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Part 1: Introduction: Elevating NinjaScript Development with
Modern Tooling

1.1. The Algorithmic Trading Landscape with NinjaScript

The world of financial markets has been profoundly reshaped by
algorithmic trading, where computer programs execute trading
decisions with remarkable speed and precision. NinjaTrader stands
as a prominent platform in this domain, widely adopted by retail and
professional traders for its robust charting, market analysis, and
automated trading capabilities. At the heart of customizing and
extending NinjaTrader lies NinjaScript, a C#-based programming
language. This powerful tool enables developers and traders to
construct custom indicators for unique market insights,
sophisticated automated trading strategies that operate without
manual intervention, and bespoke add-on windows to tailor the
platform to specific needs.’

The inherent power and flexibility of NinjaScript allow for the
creation of highly individualized trading solutions. However, the
evolution of algorithmic trading itself necessitates a parallel
evolution in development tools and practices. As trading strategies
grow in intricacy and the volume of market data (such as Level 2
information) expands, the development process must transition from
simple scripting to a more professionalized engineering discipline.
This shift underscores the need for tools that support robust version
control, facilitate collaboration, and offer intelligent coding
assistance, moving beyond the confines of basic script editors
toward integrated development environments and collaborative
platforms.

1.2. Introducing the Modern Developer's Toolkit: GitHub, GitHub Copilot, and



Visual Studio

To meet the demands of modern NinjaScript development, a
powerful triad of tools emerges: Visual Studio, GitHub, and GitHub
Copilot.

 Visual Studio: This stands as the premier Integrated
Development Environment (IDE) for C# and, by extension,
NinjaScript development. It offers capabilities far exceeding
NinjaTrader's basic built-in editor, including advanced
debugging features, superior IntelliSense for code completion
and parameter information, and comprehensive project
management tools.’

o GitHub: Recognized as the leading platform for version control
and collaboration, GitHub utilizes the Git system. It is
indispensable for managing code modifications, tracking the
history of changes, and enabling effective teamwork, even for
solo developers seeking structured project management.:

o GitHub Copilot: This Al-powered pair programmer integrates
seamlessly into Visual Studio. It provides intelligent code
completions, suggests relevant code snippets, and offers
general assistance throughout the C# and NinjaScript
development process, learning from the context of the code
being written.’

This combination of Visual Studio, GitHub, and GitHub Copilot forms
a potent, integrated ecosystem. The synergy between these
tools—Copilot enhancing coding within Visual Studio, Git version
control managed through Visual Studio's interface, and GitHub
hosting the repositories—streamlines the entire development
lifecycle for NinjaScript projects. This integrated approach
significantly boosts productivity, enhances code quality, and



improves the capacity to manage complex trading algorithm projects
effectively.

1.3. Value Proposition for NinjaScript Developers

The traditional advantages of algorithmic trading, such as enhanced
speed in reacting to market changes, precision in executing complex
trading logic, the ability to rigorously backtest strategies against
historical data, and the mitigation of emotional human biases, are
well-established. The modern toolkit of Visual Studio, GitHub, and
GitHub Copilot amplifies these inherent benefits considerably:

o Accelerated Development Cycles: New strategies and
indicators can be developed more rapidly. GitHub Copilot can
generate boilerplate code and suggest common patterns, while
Visual Studio's advanced features streamline coding and
debugging.

« Improved Code Quality and Maintainability: Al-assisted
coding from Copilot can help produce cleaner code, and
structured version control with Git on GitHub ensures that
changes are tracked, and codebases remain manageable and
maintainable over time.

 Facilitated Collaboration: GitHub provides a central platform
for code sharing, issue tracking, and collaborative development,
even if working as part of a small team or seeking feedback from
peers.

» Streamlined Debugging and Issue Resolution: Visual Studio's
powerful debugger, augmented by Copilot's ability to explain
errors and suggest fixes, simplifies the process of identifying
and resolving issues in complex NinjaScript code.

Adopting this modern toolkit elevates NinjaScript development from
a potentially isolated scripting activity to a professional software



engineering discipline. This transformation is crucial for traders and
developers aiming to create, deploy, and maintain sophisticated and
reliable automated trading algorithms capable of navigating the
complexities of contemporary financial markets. The
professionalization of the development process itself becomes a key
differentiator for serious algorithmic traders.

Part 2: NinjaScript Fundamentals for an Evolved Workflow

A robust understanding of NinjaScript's core principles is essential
before effectively leveraging advanced development tools. This
foundational knowledge allows developers to better guide Al
assistants like GitHub Copilot, interpret generated code, and
integrate it seamlessly into the NinjaTrader environment.

2.1. Core Capabilities and C# Foundation

A pivotal aspect of NinjaScript is its foundation in the C#
programming language, specifically C# 8, utilizing the.NET 4.8
Framework. This is a significant advantage because Al tools like
GitHub Copilot possess strong, mature support for C#." The use of
C# endows NinjaScript with several benefits, including
object-oriented programming capabilities that promote clean,
reusable code structures, and full access to the extensive.NET
Framework libraries for a wide array of common programming tasks.

Recognizing that NinjaScript is fundamentally C# opens the door for
developers to utilize the broader C# ecosystem, including its vast
documentation, active communities, and established best practices.
Al tools trained extensively on C# can therefore provide highly
relevant and effective assistance. Proficiency in C# directly
translates to more potent NinjaScript development, particularly when
employing sophisticated tooling that is designed with C# in mind.



2.2. Essential Syntax and Data Types Recap

NinjaScript code adheres to C# syntax rules. Key elements include
statements ending with semicolons, code blocks enclosed in curly
braces {}, and comments for code annotation (// for single-line, /* */
for multi-line). C# is case-sensitive, meaning myVariable is distinct
from MyVariable.

Commonly used data types in NinjaScript include :

« string: For textual data.

» double: For floating-point numbers, typically used for prices and
indicator values.

« int: For whole numbers, often used for periods or counters.

« bool: For true/false values, essential for conditional logic.

o Object types: For more complex data structures, including
instances of other indicators.

» Series<double>: A specialized NinjaScript collection for
time-based data like prices or indicator values for each bar on a
chart.

The following table, adapted from the original guide , summarizes
core C# syntax and constructs relevant to NinjaScript:

Construct Type | Syntax Description Importance for
Example NinjaScript
Statement int x =10; A complete Basic unit of
instruction, ends | logic.
with a
semicolon.
Code Block if (Close > Open) | Groups Defines scope
{/*..*/} statements, and groups




marked by {}.

code for
conditions/loops

Single-line /I Thisis a Ignored by Enhances
Comment comment compiler, note readability and
for humans. understanding.
Multi-line /* This is a <br> Ignored by Useful for
Comment multi-line compiler, for detailed
comment */ longer notes. explanations or
temporarily

disabling code.

Case Sensitivity

myVar vs MyVar

Uppercase and

Requires careful

lowercase capitalization to
letters are avoid errors.
distinct.
Variable (int) int period = 14; Stores whole Used for loop
numbers. counters,
periods, bar
counts.
Variable double Stores numbers Primary type for
(double) priceLevel = with decimals. prices, indicator
150.75; values, precise
calculations.
Variable (bool) bool Stores true or Used for
isTradeAllowed false. conditional
= true; logic, flags,

feature toggles.




SMA(Close, 10);

complex object,
like an indicator
instance.

Variable (string) | string message Stores text. Used for plot
= "Entry signal"; names, alert
messages, log
file entries.
Object Variable SMA mySma = Stores a Crucial for using

built-in or
custom
NinjaTrader
indicators.

Series<double>

Series<double>
vals = new
Series<double>(
this);

Special list for
time-series data
(prices,
indicator values
per bar).

Primary way to
access historical
bar data (Close,
High, etc.) and
indicator
outputs.

Arithmetic
Operator

double result =
(High + Low) / 2;

Performs math
(+l _l *I /)'

Essential for all
calculations in
trading logic
and indicator
formulas.

A firm grasp of these C# fundamentals is a prerequisite for
effectively prompting GitHub Copilot and for comprehending the
code it generates. Copilot's suggestions will be framed in C# and will
utilize these very constructs. Without this foundational
understanding, a developer cannot adequately guide the Al or

validate its output.

2.3. The NinjaScript Development Environment

Choosing the right development environment significantly impacts




productivity and the ability to leverage modern tools.

2.3.1. NinjaTrader's Built-in Editor

NinjaTrader includes a basic editor accessible via "New" >
"NinjaScript Editor" in the Control Center. While it allows for creating
and editing scripts, its functionality is limited, especially for larger,
more complex projects. Experienced developers often find it lacking
in features for code organization, robust undo/redo capabilities, and
advanced debugging.

2.3.2. Visual Studio & VS Code: The Professional Standard for NinjaScript

For a more powerful and feature-rich development experience,
external IDEs like Microsoft Visual Studio (Community, Professional,
or Enterprise editions) or Visual Studio Code (VS Code) are strongly
recommended. These environments offer enhanced control, superior
debugging tools, intelligent code completion (IntelliSense), seamless
Git integration, and critically, native support for Al-powered pair
programmers like GitHub Copilot.’

Setting up Visual Studio for NinjaScript development involves a few
key steps:

1. Create a C# Class Library Project: The project must target
the.NET Framework 4.8, as this is the version used by
NinjaTrader 8.2

2. Reference NinjaTrader DLLs: Essential NinjaTrader assemblies
(e.g., NinjaTrader.Core.dll, NinjaTrader.Gui.dll,
NinjaTrader.NinjaScript.dll) must be referenced in the Visual
Studio project. These are typically located in the
Documents\NinjaTrader 8\bin\ directory. These references
enable IntelliSense for NinjaScript types and allow the project to
compile correctly against the NinjaTrader API.°

10



3. Configure Post-Build Events: A post-build event should be
configured in Visual Studio to automatically copy the compiled
DLL (the output of the Class Library project) to the appropriate
subfolder within Documents\NinjaTrader 8\bin\Custom\ (e.g.,
...\Custom\Indicators\[YourIndicatorName]\YourIndicator.dll or
...\Custom\Strategies\\YourStrategy.dll). This automates the
deployment of the script to NinjaTrader after each successful
build.?

4. Debugging: To debug NinjaScript code running within
NinjaTrader using Visual Studio's advanced debugger, the
developer can attach the Visual Studio debugger to the running
NinjaTrader.exe process.” This allows setting breakpoints,
inspecting variables, and stepping through code execution in a
rich debugging environment.

The use of Visual Studio is not merely a matter of convenience; it
becomes a practical necessity for effectively utilizing GitHub Copilot
and implementing professional Git-based version control workflows.
While the initial setup requires these configuration steps, the result
is a significantly more potent and streamlined development
experience. This integrated environment, where Copilot provides Al
assistance, Git (often via Visual Studio's interface) manages version
control, and Visual Studio itself offers a superior C# development
platform, leads to more efficient and robust NinjaScript development.

The following table provides a comparison of development
environments:

NinjaScript Development Environment Comparison

11



Feature

NinjaTrader Editor

Visual Studio / VS
Code (with C#
Extensions)

Code Completion

Basic

Advanced (IntelliSense)

Debugging

Limited (Print
statements, basic NT8
tools)

Advanced (.NET
debugger, breakpoints,
watch variables)

Al Helper Integration

Not Natively Supported

Excellent (e.g., GitHub
Copilot) '

Version Control (Git)

Manual (External Tools
Required)

Excellent (Built-in Git
support, GitHub
integration) °

NinjaTrader

Project Management Limited Comprehensive
(Solutions, Projects)

Ul Customization (IDE) Fixed Highly Customizable

Cost Included with VS Code: Free. Visual

Studio: Community
(Free), Pro/Enterprise
(Paid). GitHub Copilot:
Subscription.

Learning Curve for
Advanced Features

Low

Medium to High

This comparison clearly illustrates the substantial advantages
offered by a full-featured IDE like Visual Studio, particularly
concerning the integration of GitHub Copilot and Git, which are
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central to the methodologies advocated in this guide.

2.4. Managing Data Feeds in NinjaTrader

NinjaScript relies on market data (prices, volume) supplied by
NinjaTrader through various data providers. NinjaTrader supports
connections to numerous brokers and dedicated data feed services.
The platform's "Multi-Provider Mode" even allows simultaneous
connections to multiple data sources.

Data connections are typically configured via NinjaTrader's
"Connections” menu. The reliability of this data is paramount; even
the most sophisticated development tools and Al assistants cannot
compensate for flawed or missing input data. Ensuring stable
connectivity and high-quality data feeds is a foundational
prerequisite for any successful algorithmic trading development
effort.

Part 3: Deep Dive into NinjaScript Architecture & Advanced Data
Handling

A profound understanding of NinjaScript's architecture and its
mechanisms for handling data, especially advanced data types like
Level 2 market depth, is crucial for building robust and efficient
trading algorithms. This knowledge underpins the ability to correctly
structure scripts, manage their lifecycle, and effectively utilize
Al-assisted development tools like GitHub Copilot.

3.1. The Event-Driven Paradigm: OnBarUpdate(), OnStateChange(), and Core
Handlers

NinjaScript operates on an event-driven model. Specific methods
within a script are automatically executed by the NinjaTrader
platform when certain market or platform events occur. This is
analogous to a system that waits for a trigger (an event) and then

13



performs a predefined action (the event handler method).

o OnBarUpdate(): This method is the cornerstone for most
indicators and strategies. Its execution frequency is determined
by the Calculate property (e.g., Calculate.OnBarClose,
Calculate.OnEachTick, Calculate.OnPriceChange). This is where
core bar-based calculation logic, trading conditions, and order
placement commands typically reside.’

« OnStateChange(): This critical method manages the lifecycle of
a NinjaScript object. It is called whenever the script transitions
between different operational states, from initial setup to
termination. Proper use of OnStateChange() is vital for resource
management and script stability.” (This method will be detailed
further in section 3.3).

o Other Key Event Handlers

o

OnMarketData(MarketDataEventArgs e): Triggered by
real-time Level 1 market data updates (e.g., last trade,
bid/ask changes). Useful for tick-level responsiveness.
OnMarketDepth(MarketDepthEventArgs e): Triggered by
changes in Level 2 market depth data. Essential for order
book analysis. (This method will be detailed in section 3.2).
OnOrderUpdate(Order order,...): Called when the status of a
submitted order changes (e.g., accepted, filled, cancelled).
Crucial for strategy order management.
OnPositionUpdate(Position position,...): Called when the
strategy's market position changes (e.g., entry, exit, size
change).

OnExecution(Execution execution,...): Called when an order
is filled (an execution occurs). Provides details of the fill.
OnRender(ChartControl chartControl, ChartScale
chartScale): Primarily for indicators, handles custom drawing

14



on the chart. Called frequently whenever the chart needs to
be redrawn.

A comprehensive grasp of this event model is fundamental. Placing
logic in an inappropriate handler can lead to incorrect script
behavior, inefficiencies, or missed trading opportunities. For
instance, computationally intensive logic intended for bar-close
evaluation should be in OnBarUpdate() with Calculate.OnBarClose,
not in OnMarketData() which fires on every tick. While GitHub Copilot
can assist in generating the syntax for these event handlers, the
developer must possess the architectural understanding to direct
Copilot to use the correct handler for the intended logic based on
the specific requirements of the algorithm and the nature of these
events.

3.2. Mastering Level 2 Data: The OnMarketDepth() Event and Order Book
Dynamics

Level 2 data, also known as Market Depth or the order book,
provides a granular view of market liquidity by displaying the
outstanding buy (bid) and sell (ask) orders at various price levels
beyond the current best bid and offer.”? This information can offer
significant insights into supply and demand dynamics.

The primary mechanism for accessing this data in NinjaScript is the
OnMarketDepth(MarketDepthEventArgs e) event handler:

« It provides a real-time stream of updates, meaning this method
is invoked for every individual change to the order book for the
subscribed instrument.”

« A critical consideration is that OnMarketDepth() is not called on
historical data during standard backtesting.” This significantly
impacts the ability to backtest strategies that rely heavily on
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Level 2 information.

The MarketDepthEventArgs object passed to this handler contains
detailed information about the order book change *:

Instrument: The financial instrument to which the depth update
pertains.
MarketDataType: Specifies whether the update is for the
MarketDataType.Ask side or the MarketDataType.Bid side of the
book.
Operation: Indicates the type of change:
o Operation.Add: A new price level has been added to the
book.
o Operation.Update: The volume at an existing price level has
changed.
o Operation.Remove: A price level has been removed from the
book.
Price: The specific price level affected by the update.
Volume: The new volume (number of contracts/shares) at the
specified price level. For Operation.Remove, this might be O.
Position: The zero-based index representing the order book level
(e.g., O is the best bid/ask, 1is the second best, etc.).
Time: The timestamp of the market depth event.
IsReset: A boolean flag that, if true, indicates a reset of the
market depth data, often occurring after a disconnection and
reconnection, requiring the local order book representation to
be cleared and rebuilt.

Processing Bid/Ask Updates to Maintain a Local Order Book Representation:

To effectively use Level 2 data, a script typically needs to maintain its own in-memory
representation of the order book. SortedDictionary<double, long> is a common C# data
structure for this, one for bids (sorted descending by price) and one for asks (sorted
ascending by price), where the key is the price and the value is the aggregated volume.

16



The OnMarketDepth handler would then update these dictionaries:

o If e.Operation == Operation.Add: Add e.Price and e.Volume to
the corresponding bid or ask dictionary.

« If e.Operation == Operation.Update: Update the volume for
e.Price in the relevant dictionary to e.Volume.

« If e.Operation == Operation.Remove: Remove the entry for
e.Price from the relevant dictionary. If e Volume is greater than
zero on a remove operation, it might indicate a partial fill or
cancellation leading to a smaller remaining quantity, which
would then be an Update if the level persists or a Remove if the
level is gone. More typically, a remove operation implies the level
IS gone.

« If e.IsReset == true: Both bid and ask dictionaries should be
cleared.

Interpreting Level 2 Data for Trading Strategies:
Level 2 data can be used to:

« lIdentify liquidity zones: Price levels with unusually large resting
orders, which may act as support or resistance.”

« Gauge order book imbalance: The relative weight of buy versus
sell orders in the book, potentially indicating short-term price
direction.” For example, a significantly higher volume on the bid
side compared to the ask side might suggest buying pressure.

» Detect absorption or exhaustion: Watching how large orders
are consumed or how one side of the book thins out.

However, traders must be cautious, as Level 2 data can be
manipulated through practices like "spoofing" (placing large orders
with no intention to fill, to mislead other participants).”

The utilization of Level 2 data offers a more profound insight into
market mechanics compared to Level 1 data alone. However, its
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real-time nature and the complexity of processing introduce
challenges. The most significant implication for strategy
development is the difficulty in performing accurate historical
backtesting. Standard NinjaTrader backtesting mechanisms do not
replay the full, granular OnMarketDepth event stream. Consequently,
strategies heavily reliant on OnMarketDepth are primarily suited for
live trading or highly specialized simulation environments that can
replay Level 2 data. GitHub Copilot can be instrumental in generating
the C# boilerplate for the OnMarketDepth handler and the logic for
managing MarketDepthEventArgs and updating local order book
structures. Nevertheless, the strategic interpretation of this data, the
design of algorithms based upon it, and the critical awareness of its
backtesting limitations remain the developer's domain.

The following table details the MarketDepthEventArgs properties:

MarketDepthEventArgs Deep Dive

Property Data Type Description Example Use
Case in Order
Book
Management
Instrument Instrument The instrument Ensure updates
for which the are applied to
market depth the correct
update order book if
occurred. managing
multiple
instruments.
MarketDataType | MarketDataType | Indicates if the Determines
update is for the | whether to

18



Bid

update the bid

(MarketDataTyp | book or the ask
e.Bid) or Ask book.
(MarketDataTyp
e.Ask) side.
Operation Operation The action to Dictates how to
take: Add, modify the local
Update, or order book (add
Remove a price new level,
level. change volume
at level, delete
level).
Price double The price level The key for
of the depth accessing or
change. modifying
entries in the
bid/ask
dictionaries.
Volume long The volume The new volume
(quantity) at the | to set for an Add
specified price or Update
level. operation.
Position int Zero-based Can be used to
index of the understand the
price level in the | depth of the
depth ladder (O update or for Ul
= best). display
purposes.
Time DateTime The timestamp For logging,
of the market performance

19




depth event.

analysis, or
time-sensitive
logic.

IsReset bool If true, indicates | Signals to clear
the order book local bid/ask
data should be dictionaries and
reset (e.g., after | rebuild them
a disconnect). from

subsequent Add
operations.

MarketMaker string |dentifier for the | Advanced
market maker analysis: track
associated with depth or
the update (if behavior of
available). specific market

makers. Often
null or not used
for aggregated
books.

3.3. Critical State Management with OnStateChange()

The OnStateChange() method is arguably one of the most crucial,
yet often misunderstood, aspects of NinjaScript architecture. It
governs the entire lifecycle of an indicator or strategy, and
NinjaTrader calls this method whenever the script's operational
"state" changes.' Correctly utilizing the various states within
OnStateChange() for initialization, resource allocation, and cleanup
is paramount for creating stable, error-free, and efficient
NinjaScripts. Many common runtime errors, such as the dreaded
NullReferenceException, stem from attempts to access resources or




data before they are available, a direct consequence of improper
state management.’

NinjaScripts progress through a well-defined lifecycle, and specific
operations are only safe or valid within particular states. For
example, attempting to access market data series like Input or Close,
or initializing indicators that depend on this data (e.g., SMA mySma =
SMA(Close, Period);), must occur in or after the State.DataLoaded
state, not in earlier states like State.SetDefaults or State.Configure.
GitHub Copilot can generate the if-else if structure for
OnStateChange(), but the developer must provide explicit
instructions on which state block specific initialization, configuration,
or termination logic should be placed. For instance, a prompt like “In
State.DatalLoaded for my NinjaScript indicator, initialize an SMA
indicator with a 14 period using the Close price" guides Copilot
correctly.

The table below, adapted from the original guide and incorporating
information from NinjaTrader's documentation 2, summarizes the key
states and their purposes:

NinjaScript OnStateChange() Lifecycle

State Stage What It's For Key Things To Common
Do / What's Mistakes to
Allowed Avoid
State.SetDefault | Initial setup of Set Name, Performing
S default values Description. Set | complex
for script properties | calculations.
user-configurabl | like Calculate, Accessing
e parameters, IsOverlay, market data

21




script behavior
properties (e.g.,
Calculate,
IsOverlay), and
defining
plots/lines.
Called very
early, even when
just opening the
script's

EntriesPerDirecti
on. Define input
parameters
(public
properties) with
their default
values. Use
AddPlot(),
AddLine(),
AddHorizontalLi

(Input, Close,
Instrument
object).
Initializing
data-dependent
indicators.
Heavy resource
allocation.

properties ne() to define
dialog. ' visual outputs.

State.Configure | Called after Add additional Forgetting to
State.SetDefault | data series add all
s and after using DataSeries here
user-defined AddDataSeries() | (must be donein
parameter . Initialize this state).
values have non-constant Accessing
been applied. class-level market data.
For setting up variables. Reset | Initializing
resources that script variables data-dependent
don't require if indicators.
historical market | IsInstantiatedOn
data to be EachOptimizatio
loaded yet. nlteration is
Crucially, this is false and the
where additional | script is being
data series must | used in Strategy
be added. Analyzer.

State.DatalLoade | All historical Initialize Attempting

d data for the indicators (e.g., these
primary and any | mySMA = operations in
added data SMA(Close, State.SetDefault
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series has been | Period);). Access | sor
loaded and is Instrument State.Configure.
accessible. This | details, Assuming data
is the earliest BarsPeriod, is ready before
state to safely TradingHours. this state.
work with Access historical
market data and | price/volume
data-dependent | data series
objects. (Input, Close,

High, Low,

Open, Volume).

Initialize custom

Series<T>

objects.

State.Historical The script Access Accessing Ul
begins ChartControl, elements before
processing ChartPanel this state.
historical bars properties. Add Performing
(i.e., custom WPF heavy Ul
OnBarUpdate() controls to the updates that
starts being chart Ul. Read could block the
called for chart settings. Ul thread (use
historical data). Dispatcher if
Suitable for needed for
interacting with updates from
Ul elements like other threads).
ChartControl,

ChartPanel if
needed.’

State.Transition Called once Prepare Performing
after historical real-time related | operations that
data processing | resources. expect live data
is complete but Notify that the
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shutting down.
The final
opportunity to
clean up custom
unmanaged
resources. '

by the script
(e.g.,
StreamWriter,
custom timers).
Release any
external
resources. Set
large objects to
null to aid
garbage
collection.

before real-time | scriptis or active orders.
data processing | transitioning to
begins. *' real-time.

State.Realtime The script For strategies: Forgetting to
begins update stored update Order
processing live, Order objects object
real-time market | using references,
data. For GetRealtimeOrd | leading to
strategies, er(historicalOrd | inability to
historical Order erObject). manage live
objects must be | Execute orders.
reconciled with real-time
their live specific logic.
counterparts. '

State.Terminate | The scriptis Call Dispose() Failing to

d being removed on IDisposable dispose of
or NinjaTrader is | objects created unmanaged

resources (can
cause memory
leaks).
Attempting to
dispose of
resources that
were not
successfully
created.

Understanding this lifecycle is not merely academic; it is
fundamental to writing correct, stable, and efficient NinjaScripts. It
dictates the precise points at which different types of operations can




and should occur.

3.4. Architectural Blueprints for NinjaScript Projects

Visualizing the structure of a NinjaScript project aids in organizing
code logically and in formulating precise requests for Al assistants
like GitHub Copilot. A typical NinjaScript (Indicator or Strategy) can
be conceptualized as follows :

1. NinjaTrader Platform Core: The engine providing data,
execution, charting, and the hosting environment for
NinjaScripts.

2. Your NinjaScript Class (e.g., public class MyStrategy :
Strategy):

o #region Properties: Defines user-configurable input
parameters (e.g., public int Period { get; set; }) decorated
with attributes like ,, . Also defines Plot objects (AddPlot())
for visual output.

o OnStateChange() Method: Manages the script's lifecycle
as detailed above.

o OnBarUpdate() Method (or other primary data handlers
like OnMarketData(), OnMarketDepth()): Contains the core
calculation or trading logic. Accesses price data (Close,
Input), other indicators (SMA(14)), and may place orders.

o Order Event Handlers (Strategies only): OnOrderUpdate(),
OnExecution(), OnPositionUpdate() for managing and
reacting to order lifecycle events.

o OnRender() Method (Primarily Indicators): For custom
drawing on the chart using NinjaTrader's Draw objects or
SharpDX.

o Helper Methods: Private methods created by the developer
to encapsulate reusable logic or complex calculations,
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improving code organization and readability.

o Class-Level Variables: Private fields used to store state
between event calls or bar updates (e.g., references to
initialized indicators, intermediate calculation results, flags).

Interactions:

« Data Flow: NinjaTrader's Data Manager feeds bar or tick data to
OnBarUpdate() or OnMarketData().

« Event Triggering: The Platform Core invokes the appropriate
event handlers in the script.

 Indicator Interaction: Scripts can instantiate and use other
built-in or custom indicators.

« Order Flow (Strategies): Logic in OnBarUpdate() may issue
order commands (e.g., EnterLong()). These are sent to the Order
Execution Engine. Feedback returns via OnOrderUpdate(),
OnExecution().

« Drawing Flow (Indicators): AddPlot() defines lines drawn by
the Charting Engine. Draw methods or OnRender() logic instruct
the Charting Engine directly.

This mental model of an organized, event-driven structure is key.
Understanding where different pieces of functionality belong (e.g.,
user inputs are properties, initialization is state-dependent, core
logic is in data handlers) allows for more effective self-coding and
clearer instructions when prompting GitHub Copilot (e.g., "Generate
a C# property for an input parameter named 'LookbackPeriod' of
type int" or "In OnBarUpdate, if the current close crosses above the
SMA, then...").

3.5. Essential Best Practices: Readability, Maintainability, Performance, and Error
Handling

Adherence to sound coding practices is paramount, especially in the
26



domain of financial algorithms where errors or inefficiencies can
have direct monetary consequences. These practices ensure scripts
are readable, maintainable, performant, and robust.

Readability & Maintainability .

« Descriptive Naming: Use clear, unambiguous names for
variables, methods, and properties (e.g.,
fastMovingAveragePeriod instead of p1).

« Judicious Commenting: Explain complex logic, non-obvious
calculations, or the purpose of parameters. Well-commented
code is also more easily understood by Al tools.

» Code Organization: Group related code. Use helper methods to
break down complex tasks into smaller, manageable units,
enhancing testability and reusability.

« Avoid Magic Numbers: Use named constants (private const
double Threshold = 2.5;) or input parameters for values used in
logic, rather than embedding unexplained numbers directly.

Performance Considerations : The performance of NinjaScript,
particularly code within frequently called methods like
OnBarUpdate() and OnMarketData(), is critical. Sluggish code can
lead to delayed signals, missed trades, or platform instability.

o Lean OnBarUpdate(): Minimize computations within this
method.

o Cache Indicator References: Initialize indicators in
State.DataLoaded (e.g., mySma = SMA(Period);) and reuse the
instance, rather than calling SMA(Period) repeatedly within
OnBarUpdate().

o Avoid Redundant Calculations: If a value only needs to be
calculated once per bar, ensure it's not recomputed on every
tick when Calculate is set to OnEachTick. Use flags or the

27



IsFirstTickOfBar property to control execution frequency within
OnBarUpdate().

o OnRender() Optimization: Pre-calculate values needed for
custom drawing in OnBarUpdate() and store them. OnRender()
should primarily use these pre-calculated values. Limit drawing
loops to visible bars using ChartBars.Fromindex and
ChartBars.Tolndex.

« DrawObjects vs. Custom Rendering: For many simple drawing
tasks, Draw.Text(), Draw.Line(), etc., are convenient. However,
creating numerous DrawObjects frequently can impact
performance. For intensive custom drawing, SharpDX within
OnRender() can be more performant but is more complex to
implement.

o Never Use Thread.Sleep(): This will freeze the NinjaScript
execution thread for that instrument, potentially halting chart
updates and order processing. Use
System.Windows.Forms.Timer or other asynchronous
mechanisms for timed delays.

» barsAgo Indexing: Accessing historical data like
Close[barsAgo] is generally safe and synchronized within market
data event handlers (OnBarUpdate, OnMarketData). Outside
these contexts (e.g., Ul event handlers, OnRender), these indices
might not reflect the expected CurrentBar. In such cases, use
indicator.GetValueAt(barindex) or Close.GetValueAt(barindex)
with an absolute bar index.

Resource Management : Proper resource management prevents
memory leaks and contributes to platform stability.

» Dispose IDisposable Objects: If a script creates objects
implementing IDisposable (e.g., StreamWriter, custom timers,
certain graphics resources not managed by NinjaTrader), ensure
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their Dispose() method is called, typically in State.Terminated or
by using C# using statements.

« Aid Garbage Collection: For very large objects or collections
no longer needed, setting their references to null can help
the.NET garbage collector reclaim memory sooner.

o Freeze Custom WPF Brushes: Custom
System.Windows.Media.Brush objects created for plots or Ul
elements should be frozen by calling their Freeze() method
before use, especially if they might be accessed from multiple
threads. Built-in brushes (e.g., Brushes.Blue) are already frozen.

Error Handling ": Robust error handling prevents scripts from
crashing and allows for graceful recovery or logging.

o Null Checks: Always check for null before accessing members
of objects that might not be initialized (e.g., Instrument,
ChartControl, indicator instances).

« Judicious try-catch Blocks: Use try-catch to handle specific,
anticipated exceptions in small code sections (e.g., file I/0,
division by zero). Avoid wrapping entire large methods in a single
try-catch, as this can obscure bugs and slightly impact
performance.

« Safe Casting: When casting objects, prefer using the as
keyword followed by a null check, rather than a direct cast, to

prevent InvalidCastException.
C#
// Example: Safely casting a drawing tool

NinjaTrader.Gui.NinjaScript.HorizontalLine hLine = tool as
NinjaTrader.Gui.NinjaScript.HorizontalLine;

if (hLine!= null)

{

Print("Found HorizontalLine at price: " + hLine.StartAnchor.Price);
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« double Comparisons: Avoid direct equality checks (==) for
double values due to potential floating-point inaccuracies.
Instead, check if the absolute difference is within a small
tolerance (e.g., Instrument.Masterinstrument.TickSize) or use

NinjaTrader's ApproxCompare() method.
CH#
/I Example: Comparing double values

if (Math.Abs(price1 - price2) <
Instrument.MasterInstrument.TickSize)
{ /* Consider them equal */ }

if (price1l.ApproxCompare(price2) == 0)
{ /* Consider them equal */ }

These best practices are universal to quality software development
but carry heightened significance in the context of trading
algorithms. While GitHub Copilot can generate code rapidly, it may
not always produce the most optimized or robust solution from a
NinjaScript perspective. The developer's role includes critically
reviewing Al-assisted code against these principles, refining it for
performance, ensuring proper error handling, and confirming
adherence to NinjaScript's specific architectural patterns. For
example, Copilot might generate a generic C# loop for a calculation
that could be more efficiently performed by a built-in NinjaScript
indicator or function.

Part 4: Version Control and Collaboration with GitHub for
NinjaScript Projects
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The development of trading algorithms is an inherently iterative
process, involving constant refinement of logic, parameters, and risk
management rules. In this dynamic environment, robust version
control is not a luxury but a necessity. Git, coupled with a hosting
platform like GitHub, provides the framework for managing this
complexity effectively.

4.1. Why Git and GitHub are Essential for Trading Algorithm Development

Employing Git and GitHub for NinjaScript projects offers several
compelling advantages:

Change Tracking: Every modification to the codebase can be
recorded. This is invaluable for strategies that undergo frequent
tweaking of parameters or logical conditions, allowing
developers to understand the evolution of their algorithms.
Experimentation without Risk: Git's branching capabilities
enable developers to explore new ideas, test alternative
hypotheses, or implement experimental features in isolated
branches without jeopardizing the stability of a working or
production version of a strategy.®

Systematic Bug Fixing: When bugs are identified, they can be
addressed in a dedicated branch. Once fixed and tested, the
correction can be merged back into the main development line,
ensuring a structured approach to issue resolution.

Backup and Historical Record: GitHub provides a remote,
secure backup of the entire codebase and its history.
Developers can revert to any previous version of any file, offering
a safety net against accidental data loss or detrimental changes.
Collaboration and Code Review: Even for solo developers,
adopting GitHub practices like Pull Requests encourages a more
disciplined workflow. For teams, GitHub is the de facto standard
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for collaborative coding, code reviews, and issue tracking.’

Algorithmic trading development is a journey of discovery and
refinement. Git and GitHub provide the organizational structure and
safety mechanisms crucial for managing this journey, preventing the
loss of valuable work and enabling a systematic, traceable evolution
of trading strategies from initial concept to robust implementation.

4.2. Setting Up Your NinjaScript Project in Visual Studio with Git

Visual Studio offers excellent native integration with Git, streamlining
version control operations directly within the IDE.

« Initializing a Repository: For a new NinjaScript C# Class
Library project, a Git repository can be initialized directly from
Visual Studio when the project is created or at any point
thereafter.’” This typically involves selecting "Create Git
repository" in the new project dialog or using the "Git" > "Create
Git Repository” menu for an existing project.

« Cloning Existing Repositories: If the NinjaScript project
already exists on GitHub (or another remote Git host), it can be
cloned into a local directory using Visual Studio's "Git" > “"Clone
Repository" feature.*

 Visual Studio's Git Interface: The "Git Changes" window in
Visual Studio is the primary hub for managing local changes,
staging files, writing commit messages, and committing. Branch
management (creating, switching, merging) is also accessible
through the Git interface at the bottom-right of the IDE or via
the "Git" top-level menu.

o Connecting to GitHub: Visual Studio allows linking with a
GitHub account, which simplifies pushing local commits to a
remote GitHub repository and pulling changes from it.
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This tight integration between Visual Studio and Git means
developers can perform most common version control tasks without
needing to switch to a separate command-line interface or Git GUI
client, fostering a smoother and more focused development
workflow.

4.3. Core Git Operations: Commits, Branching, Merging, and Pull Requests

Mastering fundamental Git operations is key to leveraging its full
potential:

o Commits: A commit is a snapshot of changes to the repository.
Best practice dictates making atomic commits—small, logically
self-contained changes—accompanied by clear, descriptive
commit messages that explain the why behind the change, not
just the what.® This creates an understandable and traceable
project history.

« Branching: Branches are independent lines of development.
They are used to work on new features, experiments, or bug
fixes without impacting the main codebase (often called main or
develop).® For example, git checkout -b feature/new-indicator
creates and switches to a new branch.

« Merging: Merging is the process of integrating changes from
one branch into another. For instance, after a feature is
completed and tested on its branch, it is merged back into the
develop or main branch.s

o Pull Requests (GitHub): A Pull Request (PR) is a formal
proposal to merge changes from one branch (e.g., a feature
branch) into another (e.g., develop or main) within a GitHub
repository. PRs are central to collaborative workflows as they
provide a platform for code review, discussion, and automated
checks before changes are integrated.’
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The following table provides a quick reference for common Git tasks,
showing both the Visual Studio Ul approach and the corresponding
Git command-line interface (CLI) commands. This caters to
developers who may prefer one method over the other or use a

combination.

Essential Git Operations for NinjaScript Workflow

Task

Visual Studio Ul
Action (Typical)

Git Command Line

Initialize Repository

File > Add to Source
Control (if not already)
or "Create Git
Repository" from Git
menu.

git init

Clone Repository

Git > Clone Repository,

git clone

'+' next to files or
"Stage All".

provide URL. <repository _url>
View Status "Git Changes" window | git status
shows
unstaged/staged
changes.
Stage Changes In "Git Changes", click git add <file_name> or

git add.

Commit Changes

In "Git Changes", enter
message, click
"Commit Staged".

git commit -m
"Descriptive message"

Create Branch

Bottom-right branch

git branch




name > New Branch.
Or Git > New Branch.

<branch_name> or git
checkout -b
<branch_name>
(creates and switches)

Switch Branch

Click branch name in
bottom-right, select
branch. Or Git >
Manage Branches.

git checkout
<branch_name>

Merge Branch

Switch to target
branch. Git > Merge
Branch from... > Select
source branch.

git checkout
<target_branch> then
git merge
<source_branch>

Push to Remote

"Git Changes" window,
"Push" button (up
arrow). Or Git > Push.

git push origin
<branch_name>

Pull from Remote

"Git Changes" window,
"Pull" button (down
arrow). Or Git > Pull.

git pull origin
<branch_name>

View History

Git > View Branch
History. Or right-click
file/project > View
History.

git log or git log
--oneline --graph
--decorate

4.4. Effective Branching Strategies for NinjaScript Development

The choice of a Git branching strategy should align with the project's
complexity, team size, and release cadence. For NinjaScript

development, which often involves experimentation and iterative
refinement of trading algorithms, certain strategies are more suitable




than others.

« Feature Branching: This is a straightforward and widely used
strategy. A new branch is created for each distinct feature, bug
fix, or experiment (e.g., feature/new-rsi-filter,
bugfix/order-handling-error,
experiment/level2-imbalance-signal). Once the work on the
branch is complete and tested, it is merged back into a primary
integration branch (commonly main or develop).®

o Pros: Isolates development work, making it easier to manage
individual changes and collaborate. Simple to understand
and implement.

o Cons: Branches can become stale if not merged back
regularly, potentially leading to larger, more complex merges.

o GitFlow (or an adapted version): GitFlow is a more structured
strategy that defines specific roles for different types of
branches. Key long-lived branches include main (representing
production-ready, stable code) and develop (an integration
branch for ongoing development). Short-lived supporting
branches are used for feature/*, release/* (for preparing
releases), and hotfix/* (for urgent production fixes).

o Pros: Provides excellent structure for managing release
cycles and maintaining multiple versions of a product.
Clearly separates concerns.

o Cons: Can be overly complex for solo developers or small
teams, potentially slowing down rapid iteration due_to its
prescribed processes.

o Trunk-Based Development (TBD): In TBD, developers primarily
commit to a single main branch (the "trunk," usually main).
Short-lived feature branches are optional and merged back
quickly. This strategy relies heavily on comprehensive automated

36



testing, continuous integration (Cl), and often feature flags to
manage the release of new functionality.

o Pros: Simplifies branch management, encourages frequent
integration, and facilitates rapid feedback loops and
continuous delivery.

o Cons: Requires significant discipline, robust automated
testing infrastructure, and may not be suitable if breaking
changes are frequent or if long-lived feature development is
common.

Recommendations for NinjaScript:

« Solo Developers or Small, Agile Projects: A simple Feature
Branching strategy is often highly effective. Developers can
create feature branches directly off main. Optionally, a develop
branch can serve as an intermediate staging/integration area
before merging to main if a more formal separation between
"in-progress” and "stable" is desired.* This approach provides
good isolation for experiments and new strategy ideas without
excessive overhead.

o Teams or More Complex Strategies with Defined "Releases™:
An adapted GitFlow or GitHub Flow (which is essentially
feature branching with PRs into main) can provide valuable
structure. "Releases" in this context might mean deploying a
new version of a strategy to a live trading account. Having a
develop branch for integrating and testing features before they
are promoted to a main (live) branch can be beneficial.

For trading algorithm development, the ability to iterate quickly on
ideas while maintaining a stable version for potential live trading is
crucial. Overly complex branching models can impede this agility.

The chosen strategy should support the lifecycle of a trading
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bot—from idea, to development, to testing, to (potentially) live
deployment—rather than encumbering it.

4.5. Managing .cs Files, Visual Studio Solutions (.sIn), and Project Files (.csproj)

When developing NinjaScript using Visual Studio, several file types
are involved, and understanding their roles is key for proper version
control:

» .cs (C# Source Files): These files contain the actual NinjaScript
code for indicators, strategies, or AddOns. They are typically
located within the Documents\NinjaTrader 8\bin\Custom\
directory, organized into subfolders like Indicators, Strategies,
and AddOns when managed by NinjaTrader itself. However,
when using Visual Studio for development with Git, it's best
practice to create the Visual Studio project and solution outside
this Custom directory, for instance, in a dedicated folder that
serves as the root of the Git repository.*

o .csproj (C# Project File): This XML file is created by Visual
Studio and defines the settings for a specific C# Class Library
project. It lists all the .cs files that are part of the project,
references to necessary DLLs (like NinjaTrader's core
assemblies), the target.NET Framework version, and build
configurations.

« .sln (Visual Studio Solution File): This file organizes one or
more projects (.csproj files) into a single solution. For a typical
NinjaScript development setup, a solution might contain a single
Class Library project for the NinjaScript code.

Workflow:

1. The .cs, .csproj, and .sIn files are created and managed within
Visual Studio in a dedicated Git repository.
2. Upon building the project in Visual Studio, a DLL (e.g.,
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MyStrategy.dll) is compiled.

3. A post-build event configured in the .csproj file automatically
copies this compiled DLL to the appropriate NinjaTrader
Documents\NinjaTrader 8\bin\Custom\ subfolder (e.g.,
...\Custom\Strategies\MyStrategy\MyStrategy.dll).:

4. NinjaTrader then loads this DLL for use in charts, Strategy
Analyzer, or live trading.

It is crucial to include the Visual Studio project (.csproj) and solution
(.sIn) files in Git version control alongside the .cs source code files.
These files define how the source code is built and organized. The
compiled DLLs, however, are build artifacts generated from the
source code and should generally be excluded from version control
via the .gitignore file. The post-build step handles the "deployment"
of the DLL to NinjaTrader for execution and testing.

4.6. Crafting the Ideal .gitignore for NinjaScript and Visual Studio C# Projects

A .gitignore file specifies intentionally untracked files that Git should
ignore. This is essential for keeping the repository clean, focused on
source code and project definitions, and preventing unnecessary or
user-specific files from being versioned. For Visual Studio C#
projects, which generate numerous intermediate build files, user
settings, and cache files, a well-configured .gitignore is vital.

Standard Ignores for Visual Studio C# Projects *:

» User-specific files: *.suo, *.user, *.userosscache,
* sIn.docstates (these store individual user settings or solution
states and should not be shared).

 Build output folders: in/, [Oo]bj/, ebug/, elease/. The compiled
NinjaScript DLL that is copied to NinjaTrader's Custom folder is a
product of these build processes and thus, the DLL itself (in the
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build output path, not the NT deployment path) is typically
ignored.

 Visual Studio cache/options directory: .vs/ (contains
solution-specific temporary files and settings).

« NuGet package folders (for older packages.config style,
less common with modern SDK-style projects using
PackageReference in .csproj): packages/. If using
PackageReference, the packages themselves are restored from
NuGet feeds and don't need to be in the repo.

« Test results files, log files, various temporary files.

A comprehensive template for Visual Studio projects can be found
on GitHub's official gitignore repository.

NinjaScript-Specific Considerations:

« Ensure .cs source files are NOT ignored. These are the core of
the NinjaScript.

o If the Visual Studio project is structured to be inside the
Documents\NinjaTrader 8\bin\Custom directory (a less common
setup for robust Git usage, but possible), extreme care must be
taken with .gitignore patterns to avoid ignoring essential
NinjaTrader-generated files or the source .cs files themselves.
The generally recommended approach is to maintain the Git
repository and Visual Studio project separately from the
NinjaTrader Custom directory and use a post-build step to copy
the compiled DLL. This keeps the Git repository clean and
focused only on the source code and project files that define
the NinjaScript.

A properly configured .gitignore file ensures that the repository
remains lean and focused on the essential source artifacts, making
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collaboration smoother and avoiding the clutter of machine-specific
or build-generated files.

4.7. Collaborative Development: Code Reviews and Pull Request Best Practices
for NinjaScript

Code reviews are a cornerstone of quality software development,
and their importance is amplified when dealing with trading
algorithms where errors can have direct financial repercussions. Pull
Requests (PRs) on platforms like GitHub are the standard mechanism
for facilitating these reviews.

o Pull Requests (PRs): When a developer completes work on a
feature branch and wants to integrate it into a main branch (e.g.,
develop or main), they create a PR. This serves as a formal
request for review and discussion before the code is merged.’

« Code Review Best Practices *

O

Constructive Feedback: Focus on the code and its logic,
not the author. Feedback should be objective, respectful,
and aimed at improvement.

Clear Standards: The team should agree on coding
conventions, architectural patterns, performance
expectations, and security guidelines.

Small, Focused Reviews: Review manageable chunks of
code (ideally <200-400 lines per PR). Large PRs are difficult
to review thoroughly and are prone to oversights.
Prioritize Logic and Structure: Address fundamental
design, logic, and structural issues before minor stylistic
points.

Automate Routine Checks: Use linters or static analysis
tools where possible to catch simple errors and style
inconsistencies automatically, allowing human reviewers to
focus on more complex aspects. (While dedicated static
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analysis for NinjaScript is less common, general C# tools can
still be beneficial).
o Clarity and Questions: Reviewers should ask clarifying
questions rather than making assumptions. Authors should
be responsive to questions and feedback.
o Timeliness: Prompt reviews help maintain development

momentum.

o Test Coverage: Ensure that new logic is accompanied by
adequate testing considerations (even if formal unit tests are
challenging for all NinjaScript parts, the design should be
testable in principle).

Code Review Checklist for NinjaScript Trading Algorithms:
A tailored checklist helps ensure that reviews are comprehensive and address

NinjaScript-specific concerns.

Category

Checklist Item

Key Considerations
for NinjaScript

Functionality

Does the code achieve
its intended purpose?

Verify algorithm logic
against the specified
trading rules. Are all
conditions for
entry/exit met?

Are edge cases
handled?

E.g., insufficient bars
for indicator
calculation (CurrentBar
< RequiredBars), zero
divides, empty data
series, market
open/close.

Does it integrate with

If using other
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other components
correctly?

indicators or
interacting with
platform features.

NinjaScript Specifics

Correct use of

Initialization in

OnStateChange State.Datal.oaded,
states? cleanup in
State.Terminated,
AddDataSeries in
State.Configure?
Efficient Avoid redundant
OnBarUpdate() / calculations, heavy
OnMarketData() / loops. Correct use of
OnMarketDepth()? Calculate property.

Awareness of event
frequency.

Correct data series
access?

Close, Input[barsAgo],
BarsArray[x] for
multi-series. Correct
indexing.

Proper order
management
(Strategies)?

EntriesPerDirection,
ExitOnSessionClose,
SetStopLoss(),
SetProfitTarget().
Correct use of order
submission methods
(e.g., EnterLong(),
SubmitOrderUnmanag
ed()). Handling of
OnOrderUpdate,
OnExecution.
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Handling of
BarsInProgress for
multi-series/instrument
scripts?

Ensuring logic
executes for the
correct Bars object.

Performance

Are there obvious
performance
bottlenecks?

Unnecessary loops,
repeated calculations,
inefficient data access.

Is NinjaTrader's built-in
functionality used
where appropriate?

E.g., using SMA()
instead of a manual
SMA calculation loop.

Resource management
for custom objects?

IDisposable pattern if
creating unmanaged
resources.

Error Handling

Are null checks present
for potentially
uninitialized objects?

E.g., indicator
instances, Instrument,
Account.

Is try-catch used
appropriately for
specific exceptions?

Avoid overly broad
try-catch blocks.

Are double
comparisons handled
safely?

Using
ApproxCompare() or
tolerance checks.

Readability &
Maintainability

Are variable, method,
and property names
clear and descriptive?

Are comments
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adequate and
meaningful, especially
for complex logic?

Is the code
well-organized into
logical blocks or helper
methods?

Risk Management
(Strategies)

Are stop-loss
mechanisms clearly

defined and
implemented?

Are profit targets
handled correctly?

Is position sizing logic
appropriate and
robust?

Are there
considerations for
slippage or partial fills
if applicable?

Level 2 Data
Specifics (If
Applicable)

Correct processing of
MarketDepthEventArgs
operations (Add,
Update, Remove)?

Maintaining an
accurate local order
book. %

Handling of IsReset for
market depth?

Clearing local book on
reset. %
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Awareness of Level 2 Acknowledging that
backtesting OnMarketDepth is not
limitations? called in historical
backtests.

This structured review process, guided by a NinjaScript-specific
checklist, significantly enhances the quality, reliability, and
robustness of trading algorithms, which is critical given their direct
financial implications.

Part 5: GitHub Copilot: Your Al Pair Programmer for NinjaScript in
Visual Studio

GitHub Copilot is an Al-powered pair programming tool developed
by GitHub and OpenAl. It integrates directly into IDEs like Visual
Studio, offering real-time code suggestions and assistance to
developers. For NinjaScript, which is C#-based, Copilot can be a
significant productivity enhancer.

5.1. Introduction to GitHub Copilot: Capabilities for C# and NinjaScript

GitHub Copilot functions by analyzing the context of the code being
written—including existing code in the current file, open files, and
comments—to generate relevant suggestions." It is trained on a
massive corpus of publicly available source code, including a vast
amount of C#, making it proficient in this language.”

Core capabilities relevant to NinjaScript development include ™

o Code Completion (Inline Suggestions): As a developer types,
Copilot offers "ghost text" suggestions to complete lines or
entire blocks of code.

« Code Generation from Natural Language Comments:
Developers can write a comment describing the desired
functionality, and Copilot will attempt to generate the
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corresponding C# code.

o Code Explanation: Copilot Chat can analyze selected code
snippets and provide explanations in natural language.

» Assistance with Tests and Repetitive Code: Copilot can help
generate unit tests or boilerplate code, reducing manual effort.

« Debugging and Syntax Correction: Copilot can identify
potential syntax errors and suggest fixes, and Copilot Chat can
help diagnose runtime errors.

For NinjaScript development, Copilot can accelerate the creation of
indicators and strategies by automating the generation of common
C# structures and NinjaScript patterns. Its understanding of
NinjaScript-specific APIs (e.g., OnBarUpdate, SMA(), EnterLong()) is
derived from their presence in the public C# code on which it was
trained, as well as the immediate context provided by the
developer's current project files. However, it's important to note that
for highly specialized or niche aspects of NinjaScript, or very recent
API changes, Copilot's knowledge might be less comprehensive, and
its suggestions should be carefully vetted.” Providing clear,
NinjaScript-specific context in prompts and comments is key to
maximizing its effectiveness.

5.2. Installation and Configuration of GitHub Copilot in Visual Studio / VS Code

Setting up GitHub Copilot in Visual Studio is generally
straightforward:

1. Installation:

o For Visual Studio 2022 version 17.10 and later, GitHub Copilot
(which includes both completions and chat) is often included
as an optional component in the Visual Studio Installer and
may be installed by default with relevant workloads (like.NET
desktop development).©
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o For older Visual Studio versions, or if not initially installed,
the GitHub Copilot extension can typically be found and
installed via the "Extensions" > "Manage Extensions" dialog
in Visual Studio.

2. Subscription: An active GitHub Copilot subscription is required.
This can be an individual subscription, part of a GitHub Copilot
for Business plan, or potentially through certain free access
programs if available.”

3. Authentication: After installation, Visual Studio needs to be
signed in with a GitHub account that has an active Copilot
subscription. The Copilot status icon in Visual Studio (often in
the bottom panel) indicates its current state (active, inactive,
needs sign-in, etc.).”

Once installed and authenticated, Copilot will be active and ready to
provide assistance within the Visual Studio environment.

5.3. Leveraging Copilot for Code Generation

GitHub Copilot offers several ways to assist in generating NinjaScript
code:

5.3.1. Inline Suggestions (Completions) for C# and NinjaScript patterns

As a developer types C# code in Visual Studio, GitHub Copilot
provides real-time, context-aware code completions. These
suggestions appear as greyed-out "ghost text" directly in the editor.:

 Interaction:
o Accept: Pressing the Tab key accepts the current
suggestion.
o Dismiss: Pressing Esc dismisses the suggestion.
o See Alternatives: Keyboard shortcuts (often Alt+] / Alt+[ or
Ctrl+Alt+] / Ctrl+Alt+ or Closeli].
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o Typing SMA sma = SMA( might result in SMA sma =
SMA(Close, Period);.

o Beginning an order entry like EnterL could prompt
EnterLong(DefaultQuantity, "MyEntryName");.

5.3.2. Generating NinjaScript Structures from Comments

A powerful feature is Copilot's ability to translate natural language
comments into code." By writing a detailed comment describing the
desired functionality, the developer can prompt Copilot to generate
the corresponding C# code immediately following the comment.

« Examples for NinjaScript:

o Comment: // Calculate a 20-period Simple Moving Average
of the Close price Copilot might suggest: SMA Sma20 =
SMA(Close, 20); or double smaVal = SMA(Close, 20);

o Comment: // If the Close price crosses above the 50-period
Exponential Moving Average and the RSI(14) value is below
30, then enter a long position Copilot would attempt to
generate the if condition and the EnterLong() call.

o Comment: // NinjaScript C# function to retrieve the current
bid and ask volume for the top 5 levels of market depth
Copilot would try to structure a method using
OnMarketDepth related logic or accessors if available in
context.

5.3.3. Generating OnStateChange states, OnBarUpdate logic, Event Handlers

Copilot can assist in scaffolding out the essential event handlers in
NinjaScript.

« By providing the method signature (e.g., protected override void
OnStateChange()), developers can then type comments within
the method or begin typing state checks (e.g., if (State ==
State.SetDefaults)) to receive suggestions for the content of
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each state block.”

« Similarly, for OnBarUpdate(), comments like // Check for a bullish
engulfing pattern or // Calculate Average True Range over 14
periods can prompt Copilot to generate the relevant logic.

5.3.4. Creating Helper Functions and Repetitive Code Blocks

Copilot is particularly adept at generating utility functions or
repetitive code structures.

« Helper Functions: Useful for tasks like calculating risk/reward
ratios, formatting log messages, or encapsulating complex
condition checks.

o Comment: // C# helper method to calculate the percentage
difference between two double values

» Boilerplate for Properties: Generating NinjaScript input
parameters, which are C# properties decorated with attributes
like ,, *".

o Comment: // NinjaScript input property for an integer named
LookbackPeriod, default 20, range 1 to 100, display name
"Lookback Period", group "Algorithm Settings"

The effectiveness of Copilot in code generation hinges on the clarity
of the prompts (comments) and the richness of the surrounding
code context. For NinjaScript, this means that well-commented code
that uses standard NinjaScript terminology and patterns will yield
more accurate and helpful suggestions. Copilot can significantly
reduce the time spent on writing boilerplate and common
calculations, allowing developers to concentrate on the unique logic
and strategic aspects of their trading algorithms.

5.4. Accelerating Understanding: Code Explanation and Documentation with
Copilot Chat
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GitHub Copilot Chat, integrated within Visual Studio, provides an
interactive way to understand existing code and generate
documentation.®

« Code Explanation: Developers can select a block of NinjaScript
or C# code within the editor, right-click, and choose an option
like "Ask Copilot" or use a specific Copilot Chat command (e.g.,
/explain or typing "Explain this code")." Copilot Chat will then
analyze the selected snippet and provide a natural language
explanation of its functionality, logic, and purpose. This is
invaluable when working with complex legacy code, third-party
indicators, or unfamiliar NinjaScript API calls.

o Documentation Generation: Copilot Chat can also assist in
generating comments or documentation for C# functions,
classes, or properties." For example, one could select a method
and ask Copilot Chat to "Generate XML documentation
comments for this C# method."

This capability significantly speeds up the comprehension phase of
development, especially when dealing with unfamiliar or poorly
documented NinjaScript codebases. It allows developers to quickly
grasp the intent and mechanics of existing code, facilitating
modifications, debugging, or integration efforts.

5.5. Al-Assisted Debugging: Identifying Issues and Getting Fix Suggestions

GitHub Copilot Chat can be a valuable first-line assistant in the
debugging process.®

o Error Message Analysis: When NinjaTrader or Visual Studio
reports a compilation or runtime error, the error message can be
pasted into Copilot Chat with a request for explanation or
potential causes. Copilot can often decipher common C# error
messages and relate them to likely issues in the code.
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« Bug Identification and Fix Suggestions: Developers can select
a problematic code snippet and ask Copilot Chat to identify
potential bugs or suggest fixes (e.g., using the /fix command or
prompting "Find potential null reference errors in this code and
suggest fixes").” For instance, if a NullReferenceException
occurs in OnBarUpdate() when accessing an indicator, Copilot
might correctly suggest that the indicator was not initialized in
the State.DatalLoaded block of OnStateChange().

« Profiling and Optimization Insights: While not a replacement
for dedicated profiling tools, asking Copilot Chat about
performance characteristics of a code snippet (e.g., "Is this loop
efficient for OnBarUpdate?") can sometimes yield useful
suggestions, though these should be critically evaluated.

Copilot Chat complements Visual Studio's powerful debugger. While
the debugger allows stepping through code and inspecting
variables, Copilot Chat can provide higher-level analysis of errors
and suggest corrective actions, potentially saving significant
diagnostic time.

5.6. Optimizing and Refactoring NinjaScript with Copilot Insights

Copilot Chat can also offer suggestions for optimizing or refactoring
NinjaScript code.

« By selecting a section of code and prompting Copilot Chat with
requests like "How can | optimize this loop for better
performance in OnBarUpdate?" or "Refactor this complex
conditional logic into a separate helper method," developers can
get Al-generated ideas.”

» Copilot might suggest using more efficient C# language
constructs, leveraging built-in NinjaScript functions (if it
recognizes them from its training or context), or restructuring
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code for better readability and maintainability.

However, it is crucial to approach optimization suggestions with
expert knowledge. True performance optimization in NinjaScript
often requires a deep understanding of its specific API, the
performance characteristics of its built-in indicators and functions,
and the nuances of its event-driven architecture.” For example,
Copilot might suggest a C# loop for a calculation that is already
implemented as a highly optimized built-in NinjaScript indicator (e.g.,
suggesting a manual SMA calculation instead of using SMAJ()).
Therefore, while Copilot's suggestions can be a useful starting point,
the developer's expertise is paramount in validating and applying
these recommendations effectively to ensure genuine improvements
without introducing new issues.

5.7. Crafting Effective Prompts for GitHub Copilot in a NinjaScript Context

The quality and relevance of GitHub Copilot's assistance are directly
proportional to the quality of the prompts it receives, whether these
are inline comments for code completion or natural language queries
to Copilot Chat.

General Best Practices for Prompting Copilot ':

« Be Specific and Clear: Vague prompts lead to vague or
irrelevant suggestions. Clearly define the task, expected output,
and any constraints.

» Provide Context: The more context Copilot has, the better its
suggestions.

o Open relevant files in Visual Studio so Copilot can analyze
them.
o Close irrelevant files to avoid confusing Copilot.
» Break Down Complex Requests: For large or complicated
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tasks, divide them into smaller, more manageable steps and
prompt Copilot for each step.

o lterate: If the initial output isn't perfect, refine the prompt by
adding more detall, clarifying requirements, or providing
examples, and try again.

« Use Examples (Few-Shot Prompting): Providing examples of
the desired input, output, or even a similar code structure can
significantly improve Copilot's understanding and the quality of
its generation.

NinjaScript-Specific Prompting Strategies:

To elicit NinjaScript-relevant responses, prompts must be infused with NinjaScript terminology
and concepts:

» Explicitly Mention NinjaScript Context: Use terms like
"NinjaScript,” "NinjaTrader 8," "indicator," "strategy,” or "AddOn."

« Refer to NinjaScript APIs: Name specific NinjaScript classes
(Indicator, Strategy, SMA, Order), methods (EnterLong(),
AddPlot(), SetStopLoss()), event handlers (OnBarUpdate,
OnStateChange, OnMarketDepth), and lifecycle states
(State.Dataloaded, State.Configure).

» Guide with Comments: For inline suggestions, use detailed C#
comments that describe the NinjaScript logic you intend to
implement.

o Example: // In OnStateChange, State.Dataloaded, initialize a
20-period EMA of the High price series.

» Leverage Copilot Chat Features: Utilize slash commands
(/explain, /fix, /generate, /optimize) and context references
(#selection for selected code, #file to refer to a specific open
file) effectively within Copilot Chat.™

o Example: Select a complex OnBarUpdate method and ask
Copilot Chat: /explain #selection
o Example: After an error, type in Copilot Chat: /fix The
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following error occurred in my NinjaScript strategy: [paste
error message here]

By “priming" Copilot with NinjaScript-specific language and context,
developers guide the Al to generate code that is more likely to be
correct, relevant, and idiomatic for the NinjaTrader environment.
Generic C# prompts will likely result in generic C# code, which may
require significant modification to fit NinjaScript's framework.

The following table illustrates how various Copilot features can be
applied to common NinjaScript development tasks:

GitHub Copilot: Key Features and NinjaScript Use Cases

Copilot Feature Description NinjaScript
Application Example
(Prompt/Scenario &
Expected Assistance)

Inline Code Suggests code (lines or | Scenario: Typing
Completion blocks) as you type private SMA fastSMA;
based on context. in State.DatalLoaded.

<br> Prompt
(implicit): fastSMA =
SMA( <br> Expected
Assistance: Copilot
suggests fastSMA =
SMA(FastPeriod); or
fastSMA = SMA(Close,

FastPeriod);
Code Generation Generates code based | Scenario: Creating
from Comments on natural language entry logic. <br>
comments. Prompt (comment): //
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If FastMA crosses
above SlowMA and
current position is flat,
enter long with default
quantity and name
"MACrossLE" <br>
Expected Assistance:
Copilot generates the
if
(CrossAbove(FastMA,
SlowMA, 1) &&
Position.MarketPosition
== MarketPosition.Flat)
condition and
EnterLong(DefaultQua
ntity, "MACrossLE");

Copilot Chat:
/generate or
"generate code for..."

Generates code
snippets or entire
methods based on a
detailed description in
the chat.

Scenario: Need a
helper function. <br>
Prompt: /generate a
C# NinjaScript helper
method to calculate
the Average True
Range (ATR) over a
specified period using
High, Low, and Close
series. <br> Expected
Assistance: Copilot
provides a C# method
implementing the ATR
calculation.

Copilot Chat: /explain
or "explain this code"

Explains selected code
in natural language.

Scenario: Encountered
a complex
OnOrderUpdate logic
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in a downloaded
strategy. <br> Prompt:
(Select the code)
/explain #selection
<br> Expected
Assistance: Copilot
Chat details the
conditions being
checked and actions
taken within the
OnOrderUpdate
method.

Copilot Chat: /fix or
"fix this error"

Suggests fixes for
errors or problematic
code.

Scenario: Getting a
NullReferenceExceptio
non a line accessing
an indicator. <br>
Prompt: (Select the
problematic code and
error message) /fix
#selection The error is:
System.NullReferenceE
xception: Object
reference not set to an
instance of an object.
<br> Expected
Assistance: Copilot
might suggest
checking if the
indicator was initialized
in State.DatalLoaded.

Copilot Chat:
/optimize or "optimize

Suggests ways to
improve code
performance or

Scenario: A loop in
OnBarUpdate seems
inefficient. <br>
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this code” structure. Prompt: (Select the
loop) /optimize
#selection for better
performance in
NinjaScript
OnBarUpdate. <br>
Expected Assistance:
Copilot might suggest
using a built-in
NinjaScript function if
applicable, or a more
efficient looping

construct.
Copilot Chat: Can generate Scenario: Want to test
Generating Unit Tests | boilerplate for unit a complex calculation
(Conceptual) tests. helper method. <br>

Prompt: /tests for the
C# method #selection
(Select the helper
method). <br>
Expected Assistance:
Copilot generates C#
unit test method stubs
(e.g., using MSTest or
NUnit syntax), which
would then need to be
adapted for any
NinjaScript-specific
testing framework or
approach.

Part 6: The Integrated NinjaScript Development Workflow: Visual
Studio, GitHub & Copilot in Synergy
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Achieving maximum efficiency and quality in NinjaScript
development involves more than just using individual tools; it
requires an integrated workflow where Visual Studio, GitHub, and
GitHub Copilot operate in synergy. This section outlines how to set
up such an environment and provides practical examples of this
workflow in action.

6.1. Optimizing Your Development Environment Setup

A well-configured local development environment is the bedrock of
an efficient workflow. The key components and their interplay are:

1. Visual Studio Project:

o Utilize a C# Class Library project targeting the.NET
Framework 4.8.°

o Ensure all necessary NinjaTrader DLLs (e.g.,
NinjaTrader.Core.dll, NinjaTrader.Gui.dll,
NinjaTrader.NinjaScript.dll) are correctly referenced from the
Documents\NinjaTrader 8\bin\ directory.

2. GitHub Copilot:

o Install the GitHub Copilot extension in Visual Studio and

ensure it's active with a valid subscription.®
3. Git Version Control:

o Initialize a Git repository for the Visual Studio project.

o Utilize Visual Studio's built-in Git tools for commits,
branching, and synchronization with a remote GitHub
repository.®

4. Automated Deployment to NinjaTrader:

o Configure a post-build event in the Visual Studio project to
automatically copy the compiled NinjaScript DLL to the
appropriate subfolder within Documents\NinjaTrader
8\bin\Custom\ (e.g., ...\Custom\Indicators\[IndicatorName]\).?
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5. NinjaTrader for Testing:

@)

Keep NinjaTrader running. NinjaTrader can automatically
detect changes to DLLs in the bin\Custom folder and
recompile scripts if the NinjaScript Editor was open for that
script or if the script was previously loaded on a
chart/strategy analyzer. This allows for rapid iteration: code
in VS, build (which auto-deploys), and test in NT.

This setup creates a seamless loop: write code in Visual Studio with
Al assistance from Copilot, manage versions with Git (often through
Visual Studio's interface), build the project (which automatically
places the DLL where NinjaTrader can find it), and then test the
script directly within NinjaTrader.

6.2. Workflow Example: Building a New Indicator (from VS Project Setup to GitHub
Commit with Copilot)

This example illustrates the end-to-end process of creating a new
NinjaScript indicator using the integrated workflow.

1. Project Setup (Visual Studio & Git):

o

Create a new C# Class Library project in Visual Studio. Name
it (e.g., MyCustomIndicators).

Ensure the project targets.NET Framework 4.8.

Add references to NinjaTrader.Core.dll, NinjaTrader.Gui.dll,
and NinjaTrader.NinjaScript.dll.

Initialize a Git repository for this project: In Visual Studio, use
"Git" > "Create Git Repository." Make an initial commit (e.g.,
"Initial project setup").

2. Create Indicator File & Basic Structure (Copilot):

@)

@)

Add a new C# class file to the project (e.g.,
MyMomentumOscillator.cs).
In the empty file, type a comment to guide Copilot:
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C#

/I NinjaScript Indicator class named MyMomentumOscillator that
inherits from Indicator

/1t should include standard using statements for
NinjaTrader.NinjaScript.Indicators,
System.ComponentModel.DataAnnotations, etc.

/It should also include the OnStateChange and OnBarUpdate
method overrides.

o GitHub Copilot will suggest the basic class structure,
namespace, inheritance, and method stubs. Accept or refine
the suggestions.

3. Define Input Parameters (Copilot):
o Inside the MyMomentumOscillator class, use comments to

prompt Copilot for input parameters:

C#

// NinjaScriptProperty for an integer input named "Period" with default
value 14

// Display Name: "Oscillator Period”, GroupName: "Parameters", Order:
1

// Range from 1 to 100

// NinjaScriptProperty for a Brush input named "SignalColor" with
default Brushes.DodgerBlue

// Display Name: "Signal Color", GroupName: "Visuals", Order: 2
// Ensure Xmllgnore and Serializable string property for Brush

o Copilot will suggest the C# properties with the appropriate
attributes.
4. Implement OnStateChange() (Copilot & Developer):
o Within OnStateChange(), prompt Copilot for

State.SetDefaults:
CH#
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if (State == State.SetDefaults)
{
Description = @"A custom momentum oscillator.”;
Name = @"MyMomentumQOscillator";
Calculate = Calculate.OnBarClose;
IsOverlay = false; // Draw in a separate panel
DisplaylnDataBox = true;
DrawOnPricePanel = true; // Required for IsOverlay = false
IsAutoScale = true;

/I Add a plot for the oscillator value using SignalColor
// Plot name "MomentumValue", PlotStyle.Line, Line width 2

o In State.DatalLoaded, if any other indicators are needed (e.g.,
an SMA for smoothing), initialize them here with Copilot's
help.

5. Implement OnBarUpdate() Logic (Copilot & Developer):

o Write comments describing the oscillator's calculation logic:

C#

// Ensure enough bars have loaded for the calculation (Period)
// Calculate momentum: (Close - Close[Period])

// Assign the calculated momentum to the first plot (Values)

o Copilot will suggest the C# code for these calculations and
assignments.

6. Configure Post-Build Event (Visual Studio):

o In project properties > Build Events, add a post-build event
command line: COPY "$(TargetPath)"
"%USERPROFILE%\Documents\NinjaTrader
8\bin\Custom\Indicators\MyMomentumOscillator\$(TargetFile
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Name)" /Y (Adjust MyMomentumOscillator folder name as
needed).
7. Build and Test (Visual Studio & NinjaTrader):
o Build the project in Visual Studio (Ctrl+Shift+B). If successful,
the DLL is copied.
o In NinjaTrader, open a chart. Right-click > Indicators > find
"MyMomentumOscillator" and add it.
o Observe its behavior and verify calculations.
8. Debug (Visual Studio & Copilot):
o If issues arise, use Print() statements in NinjaScript, view the
NinjaScript Output window in NinjaTrader.
o For deeper debugging, attach the Visual Studio debugger to
NinjaTrader.exe and set breakpoints.
o If errors occur, paste error messages or problematic code
into GitHub Copilot Chat for analysis and suggestions.
9. Commit Changes (Git):
o Once the indicator is working as expected, go to the "Git
Changes" window in Visual Studio.
o Stage the changes (MyMomentumOscillator.cs, .csproj file).
o Write a clear commit message (e.g., "Implemented
MyMomentumOscillator v1.0 with basic calculation and
plotting").
o Commit the changes.
10. Push to GitHub (Optional but Recommended):
o Push the commits to a remote GitHub repository for backup
and collaboration.

This iterative workflow—coding with Al assistance, building, testing
in the target environment, debugging, and versioning—is central to
modern software development and is fully applicable to creating
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robust NinjaScripts.

6.3. Workflow Example: Developing a Level 2 Data-Driven Strategy (Structure,
OnMarketDepth logic with Copilot, Git Branching)

Developing strategies based on real-time Level 2 data requires
careful handling of the OnMarketDepth event and an awareness of
its testing limitations.

1. Create Feature Branch (Git):

o Inyour Visual Studio project under Git control, create a new
branch for this strategy: git checkout -b
feature/level2-imbalance-strategy (or via VS Git Ul).

2. Strategy Skeleton (Copilot):
o Add a new C# class file (e.g., Level2lmbalanceStrategy.cs).
o Prompt Copilot:
C#
/I NinjaScript Strategy class named Level2ImbalanceStrategy
/I Include OnStateChange, OnBarUpdate, and OnMarketDepth

overrides
// Standard using statements for NinjaTrader.NinjaScript.Strategies

3. Parameters and OnStateChange() (Copilot & Developer):

o Define input parameters (e.g., ImbalanceThreshold,
LookbackLevelsForimbalance).

o In State.SetDefaults, set strategy properties
(EntriesPerDirection =1,
IsinstantiatedOnEachOptimizationlteration = false if
appropriate for testing approach).

o In State.Dataloaded, initialize any standard indicators used
for context (e.g., a slow EMA as a trend filter). Initialize data

structures for the order book:
CH#
// In State.DatalLoaded
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bidBook = new SortedDictionary<double, long>();
askBook = new SortedDictionary<double, long>();

4. Implement OnMarketDepth() (Copilot & Developer):
o This is the core for Level 2 data processing.

o Prompt Copilot for managing the bid/ask books:
CH#
/I Inside OnMarketDepth(MarketDepthEventArgs e)
/1 if e.IsReset, clear bidBook and askBook
/I if e MarketDataType == MarketDataType.Bid:
/I if e.Operation == Operation.Add, add e.Price, e.Volume to bidBook
/I if e.Operation == Operation.Update, update bidBook[e.Price] to
e.Volume
/I if e.Operation == Operation.Remove, remove e.Price from bidBook
/I else (for MarketDataType.Ask), do similar for askBook

o Refine Copilot's output to handle dictionary key existence
and sorting (if SortedDictionary isn't automatically keeping it
sorted as needed for top-N levels).

5. Implement Trading Logic (Copilot & Developer):

o This logic might reside in OnBarUpdate() (acting on the state
of the order book at bar close/tick) or, more reactively,
directly within OnMarketDepth() (use with caution due to
high frequency).

o Example logic: Calculate imbalance from bidBook and
askBook.

CH#

// Helper method to calculate imbalance from top N levels of bidBook
and askBook

// In OnMarketDepth or OnBarUpdate:

//'If imbalance > ImbalanceThreshold and trendFilter is bullish,

EnterLong()
/I If imbalance < -ImbalanceThreshold and trendFilter is bearish,
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EnterShort()

o Prompt Copilot for these conditional checks and order

placement calls.
6. Build and Deploy:

o Configure post-build event to copy the strategy DLL to
...\Custom\Strategies\Level2ImbalanceStrategy\.

o Build in Visual Studio.

7. Test (NinjaTrader - Primarily Real-Time/Replay):

o Add the strategy to a chart in NinjaTrader.

o Crucially, standard backtesting in Strategy Analyzer will
NOT execute OnMarketDepth() logic accurately..”

o Testing must primarily be done with a live data connection
(on a sim account initially) or using NinjaTrader's Market
Replay feature if it provides sufficient Level 2 data fidelity for
the instrument.

o Use Print() statements extensively within OnMarketDepth()
and the logic sections to output order book state, calculated
imbalance, and trade decisions to the NinjaScript Output
window for verification.

8. Commit Changes (Git):

o Regularly commit working changes to the
feature/level2-imbalance-strategy branch with clear
messages.

9. Pull Request (GitHub - Optional):

o Once testing (primarily forward-testing) shows promise,
push the branch to GitHub and create a Pull Request to
merge into develop or main. The PR description should
highlight the Level 2 dependency and testing approach.

This workflow emphasizes the unique challenges of Level 2
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strategies, particularly around testing, and how Git branching can
isolate this experimental development. Copilot assists in the complex
data handling of OnMarketDepth.

6.4. Workflow Example: Enhancing an Existing NinjaScript Strategy (Cloning,
Understanding with Copilot, Modifying, PRs)

Developers often work on improving or modifying existing strategies.

1. Clone and Branch (Git & Visual Studio):
o Clone the GitHub repository containing the existing
NinjaScript strategy project into Visual Studio.
o Create a new branch for the intended enhancement: git
checkout -b feature/enhanced-exit-logic
2. Understand Existing Code (Copilot Chat):
o Open the strategy's .cs file.
o ldentify complex or unclear sections of the code.
o Select these sections and use GitHub Copilot Chat:
= Prompt: /explain #selection or "Explain what this part of
the OnBarUpdate method does."
o Copilot Chat will provide a natural language explanation,
aiding comprehension.
3. Implement Modifications (Copilot & Developer):
o Based on the understanding gained and the enhancement
requirements, modify the code.
o Use Copilot inline suggestions or Copilot Chat prompts for
generating new logic or refactoring existing code.
= Prompt example for Copilot Chat: /generate C# code for
a trailing stop loss that activates after X ticks in profit, to
be used in this NinjaScript strategy's OnBarUpdate.
4. Build and Test (Visual Studio & NinjaTrader):
o Build the project. The DLL will be copied via the post-build
event.
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o Test thoroughly in NinjaTrader:
= Use Strategy Analyzer for historical backtesting of
changes that don't rely on non-backtestable events (like
OnMarketDepth).
= Use Market Replay or live sim trading for tick-level
behavior or if real-time events are critical.
5. Commit Changes (Git):

o Commit the verified enhancements to the feature branch
with a descriptive message (e.g., "Added ATR-based trailing
stop loss to MA Crossover strategy").

6. Create Pull Request (GitHub):

o Push the feature branch to the remote GitHub repository.

o Create a Pull Request, detailing the changes made and the
reason for them. This allows for team review (if applicable)
before merging into develop or main.

This workflow demonstrates how the toolkit supports the common
cycle of maintaining and evolving trading algorithms, with Copilot
playing a key role in reducing the friction of working with potentially
unfamiliar or complex existing codebases.

Part 7: Advanced Applications & Unique Examples: Pushing
NinjaScript Boundaries

Beyond standard indicator and strategy development, the
combination of Visual Studio, GitHub, GitHub Copilot, and
NinjaScript's extensibility (particularly WPF for custom Uls) allows for
the creation of highly sophisticated trading tools. This section
explores advanced examples, including unique implementations of a
custom trading dashboard and a Heads-Up Display (HUD).

7.1. Example 1: MA Crossover Strategy — A Modern Workflow (Visual Studio, Git,
Copilot)
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This example revisits a classic strategy, the Moving Average (MA)
Crossover, to illustrate its development using the modern, integrated
workflow. This serves as a direct contrast to older development
methods and highlights the efficiencies gained..

Objective: Create a strategy that enters long when a fast MA
crosses above a slow MA, and short when the fast MA crosses below
the slow MA.

Workflow Steps:
1. Project & Git Setup (Visual Studio):

@)

Create a C# Class Library project (e.g., MyStrategies)
targeting.NET 4.8.

Reference NinjaTrader DLLs.

Initialize a Git repository and make an initial commit.
Create a feature branch: git checkout -b
feature/ma-crossover-strategy.

2. Strategy Skeleton (Copilot):

o

@)

Add MACrossoverStrategy.cs.

Prompt Copilot:

C#

/I NinjaScript Strategy class named MACrossoverStrategy

/I Include OnStateChange and OnBarUpdate overrides

/I Inputs: FastPeriod (int, default 10), SlowPeriod (int, default 20)
// Plots: FastMA (Brush.Green), SlowMA (Brush.Red)

Copilot will generate the class, properties with and
attributes, and method stubs.

3. OnStateChange() Implementation (Copilot & Developer):
o State.SetDefaults:

CH#
// Inside OnStateChange -> State.SetDefaults
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Description = @"A simple moving average crossover strategy.";
Name = @"MACrossover";

Calculate = Calculate.OnBarClose;

EntriesPerDirection = 1;

IsOverlay = true; // Draw MAs on price panel

/I Default values for FastPeriod and SlowPeriod are set by property
initializers or here.

/I AddPlot for FastMA using Green brush

/I AddPlot for SlowMA using Red brush

Copilot will assist with AddPlot() calls.

o State.DatalLoaded:
C#
/I Inside OnStateChange -> State.DatalLoaded
// Initialize FastMA: SMA(FastPeriod)
// Initialize SlowMA: SMA(SlowPeriod)
/l Add FastMA and SlowMA to chart using AddChartindicator()
Copilot will generate the SMA initializations and
AddChartIndicator() calls.

4. OnBarUpdate() Logic (Copilot & Developer):
C#
/I Inside OnBarUpdate
/I Guard clause: if CurrentBar < SlowPeriod, return
/I Check if FastMA crosses above SlowMA using CrossAbove(FastMA,
SlowMA, 1)
/1 If true and Position.MarketPosition == MarketPosition.Flat, then
EnterLong(DefaultQuantity, "FastCrossLE")
/I Check if FastMA crosses below SlowMA using CrossBelow(FastMA,
SlowMA, 1)
/1 If true and Position.MarketPosition == MarketPosition.Flat, then
EnterShort(DefaultQuantity, "FastCrossSE")
Copilot will generate the conditional logic and EnterLong() /
EnterShort() calls.

5. Post-Build & Testing:



o Set post-build event to copy DLL to
...\Custom\Strategies\MACrossoverStrategy\.

o Build, test in NinjaTrader Strategy Analyzer.

6. Git Commits:

o Commit at logical stages: "Added MA Crossover strategy
skeleton”, "Implemented OnStateChange for MA init",
"Implemented OnBarUpdate entry logic".

7. Pull Request (Optional):
o Push feature/ma-crossover-strategy to GitHub, create PR for

review/merge.

This example, while simple, demonstrates how Copilot accelerates
each step, from boilerplate to core logic, within a version-controlled
Visual Studio environment. The developer guides the Al with clear,
NinjaScript-aware comments and validates the output.

7.2. Example 2: Level 2 Order Book Imbalance Indicator with Copilot Assistance

This example showcases processing real-time Level 2 data to create
an indicator that visualizes order book imbalance, a common
concept in order flow trading.

Objective: Create an indicator to display the imbalance between bid
and ask volumes at the top N levels of the order book.

Core Components:

1. Data Structures (Class-Level Variables):
C#
private SortedDictionary<double, long> bids;
private SortedDictionary<double, long> asks;
private const int DepthLevelsToConsider = 5; // User input parameter

2. OnStateChange() - State.DatalLoaded:
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o Initialize bids and asks dictionaries.

o Prompt Copilot:
CH#
/l In State.DatalLoaded:
// Initialize bids = new SortedDictionary<double, long>(new
DescendingComparer<double>()); // Custom comparer for bids
// Initialize asks = new SortedDictionary<double, long>();
/I AddPlot for "ImbalanceRatio", PlotStyle.Bar, Brushes.Gray, panel 1

(A DescendingComparer would be a simple helper class
implementing IComparer<double> to sort bid prices high to
low).
3. OnMarketDepth(MarketDepthEventArgs e) Implementation:
o This is where the local order book is maintained.

o Prompt Copilot (iteratively for bids and asks):
CH#
// Inside OnMarketDepth(MarketDepthEventArgs e):
/1'if (e.IsReset) { bids.Clear(); asks.Clear(); return; }
/I if (e.MarketDataType == MarketDataType.Bid)
I{
/I if (e.Operation == Operation.Add |

| e.Operation == Operation.Update)

/l bids[e.Price] = eVolume;

/I else if (e.Operation == Operation.Remove)

// bids.Remove(e.Price);

/1'}

// else if (e.MarketDataType == MarketDataType.Ask) { /* similar for asks */ }

/I After updating books, call a method to recalculate and store imbalance for plotting

/Il e.g., UpdatelmbalanceValue(); ForceRefresh(); // To trigger OnBarUpdate if needed

* The developer refines this to handle dictionary operations robustly. "ForceRefresh()” might
be needed if "OnBarUpdate’ is used for plotting and should react to depth changes. 4.
**|mbalance Calculation (Helper Method or within “OnMarketDepth’/"OnBarUpdate”):** *
Prompt Copilot:csharp

/I C# method Calculatelmbalance(SortedDictionary<double, long> currentBids,
SortedDictionary<double, long> currentAsks, int levels)

/1t should sum the volume of the top 'levels' from currentBids
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/1t should sum the volume of the top 'levels’ from currentAsks

/! Return (totalBidVolume - totalAskVolume) / (totalBidVolume + totalAskVolume), handle
division by zero.

5. **Visualization ("OnBarUpdate()" or triggered from "OnMarketDepth™):** * The calculated
imbalance ratio (e.g., from -1to 1) is assigned to the plot. * If calculated in "OnMarketDepth’,
the value might be stored in a *Series<double>" which "OnBarUpdate’ then plots.csharp

/I ln OnBarUpdate (if imbalanceValue is a Series<double> updated from OnMarketDepth)

// Values = imbalanceValue;

/I Or, if calculated directly in OnBarUpdate from bids/asks dictionaries:

/I double imbalance = Calculatelmbalance(bids, asks, DepthLevelsToConsider);

/I Values = imbalance;

* Color the plot bars based on positive/negative imbalance.
This example demonstrates a practical application of Level 2 data

processing. Copilot can significantly assist in generating the C# logic
for managing the SortedDictionary collections, implementing the
imbalance calculation function, and structuring the OnMarketDepth
event handler. The developer's role is to define the parameters,
ensure the logic correctly reflects the intended order flow concept,
and manage the visualization strategy (e.g., how frequently the plot
updates in response to rapid Level 2 changes). This also underscores
the real-time nature of such an indicator, as OnMarketDepth is not
called in historical backtests.

7.3. Example 3: Building a Custom Trading Dashboard with WPF in NinjaScript
(Unique Example)

This example ventures into creating a custom, free-standing window
within NinjaTrader using Windows Presentation Foundation (WPF) to
serve as a comprehensive trading dashboard. This leverages
NinjaTrader's AddOn framework.?

Objective: Develop a custom AddOn window displaying real-time
P&L, current positions, open orders, account summary, and key Level
2 insights for selected instruments.

Ul Design Principles for Trading Dashboards:
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A good trading dashboard should provide critical information at a glance, be responsive, and
customizable. Key information includes:

Overall and per-instrument realized/unrealized P&L.

Detailed list of current positions (symbol, quantity, average entry
price, current P&L).

List of open orders.

Account buying power, margin utilization.

Market overview (e.g., major indices performance).

For selected instruments: A snapshot of Level 2 depth (e.g., top
5 bid/ask levels and sizes), recent large trades, or order book
imbalance.

WPF Controls and XAML Layout 3:
The Ul would be defined in XAML. GitHub Copilot can assist in generating XAML for standard
controls.

Main Window Structure: A TabControl can organize information
into logical sections (e.g., "Portfolio," "Positions," "Orders,"
"Market Depth").
Data Display:
o DataGrid: Ideal for displaying lists of positions, orders, or
Level 2 data rows.
= Copilot XAML Prompt: ™
o TextBlock: For displaying scalar values like total P&L, account
balance, strategy status.
= Copilot XAML Prompt: <TextBlock Text="{Binding
TotalAccountPnl, StringFormat="Total P&L: {0:C}'}" />
Interactive Elements: Button controls for actions like refreshing
data, flattening positions (with confirmation), or selecting an
instrument for detailed Level 2 view.
Basic Charting (Optional): Simple WPF shapes (Rectangle,
Line) could be used to create rudimentary bar charts for
visualizing Level 2 depth distribution or a simple P&L curve. More
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advanced charting might require third-party WPF charting
libraries compatible with NinjaTrader's environment, or careful
custom drawing.

C# Backend (NinjaScript AddOn Structure):
The logic resides in a C# class library project, structured as a NinjaTrader AddOn.

1. AddOnBase Class: Create a class inheriting from
NinjaTrader.Gui.AddOns.AddOnBase. This class will manage the
lifecycle of the dashboard window.

2. Launching the WPF Window: The AddOn will instantiate and
show the custom WPF window (defined in XAML with a C#
code-behind class).

3. Accessing NinjaTrader Data:

o Use NinjaTrader.Core.Globals to access global objects.

o Access Account objects through Account.All or by name.
From an Account object, retrieve Positions, Orders, and
Executions.

o Subscribe to NinjaTrader events like AccountltemUpdate,
ExecutionUpdate, OrderUpdate, PositionUpdate to receive
real-time updates.

4. Level 2 Data Handling:

o The AddOn's C# code can subscribe to OnMarketDepth for
a user-selected instrument.

o The processed Level 2 data (e.g., aggregated bid/ask levels
and volumes) would then be passed to the WPF window for
display, typically via data binding.

5. Data Binding in WPF:

o Implement the MVVM (Model-View-ViewModel) pattern or
use simple data binding with INotifyPropertyChanged.

o Create ViewModel classes that expose properties (e.g.,
ObservableCollection<PositionViewModel>, string
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TotalPnIDisplay) to which the WPF Ul elements bind.

o When NinjaTrader events fire (e.g., PositionUpdate), update
the ViewModel properties. WPF's data binding will
automatically refresh the Ul.

o Copilot C# Prompt: // C# method in NinjaScript AddOn
ViewModel to update an ObservableCollection of
PositionViewModel based on Account.PositionUpdate event

6. Ul Updates from Non-Ul Threads: NinjaTrader events often fire
on background threads. Ul updates in WPF must occur on the Ul
thread. Use Dispatcher.InvokeAsync() or
Dispatcher.Begininvoke() to marshal calls to update Ul-bound
properties.

Integration as a Custom NinjaTrader Window:

o The Visual Studio project is compiled into a DLL.

e This DLL is placed in the Documents\NinjaTrader
8\bin\Custom\AddOns\ directory.

o After restarting NinjaTrader (or if NT dynamically loads AddOns),
the custom dashboard can be launched, typically from
NinjaTrader's "New" menu (if the AddOn registers itself there).

This example represents a significant step in customizing the
NinjaTrader experience. It allows developers to create highly tailored
information hubs that consolidate diverse real-time trading data into
a single, unified view. GitHub Copilot can be an invaluable assistant
for generating both the XAML layouts for Ul elements and the C#
code for data retrieval, event handling, and data binding logic. The
primary challenge lies in managing the real-time data flow and
ensuring responsive Ul updates.

7.4. Example 4: Creating a Real-Time Strategy HUD (Heads-Up Display) (Unique
Example)

76



A Heads-Up Display (HUD) provides critical, at-a-glance information
directly on the chart or in a compact, always-visible window, allowing
traders to monitor strategy performance and key market conditions
without switching contexts.

Objective: Develop a lightweight HUD to display real-time strategy
status, P&L, active order details, and key Level 2 data points.

Designing a Lightweight HUD:
The HUD should be minimalist and display only the most crucial information to avoid clutter.2

» Key Metrics:

O

Strategy State: e.g., "Long Active,
"Flat."

Active Order Status: e.g., "Stop Pending at $123.50," “Limit
Buy at $123.00."

Unrealized P&L for the strategy's current instrument/trade.
Critical Alerts: e.g., "Large Bid Eaten,"” "High Volume Spike."
Key Level 2 Data: Size of best bid/ask, immediate bid/ask
imbalance for the top few levels.

Seeking Short Entry,”

Implementation Approaches (WPF):

1. On-Chart HUD (via an Indicator):
o This involves creating a NinjaScript Indicator that modifies

o

o

the chart's WPF elements to add custom controls.*

In OnStateChange() (State.Historical or State.Realtime when
Ul elements are available), the indicator accesses the
ChartControl and ChartPanel.

WPF controls like TextBlock, Border, or a small Grid can be
programmatically created and added to a corner of the chart
(e.g., to ChartPanel.Children or a specific Grid within the
chart's visual tree).

Copilot XAML (conceptual, as it's often C# code creating
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WPF elements here): // C# code to create a TextBlock, set its
properties, and add to ChartPanel

o Data updates would happen in the indicator's event handlers
(OnBarUpdate, OnMarketData, OnMarketDepth,
OnExecutionUpdate, etc.), which then update the properties
of the WPF elements (e.g., myPnlTextBlock.Text =
newPnlValue.ToString("C");). Ul updates must use
Dispatcher.InvokeAsync().

2. Separate Minimalist Window HUD (via an AddOn):

o Similar to the dashboard example, but the WPF window is
designed to be small, perhaps borderless, and set to be
"always on top."

o The AddOn launches this small WPF window.

o Data flow and updates are managed as in the dashboard
example, with the AddOn subscribing to relevant NinjaTrader
events and updating ViewModel properties bound to the
HUD's Ul elements.

Real-Time Data Updates for HUD Elements:

« Source Script: The HUD logic (data fetching and Ul updating)
resides within the Indicator (for on-chart HUD) or AddOn (for
separate window HUD).

» Strategy Interaction: If the HUD needs to display information
from a running strategy (e.g., internal strategy state), the
strategy must expose this information via public properties. The
HUD script can then attempt to find instances of that strategy on
the chart or globally and access these properties (this can be
complex and requires careful design).

» Direct Data Subscription: The HUD script itself subscribes to
OnMarketData, OnMarketDepth (for Level 2 insights),
OnOrderUpdate, OnPositionUpdate, AccountltemUpdate to
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fetch and display relevant information.
o Copilot for C# Data Binding/Updates:

o Prompt: // C# code in NinjaScript Indicator to update a
TextBlock (added to chart) with current unrealized P&L for
the chart's instrument.

o Prompt: // WPF C# code-behind for HUD window: method to
update AskSizeTextBlock.Text from OnMarketDepth event
data passed by AddOn.

A HUD offers traders immediate situational awareness without
overwhelming them with information. Whether implemented as an
on-chart overlay or a compact separate window, WPF provides the
flexibility to create these custom displays. Copilot can assist in
generating the XAML for the simple Ul elements and the C# logic for
fetching data from NinjaTrader and updating the HUD in real-time.
The choice between an on-chart or separate window HUD depends
on user preference and the complexity of information to be
displayed.

The following table outlines core components for custom Uls like
dashboards or HUDs:

Core Components for Custom Trading Dashboard/HUD in WPF

Ul Component Example WPF Potential Update
Type Control(s) NinjaScript Mechanism
Data Source(s)

Real-Time P&L | TextBlock, Label | Account.GetAcc | AccountltemUpd
Display ountltem(Accou | ate,
ntitem.Unrealize | PositionUpdate
dProfitLoss).Valu | events

e,
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Position.Unrealiz

edProfitLoss
Position List DataGrid, Account.Position | PositionUpdate
ListView s collection event (add,
remove, update
items in an
ObservableColle
ction)
Open Order DataGrid, Account.Orders OrderUpdate
List ListView collection event (filter for
active orders,
update status)
Account TextBlock, Account.GetAcc | AccountltemUpd
Summary ProgressBar (for | ountltem() for ate event
margin) BuyingPower,
NetLiquidation,
ExcessMargin
Level 2 Depth DataGrid, OnMarketDepth | OnMarketDepth
Snapshot custom drawn event processed | event, updating
bars, into local bid/ask | Ul-bound
ltemsControl books collections/prop

with TextBlocks

erties

Strategy State
Display

TextBlock,
Ellipse (with
color change)

Public property
of a running
strategy
instance;
internal state of
the HUD script
itself.

Strategy-specifi
c events (if any),
or polling
strategy
properties (less
ideal);
OnOrderUpdate,
OnPositionUpda
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te for HUD's own
logic.

Alert TextBlock Custom logic in Event-driven

Notifications (scrolling/fading | OnBarUpdate, from script

), Popup OnMarketData, logic.
OnMarketDepth
triggering Ul
update.

Action Buttons | Button User click event | Button.Click
triggers event.
methods in
AddOn/Indicator
(e.g.,

FlattenEverythin
90),
CancelAllOrders
0).

This table provides a structured way to think about mapping desired
information displays to specific WPF controls and the underlying
NinjaScript data sources and events required to keep them updated
in real-time.

Part 8: Navigating Challenges: Best Practices for Quality and
Reliability

While the integration of Visual Studio, GitHub, and GitHub Copilot
offers substantial advantages for NinjaScript development, it's
crucial to be aware of potential challenges and adhere to best

practices to ensure the creation of high-quality, reliable trading
algorithms.
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8.1. Maximizing Accuracy with GitHub Copilot: Human Oversight is Key

GitHub Copilot is a powerful Al assistant, but it generates
suggestions, not infallible code. It can "hallucinate"—produce
plausible-sounding but incorrect or non-existent API calls—or
generate code that is suboptimal or subtly flawed in the context of
NinjaScript's specific requirements.’

Therefore, critical review by the developer is absolutely
essential. It is not enough to simply accept Copilot's suggestions;
one must understand why a particular piece of code was suggested
and whether it truly fits the intended logic and NinjaScript best
practices. Copilot is best used for:

« Generating boilerplate code (e.g., class structures, property
definitions).

« Implementing well-known patterns or algorithms.

« Providing initial drafts or ideas for functions.

« Explaining existing code.

It should not be relied upon to generate complex, novel trading logic
without intense scrutiny. The developer remains the ultimate
architect and quality controller. In a domain like algorithmic trading,
where code errors can lead directly to financial losses, the
imperative for human oversight cannot be overstated. Copilot is an
assistant, not a replacement for developer expertise, critical
thinking, and due diligence.

8.2. Addressing NinjaScript-Specific Nuances when working with Al
GitHub Copilot's training data is vast but general. While it has seen a
great deal of C# code, its knowledge of highly specialized APIs, like

some of NinjaScript's more obscure components or very recent
additions, may be less comprehensive than its knowledge of
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mainstream C# libraries.

To mitigate this:

« Cross-Reference with Official Documentation: Always verify
Copilot's suggestions regarding NinjaScript APl usage (class
names, method signatures, event handler behavior, parameter
meanings) against the official NinjaTrader NinjaScript
documentation.’ The official documentation is the definitive
source of truth.

» Provide Rich Context: As emphasized in Part 5.7, the more
NinjaScript-specific context provided in prompts (e.g.,
mentioning "NinjaScript strategy,” OnBarUpdate,
State.DatalLoaded, MarketDepthEventArgs) and by having
relevant project files open in Visual Studio, the better Copilot can
tailor its suggestions.

« Be Wary of “Invented" APIs: If Copilot suggests using a
NinjaScript class or method that seems unfamiliar or overly
convenient, double-check its existence and correct usage in the
official documentation.

The more niche or specialized the NinjaScript concept, the greater
the level of scrutiny Copilot's suggestions warrant.

8.3. The Imperative of Rigorous Testing: Backtesting, Forward-Testing, and Code
Reviews

No NinjaScript, especially one assisted by Al, should ever be
deployed in a live trading environment without undergoing extensive
and multifaceted testing.

« Backtesting (Historical Simulation): NinjaTrader's Strategy
Analyzer is the primary tool for this. Developers should test their
strategies across various instruments, timeframes, and historical
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periods. It's crucial to understand the assumptions and
limitations of the backtester (e.g., fill logic, slippage modeling,
handling of historical data gaps).”

« Forward-Testing (Paper Trading): This involves running the
strategy in a simulated trading account with live market data. It is
an indispensable step to validate how the algorithm performs in
real, current market conditions, free from the potential biases or
simplifications of historical backtesting.

« Code Reviews: As detailed in Part 4.7, having another developer
(or oneself, after a break) review the code using a structured
checklist is critical for catching logical flaws, NinjaScript-specific
errors, and potential performance issues.

The use of Al-generated code amplifies the need for thorough
testing. While Copilot can write syntactically correct code, it may
contain subtle logical errors or fail to account for specific market
dynamics or NinjaScript behaviors that a human expert would
consider. A comprehensive testing strategy is the bedrock of reliable
algorithmic trading.

8.4. Understanding Limitations: Level 2 Data in Backtesting Scenarios

A significant challenge arises when developing strategies that rely
on Level 2 market depth data, specifically those using the
OnMarketDepth() event. Standard NinjaTrader backtesting
(Strategy Analyzer) does NOT typically include or accurately
replay the granular, tick-by-tick Level 2 order book changes
that trigger OnMarketDepth() in a live environment.”

This means:

 Strategies whose core logic depends on the real-time flow of
MarketDepthEventArgs (e.g., detecting fleeting imbalances,
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spoofing, or absorption at specific price levels) cannot be
reliably validated using historical backtesting in Strategy
Analyzer. The OnMarketDepth() method will simply not be called
during such backtests.

« NinjaTrader's Market Replay feature might offer some capability
to replay historical Level 2 data for certain instruments, but its
fidelity and completeness can vary, and it may not perfectly
replicate the live OnMarketDepth event stream.

Developers building Level 2-dependent strategies must be acutely
aware of this limitation. Backtest results for such strategies are
unlikely to reflect potential real-world performance accurately.
Consequently, extensive and prolonged forward-testing (paper
trading) becomes even more critical for these types of algorithms.
Any "backtesting” would likely involve custom simulation
environments or very careful use of Market Replay with a deep
understanding of its data characteristics.

8.5. Security Best Practices for GitHub Repositories Containing Trading Logic

Trading algorithms represent valuable intellectual property and,
when live, can control significant financial capital. Securing the
GitHub repositories where their source code is stored is paramount.

» Private Repositories: Proprietary trading algorithms should
always be stored in private GitHub repositories to prevent
unauthorized access.

o Access Control: Carefully manage collaborator access to
repositories. Utilize GitHub's features for branch protection rules
(e.g., requiring pull request reviews before merging into main or
develop, restricting direct pushes to critical branches).

« Avoid Committing Sensitive Information: Never hardcode API
keys (for brokers, data providers, etc.), account credentials, or
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other sensitive data directly into the source code. Use secure
configuration methods, environment variables, or dedicated
secrets management tools. If such information is accidentally
committed, it should be removed from the repository's history,
which can be a complex process.
« Regular Audits: Periodically review who has access to the
repositories and audit logs if available, especially for
organizational accounts.

Adherence to these security practices helps protect the integrity and
confidentiality of valuable trading algorithms and associated
sensitive information.

The following table summarizes common NinjaScript issues and how
GitHub Copilot might assist in debugging them:

Troubleshooting Common NinjaScript Issues with GitHub
Copilot Assistance

Common Likely How Copilot Example
Problem NinjaScript Can Help Copilot Chat
Cause(s) (Conceptual) Prompt
NullReferenceEx | Object (e.g., Explain the “I'm getting a
ception indicator, error. Suggest NullReferenceEx
Instrument) checking ception when
used before initialization accessing
initialization. points. Review mySma in
Often due to OnStateChange | OnBarUpdate.
incorrect logic for correct | Here's my
OnStateChange | state usage. OnStateChange
logic (e.g., code: [paste
initializing in code]. What's
State.SetDefault
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s instead of
State.DatalLoade
d).

wrong?"

Incorrect State Performing Identify if an “Is it correct to
Logic / actions in the operation is initialize
Unexpected wrong being performed | SMA(Close,
Behavior OnStateChange | inan Period) in
state (e.g., inappropriate State.SetDefault
AddDataSeries() | state. Suggest s in NinjaScript?
outside the correct state | If not, where
State.Configure, | based on should this be
accessing Input | NinjaScript done?"
before lifecycle rules.
State.Datal.oade
d).
Slow Inefficient loops. | Analyze code for | "This
OnBarUpdate() / | Redundant performance OnBarUpdate
Platform Lag calculations. bottlenecks. loop in my
Creating too Suggest more NinjaScript
many efficient C# indicator is very
DrawObjects constructs or slow: [paste
frequently. use of loop code]. How
Complex logic NinjaScript can | optimize it
running on every | built-in for
tick functions. NinjaTrader?"
(Calculate.OnEa | Recommend
chTick) without caching results
IsFirstTickOfBar | or using
checks. IsFirstTickOfBar.
Strategy Order Incorrect Analyze order "My NinjaScript
Logic Not entry/exit entry/exit strategy enters
Working as conditions. conditions. Help | trades, but the
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Expected Flawed trace order SetStopLoss("'M
OnOrderUpdate/ | lifecycle logic. yStop",
OnExecution Explain CalculationMod
handling. Issues | OrderState e.Ticks, 20,
tracking transitions or false); call in
Position.MarketP | Position OnBarUpdate
osition. properties. doesn't seem to
Incorrect use of place a stop.
order Why?"
parameters
(e.g.,
DefaultQuantity,
limit/stop
prices).
IndexOutOfRang | Accessing Explain the "My NinjaScript
eException Close[barsAgo] error. Suggest indicator throws
where barsAgo adding IndexOutOfRang
is too large or boundary eException at
negative. checks for High[lookbackP
CurrentBar is CurrentBar eriod].
less than the against lookbackPeriod
required lookback is 20. What
lookback period | periods or check should |
for an indicator validating add in
or calculation. array/series OnBarUpdate?"
indices before
access.
Plot Not Incorrect Review "My second plot,
Showing/Updati | AddPlot() setup AddPlot() Values, in my
ng on Chart in parameters. NinjaScript
State.SetDefault | Check indicator isn't
s. Assigning Values[plotindex | showing data. |
values to the ][barsAgo] have
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wrong
Values[plotindex
]. IsOverlay or
DrawOnPricePa
nel
misconfiguration
. Calculate mode
issues. Data
series for plot
not being
updated.

assignments.
Verify IsOverlay
and panel
settings.

AddPlot(Brushes
.Red,
"SlowLine"); in
State.SetDefault
s.In
OnBarUpdate, |
assign Values =
slowValue;.
What could be
wrong?"

By understanding these potential pitfalls and proactively employing
mitigation strategies, developers can harness the power of GitHub
Copilot and modern development tools to enhance their NinjaScript
development process while maintaining the high standards of
reliability and accuracy essential in algorithmic trading.

Part 9: Conclusion: Transforming Your NinjaScript Development
with an Integrated, Al-Enhanced Approach

The integration of sophisticated tools like Visual Studio as a primary
IDE, GitHub for robust version control, and GitHub Copilot for
Al-assisted C# development represents a significant paradigm shift
for the NinjaScript trading community. This guide has endeavored to
provide a comprehensive roadmap for understanding and leveraging
this powerful synergy to build advanced automated trading

strategies.

9.1. Recap of Key Advantages and Techniques

The core message has been the transformative potential of
combining these modern development tools and practices:

« Synergistic Benefits: The true power emerges not just from
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using each tool in isolation, but from their integrated operation.
Visual Studio provides a rich C# development environment
where GitHub Copilot offers contextual Al assistance, and
Git/GitHub, often managed directly within Visual Studio,
underpins code integrity and collaboration.

Accelerated and Enhanced Development: This triad leads to
faster development cycles, improved code quality through Al
suggestions and structured reviews, a deeper understanding of
complex codebases via Al explanations, and more streamlined
debugging processes.

Foundational NinjaScript Knowledge: Effective use of these
tools still hinges on a solid understanding of NinjaScript's
architecture—particularly its event-driven model, the critical
OnStateChange lifecycle, and the nuances of its various event
handlers.

Advanced Data Handling: The guide has specifically
addressed the complexities and potential of Level 2 market
depth data accessed via OnMarketDepth(), while also
highlighting its significant backtesting limitations.

The Human Element: Crucially, the indispensable role of human
oversight, critical thinking, and rigorous testing has been
emphasized throughout. Al is an assistant, not a replacement for
developer expertise, especially when financial outcomes are at
stake.

9.2. The Future of Algorithmic Trading Development: Al, Collaboration, and
Customization

The methodologies and tools discussed herein are not merely

contemporary best practices; they are foundational for the future
trajectory of algorithmic trading development. Several trends are

evident:
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« Expanding Role of Al: Artificial intelligence will likely permeate
all stages of algorithm development, from initial strategy
ideation and hypothesis testing, through code generation and
optimization, to advanced backtesting analysis and even
dynamic strategy adaptation in live markets. Al tools will become
more sophisticated in understanding domain-specific contexts
like financial markets and trading logic.

« Centrality of Collaborative Platforms: Platforms like GitHub
will remain central, not just for version control, but as hubs for
team collaboration, open-source trading components, and
shared knowledge within the algorithmic trading community.

o Demand for Sophistication and Customization: As markets
evolve, so too will the demand for highly customized, nuanced,
and sophisticated trading solutions. The ability to rapidly
develop, test, and deploy such algorithms will be a key
competitive advantage. This includes creating custom user
interfaces like dashboards and HUDs to provide traders with
tailored insights and control.

The journey of mastering NinjaScript development in this evolving
landscape is one of continuous learning and adaptation. By
embracing the integrated, Al-enhanced approach detailed in this
guide—marrying the power of Visual Studio, the discipline of GitHub,
and the assistance of GitHub Copilot with a deep understanding of
NinjaScript and trading principles—developers and traders can
significantly elevate their capabilities. This allows them to build more
robust, efficient, and innovative trading solutions, positioning them
effectively for the future of algorithmic trading. The call to action is
clear: experiment with these tools, adopt these practices, and
continuously refine your approach to unlock new levels of
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productivity and sophistication in your NinjaScript endeavors.
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