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METHOD OF DML OPERATION OPTIMIZATION IN SALESFORCE BASED ON THE UNIT OF
WORK PATTERN: AN ARCHITECTURAL APPROACH TO TRANSACTIONAL CHANGE
CONSOLIDATION

Abstract. The article presents a method for optimizing Data Manipulation Language (DML)
operations on the Salesforce platform based on the Unit of Work architectural pattern. The multi-
tenant architecture of the Salesforce platform imposes strict constraints on the number of DML
operations within a single transaction: a maximum of 150 statements for the synchronous execution
context. As business logic complexity and trigger handler count grow, each handler independently
executes its own insert, update, and delete operations, causing linear growth of DML resource
consumption and increasing the risk of transaction failures. The paper formalizes a mathematical
model of DML operation consumption describing the dependency of statement count on the humber
of active handlers, the number of object types, and the transactional coupling coefficient. The
proposed method introduces a centralized change management layer that accumulates all pending
data modifications from business handlers in a change registry and executes them in consolidated
form at the end of the transaction while respecting dependency ordering between objects. It is proven
that under the Unit of Work pattern, the DML statement count is determined solely by the number
of unique combinations of object type and operation kind and does not depend on the number of
business handlers, which provides mathematically guaranteed compliance with platform constraints.
Experimental validation was conducted in a Salesforce Developer Edition environment on a test
bench with five business handlers during bulk processing of 200 records. Experimental results
confirmed a 73% reduction in DML statement count compared to the traditional approach, a 42%
reduction in transaction execution time, and a 28% reduction in CPU time consumption. The
proposed method, combined with the previously developed data access centralization methodology,
forms a complete approach to transactional resource management covering both data read and data
write operations.

Keywords: Salesforce; Unit of Work; DML operations; transactional resources; governor limits;
optimization; multi-tenant architecture; design patterns.

INTRODUCTION

Problem statement. The Salesforce platform operates on a multi-tenant architecture where computational
resources are shared among thousands of organizations. To ensure equitable resource distribution, the platform
enforces strict governor limits on code execution within each transaction, including a maximum of 150 DML (Data
Manipulation Language) statements for synchronous contexts [1]. DML operations encompass insert, update,
delete, and undelete statements that modify database records. While considerable research attention has been
devoted to optimizing SOQL query consumption, the equally critical problem of DML operation management
remains insufficiently formalized.

In enterprise Salesforce implementations, a single transaction may activate dozens of business handlers,
each independently executing DML statements to persist its changes. Without architectural coordination, the
number of DML operations grows linearly with handler count, rapidly approaching the platform ceiling.
Furthermore, each DML statement carries fixed overhead: trigger re-invocation, validation rule evaluation,
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workflow execution, and index maintenance. Redundant DML statements therefore consume not only the DML
limit itself but also CPU time and heap memory, degrading overall transaction performance. The absence of a
formalized method for DML consolidation with provable resource guarantees constitutes a significant gap in the
engineering practice of multi-tenant platform development.

Analysis of recent research and publications. The Unit of Work pattern was originally formalized by
Fowler [2] as a mechanism that maintains a list of objects affected by a business transaction and coordinates the
writing out of changes. Fawcett adapted this pattern for the Salesforce platform within the Apex Enterprise Patterns
library (fflib), providing the fflib_SObjectUnitOfWork class that registers new, dirty, and deleted records and
commits them in dependency order [3]. However, the fflib implementation focuses on developer convenience and
relationship management, without formal analysis of resource consumption characteristics or mathematical
guarantees of limit compliance.

Official Salesforce documentation [1], [4] establishes bulkification as the primary best practice for DML
optimization, recommending collection-based operations over row-by-row processing. Trailhead learning modules
[5] demonstrate bulk patterns for trigger development but treat DML optimization as a coding discipline rather
than an architectural property. Cloud Sundial’s analysis of trigger frameworks [6] notes that none of the widely
adopted frameworks enforces DML consolidation across handlers. Prior work by the authors [7] introduced a Data
Access Layer methodology providing mathematically guaranteed SOQL query minimization, and comparative
analysis [8] demonstrated that existing trigger frameworks lack formal resource compliance mechanisms. The
unresolved portion of the general problem is the formalization of a DML consolidation method with provable
upper bounds on operation count, complementing read-path optimization with an equivalent write-path guarantee.

The purpose of the article is to develop and experimentally validate a method for DML operation
optimization on the Salesforce platform based on the Unit of Work pattern, providing mathematically guaranteed
compliance with platform DML limits independent of business handler count.

THEORETICAL FOUNDATIONS OF THE RESEARCH

The proposed method rests on three foundational concepts. The first is the Unit of Work pattern as defined
in enterprise application architecture: an object that tracks changes during a business transaction and coordinates
their persistence as a single atomic operation [2]. In the Salesforce context, this translates to a registry that
accumulates pending record modifications from all business handlers and executes consolidated DML statements
at transaction completion.

The second concept is DML bulkification semantics of the Salesforce platform. A single DML statement
can process up to 10,000 records [1], meaning that the platform cost of persisting one record and two hundred
records via a single statement is identical from the limit consumption perspective: exactly one DML statement.
This property makes consolidation the dominant optimization strategy: transforming N statements of one record
each into one statement of N records reduces limit consumption by a factor of N.

The third concept is dependency ordering. Salesforce objects form relationship graphs through lookup and
master-detail fields. When a transaction creates both parent and child records, the parent must be inserted first so
that its generated identifier can populate the child’s relationship field. A correct Unit of Work implementation
must therefore maintain a topological ordering of object types and commit registered records in dependency-
respecting sequence [3].

Let us formalize the resource consumption model. Consider a transaction with n active business handlers,
each modifying records of one or more object types. Let m denote the number of distinct object types modified in
the transaction, and o denote the number of distinct operation kinds (insert, update, delete). In the traditional
decentralized approach, each handler executes its own DML statements. The total DML count D is expressed as
formula (1):

D traditional=%Xd i,i=1..n, (1)

where d_i is the number of DML statements executed by handler i. Since each handler typically issues at
least one statement per object type it modifies, D grows linearly with n and in the worst case reaches n x m x o.
With the platform limit L = 150, the maximum supportable handler count is bounded by L / (m x o), which for
typical values m = 3, o0 = 2 yields only 25 handlers.

Under the Unit of Work method, all handlers register their changes in a shared registry, and the commit
phase executes exactly one DML statement per unique combination of object type and operation kind. The
consolidated DML count is expressed as formula (2):

D UoW=mx0<M x3, )
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where M is the total number of object types in the transaction scope. Critically, D_UoW does not depend
on n: adding new business handlers does not increase DML consumption. For any realistic schema where M x 3
< 150, compliance with the platform limit is guaranteed unconditionally. This mirrors the guarantee previously
established for SOQL queries through the Data Access Layer methodology [7], extending the mathematical
compliance property from the read path to the write path.

RESEARCH METHODOLOGY

Experimental validation was conducted in a Salesforce Developer Edition environment replicating the test
bench from prior research [7], [8] to ensure result comparability. The data model comprised three interconnected
objects: Account (15 fields), Contact (23 fields with a lookup to Account), and Opportunity (18 fields with a
master-detail relationship to Account). Five business handlers were implemented representing typical enterprise
automation:  ValidationHandler,  RelatedRecordsHandler,  AggregationHandler,  AuditHandler, and
IntegrationHandler. Each handler modifies records of one to three object types.

Two implementations of identical business logic were prepared. The baseline implementation follows the
traditional decentralized approach: each handler executes its own DML statements immediately upon computing
changes. The experimental implementation routes all modifications through a Unit of Work registry implemented
as a singleton within the transaction scope, exposing registerNew, registerDirty, and registerDeleted methods, with
a single commitWork invocation at the end of the trigger execution pipeline. The registry maintains dependency
ordering Account — Contact — Opportunity and consolidates records by object type and operation kind before
executing DML.

The experimental protocol consisted of bulk insertion of 200 Contact records, triggering the full handler
pipeline including related Opportunity creation and Account field updates. Resource consumption was measured
using platform Limits class methods: Limits.getDmiStatements() for DML count, Limits.getDmIRows() for
processed row count, Limits.getCpuTime() for processor time, and wall-clock timestamps for total transaction
duration. Each configuration was executed ten times with results averaged to mitigate platform performance
variance. Additional experiments varied the handler count from 1 to 10 to characterize scaling behavior.

RESEARCH RESULTS

Table 1 presents the aggregate resource consumption comparison for the standard configuration of five
handlers processing 200 records.

Table 1
Resource consumption comparison: traditional approach versus Unit of Work method
Metric Traditional approach =~ Unit of Work method Improvement

DML statements 15 4 —73%
DML rows processed 1240 1240 0%
CPU time, ms 2870 2065 —28%
Transaction duration, ms 4120 2390 —42%
Trigger re-invocations 11 3 =73%

The experimental data demonstrates that the Unit of Work method reduced DML statement consumption
from 15 to 4 statements, a 73% reduction, while processing an identical number of rows. The four remaining
statements correspond exactly to the theoretical minimum predicted by formula (2): insert Opportunity, update
Account, update Contact, and insert of audit records. The 42% reduction in transaction duration substantially
exceeds the 28% CPU time reduction because each eliminated DML statement also eliminates associated trigger
re-invocations, validation evaluations, and index maintenance passes that contribute to wall-clock latency beyond
pure computation.

Table 2 presents DML statement consumption as a function of active handler count, characterizing the
scaling behavior of both approaches.

66



"""""" BKIBEPBE3INEKA: ocaita, nayka, textika Ne 3(35), 2026

CYBERSECURITY: Crueuianpuuii Bunyck ISSN 2663 — 4023
EDUCATION, SCIENCE, TECHNIQUE . .
Special issue

Table 2

DML statement consumption dependency on handler count (200 records)

Handlers Traditional approach, DML statements Unit of Work method, DML statements
1 3 3
2 6 4
3 9 4
5 15 4
7 21 4
10 30 4

As Table 2 demonstrates, the traditional approach exhibits linear growth of approximately 3 DML
statements per handler, which extrapolates to limit violation at 50 handlers. The Unit of Work method stabilizes
at 4 statements regardless of handler count, empirically confirming the theoretical independence from n established
by formula (2). The difference between one handler (3 statements) and multiple handlers (4 statements) under Unit
of Work reflects the audit object type entering the transaction scope, not handler-driven growth.

The scaling comparison is visualized in Fig. 1, which plots DML consumption for both approaches as
handler count increases.

32 4

—o— Traditional approach
- Unit of Work method

= N N N
[«)] o = 4]
1 1 1 1

DML statements per transaction
=
N

0- [ 1 1 1 I |
1 2 3 5 7 10

Number of active handlers

Fig. 1. DML statement consumption scaling: traditional approach versus Unit of Work method

Beyond quantitative resource savings, the method provides qualitative architectural benefits. Transactional
atomicity is strengthened: since all changes commit at a single point, partial persistence states caused by mid-
transaction failures are eliminated. Dependency management is centralized: relationship field population between
newly created parent and child records is handled by the registry rather than duplicated across handlers. Testability
improves: business handlers become pure computation units whose registered changes can be asserted without
database interaction, enabling faster unit test execution.

The primary limitation of the method concerns execution order semantics. Because DML execution is
deferred to the commit phase, business logic that requires immediate persistence visibility, such as reading a
database-generated field value mid-transaction, requires explicit registry flushing, which partially reduces
consolidation efficiency. Analysis of the five experimental handlers showed that such mid-transaction visibility
requirements occurred in only one of seventeen modification points, indicating that the limitation affects a small
minority of practical scenarios.
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CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

The article presents a method for DML operation optimization on the Salesforce platform based on the Unit
of Work pattern with centralized change registration and consolidated commit execution. The formalized
mathematical model proves that under the proposed method, DML statement count is bounded by the product of
object type count and operation kind count, remaining independent of business handler quantity. This establishes
an unconditional compliance guarantee with the platform limit of 150 DML statements for any realistic data
schema.

Experimental validation on a standardized test bench with five business handlers processing 200 records
demonstrated a 73% reduction in DML statement consumption, a 42% reduction in transaction duration, and a
28% reduction in CPU time compared to the traditional decentralized approach. Scaling experiments confirmed
that DML consumption under the Unit of Work method remains constant as handler count grows from 1 to 10,
while the traditional approach exhibits linear growth leading to limit violation at approximately 50 handlers.

The proposed method, combined with the previously developed Data Access Layer methodology for SOQL
query minimization [7], forms a complete transactional resource management approach covering both the read
path and the write path of business logic execution. Prospects for further research include the development of an
adaptive execution mechanism that dynamically distributes registered work between synchronous and
asynchronous contexts based on runtime resource monitoring, and the generalization of the combined methodology
to other multi-tenant cloud platforms with analogous resource constraint systems, including Microsoft Dynamics
365 and ServiceNow.

REFERENCES

1. Salesforce.  (2024).  Execution  Governors and  Limits.  Apex  Developer  Guide.

https://developer.salesforce.com/docs/atlas.en-us.apexcode.meta/apexcode/apex_gov_limits.htm

Fowler, M. (2002). Patterns of Enterprise Application Architecture. Addison-Wesley Professional.

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

4, Salesforce. (2024).  Apex  Developer  Guide: Bulk DML  Exception Handling.
https://developer.salesforce.com/docs/atlas.en-
us.apexcode.meta/apexcode/apex_dml_bulk_exceptions.htm

5. Salesforce. (2024). Bulk Apex Triggers. Trailhead.
https://trailhead.salesforce.com/content/learn/modules/apex_triggers/apex_triggers_bulk

6. Cloud Sundial. (2021). The 3rd Age of Trigger Frameworks. https://cloudsundial.com/the-third-age-of-
trigger-frameworks

7. Andrushchak, 1., & 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). https://isg-journal.com/isjea/article/view/1119/672

8. Andrushchak, I., & Bandach, H. (2026). Comparative analysis of methods and algorithms for trigger-based
transactional resource management in Salesforce. International Science Journal of Engineering &
Agriculture.

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

10.  Spano, M. (2020). Trigger Actions Framework. GitHub. https://github.com/mitchspano/trigger-actions-
framework

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

12.  Salesforce Architects. (2024). Record-Triggered Automation Decision Guide.
https://architect.salesforce.com/decision-guides/trigger-automation

N

68



""""" K| B E pB E3 |_] E KA OCBITa, HayKa, TexHiKa Ne 3 (35), 2026

CYBERSECURITY: Crueuianpuuii Bunyck ISSN 2663 — 4023
EDUCATION, SCIENCE, TECHNIQUE . .
Special issue

Irop Angpymax

Doctor of Technical Sciences, Professor Engineering

Jlyupkuit HalliOHATBHAHN TEXHIYHUN yHiBepcHuTeT, JIyIpK, YKpaina
ORCID: 0000-0002-8751-4420

Ieopriii Banxayu

acmipaHt

Jlyupkuii HalliOHAJBPHUHN TEXHIYHUN yHiBepcHuTeT, JIyIpK, YKpaina
ORCID: 0009-0005-7274-0440

georg.bnd@gmail.com

METO/J, OITUMI3ALIL DML-ONEPALII ¥ SALESFORCE HA OCHOBI IATEPHY UNIT OF
WORK: APXITEKTYPHUI MIIXIJ JO KOHCOJIIIALII TPAH3AKIIMHUX 3MIH

AHoTauis. Y cTaTTi OpeACcTaBIeHO METO I ONTUMI3aIl] onepaliii MaHinymoBanHs ganumu (DML)
ma miardopmi Salesforce, mo 06asyerbcss Ha apxitekTypHomy marepai Unit of Work.
MynbsTHTEHaHTHA apxiTekTypa miardopmu Salesforce nakimanae ;xopcTki 0OMEKEHHS Ha KUIBKICTh
DML-omepariii y mexax OjaHi€i TpaH3akIii: MakcumMyMm 150 omeparopiB IS CHHXPOHHOTO
KOHTCKCTY BHWKOHAaHHSA. 31 3pOCTaHHSAM CKJIAJHOCTI Oi3HEC-JIOTIKM Ta KIIBKOCTI OOpOOHHKIB
TPUTEpiB KOXXKEH OOpOOHMK HE3aJe)KHO BUKOHYE BIIACHI Omepauii BCTaBKH, OHOBJICHHS Ta
BUIAJICHHS 3aMKCIB, 1[0 CIPUYMHSIE JiHIiHE 3pocTanHs crnoxuBanHus DML-pecypciB i migsuinye
PHM3MK aBapiiiHOro 3aBepLICHHS TpaH3akuid. Y poboTi GopmMasizoBaHO MaTeMaTHYHY MOJEIb
cnoxxuBanHsi DML -omnepariii, sika onucye 3a1exHiCTh KUTbKOCTI OIIepaTopiB Bill YHCIIa aKTHBHUX
00pOOHHMKIB, KIJIBKOCTI TUIIB 00'€KTIB Ta KoedillieHTa TpaH3aKIiHHOT 3B'I3HOCTI. 3aIIPONIOHOBaHUN
METOJI epeadavae BIpOBaKEHHS [IEHTPaIi30BaHOI0 APy YIPABIIiHHS 3MiHAMU, IKHH aKyMYJTIO€
BCi 3arutaHoBaHi Momudikarii JaHUX Bij 0i3HEC-0OpPOOHMKIB y peecTpi 3MiH Ta BHKOHYE iX y
KOHCOJIITOBAaHOMY BHIJISIJII HANPHKIHIN TpaH3aKii 3 JOTPUMAHHIM MOPSIKY 3aJICKHOCTEH MiX
00'exTamu. JloBeaeHo, 1o npu 3acrocyBanti marepry Unit of Work xinekicte DML-onepaTopis
BHU3HAYAETHCS BUKIIOYHO KUTBKICTIO YHIKAIFHUX KOMOIHAIlIH THITY 00'€KTa Ta THITy Omepariii i He
3aJIeKUTh BiJl KIIBKOCTI 0i3HEC-0OpOOHMKIB, M0 3a0e3ledye MaTeMaTWIHO TapaHTOBaHE
JIOTPUMaHHS M1aTGOPMHUX 00OMexkeHb. EkcriepuMeHTasIbHY MepeBipKy MPOBEACHO B CEpeI0BHILI
Salesforce Developer Edition Ha TecTtoBOMYy crenai 3 m'stbMa Gi3HeCc-OOpOOHHMKAMM I Yac
MacoBoi 00pobku 200 3amuciB. Pe3yibpraTv eKCIIEpUMEHTIB MiATBEPIMIN 3HMKEHHS KiIbKOCTI
DML-oneparopiB Ha 73% NOPIBHSIHO 3 TPAIULIHHUM IiAX0J0M, CKOPOYEHHS 4acy BHKOHAHHS
TpaH3akiii Ha 42% Ta 3MEHIIEHHs CIIOKUBAHHS MPOIECOPHOro 4yacy Ha 28%. 3anpornoHoBaHHi
METOJ Y MOEAHAHHI 3 paHilie Po3pOOJICHO0 METOO0JIOTIE0 EHTPaTi3alii JOCTYIy 10 JaHHX
(hopMye iTICHAN TIIXiT IO YIPABIiHHS TPaH3aKIiHHIMHU PeCypcaMu, sIKI OXOILTIOE K OTepartii
YUTAHHS, TaK 1 OMEpAIlii 3arucy JaHux.

Kuarouosi cioBa: Salesforce, Unit of Work, DML-onepariii, Tpan3akuiiini pecypcu, governor
limits, onruMisarisi, MyJIbTHTCHAHTHA apXIiTEKTypa, MATePHU HPOEKTYBAHHSI
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