, and understanding crashes.

Debugging Games in Unity and Unreal
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Remote Debugging for Deployed Builds

Debugging directly on a development machine is ideal, but sometimes a bug only
manifests on a specific target platform (e.g., a mobile device, a console, or
another PC). This is where remote debugging comes in.

* Concept: Your game runs on the target device, while your IDE debugger
(Visual Studio or Rider) runs on your development machine and connects
over the network.

* Unity: Visual Studio and Rider both support attaching to Unity Player builds
running on various platforms (e.qg., Android, iOS, Windows standalone). This
typically involves ensuring the build is a "Development Build" with "Script
Debugging" enabled.

* Unreal Engine: For C++ Unreal builds, you need to compile a DebugGame
or Development build for the target platform. Visual Studio and Rider can
then attach to the remote process, often requiring the target machine's IP
address and potentially an SSH connection for Linux-based targets.

Real-world insight: Remote debugging is crucial for finding platform-
specific bugs that don't appear in the editor, such as touch input issues on
mobile or rendering artifacts on a specific GPU.

Memory Debugging and Leak Detection

Memory leaks (where your game continuously allocates memory without freeing
it, leading to eventual slowdowns or crashes) are particularly nasty bugs.

* Unity Memory Profiler: Accessible via Window > Analysis > Memory
Profiler. This tool allows you to take snapshots of your game's memory
usage, compare them, and identify unreferenced assets or objects that are
still held in memory.

* Unreal Engine Memory Insights: Part of the Unreal Insights suite
(UnrealInsights.exe). Memory Insights provides detailed information
about memory allocations, deallocations, and current memory usage,
helping you pinpoint leaks and understand memory patterns.

I\ What can go wrong: Unchecked memory growth can lead to your game
crashing on devices with limited RAM, especially consoles and mobile phones.
Regularly profiling memory is a good practice.
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Performance Profiling and Bottleneck Identification

Performance issues aren't always "bugs" in the traditional sense, but they can
severely degrade the player experience. Profilers help you identify bottlenecks.

* Unity Profiler:
* Access: Window > Analysis > Profiler.

* Usage: Records CPU usage (main thread, render thread, physics), GPU
usage, memory, rendering batches, and more. You can drill down into
specific frames to see which functions are taking the most time.

* Identifying Bottlenecks: Look for spikes in CPU/GPU usage, long
frame times, or functions that appear frequently at the top of the
"Hierarchy" view.

* Unreal Insights:

* Access: Launch Unreallnsights.exe from your Unreal Engine install
directory.

* Usage: A powerful suite for recording and analyzing various aspects
of your game, including CPU, GPU, memory, networking, and logging.
You can record a session from the editor or a standalone game.

* Identifying Bottlenecks: Analyze the CPU/GPU tracks to find areas
of high utilization. Use the "Timing" view to see call stacks and identify
expensive operations.

@ Optimization / Pro tip: Don't just profile when your game is slow. Regularly
profile during development to catch performance regressions early. Always
profile on a build (not just the editor) for more accurate results.

Post-Mortem Debugging and Crash Reports

When your game crashes, you often need to debug after the fact.

* Crash Logs: Both Unity and Unreal Engine generate crash logs. These logs
often contain a call stack, which can point you to the function that was
executing when the crash occurred.

* Unity: Crash logs are typically found in the user's AppData (Windows)
or Library (macQS) folder, specific to your project.

* Unreal Engine: Crash logs are found in the Saved/Crashes folder
within your project directory.
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* Symbol Files: For C++ projects (Unreal Engine), symbol files ( .pdb on

Windows) are crucial. They map compiled machine code back to your source

code, allowing you to get meaningful call stacks from crash logs. Ensure
your builds generate these.

* External Crash Reporting Services: For shipped games, integrate

services like Sentry, Crashlytics, or Epic's own crash reporter to collect crash

data from players.

# Important: Always ensure your development builds generate symbol files.
Without them, crash logs from C++ code are much harder to interpret.

By the end of this section, you have learned about advanced debugging
techniques like remote debugging, memory analysis, performance profiling, and
post-mortem crash investigation.

Common Pitfalls and Troubleshooting

Even with the best tools, debugging can be tricky. Understanding common
mistakes and knowing how to troubleshoot can save you a lot of frustration.

Pitfalls to Avoid

Here are some common traps developers fall into and how to avoid them:
1. Over-reliance on Debug.Log / UE_LOG for Complex Issues:

e > | Common mistake: While useful for simple checks, using print
statements for deep, complex logic issues is inefficient. You can't
change variables, step through code, or see the call stack.

* Replacement: Utilize full-featured debuggers (Visual Studio, Rider)
with breakpoints, variable inspection, and call stacks.

* Why: Interactive debuggers provide a dynamic, real-time view into
your program's state that print statements cannot.

Debugging Games in Unity and Unreal
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2. Avoiding the Use of an IDE Debugger for Game Code:

e > | Common mistake: Many beginners try to solve problems
without an IDE debugger, often out of unfamiliarity or a belief it's too
complex. This is often slower and less effective.

* Replacement: Integrate and use the debugger provided by your IDE
(Visual Studio, Rider) for C#/C++ code.
* Why: It's the most powerful tool you have for understanding code

execution.

3. Lack of Planning Before Implementing Game Features:

* > | Common mistake: Jumping straight into coding without a clear
design for game features, data structures, and logic flow.

* Replacement: Plan game features, data structures, and logic flow
(e.g., with pseudocode, flowcharts, or design documents) before
coding to prevent common bugs and refactoring.

* Why: Poor planning leads to "spaghetti code," unexpected behaviors,
and issues that are incredibly difficult to debug because the system's
behavior isn't well-defined.

4. Excessive Use of Unreal Engine Widget Bindings for Logic:

e > | Common mistake: Using UMG (Unreal Motion Graphics) widget
bindings to drive complex game logic, rather than just Ul updates.

* Replacement: Implement game logic in C++ or Blueprints directly,
using widget bindings sparingly for Ul updates (e.g., displaying a
score).

* Why: Widget bindings can be expensive, difficult to debug, and lead
to performance issues if overused for complex logic that should reside

in game code.
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5. Using Physics Queries When Mathematical Solutions Are Sufficient
(Unreal Engine):

e > | Common mistake: Relying on computationally intensive physics
queries (e.g., LineTraceByChannel, OverlapMultiByObjectType)
for simple geometric problems.

* Replacement: Opt for mathematical calculations (e.g., vector dot
products, distance checks) where possible to determine object
interactions or positions.

* Why: Physics queries can be computationally intensive; simpler math
is often more performant and less prone to physics engine quirks for
basic checks.

General Troubleshooting Steps

When you're stuck, try these steps:

1. Restart Everything: Close and reopen your IDE, Unity/Unreal Editor, and
even your computer. Sometimes, processes get into a bad state.

2. Verify Project Settings:

* Unity: Check Edit > Project Settings and Edit > Preferences
(External Tools, Player settings).

* Unreal Engine: Check Edit > Project Settings and Tools >
Refresh Visual Studio Project (or Rider equivalent).
3. Clean and Rebuild:

* Unity: Sometimes deleting the Library folder (Unity will regenerate
it) can fix obscure issues.

* Unreal Engine: Delete the Binaries, Intermediate, and Saved
folders, then regenerate project files. This ensures a clean slate.
4. Check for External Tool Conflicts: Ensure antivirus or other background
software isn't interfering with your IDE or game engine.

5. Simplify the Problem: Can you remove code or assets until the bug
disappears? This helps isolate the culprit.

6. Consult Documentation and Community: Official documentation, engine
forums, and developer communities are invaluable resources. Someone else
has likely encountered a similar issue.

By the end of this section, you are aware of common debugging pitfalls and have
a solid troubleshooting checklist to apply when facing stubborn bugs.
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Best Practices for Efficient Debugging Workflows
Debugging is a skill that improves with practice and by adopting smart habits.

Integrating these best practices into your daily workflow will make you a more
efficient and effective game developer.

Cultivate a Reproducible Mindset
The first and most critical step in debugging is always to consistently reproduce
the bug.

* Document Steps: For any bug you encounter, write down the exact steps

to make it happen. This helps you and others verify the fix.

* Isolate the Bug: Try to create a minimal test case or a separate scene/
level where only the problematic code/feature exists. This eliminates
distractions and simplifies the environment.

* Edge Cases: Think about what input or state might break your code. Test
boundaries (e.g., minimum/maximum values, empty lists, null references).

Leverage Version Control Effectively
Version control systems like Git are not just for collaboration; they are powerful
debugging aids.

» Commit Frequently: Make small, logical commits. If a bug appears, you
can easily pinpoint which recent change introduced it using git blame or
git bisect.

* Branch for Features/Fixes: Work on new features or bug fixes in separate
branches. This keeps your main development line stable.

* Revert When Necessary: If a change introduces too many problems,
version control allows you to revert to a known working state.

Embrace Small, Incremental Changes
Instead of writing large chunks of code and then testing, adopt a more iterative
approach.
* Code a Little, Test a Little: Implement a small piece of functionality, then
immediately test it. This makes it much easier to identify where a new bug
originated.

* Refactor Regularly: Clean up your code, improve readability, and simplify
complex functions. Well-structured code is easier to debug.
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Write Self-Documenting Code and Comments
Clear code is easier to debug code.
* Meaningful Names: Use descriptive names for variables, functions, and
classes. playerHealth is better than ph.

* Concise Comments: Add comments for why a piece of code exists or what
a complex algorithm is doing, rather than just what it is doing (which the
code itself should convey).

* Avoid Magic Numbers: Use named constants or [SerializeField]
(Unity) / UPROPERTY (Unreal) for values that might change or have special
meaning.

Practice Rubber Duck Debugging
This simple technique is surprisingly effective.
* Explain the Problem: Explain your code, line by line, to an inanimate

object (the "rubber duck"), a colleague, or even just aloud to yourself.

* Verbalize Assumptions: Articulate what you think the code should be
doing versus what it is doing.

* Benefit: The act of explaining often helps you spot your own logical errors
or incorrect assumptions.

Implement Smart Logging

While Debug.Log and UE LOG shouldn't replace your debugger, they have their
place.

* Structured Logging: For more complex systems, consider logging
structured data (e.g., JSON) that can be easily parsed and analyzed.

* Appropriate Verbosity: Use different log levels (Info, Warning, Error) and
control them. Don't flood the console with unnecessary "tick" logs in a
release build.

* Contextual Information: Include relevant variable values, object names,

and timestamps in your logs.

By adopting these best practices, you'll not only become a more skilled debugger
but a more effective and proactive game developer, reducing the number of bugs
you introduce in the first place.
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By the end of this section, you have a comprehensive understanding of best

practices for maintaining efficient and effective debugging workflows in game

development.

Conclusion and Further Resources

Congratulations! You've journeyed through the essential landscape of debugging

games in Unity and Unreal Engine. You've learned how to set up your IDEs, master

core debugging techniques like breakpoints and variable inspection, and leverage
engine-specific tools. More importantly, you've gained insights into advanced

strategies, common pitfalls, and best practices that will transform you into a more

efficient and confident game developer.

Debugging isn't just about fixing errors; it's about understanding your code at a
deeper level, predicting potential issues, and ultimately, crafting more robust and
enjoyable games. Keep practicing these techniques, and remember that every

bug squashed is a lesson learned.

What to Build Next

To solidify your debugging skills, try applying these techniques to new challenges:

1. Create a simple Al agent in both Unity and Unreal Engine (e.g., a

Debugging Games in Unity and Unreal

patrolling enemy). Introduce a subtle bug in its movement or targeting
logic (e.qg., incorrect pathfinding target, delayed reaction time) and use the
debugger to find and fix it. Experiment with DrawDebug functions or Gizmos
to visualize the Al's internal state.

. Implement an inventory system with item stacking and usage.
Intentionally introduce bugs like items not stacking correctly, quantity
displaying wrong, or incorrect item effects. Use breakpoints and variable
inspection to track the state of your inventory data structures through
various operations.

. Build a small physics-based puzzle in either engine. Introduce issues
where objects don't collide as expected, forces are applied incorrectly, or
objects pass through each other. Use the engine's physics debug
visualization tools and the IDE debugger to inspect physics component
properties and force calculations.
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Further Resources

* Unreal Engine - Getting Started | Epic Developer Community:
[https: v.epi mes.com/community/unreal-engin tting-start
games](https://dev.epicgames.com/community/unreal-engine/getting-
started/games)

* Advanced Debugging in Unreal Engine | Tutorial: [https://

v.epi mes.com/community/learning/tutorials/dXIl vanced-
debugging-in-unreal-engine](https://dev.epicgames.com/community/
learning/tutorials/dXI5/advanced-debugging-in-unreal-engine)

« Game development for Unreal Engine | JetBrains Rider
Documentation: [https://www.jetbrains.com/help/ri

Working_with_Unreal Engine.html](https://www.jetbrains.com/help/rider/
Working_with_Unreal_Engine.html)
* Gain +10 Debugging for Unity with Visual Studio: [https://
vblogs.microsoft.com/visualstudi in-10- ing-for-unity-with-
visual-studio](https://devblogs.microsoft.com/visualstudio/gain-10-
debugging-for-unity-with-visual-studio)

* Unity Documentation: [https://unity.com/documentation](https://
unity.com/documentation) (Search for "Debugger" or "Profiler" within Unity's
official docs for specific details on their tools).
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