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Abstract: This article presents a systematic comparative analysis of architectural frameworks
for organizing Apex trigger logic on the Salesforce platform, evaluated through the lens of
transactional resource consumption under governor limit constraints. Four widely adopted
frameworks are examined: Kevin O’Hara’s SFDC Trigger Framework, the Apex Enterprise Patterns
library developed by Andrew Fawcett, the Trigger Actions Framework created by Mitch Spano, and
a custom metadata-driven dispatcher approach based on the work of Abhishek Subbu. Each
framework is assessed against a standardized set of quantitative metrics including SOQL query
consumption, DML operation count, CPU execution time, heap memory allocation, and code volume.
Experimental evaluation was performed in a controlled Salesforce Developer Edition environment
using three interconnected objects with five business handlers processing bulk operations of 200
records. The analysis reveals that while all examined frameworks successfully address the
fundamental problem of trigger logic structuring and provide mechanisms for execution order control
and recursion prevention, none of them implements mandatory data access centralization or provides
formal mathematical guarantees of governor limit compliance. The fflib framework demonstrates the
most comprehensive architectural separation through its Domain, Selector, and Service layers but
introduces significant implementation overhead. The Trigger Actions Framework offers superior
declarative configuration capabilities through custom metadata with support for both Apex and Flow
automations. The SFDC Trigger Framework provides minimal footprint with adequate functionality
for simple scenarios. Experimental results confirm that resource consumption patterns vary
significantly across frameworks, with SOQL query counts ranging from 18 to 47 per transaction
depending on architectural approach and handler implementation practices. The findings establish a
foundation for informed framework selection in enterprise Salesforce development and highlight the
necessity of supplementary architectural patterns for guaranteed resource constraint compliance in
complex multi-handler environments.

Keywords: Salesforce platform, Apex trigger frameworks, governor limits, resource efficiency,
architectural patterns, transactional resource management, SOQL query optimization, enterprise
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1. Introduction

The Salesforce platform serves as the backbone of customer relationship management for over
150,000 organizations globally, supporting business-critical operations across diverse industry
sectors. Built upon a multi-tenant architecture where multiple organizations share common
infrastructure and computational resources, the platform enforces strict constraints known as
governor limits to ensure equitable resource distribution among tenants. These limitations impose
hard ceilings on various operational parameters during code execution, including a maximum of 100
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SOQL queries per synchronous transaction and 200 per asynchronous transaction, 150 DML
statements for synchronous operations, 10 seconds of CPU processing time, and 6 megabytes of heap
memory allocation [1].

The management of Apex trigger code represents one of the most consequential architectural
decisions in any Salesforce implementation. Triggers serve as the primary mechanism for executing
custom server-side logic in response to database operations, yet the platform provides no built-in
framework for organizing trigger code across complex business scenarios. This absence of
standardized architecture has led to the emergence of numerous community-developed frameworks,
each proposing distinct approaches to structuring trigger logic, managing execution order, preventing
recursion, and optimizing resource utilization within the bounds of governor constraints [2].

The proliferation of trigger frameworks creates a significant challenge for architects and
development teams tasked with selecting the most appropriate solution for their specific
organizational requirements. Framework selection decisions made during initial project phases have
far-reaching implications for system maintainability, scalability, and resilience to governor limit
violations. Despite the critical importance of this decision, the existing literature lacks a rigorous
comparative analysis that evaluates frameworks through the specific lens of transactional resource
efficiency, particularly regarding SOQL query consumption patterns that represent the most
frequently violated governor constraint.

According to analysis of Salesforce developer forums and incident reports, approximately 35
percent of critical production errors are directly attributable to governor limit violations, with SOQL
query limit breaches accounting for the majority of these failures [3]. This statistic underscores the
imperative need for architectural approaches that not only organize code effectively but also provide
predictable and optimizable resource consumption characteristics. Current framework comparison
literature predominantly focuses on code organization patterns, developer experience, and feature
completeness, while neglecting the quantitative assessment of resource utilization that determines
operational reliability in production environments.

This research aims to address this gap by conducting a systematic comparative analysis of four
prominent Apex trigger frameworks, evaluating each against a standardized set of resource efficiency
metrics derived from governor limit parameters. The analysis encompasses both qualitative
architectural assessment and quantitative experimental validation, providing development teams with
an evidence-based foundation for framework selection decisions that account for resource constraint
compliance requirements.

2. Object and subject of research

The object of research encompasses the architectural frameworks developed by the Salesforce
community for organizing Apex trigger code on the multi-tenant cloud platform. These frameworks
represent software engineering solutions designed to address the inherent complexities of trigger-
based automation, including unpredictable execution ordering, logic fragmentation across multiple
code artifacts, recursive trigger invocation, and uncontrolled consumption of platform-imposed
resource limits. The frameworks under investigation range from minimalistic base class approaches
to comprehensive enterprise-grade architectural patterns.

The subject of research comprises the resource efficiency characteristics of these frameworks,
specifically their impact on transactional resource consumption under standardized testing conditions.
Resource efficiency is evaluated through quantitative measurement of SOQL query utilization, DML
operation counts, CPU time expenditure, heap memory allocation, and code volume metrics. These
parameters directly correspond to the governor limits that constrain all Apex code execution on the
Salesforce platform and determine the operational ceiling for business logic complexity within a
single transaction.

Four frameworks were selected for comparative analysis based on their prominence in the
Salesforce development community, documented adoption in enterprise implementations, and
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availability as open-source projects with active maintenance histories. The selection criteria also
required that each framework represents a distinct architectural philosophy, ensuring that the
comparison captures the spectrum of approaches available to development teams.

The first framework under analysis is the SFDC Trigger Framework developed by Kevin O’Hara,
available at the public repository https://github.com/kevinohara80/sfdc-trigger-framework [4]. This
framework represents the minimalistic approach, providing a single abstract base class
TriggerHandler that developers extend for each object’s trigger logic. With over 1,000 stars on
GitHub and recommendation from Salesforce’s own Success Cloud team, it remains one of the most
widely adopted solutions despite its simplicity [5].

The second framework is the Apex Enterprise Patterns library, commonly known as fflib, created
by Andrew Fawcett during his tenure as CTO of FinancialForce and maintained by the community at
https://github.com/apex-enterprise-patterns/fflib-apex-common [6]. This library implements a
comprehensive separation of concerns architecture with Domain, Selector, Service, and Unit of Work
layers derived from Martin Fowler’s enterprise application architecture patterns. It represents the
most architecturally ambitious approach among the frameworks under evaluation.

The third framework is the Trigger Actions Framework developed by Mitch Spano, available at
https://github.com/mitchspano/trigger-actions-framework [7]. This framework represents the latest
generation of trigger architecture solutions, utilizing custom metadata types for declarative
configuration of trigger actions with support for both Apex and Flow-based automations. It enables
an “automation studio” view where all record-triggered logic for a given object is visible and
configurable through metadata records.

The fourth approach under evaluation is the custom metadata-driven trigger dispatcher pattern
documented by Abhishek Subbu and adopted in various forms across enterprise implementations [8].
This pattern utilizes Custom Metadata Types to store handler configuration including activation
status, execution order, and handler class names, providing runtime flexibility without code
deployment requirements.

3. Goals and objectives of the research

The primary goal of this research is to establish a scientifically grounded comparative evaluation
of architectural frameworks for Apex trigger organization on the Salesforce platform, with particular
emphasis on transactional resource consumption patterns under governor limit constraints. This
evaluation aims to provide quantitative evidence for framework selection decisions in enterprise
development contexts where resource efficiency directly determines system reliability and scalability
potential.

To accomplish this goal, the following research objectives were formulated and systematically
pursued. First, to develop a standardized evaluation methodology and metric system for assessing
trigger framework resource efficiency that accounts for the full spectrum of governor limit parameters
relevant to trigger execution. Second, to conduct architectural analysis of each framework identifying
structural mechanisms that influence resource consumption patterns, including data access
approaches, query aggregation capabilities, and handler isolation characteristics. Third, to design and
implement a controlled experimental environment that enables reproducible measurement of resource
consumption across frameworks under identical business logic conditions. Fourth, to perform
experimental evaluation measuring SOQL queries, DML operations, CPU time, heap allocation, and
code volume for each framework processing identical bulk operations. Fifth, to analyze experimental
results identifying correlations between architectural decisions and resource consumption outcomes.
Sixth, to formulate evidence-based recommendations for framework selection considering resource
efficiency requirements of different project scales and complexity levels.



International Science Journal of Engineering & Agriculture 2026; 5(2): 28-40 31

4. Literature review

Research on trigger framework architecture in the Salesforce ecosystem has evolved through
several distinct phases, reflecting the maturation of the platform and its developer community. Cloud
Sundial’s comprehensive analysis published in 2021 identifies three generational waves in trigger
framework development [9]. The first generation, prevalent before 2013, was characterized by ad-
hoc trigger implementations without standardized patterns, leading to well-documented maintenance
challenges. The second generation, emerging around 2013 with the release of O’Hara’s SFDC Trigger
Framework and Fawcett’s fflib library, established core principles including single trigger per object,
handler class abstraction, and recursion control mechanisms. The third generation, represented by
frameworks like Trigger Actions and AT4DX, introduces metadata-driven configuration and
dependency injection patterns compatible with modern package-based development methodologies.

Fawcett (2014) presented the foundational concepts of Apex Enterprise Patterns at Dreamforce,
drawing explicitly from Martin Fowler’s Patterns of Enterprise Application Architecture [10]. The
fflib library implements four primary patterns: Domain Model for encapsulating business logic
associated with database objects, Selector for centralizing SOQL query construction and execution,
Service Layer for orchestrating complex business operations, and Unit of Work for managing DML
operations as cohesive transactions. This architectural approach provides the most comprehensive
separation of concerns among available frameworks, though its impact on resource consumption has
not been systematically quantified in the existing literature.

O’Hara’s SFDC Trigger Framework, first published in 2013, gained rapid adoption due to its
minimalistic design philosophy [4]. The framework consists of a single abstract class providing
virtual methods for each trigger context, a bypass mechanism using static variables, and a
configurable loop count limiter to prevent infinite recursion. Its recommendation by Salesforce’s
Success Cloud team for large-scale projects, as documented in the official Trailhead module on
coding conventions [5], established it as a de facto standard in many organizations. However, the
framework provides no guidance on data access patterns, leaving SOQL query management entirely
to the developer’s discretion.

Spano (2020) introduced the Trigger Actions Framework as a solution to the limitations of
second-generation frameworks in package-based development environments [7]. The framework
implements the Open-Closed Principle by allowing new trigger actions to be added through metadata
configuration without modifying existing code. A notable innovation is the support for Flow-based
trigger actions alongside Apex implementations, enabling administrators and developers to
collaborate on automation logic within a unified framework. Performance analysis conducted by
Cloud Sundial [11] demonstrated that the metadata-driven approach introduces measurable overhead
in query consumption for configuration retrieval, though this overhead remains within acceptable
bounds for most implementation scenarios.

Subbu (2020) documented a trigger optimization framework that utilizes Custom Metadata Types
for handler registration and dynamic dispatch [8]. The framework introduces fields for handler
activation status, execution ordering, and asynchronous execution capability, providing runtime
configuration flexibility without requiring code deployment. This approach influenced subsequent
framework designs and highlighted the potential of metadata-driven architecture for production
environment management, though the original implementation does not address data access
centralization or resource consumption optimization.

Pethad (2020) investigated the Platform Event Trigger Framework in the context of scalable
trigger management, emphasizing the importance of structured execution context handling [12]. The
research identifies organizational complexity growth as the primary challenge in trigger management,
noting that increasing handler counts lead to unpredictable execution patterns and complicated
recursion scenarios. However, the work remains focused on functional architecture without
quantitative resource consumption analysis.
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Official Salesforce documentation provides authoritative specification of governor limits and
their technical parameters [1]. The documentation establishes that the 100 SOQL query limit for
synchronous transactions represents an absolute constraint that cannot be elevated through any means,
making architectural approaches to query minimization fundamentally important for system
reliability. The Trailhead module on bulk trigger design [13] provides recommended patterns for
SOQL query bulkification including collection-based filtering and Map-based data organization, but
these recommendations exist as isolated best practices rather than components of an integrated
architectural framework.

ApexHours in a series of publications from 2024—-2025 examined trigger bulkification techniques
and governor limit management in detail [2, 14]. The authors demonstrate the pattern of a correctly
bulkified trigger through a sequence of steps: collecting record identifiers into a Set collection;
executing one SOQL query using the IN operator; organizing query results into Map structures to
ensure O(1) access time; collecting modified records into a List; executing one bulk DML operation.
This approach serves as a practical guide but remains at the level of recommendations without formal
methodology.

The conducted literature analysis reveals an important gap: while individual frameworks have
been described and occasionally compared in terms of features and developer experience, no
systematic comparison exists that evaluates frameworks through quantitative resource consumption
metrics under controlled experimental conditions. This research addresses this gap by providing
standardized measurements that enable evidence-based framework selection.

5. Research methods

The research employed a combination of analytical and experimental methods to achieve
comprehensive framework evaluation. The system analysis method was applied for decomposing
each framework’s architecture into constituent components, identifying interaction patterns between
layers, and mapping data flow paths that determine resource consumption characteristics. This
analysis produced architectural diagrams and component inventories for each framework, enabling
structural comparison independent of implementation-specific code.

The experimental method was applied for quantitative measurement of resource consumption
across frameworks under standardized conditions. A Salesforce Developer Edition test environment
was provisioned with three interconnected objects: Account with 15 standard and custom fields,
Contact with 23 fields including a lookup relationship to Account, and Opportunity with 18 fields
including master-detail relationship to Account. Five business handlers of varying complexity were
implemented for each framework, modeling representative enterprise automation tasks:
ValidationHandler for enforcing business rules and data integrity constraints on incoming records;
RelatedRecordsHandler for updating associated records when primary data changes occur;
AggregationHandler for computing derived aggregate values such as sums, counts, and averages
across related records; AuditHandler for maintaining comprehensive change logs of modifications to
critical fields; IntegrationHandler for preparing and formatting data payloads destined for external
system synchronization.

Identical business logic was implemented across all four frameworks to ensure that measured
differences in resource consumption reflect architectural characteristics rather than functional
variations. Each handler performs equivalent operations: querying related records, evaluating
business conditions, computing derived values, and executing data modification statements. The
experimental protocol involved inserting 200 Contact records in a single bulk operation, with each
Contact linked to an existing Account and triggering automatic creation of a related Opportunity
record.

Resource consumption was measured using the Limits class methods provided by the Salesforce
platform, which return precise counts of consumed resources at any point during transaction
execution. The following metrics were captured for each experimental run: total SOQL queries
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consumed via Limits.getQueries(); total DML statements executed via Limits.getDmlStatements();
cumulative CPU time in milliseconds via Limits.getCpuTime(); peak heap size in bytes via
Limits.getHeapSize(); total lines of framework and handler code measured by manual count of
production code excluding test classes.

The mathematical modeling method was used for formalizing the relationship between
architectural parameters and resource consumption. For each framework, a resource consumption
model was constructed describing the dependency of SOQL query count on the number of active
handlers. Let N represent the total SOQL queries consumed per transaction, n represent the number
of active business handlers, and k represent the average number of queries per handler. The general
model takes the form shown in formula (1):

N(I’l) =Nframework+a Xnxk (1)

where N_framework represents the fixed overhead queries consumed by the framework
infrastructure for configuration loading and metadata retrieval; a is the data access coupling
coefficient ranging from 0 to 1, where 0 indicates complete data access centralization and 1 indicates
fully independent handler queries; n is the number of active business handlers; k is the average
number of SOQL queries required per handler.

For evaluating the scalability of each framework, the resource efficiency ratio is defined as shown
in formula (2):

E = (100 — N(n)) / 100 x 100% )

where E represents the percentage of available SOQL query budget remaining after transaction
execution. Higher values of E indicate greater headroom for additional business logic or increased
data volumes, directly correlating with system scalability potential.

The comparative analysis method was used to evaluate frameworks across multiple dimensions
simultaneously. A weighted scoring matrix was constructed incorporating both quantitative metrics
derived from experimental measurements and qualitative assessments of architectural characteristics.
The general architecture of the evaluation methodology is illustrated in fig. 1.

SFDC Framework fflib (AEP) Trigger Actions

Standardized evaluation environment

CMD Dispatcher

{ il
oulx |

System analysis Experimental Math. modeling

Framework selection recommendations

Fig. 1. Schematic architecture of the comparative evaluation methodology.
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6. Research results

The experimental evaluation produced comprehensive quantitative data characterizing the
resource consumption profiles of all four frameworks under standardized testing conditions. Results
are organized into architectural analysis findings, experimental measurements, and scalability
assessments.

Structural examination of each framework revealed fundamentally different approaches to
organizing trigger logic and managing data access. The comparative architectural characteristics of
the evaluated frameworks are presented in table 1.

Table 1. Architectural characteristics of evaluated trigger frameworks

Characteristic SFDC Trigger fflib (Apex Trigger Actions Custom
Framework Enterprise Framework Metadata
Patterns) Dispatcher
Year of initial 2013 2012/2014 2020 2020
release
Architecture type = Single base class Multi-layer Metadata-driven =~ Metadata-driven
(Domain, actions dispatcher
Selector, Service,
UoW)
Data access None Partial (Selector None None
centralization layer)
Configuration Static code Application Custom Metadata Custom Metadata
method factory class Types Types
Recursion Max loop count | Domain class state ~ Bypass API + Static variable
prevention metadata
Execution order Manual (code) =~ Domain dispatch Declarative (Order Declarative (Order
control sequence field) field)
Flow support No ‘ No Yes (native) No
Mathematical No No No No
limit guarantees

As evidenced by table 1, a critical finding of the architectural analysis is that none of the
evaluated frameworks implements mandatory data access centralization or provides mathematical
guarantees of governor limit compliance. The fflib Selector layer recommends centralizing SOQL
queries but does not enforce this pattern architecturally; developers can bypass the Selector and
execute queries directly from Domain or Service classes without triggering any constraint violation.
Similarly, while the Trigger Actions Framework provides sophisticated execution control through
metadata, it places no restrictions on where or how SOQL queries are executed within individual
action classes.

The measured resource consumption for each framework when processing a bulk insert of 200
Contact records with all five business handlers active is presented in table 2.
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Table 2. Resource consumption comparison for 200-record bulk insert operation

Framework SOQL DML CPU Time, Heap Size, Code Lines
Queries Operations ms KB

SFDC Trigger 47 12 3240 1850 285
Framework

fflib (Enterprise 18 7 4180 2740 890
Patterns)

Trigger Actions 24 11 3650 2100 420
Framework

Custom Metadata 38 11 3080 1780 340
Dispatcher

The experimental data in table 2 reveals significant variation in resource consumption across
frameworks. The fflib framework demonstrates the lowest SOQL query count at 18 queries,
attributable to its Selector layer which encourages query consolidation through centralized query
construction classes. However, this advantage comes at the cost of substantially higher CPU time at
4180 milliseconds and heap allocation at 2740 kilobytes, reflecting the computational overhead of
the multi-layer architecture, factory pattern resolution, and Unit of Work tracking structures.

The SFDC Trigger Framework exhibits the highest SOQL query count at 47 queries because it
provides no architectural guidance for data access patterns. Each handler independently executes
queries as needed, resulting in significant query duplication when multiple handlers require access to
the same related records. Conversely, its minimal architectural overhead produces the second-lowest
CPU time and the most compact codebase at 285 lines.

The Trigger Actions Framework consumes 24 SOQL queries, of which 3 are attributable to the
framework’s own metadata configuration retrieval operations. The remaining 21 queries originate
from handler implementations. Its CPU time of 3650 milliseconds reflects the overhead of dynamic
class instantiation through metadata-driven dispatch and the Invocable Action processing pipeline for
potential Flow integration.

To evaluate how each framework scales with increasing business logic complexity, experiments
were conducted varying the number of active handlers from 1 to 10 while maintaining a fixed data
volume of 100 records. The SOQL query consumption dependency on handler count is presented in
table 3.

Table 3. SOQL query consumption dependency on number of active handlers (100 records)

Handlers SFDC fflib Trigger Actions | Custom Metadata
Framework Dispatcher
1 8 5 6 7
2 17 8 11 14
3 25 10 15 20
5 38 14 21 30
7 52 17 27 42
10 76 22 36 61
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The data in table 3 reveals distinctly different scaling characteristics across frameworks.
Applying the resource consumption model from formula (1) to experimental data, the following
parameter values were determined through linear regression analysis.

For the SFDC Trigger Framework: the data access coupling coefficient a approaches 1.0,
indicating that each handler independently manages its own SOQL queries with virtually no sharing
or consolidation. The average growth rate is approximately 7.5 queries per handler, meaning that with
just 14 handlers, the system would exceed the synchronous governor limit of 100 queries.

For the fflib framework: the coefficient o is approximately 0.35, reflecting partial query
centralization through the Selector layer. Handlers that utilize shared Selectors benefit from query
consolidation, producing a growth rate of approximately 1.9 queries per handler. Extrapolation
indicates that the fflib approach can theoretically support over 40 handlers before reaching the
governor limit.

For the Trigger Actions Framework: the coefficient a is approximately 0.55, indicating moderate
query independence between action classes. The growth rate of approximately 3.3 queries per handler
reflects the absence of a mandatory data access centralization mechanism, partially offset by the
framework’s encouragement of atomic, focused action classes that require fewer queries each.

For the Custom Metadata Dispatcher: the coefficient a is approximately 0.85, close to the
unstructured approach. The growth rate of approximately 6.0 queries per handler indicates that despite
metadata-driven execution control, the absence of data access guidance leads to nearly independent
query patterns across handlers.

The scaling characteristics are visualized in fig. 2, which plots the projected SOQL query
consumption as handler count increases from 1 to 20.

160 -
140 -

120 -

ernor limit: 100 SOQL

100 e e e e e e e e e e e e el

SOQL queries per transaction
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Number of active handiers
== SFDC Trigger Framework Trigger Actions Framework
—a— fflib (Apex Enterprise Patterns) Custom Metadata Dispatcher

Fig. 2. Projected SOQL query consumption as a function of handler count across frameworks.

The graph in fig. 2 clearly demonstrates that the SFDC Trigger Framework and Custom Metadata
Dispatcher patterns exhibit linear scaling that intersects the 100-query governor limit at
approximately 14 and 16 handlers respectively. The fflib framework scales most favorably due to its
Selector layer, while the Trigger Actions Framework occupies an intermediate position. Critically,
none of the frameworks provides a guaranteed upper bound that would ensure limit compliance
regardless of handler count, a capability that requires mandatory data access centralization as
described in related research on Data Access Layer methodology [15].
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Additional experiments examined resource consumption variation across different data volumes
with all five handlers active. Results for the SOQL query metric are presented in table 4.

Table 4. SOQL query consumption dependency on data volume (5 handlers active)

Records SFDC fflib Trigger Actions Custom Metadata
Framework Dispatcher
1 | 38 14 21 30
50 | 38 14 21 30
100 | 38 14 21 30
150 | 38 14 21 30
200 | 47 18 24 38

Table 4 demonstrates that for properly bulkified implementations across all frameworks, the
number of SOQL queries remains largely constant as data volume increases from 1 to 150 records.
The increase observed at 200 records is attributable to the Opportunity creation logic in
RelatedRecordsHandler, which requires additional queries when the insert batch size reaches the
platform’s maximum trigger batch size of 200. This confirms that when developers follow
bulkification best practices, the primary determinant of SOQL query consumption is the number of
handlers and their architectural coupling, not the volume of records processed.

Applying formula (2) to the experimental data for the standard configuration of 5 handlers
processing 200 records, the resource efficiency ratios are: SFDC Trigger Framework E = 53%; fflib
E = 82%; Trigger Actions Framework E = 76%; Custom Metadata Dispatcher E = 62%. The fflib
framework provides the greatest resource headroom, leaving 82 of the available 100 SOQL queries
unconsumed and available for additional business logic or system growth.

The comprehensive evaluation results are summarized in the weighted scoring matrix presented
in fig. 3.
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Fig. 3. Weighted scoring matrix visualization for framework comparison across evaluation
dimensions.

The scoring matrix reveals that no single framework dominates across all evaluation dimensions,
confirming that framework selection must be driven by project-specific priorities. The fflib
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framework excels in resource efficiency and architectural completeness but scores lowest in
implementation complexity and onboarding time. The SFDC Trigger Framework scores highest in
simplicity and lowest footprint but provides the weakest resource efficiency guarantees. The Trigger
Actions Framework offers the best balance between configurability and resource consumption for
organizations requiring declarative automation management.

The key resource efficiency limitation shared by all evaluated frameworks is expressed through
formula (3), which defines the condition for governor limit compliance:

]Vﬁ"amework +axnxk<l100 (3)

Since a > 0 for all evaluated frameworks, meaning none enforces complete data access
centralization, the maximum number of handlers that can be safely supported is inversely proportional
to the average query count per handler. Only an architectural approach that achieves a = 0 through
mandatory data access centralization, such as the Data Access Layer methodology described in [15],
can provide unconditional guarantee of limit compliance expressed as N =N DAL <M + R <100,
where M is the number of unique objects and R is the maximum subquery depth.

7. Prospects for further research development

Further development of this research envisions several promising directions that extend the
comparative analysis methodology and deepen the understanding of framework resource efficiency
characteristics. First, extending the evaluation to encompass additional governor limit parameters
including CPU time profiling at the method level, heap allocation patterns during collection
operations, and DML optimization through Unit of Work patterns would provide a more complete
resource consumption picture. Developing automated instrumentation tools that capture resource
consumption metrics without modifying handler code would improve measurement accuracy and
reduce experimental preparation effort.

Second, investigating hybrid architectural approaches that combine the strengths of different
frameworks represents significant practical interest. For instance, integrating the fflib Selector layer
for data access centralization with the Trigger Actions Framework’s metadata-driven execution
control could potentially achieve both strong resource efficiency and operational flexibility.
Experimental validation of such hybrid architectures would quantify the degree to which architectural
composition produces additive or synergistic improvements in resource utilization.

Third, developing a formal framework selection decision model based on project characteristics
would transform the comparative data into actionable engineering guidance. Machine learning
techniques could be applied to historical project data correlating framework choice, project
complexity indicators, and production incident rates to build predictive models for optimal framework
selection. Such a model would account for team expertise, project scale, expected handler complexity,
and integration requirements as input parameters.

Fourth, the integration of mandatory data access centralization principles, as formalized in related
research on Data Access Layer methodology [15], into existing frameworks through extension
libraries or complementary architectural layers presents an opportunity to elevate community
frameworks to a level where mathematical guarantees of governor limit compliance become
achievable within familiar development patterns.

8. Conclusions

This research conducted a systematic comparative analysis of four architectural frameworks for
Apex trigger organization on the Salesforce platform, evaluated through the lens of transactional
resource consumption under governor limit constraints. The analysis combined architectural
examination, controlled experimentation, and mathematical modeling to produce evidence-based
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framework characterizations that address the previously identified gap in quantitative comparison
literature.

The experimental evaluation demonstrated significant variation in resource consumption across
frameworks. When processing 200 records with 5 active handlers, SOQL query counts ranged from
18 for the fflib framework to 47 for the SFDC Trigger Framework, representing a 2.6-fold difference
attributable to architectural decisions regarding data access patterns. The fflib Selector layer’s query
centralization reduced SOQL consumption by 62 percent compared to the unstructured approach,
though at the cost of 29 percent higher CPU time and 48 percent greater heap allocation due to multi-
layer architectural overhead.

Scalability analysis revealed that the data access coupling coefficient a, determined through
regression analysis of experimental data, ranges from 0.35 for fflib to 1.0 for the SFDC Trigger
Framework. This coefficient directly determines the maximum number of handlers supportable
within governor limits: approximately 14 handlers for a = 1.0 frameworks versus over 40 handlers
for a = 0.35 frameworks. These findings quantify the scalability implications of architectural
decisions and provide concrete planning parameters for enterprise implementations.

A fundamental finding of this research is that none of the evaluated frameworks provides
mathematical guarantees of governor limit compliance. All frameworks rely on developer discipline
for data access management, and all exhibit positive correlation between handler count and SOQL
query consumption. The condition for guaranteed compliance, expressed as o = 0, requires mandatory
data access centralization through a dedicated architectural layer that prohibits direct SOQL execution
in business handlers, a capability not present in any of the evaluated frameworks [15].

The practical value of this research lies in providing development teams with quantitative criteria
for framework selection that complement existing qualitative assessments. For small projects with
fewer than 5 handlers, the SFDC Trigger Framework provides adequate functionality with minimal
overhead. For enterprise implementations requiring more than 10 handlers, the fflib framework’s
superior resource efficiency justifies its higher implementation complexity. The Trigger Actions
Framework offers the optimal balance for organizations requiring declarative configuration and
administrator participation in automation management. For projects where absolute guarantee of
governor limit compliance is required, supplementary architectural patterns implementing mandatory
data access centralization should be adopted regardless of the base framework selected.

References:

1)  Salesforce. (2024). Salesforce Developer Limits and Allocations Quick Reference.
Salesforce Developer Documentation. Available at: https://developer.salesforce.com/docs/atlas.en-
us.apexcode.meta/apexcode/apex_gov_limits.htm

2) ApexHours. (2024). Bulkification of  Apex  Triggers.  Available at:
https://www.apexhours.com/bulkification-of-apex-triggers/

3)  CloudQnect. (2023). Are You Optimizing Apex Triggers in Salesforce? Available at:
https://cloudgnect.com/are-you-optimizing-apex-triggers-in-salesforce/

4) O’Hara, K. (2013). SFDC Trigger Framework: A minimal trigger framework for
Salesforce Apex Triggers. GitHub Repository. Available at: https://github.com/kevinohara80/sfdc-
trigger-framework

5)  Salesforce. (2024). Implement Frameworks. Salesforce Trailhead: Success Cloud Coding
Conventions. Available at: https://trailhead.salesforce.com/content/learn/modules/success-cloud-
coding-conventions/implement-frameworks-sc

6) Fawcett, A. (2014). Apex Enterprise Patterns: Common Apex Library supporting Apex
Enterprise Patterns. GitHub Repository. Available at: https://github.com/apex-enterprise-
patterns/fflib-apex-common



40

7)  Spano, M. (2020). Trigger Actions Framework: A framework for partitioning, ordering,
and Dbypassing trigger logic for Salesforce. GitHub Repository. Available at:
https://github.com/mitchspano/trigger-actions-framework

8)  Subbu, A. (2020). Trigger Optimization Framework in Salesforce. Available at:
https://abhisheksubbu.github.io/trigger-optimization-framework/

9) Cloud Sundial. (2021). The 3rd Age of Trigger Frameworks — Part 1. Available at:
https://cloudsundial.com/the-third-age-of-trigger-frameworks

10) Fawcett, A. (2014). Apex Enterprise Patterns: Building Strong Foundations. Dreamforce
2014 Session. Salesforce.

11) Cloud Sundial. (2021). The 3rd Age of Trigger Frameworks — Part 2: Apex Trigger Actions
and Nebula Triggers. Available at: https://cloudsundial.com/apex-trigger-actions-and-nebula-triggers

12) Pethad, C. A. (2020). Platform Event Trigger Framework Implementation in Salesforce
Apex. Journal of Scientific and Engineering Research, 7 (5), 391-394.

13) Salesforce. (2024). Effective Bulk Apex Trigger Design Techniques. Salesforce Trailhead.
Available at:
https://trailhead.salesforce.com/content/learn/modules/apex triggers/apex_triggers bulk

14) ApexHours. (2025). Trigger Framework in  Salesforce.  Available at:
https://www.apexhours.com/trigger-framework-in-salesforce/

15) Andrushchak, I., Bondarchuk, H. (2025). Methodology for dynamic management of
transactional resources in Salesforce: an architectural approach to SOQL query minimization.
International Science Journal of Engineering & Agriculture, 4 (6). Available at: https://isg-
journal.com/isjea/article/view/1119/672.

16) Connecting Software. (2024). Salesforce Governor Limits Explained. Available at:
https://www.connecting-software.com/blog/salesforce-governor-limits-explained/



https://isg-journal.com/isjea/article/view/1119/672
https://isg-journal.com/isjea/article/view/1119/672

