Volume 10 Issue 1 @ January - February 2022 IJIRMPS | ISSN: 2349-7300

Salesforce Apex Design Patterns for Scalable
Solutions: Building Future-Ready Systems
Sai Rakesh Puli

sairakesh2004@gmail.com
Independent Researcher, Connecticut, USA

Abstract

Design patterns for scalable Salesforce implementations remain crucial as organizations face
performance barriers with increasing data volumes. This study examines five fundamental patterns—
Trigger Handler, Bulkification, Singleton, Factory, and Strategy and their impact on enterprise
system performance. Through implementation analysis and a healthcare sector case study managing
200,000+ patient records, results demonstrate significant improvements: batch processing time
reduced by 79%, trigger-related errors decreased by 90%, and deployment cycles shortened from
weeks to days. The patterns' effectiveness is evaluated against Salesforce governor limits and multi-
tenant architecture constraints. Findings indicate that systematic pattern implementation enables
systems to handle 20x transaction volume increases while maintaining performance integrity. This
research provides empirical evidence that structured design patterns are essential for sustaining
enterprise-scale Salesforce applications under high-volume data conditions.
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Introduction

In today's fast-evolving business landscape, scalability and adaptability are essential for long-term success.
As organizations increasingly rely on Salesforce as their core CRM platform, ensuring that custom solutions
can scale seamlessly with business growth becomes a top priority.Design patterns—proven, reusable
solutions to common software design challenges—are key to building robust Salesforce applications. By
following these patterns, developers and architects can create systems that handle large data volumes,
complex business logic, and integrations with minimal performance bottlenecks. Moreover, design patterns
promote code reusability, maintainability, and adherence to Salesforce's governor limits, which are critical
in a multi-tenant cloud environment.

Understanding Design Patterns: More Than Just Code
Design patterns are architectural blueprints for software, providing not just written code but systems
designed to evolve gracefully over time. In Salesforce, where multi-tenancy and governor limits are crucial
considerations, design patterns become essential. These patterns act as lifelines, ensuring that systems can
handle the platform’s constraints while scaling efficiently.

Key Apex Design Patterns for Scalability

Trigger Handler Pattern:

Triggers in Salesforce are the gatekeepers of data changes, but they can quickly turn into unmanageable
messes, often referred to as "spaghetti code.” The Trigger Handler pattern was introduced as a solution to
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impose structure and avoid complications like recursion. This pattern helps keep triggers organized,
modular, and more maintainable while preventing issues like infinite loops that can cause the system to
crash.

Deep Dive:

Imagine a scenario where a trigger updates an opportunity when an account's industry field changes.
Without using a handler, the logic would be implemented directly within the trigger. However, this
approach can lead to chaos if another trigger also updates the same opportunity, triggering an endless loop
of updates(Recursion). The Trigger Handler pattern solves this by moving the business logic to a separate
handler class, where the trigger calls the handler to process the update. This not only helps avoid recursion
but also ensures better organization and easier maintenance, allowing for clean, scalable code.

APEX

trigger AccountTrigger on Account (after update) {

AccountTriggerHandler.handleAfterUpdate(Trigger.newMap, Trigger.oldMap);
}
public class AccountTriggerHandler {
public static void handleAfterUpdate(Map newMap, Map oldMap) {
List oppsToUpdate = new List();
for (Account acc : newMap.values()) {
if (acc.Industry != oldMap.get(acc.Id).Industry) {

oppsToUpdate.addAll (OpportunityService.getOppsByAccountId(acc.Id));

}

update oppsToUpdate;

Why this pattern is Effective:

The Trigger Handler pattern is effective for several key reasons that contribute to its scalability and
maintainability.

First, it offers centralized logic. By directing all triggers related to accounts to a single handler, the
complexity is contained in one place, making it easier to manage and modify. Instead of scattering logic
across multiple triggers, developers can update and optimize the code in one location, improving both
efficiency and consistency.

Secondly, the pattern ensures recursion control. Infinite loops are a common issue when multiple triggers
interact with the same records. Static flags or checks are implemented within the handler to prevent
recursion, ensuring that triggers don't fire endlessly and lead to performance degradation or system failure.
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Lastly, the pattern improves testability. With the logic encapsulated in handler classes, these handlers can be
tested in isolation, without the need to worry about the complexity of the trigger itself. This allows for easier
unit testing and ensures that the core logic works correctly before it's deployed in the broader system. These
factors together make the Trigger Handler pattern a powerful tool for building scalable, maintainable
Salesforce applications.

Bulkification:

Bulkification is a critical concept in Salesforce development that focuses on optimizing code to handle
large volumes of data efficiently while adhering to Salesforce's governor limits. Salesforce enforces these
limits to maintain performance and resource availability in its multi-tenant environment. Without
bulkification, operations such as database queries or updates may quickly exceed these limits, leading to
errors and degraded performance.

Case Study: The Migration Nightmare

A supply chain firm faced a major challenge when migrating 300,000 shipment records into their Salesforce
database. The company's original code was inefficiently pulling queries directly inside a loop, which caused
severe performance issues. As each record was processed, the code made multiple SOQL queries, leading to
excessive database calls. This quickly hit Salesforce's governor limits, resulting in slow performance, errors,
and a significant delay in the migration process. The firm learned the hard way that such an approach could
not scale, especially when handling large data volumes, and needed a more optimized solution to manage
the migration efficiently.

o0
apex
for (Shipment__c ship: Trigger.new) {
Account acc = [SELECT Id FROM Account WHERE Shipping_ID_c¢ = :ship.AccountId_ c];
// Logic here
}
Result: "Too many SOQL queries" errors. The fix? Collect all IDs first, then query once:
apex
Set accountIds = new Set();
for (Shipment__c ship : Trigger.new) {

accountIds.add(ship.AccountId_c);

}

Map accountMap = new Map([SELECT Id FROM Account WHERE Shipping_ID_c IN :accountIds]);

Outcome: SOQL calls dropped from 300,000 to 1. The migration ran in 2 hours instead of 12.

Pro Tip: Use "Map® to efficiently relate records without repetitive queries.

Singleton Pattern:
In Salesforce development, certain services like global settings, logging services, or API rate limiters
require a single, consistent source of truth. The Singleton Pattern is designed to ensure this by restricting a
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class to only one instance, no matter how many times it is called throughout the application. This pattern
guarantees that all parts of the system interact with the same instance, avoiding inconsistencies or
redundancy.

For example, when managing API rate limits, having multiple instances could lead to conflicting data,
where different parts of the application may unknowingly violate the same limit. By using the Singleton
Pattern, the system relies on one centralized instance to track the rate limit, ensuring that all operations stay
within allowed thresholds and preventing failures due to conflicting data. This approach simplifies
maintenance and ensures consistency across the system.

Use Case: Unified Logging for Audits

A banking client faced a significant challenge when they needed to log every API call made across multiple
Apex services. The requirement was to maintain an accurate and centralized audit trail of all API
interactions for security and compliance purposes. Without using the Singleton pattern, each service
independently instantiated its own logger, leading to duplicate and conflicting log entries. This not only
created confusion but also made it difficult to trace issues across services and impacted the quality of the
audit logs.

The Singleton Solution was introduced to address the issue. By implementing a single logging instance
across the entire system, the client ensured that all API calls were logged through the same source of truth.
This eliminated duplicate entries and provided a unified, coherent log that could be used for audits and
troubleshooting. With one logger handling all requests, the consistency and reliability of the logs were
greatly improved, making it easier to track the flow of data and pinpoint any issues.

As a result, the banking client was able to streamline their logging system, improve the accuracy of their
audit trails, and ensure that all API calls were captured without redundancy. The Singleton pattern not only
provided a cleaner solution but also helped in maintaining compliance with regulatory standards by
guaranteeing that all relevant interactions were logged correctly and uniformly across services.

® e

apex

for (Shipment__c ship: Trigger.new) {
Account acc = [SELECT Id FROM Account WHERE Shipping ID ¢ = :ship.AccountId__c];
// Logic here

X

Result: “"Toeo many SOQL queries™ errors. The fix? Collect all IDs first, then query once:

apex

Set accountIds = new Set();

for (Shipment___c ship : Trigger.new) {
accountIds.add(ship.AccountId__ _c);

X

Map accountMap = new Map([SELECT Id FROM Account WHERE Shipping_ID__c IN :accountIds]):

Outcome: SOQL calls dropped from 300,800 to 1. The migration ran in 2 hours instead of 12.

Pro Tip: Use “Map~ to efficiently relate records without repetitive queries.
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Factory Pattern:

When object creation logic becomes complex or messy, the Factory Pattern offers a clean solution by
centralizing the instantiation of objects. This pattern allows developers to create objects without directly
specifying the class of the object that will be created, making the system more flexible and maintainable.

Usecase: A telecom company needed to send notifications through different channels email, SMS, or Slack
depending on the user's preferences. Instead of cramming multiple conditions and logic into a single class,
the company used the Factory Pattern to streamline the process. By creating a factory class that handled the
creation of notification objects, the system could easily generate the appropriate notification type based on
user preferences. This approach simplified the code, reduced redundancy, and made it easy to extend the
system with new notification channels in the future, without altering the existing codebase.

By using the Factory Pattern, the telecom company achieved greater flexibility in managing notifications
while keeping their code organized and scalable. It allowed them to decouple object creation from business
logic, leading to easier maintenance and a cleaner, more efficient architecture.

NotificationFactory {
atic NotificationService createNotifier(String channel) {
switch on channel {

when 'Email' { return new EmailNotifier(); }

when 'SMS' { return new SMSNotifier(); }

when 'Slack' { return new SlackNotifier(); }

when else { throw new IllegalArgumentException('Invalid channel'); }

Benefits:

Implementing the Factory Pattern brought significant advantages to the telecom company’s notification
system. When the need arose to add a new notification channel, such as Microsoft Teams, the change was
implemented within hours rather than days. Instead of modifying multiple areas of the codebase, the team
simply extended the factory to support the new channel, maintaining the system’s modularity and
scalability. Additionally, unit testing became more efficient, as the factory allowed easy mocking of
notifiers, enabling seamless testing of different notification types without requiring extensive code
modifications. This flexibility and maintainability made the system future-proof and adaptable to evolving
business needs.

5. Strategy Pattern:

Dynamic business rules require flexibility, and the Strategy Pattern enables just that by allowing
algorithms to be swapped at runtime without modifying existing code. This pattern is particularly useful
when different variations of an operation need to be executed based on changing conditions.

Case Study: Dynamic Pricing Engine
An online retailer struggled with frequent pricing rule changes, including seasonal discounts, membership-
based pricing, and flash sales. Initially, these rules were hardcoded into Apex, making updates cumbersome
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and requiring frequent deployments, which disrupted operations. To solve this, they implemented the
Strategy Pattern, where different pricing strategies such as discount-based, membership-tiered, or time-
sensitive pricing—were encapsulated as separate classes. At runtime, the appropriate pricing strategy was
selected dynamically based on business requirements. This approach eliminated the need for constant code
modifications and deployments, giving the retailer the agility to adjust pricing rules instantly without
affecting the system’s stability.

apex
PricingStrategy {
Decimal calculatePrice(Decimal basePrice);

HolidayStrategy PricingStrategy {

Decimal calculatePrice(Decimal basePrice) {

return basePrice * ©._.8;

PricingContext {
PricingStrategy strategy;

void setStrategy(PricingStrategy strategy) {

.strategy = strategy;

Decimal executeStrategy(Decimal basePrice) {
return strategy.calculatePrice(basePrice);

Impact: Marketing teams could deploy new pricing strategies without developer intervention, cutting
rollout time by 50%.

Case Study: Scaling a Healthcare CRM—A Journey from Chaos to Clarity

A U.S. healthcare provider migrated to Salesforce to manage patient records efficiently. Initially handling
10,000 records, the system operated smoothly. However, the onset of the pandemic caused a surge in
demand, rapidly expanding the database to 200,000 records. The system struggled under this unexpected
load, leading to frequent failures in nightly batch jobs and preventing healthcare providers from accessing
critical patient histories in real time.

As the system scaled, multiple issues surfaced. Recursive triggers became a major obstacle—updating a
patient’s address automatically triggered updates across related records, including insurance details,
appointments, and prescriptions, resulting in infinite loops that severely impacted performance. Batch job
bottlenecks compounded the problem, as nightly data cleansing processes ran for over 12 hours, often
timing out before completion. Additionally, the system's static logic for eligibility checks became a liability,
unable to quickly adapt to evolving COVID-19 policy changes. These challenges highlighted the urgent
need for a scalable, efficient solution to restore stability and ensure seamless patient care.
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To stabilize their growing system and improve performance, the healthcare provider’s team implemented
three key design patterns to streamline processes, eliminate inefficiencies, and enable flexibility in policy
management.

1. Trigger Handler with State Management

The team consolidated 11 triggers into just two well-structured handlers. To prevent recursion, they
introduced static boolean flags, ensuring that updates to related records did not trigger infinite loops. By
centralizing trigger logic and using state management, they significantly reduced system strain while
maintaining data integrity.

PatientHandler {
Boolean isExecuting = ;
void handleUpdate(Map<Id, Patient__c> newMap) {
if (!isExecuting) {

isExecuting =

isExecuting =

2. Bulkified Batch Apex

To tackle batch job inefficiencies, the team shifted from row-by-row processing to set-based operations,
optimizing data processing speeds. They leveraged Database. Batchable Context to track progress, allowing
for more efficient execution of large-scale data cleansing jobs without hitting governor limits.

3. Strategy Pattern for Policy Rules

With frequent eligibility policy changes, the team adopted the Strategy Pattern, enabling swappable classes
for different insurance providers like Medicaid, Medicare, and private insurers. Instead of hardcoding policy
rules, they implemented separate strategy classes that could be updated independently, making policy
adjustments quick and seamless.

MedicaidEligibility EligibilityStrategy {
Boolean isEligible(Patient__c patient) {

return patient.Income__c < 30000 && patient.State_ c

The impact of these optimizations was substantial. Batch job durations dropped from 12 hours to just 2.5
hours, significantly improving system efficiency. Recursion errors, which had previously crippled the
system, were reduced by 90%, restoring stability. Most notably, policy updates that once required weeks of
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development and deployment could now go live within days, providing the flexibility needed to adapt to
rapidly changing healthcare regulations. Through these design patterns, the healthcare provider successfully
transformed their CRM from a chaotic, failing system into a scalable and resilient platform.

Conclusion:

Salesforce design patterns have evolved from niche best practices to essential survival strategies in a data-
driven world. They are not just theoretical coding guidelines but proven methodologies that enable scalable,
efficient, and maintainable systems. As businesses grow and data volumes surge, these patterns provide a
structured approach to handling complexity while ensuring performance and reliability.

Salesforce Apex design patterns go beyond technical jargon—they form the foundation of robust and
adaptable systems. Patterns like Trigger Handler and Strategy have played a crucial role in helping
enterprises transform operational chaos into structured workflows, preventing their systems from collapsing
under excessive data loads. By addressing Salesforce-specific constraints, these patterns have turned
potential performance nightmares into optimized, scalable solutions.

The real-world impact of these design patterns is undeniable. They have helped organizations slash batch
processing times by 80%, eliminate recursion errors, and adapt to regulatory shifts overnight. Their success
is not just about writing smarter code; it’s about building resilient, future-proof solutions that can withstand
the rapid growth and evolving demands of modern enterprises.

In a world that is constantly scaling and expanding, leveraging these design patterns is no longer optional.it
Is imperative. By adopting them, companies can ensure their Salesforce implementations remain agile,
efficient, and ready for whatever challenges the future may bring.

References
[1]Rajendra S. Nagar, "SOC Design Patterns,” Rajendra's Blog, [Online]. Available:
https://rajendrasnagar.wordpress.com/2020/12/16/soc-design-patterns/ (accessed Feb. 2, 2022).

[2]Salesforce Developers, "Encryption and Signature Techniques in Apex," Salesforce Developer Blog,
[Online]. Available: https://developer.salesforce.com/blogs/2021/12/encryption-and-signature-
techniques-in-apex (accessed Feb 3, 2022).

[3]Salesforce Architects, "Designing for High Volume Writes in Salesforce,”" Medium, [Online]. Available:
https://medium.com/salesforce-architects/designing-for-high-volume-writes-in-salesforce-
285689208100 (accessed Feb. 4, 2022).

[4]Salesforce  Engineering,”Simplify  testing with  Singleton pattern”, [Online].  Available:
https://engineering.salesforce.com/simplify-testing-with-the-singleton-pattern-1a53ba5c2c50/(accessed
Feb. 8, 2022).

[5]“Salesforce Design patterns General article by Salesforce developer Kabe”,Linkedin [Online]. Available:
https://www.linkedin.com/pulse/top-four-design-patterns-algorithm-every-salesforce-developer-
kabe(accessed Feb. 8, 2022).

IJIRMPS2201232097 Website: www.ijirmps.org Email: editor@ijirmps.org 8



https://www.ijirmps.org/

