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Foreword

Foreword

Industrial enterprises are entering a new era of complexity. Products are 
becoming increasingly software-defined, connected, and continuously evolving, 
while organizations face growing demands around quality, compliance, 
sustainability, cybersecurity, and speed of innovation. In this environment, the 
challenge is no longer simply managing product data. It is preserving the 
context and continuity of decisions across the product lifecycle.

This is why the Digital Thread is becoming a strategic priority. As Everest Group 
highlights in this report, lifecycle traceability is evolving from a compliance 
requirement into a business capability that enables better decision-making, 
operational resilience, and AI-enabled lifecycle intelligence. Organizations that 
can connect engineering, manufacturing, quality, supply chain, service, and field 
information through a trusted and traceable lifecycle foundation will be better 
positioned to respond to change and manage increasing complexity.

Artificial Intelligence further amplifies this opportunity. However, AI can only 
deliver meaningful outcomes when it operates on trusted data with clear lineage 
and context. Establishing an AI-powered Digital Thread is therefore not just a 
technology initiative. It is an enterprise transformation that enables 
organizations to make faster, more informed, and more confident decisions 
across the product value chain.

At Hitachi Digital Services, we see this transformation unfolding across 
industries as organizations seek to modernize PLM, strengthen lifecycle 
traceability, and unlock greater value from their engineering and operational 
data. Our work with manufacturers and industrial enterprises has reinforced the 
importance of connecting product, manufacturing, and operational information to 
create a trusted foundation for decision-making across the lifecycle. While every 
organization's journey is unique, the objective is consistent: creating a 
connected enterprise where information, decisions, and outcomes remain linked 
from concept through service and continuous improvement.

We are pleased to present this Everest Group report on this timely perspective 
and hope the insights presented help leaders navigate their path toward building 
more intelligent, connected, and future-ready enterprises.

Sankar Natarajan
Global Head - Digital PLM and Smart Manufacturing
Hitachi Digital Services
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Introduction
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Industrial products are becoming more 

software-defined, connected, configurable, 

and continuously updated. Accountability 

now spans engineering, manufacturing, 

quality, supply chain, service, 

cybersecurity, and sustainability. The 

challenge is preserving relationships 

within product data as decisions move 

across functions, systems, and lifecycle 

stages.

A traceable enterprise preserves lifecycle 

context from early requirements and 

design decisions through manufacturing, 

service, and field outcomes. Traceability 

therefore extends beyond compliance: it 

allows enterprises to understand what 

changed, why it changed, what it affects, 

what evidence supports it, and what action 

should follow.

Many enterprises still operate with 

fragmented data, disconnected processes, 

and limited cross-system lineage. Product 

records may exist, but teams often 

struggle to reconstruct the decisions 

behind them. This fragmentation creates 

traceability debt: disconnected 

relationships among requirements, 

changes, risks, evidence, and outcomes 

that weaken change-impact analysis, 

compliance readiness, quality response, 

supplier coordination, service feedback, 

and AI readiness.

An AI-powered digital thread addresses 

this fragmentation by connecting lifecycle 

systems and preserving the governed 

context needed for AI-enabled decisions. 

Anchored in Product Lifecycle 

Management (PLM), it requires a modern 

PLM core, connected architecture, 

governed data, redesigned processes, 

and responsible AI adoption.

In this Viewpoint, Everest Group 

examines: 

 Why lifecycle traceability is becoming 

the defining PLM outcome for industrial 

enterprises

 How PLM transformation enables the 

AI-powered digital thread

 Why connected lifecycle context is 

essential for trusted AI-enabled 

decision-making

 How enterprises can build a practical 

roadmap for lifecycle intelligence

This report is relevant for product 

engineering, PLM, digital thread, 

manufacturing, quality, supply chain, 

service, and technology leaders seeking to 

improve decision continuity across the 

product value chain.
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The software-defined 

everything shift is 

making product 

architectures more 

complex as 

hardware, software, 

electronics, and 

services converge 

into continuously 

evolving product 

platforms

Products are no longer 

static after launch. 

Constant software 

releases, cybersecurity 

updates, and over-

the-air changes require 

enterprises to 

continuously trace 

configurations, 

validation evidence, and 

product performance

Decisions now cut 

across engineering, 

sourcing, 

manufacturing, 

quality, compliance, 

sustainability, and 

service, making 

lifecycle continuity 

a business 

requirement

Regulatory 

developments 

such as digital 

product passport 

are increasing 

the need for 

product-level 

transparency 

and evidence 

continuity

AI adoption is 

raising the bar for 

data quality, 

lineage, and 

governance, 

because AI cannot 

reliably support 

lifecycle decisions 

without traceable 

context

Why traceability is becoming the 

defining PLM outcome
Traceability is becoming central to PLM value as lifecycle decisions become more 

interdependent and harder to govern through fragmented systems. Enterprises need a 

clearer view of dependencies, change impact, quality risks, compliance exposure, and 

the lifecycle context required for AI-enabled decisions.

Five interconnected pressures are driving this need:

In an Everest Group Voice of the Customer survey of 234 senior product engineering 

and business leaders at large enterprises in North America and Europe, respondents 

cited five pressures that make lifecycle traceability an immediate priority: product 

complexity, cross-functional continuity, toolchain sprawl, cybersecurity and data 

requirements, and gaps in lifecycle data continuity and traceability.

Exhibit 1 illustrates the key drivers elevating lifecycle traceability to a strategic priority.

Exhibit 1: Key drivers elevating lifecycle traceability to a strategic priority

Source: Everest Group (2026)

38%
Cross-functional 

continuity cite 

coordination across 

hardware, software, 

systems, and 

lifecycle functions 

as a major strain

29%
Toolchain sprawl

maintain over 

100 engineering 

applications 

across the life 

cycle

37%
Cybersecurity 

and data cite 

cybersecurity 

and data 

requirements as 

a future burden

5%
Maturity gap say 

lifecycle data 

continuity and 

traceability are 

fully integrated 

into workflows

51%
Product complexity

cite complex 

product architectures 

as a future strain 

driver
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These pressures make traceability an enterprise capability rather than only a compliance 

requirement. As products become more complex, connected, and continuously updated, 

enterprises need trusted lifecycle context to assess impacts, manage risks, and make 

informed decisions.

How AI-powered digital threads enable lifecycle 

intelligence
Most industrial enterprises can retrieve lifecycle information. Far fewer can explain 

lifecycle decisions. They may be able to locate a design revision, engineering change, or 

quality record, but still struggle to reconstruct why a change was made, what 

assumptions shaped it, which downstream processes were affected, and whether the 

expected outcome was achieved.

An AI-powered digital thread preserves relationships across requirements, designs, 

software baselines, changes, manufacturing processes, quality events, supplier inputs, 

service actions, and field outcomes. Anchored in PLM, this connected lifecycle 

architecture keeps product context intact as data moves across adjacent systems.

Conventional integration moves records across systems; a digital thread preserves the 

meaning among those records. Requirements remain linked to designs, designs to 

manufacturing outcomes, quality events to root causes, and field signals to future 

engineering decisions. Traceability becomes part of lifecycle execution rather than a 

static archive.

PLM delivers lifecycle intelligence when enterprises preserve and analyze lifecycle 

context. This capability improves change governance, impact analysis, evidence 

continuity, and confidence in AI-supported decisions.

AI-powered digital threads create value when lifecycle relationships remain intact. AI can 

accelerate impact assessment, evidence retrieval, anomaly detection, and decision 

support, but its effectiveness depends on governed context, clear lineage, and 

accountable decision-making. PLM transformation provides the foundation for scaling 

and sustaining this capability.

“The challenge is no longer just designing the product. It is 

managing the full life cycle around it: post-launch changes, 

software upkeep, and coordination across functions.”

– Global R&D head of a multinational industrial products and equipment manufacturer
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How PLM transformation enables 

the AI-powered digital thread
An AI-powered digital thread needs a PLM environment that can hold authoritative 

product context, govern lifecycle relationships, and connect that context across the 

product value chain. Fragmented product records, inconsistent change objects, heavy 

customizations, and disconnected engineering workflows limit traceability, even when 

individual systems have been modernized.

Traditional PLM environments manage product structures, Bills of Materials (BoMs), 

documents, approvals, and engineering changes. PLM must now also preserve the 

context behind lifecycle decisions and make it usable across adjacent systems.

This mirrors the broader enterprise shift from systems of record to systems of execution. 

Traditional systems of record collect, manage, and store data; systems of execution use 

data, context, and workflow intelligence to coordinate decisions and actions. In PLM, the 

digital thread connects product records to traceable lifecycle execution.

Enterprises can progress through five PLM maturity stages, from product data 

management to lifecycle systems of execution. Each stage expands PLM from record 

management to traceable, AI-ready lifecycle decisions:

 Product data management: establishes control over product records, BoMs, 

documents, approvals, and engineering changes

 Connected data: links Product Lifecycle Management with adjacent lifecycle systems 

such as Application Lifecycle Management (ALM), Enterprise Resource Platform 

(ERP), Manufacturing Execution Systems (MES), Quality Management Systems 

(QMS), Supply Chain Management (SCM), supplier platforms, and service 

applications

 Digital thread: preserves relationships, lineage, and evidence across requirements, 

configurations, changes, validation, quality, and field outcomes

 Lifecycle intelligence: enables enterprises to reason over governed lifecycle context, 

assess impacts, retrieve evidence, identify anomalies, and understand decision 

rationale

 Systems of execution: embeds lifecycle intelligence into workflows, controls, 

accountability, and coordinated decisions across the product value chain

Exhibit 2 shows how PLM maturity progresses from product data management to 

lifecycle systems of execution. Product data management establishes the baseline, 

while connected data, digital thread, and lifecycle intelligence progressively build the 

context, lineage, and decision support needed for coordinated lifecycle execution.
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Exhibit 2: Product data management to lifecycle systems of execution

Source: Everest Group (2026)

The PLM foundation determines the digital thread’s quality. A weak core creates 

downstream inconsistency; a modern foundation moving toward systems of execution 

provides governed context for traceability, impact analysis, compliance support, and 

AI-enabled decisions.

This does not mean the digital thread is built within PLM alone. Product decisions span 

engineering, software, manufacturing, quality, supply chain, service, and field 

operations. PLM must therefore connect with adjacent lifecycle systems to preserve 

context across the product value chain.

These connections create value when they preserve relationships rather than only 

moving data. Requirements, changes, risks, evidence, and outcomes remain traceable 

across systems, allowing enterprises to determine what changed, what is affected, what 

evidence supports a decision, and what action should follow.
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Lifecycle 
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execution
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Managing 

product records
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relationships 

and lineage

Reasoning over 

governed lifecycle 
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Coordinating 

lifecycle decisions 

and actions

Lifecycle 

context 
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BoMs, 

documents, 

changes

Shared data 

across PLM, 

ALM, ERP, 

MES, and QMS

Linked requirements, 

configurations, 

changes, validation 

evidence, and 

outcomes

Decision context, 

outcomes, and 

feedback loops

Context embedded 

into workflows, 

controls, and 

accountability

Primary 

traceability 

value

Finding the 

latest records

See data 

across systems

Understanding 

what changed 

and what it affects

Explain why decisions 

were made and what 

action should follow

Act on traceable 

decisions through 

governed execution

AI 

enablement

Limited, 

fragmented 

inputs

Workflow-specific 

automation

Evidence and 

lineage available

AI supports impact, 

anomaly, and 

rationale analysis

AI-enabled decision 

support with human 

oversight and 

traceable execution

Lifecycle 

maturity level

Low High
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Enterprise advantages of connected lifecycle 

intelligence
Enterprises can measure PLM value through the quality and speed of lifecycle decisions. 

Connected product context helps teams assess change impacts faster, improve 

engineering-to-production continuity, strengthen quality and compliance outcomes, and 

connect supplier, service, and field insights.

Decision continuity allows teams to trace requirement changes, production issues, and 

field events across affected products, configurations, processes, suppliers, and 

compliance artifacts, supporting faster and better-informed decisions.

AI amplifies these benefits when it operates on governed lifecycle context. It can 

accelerate evidence retrieval, impact analysis, anomaly detection, and root-cause 

investigation. Its effectiveness depends on trusted data, clear lineage, and human 

accountability. 

Exhibit 3 shows how connected lifecycle capabilities improve decision speed, 

manufacturing continuity, audit readiness, closed-loop improvement, and trust in AI-

supported recommendations.

Exhibit 3: Advantages of connected lifecycle intelligence

Source: Everest Group (2026)

The next section translates these advantages into a phased implementation roadmap.

Value area

Connected 

lifecycle capability

Enabled

intelligence

Enterprise

advantage

Change impact Linked requirements, 

variants, suppliers, plants, 

and service obligations

AI surfaces affected 

objects and evidence

Faster change 

decisions

Manufacturing 

continuity

Connected design intent, 

process plans, and as-built 

records

AI flags execution gaps 

and downstream risks

Lower rework and 

better handoffs

Quality and 

compliance

Linked defects, Corrective 

and Preventive Actions 

(CAPAs), audit evidence, 

and release decisions

AI supports root-cause 

and evidence retrieval

Stronger audit 

readiness

Supplier 

and service 

feedback

Connected supplier, 

warranty, service, and field 

signals

AI identifies recurring 

patterns and risks

Better closed-loop 

improvement

AI-enabled 

decisions

Governed lifecycle context 

with lineage and ownership

AI produces explainable, 

reviewable 

recommendations

Trusted lifecycle 

intelligence
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Roadmap for an AI-powered digital 

thread
The AI-powered digital thread is built by reducing traceability debt. Traceability debt 

accumulates when product decisions depend on connected lifecycle context, but the 

enterprise’s data, architecture, processes, and governance do not keep pace. It appears 

when requirements lose links to validation evidence, engineering changes do not carry 

downstream impact visibility, manufacturing deviations are disconnected from design 

context, quality events cannot be traced to root causes, supplier changes are evaluated 

manually, and service signals do not flow back into product decisions.

A roadmap toward an AI-powered digital thread should begin with the lifecycle decisions 

that require better traceability, not with a systems integration plan.

A practical roadmap for building a traceable 

enterprise
Enterprises should build PLM capabilities in phases, starting with the points where 

lifecycle context breaks and the decision corridors that matter most.

These corridors may include engineering change-impact analysis, requirements-to-

validation traceability, engineering-to-production continuity, quality-to-design root-cause 

analysis, supplier change propagation, compliance evidence management, service-to-

engineering feedback, and sustainability reporting.

Once these priorities are clear, enterprises can strengthen the PLM foundation, establish 

the digital thread operating layer, embed traceability into workflows and governance, and 

scale AI-enabled lifecycle intelligence.

Exhibit 4 outlines five phases for reducing traceability debt and building an AI-powered 

digital thread.

Each phase produces tangible outputs, including a traceability debt map, prioritized 

decision corridors, a governed lifecycle data model, reusable integration patterns, 

traceability KPIs, and AI use cases supported by trusted evidence. This sequence 

moves enterprises from fragmented visibility to governed context, traceable execution, 

and AI-enabled lifecycle intelligence.

Everest Group take 

Enterprises build traceability by reconnecting requirements, changes, risks, 

evidence, and outcomes.
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Exhibit 4: Roadmap to building an AI-powered digital thread

Source: Everest Group (2026)

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Identify traceability

debt and decision

corridors

Strengthen 

the PLM 

foundation

Build the digital

thread operating

layer

Embed traceability

into lifecycle

execution

Scale AI-enabled

lifecycle

intelligence

0-3 months 3-6 months 6-12 months 12-30 months Beyond 30 months

Strategic

focus

Identify where 

lifecycle decisions 

are constrained by

fragmented context

Make PLM the 

trusted context 

layer for lifecycle 

decisions

Preserve lifecycle

relationships across 

systems

Make traceability 

part of daily 

execution

Apply AI to governed 

lifecycle evidence

Enabling

capability

Advisory and 

maturity 

assessment

Data foundation Digital thread 

orchestration

Lifecycle execution 

and design

AI enablement and 

operating model

Process and governance layer across lifecycle ownership, workflow controls, traceability KPIs, decision 

rights, human oversight, change management, adoption governance, and accountability mechanisms

Execution

priorities

Map context 

breaks across key 

lifecycle decisions 

and evidence flows

Standardize 

product structures, 

change models, 

metadata,

ownership, and 

governance

Connect lifecycle 

systems through 

reusable 

integration

and lineage 

patterns

Embed traceability 

into change, 

quality, supplier, 

compliance,

and service 

workflows

Apply AI to trusted 

lifecycle evidence for 

impact analysis,

evidence retrieval, 

and

decision support

Capability

built

Traceability debt 

visibility

Governed PLM 

foundation

Digital thread 

operating layer

Traceable lifecycle

execution

AI-enabled lifecycle

intelligence

Tangible

outputs

Debt map; 

prioritized

decision corridors;

business case

Governed lifecycle 

data model; 

standardized 

object model; 

metadata and 

ownership rules

Reusable 

integration

patterns; lineage 

rules; evidence 

standards;

system-of-record 

boundaries

Traceability KPIs;

workflow controls;

governance 

forums; adoption 

playbooks

AI-enabled decision 

support; human-in-

the-loop controls; 

explainable 

recommendations;

traceable next-best 

actions

Enterprise

impact

Focuses 

investment on the 

decisions 

that matter most

Improves data 

quality and 

lifecycle context

Connects product 

evidence across 

the value chain

Improves 

accountability 

and decision 

transparency

Accelerates trusted,

evidence-based 

lifecycle decisions

Increasing lifecycle intelligence maturity

Traceability debt reduces as lifecycle evidence becomes governed, connected, 

embedded into execution, and ready for AI-enabled decision-making.
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The role of providers
Building an AI-powered digital thread is an advisory-led, multidomain transformation 

spanning PLM modernization, engineering systems, manufacturing operations, enterprise 

applications, data platforms, cloud architecture, cybersecurity, AI governance, and change 

management. Providers and system integrators can coordinate these capabilities.

Enterprises should look beyond implementation-only partners. A lifecycle orchestration 

provider should combine PLM strategy, digital thread maturity assessment, roadmap 

design, product value chain transformation, enterprise integration, AI enablement, 

governance, change management, and managed services. It should connect engineering, 

manufacturing, quality, regulatory, supply chain, service, asset, and operations 

environments through an integrated lifecycle operating model.

Platform ecosystem depth also matters. Providers should be able to work across major 

PLM and engineering platforms such as PTC, Siemens, Dassault Systèmes, and Aras, as 

well as enterprise and cloud platforms such as Oracle, Microsoft Azure, and AWS.

Providers also need expertise across adjacent lifecycle and operations systems, including 

ALM, MES/MOM, ERP, QMS, SLM, FSM, EAM, data platforms, and AI platforms. 

Platform knowledge alone is insufficient; providers must connect technology decisions 

with lifecycle processes, governance, and measurable business outcomes.

Everest Group’s Product Lifecycle Management Services PEAK Matrix® Assessment 

2026, based on an evaluation of 22 providers, indicates that Leaders in the PLM services 

market differentiate themselves across six capabilities that support PLM-led digital thread 

transformation:

 Playbook-led strategy and maturity assessment: Mature advisory capabilities help 

enterprises assess PLM and digital thread maturity, identify traceability debt, prioritize 

high-value decision corridors, evaluate platform options, and define a scalable 

transformation blueprint

 Product value chain transformation: Domain depth across engineering, 

manufacturing, quality, regulatory, supply chain, service, assets, and operations help 

enterprises redesign lifecycle processes around integrated product development, 

closed-loop quality, end-to-end BoM continuity, and service feedback

 PLM modernization and platform engineering: Deep implementation experience 

helps simplify legacy PLM estates, rationalize customizations, strengthen configuration 

and change foundations, support platform migration where required, and prepare the 

PLM core for connected lifecycle execution

 Digital thread architecture and ecosystem integration: Architecture and integration 

capabilities help connect PLM with adjacent engineering, manufacturing, enterprise, 

supplier, service, field, and asset systems while preserving lifecycle relationships rather 

than simply moving records

 Lifecycle data governance and accelerator-led execution: Reusable frameworks, 

maturity models, integration connectors, data models, governance templates, migration 

tools, and digital twin accelerators can improve data quality, lineage, ownership, and 

evidence continuity while reducing transformation risk and time-to-value

https://www.everestgrp.com/report/egr-2026-75-r-8289/
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 AI enablement, adoption, and managed services: AI, generative AI, change 

management, and managed services capabilities help identify feasible AI use cases, 

embed human oversight and governance, support adoption, and sustain the digital 

thread through continuous improvement

Provider selection criteria should extend beyond PLM implementation credentials. 

Enterprises should evaluate whether partners can operationalize traceability across 

lifecycle systems, workflows, governance, and managed services.

Conclusion
Industrial enterprises have product data but often lack the connected lifecycle context 

needed to govern complex products, software, suppliers, manufacturing processes, and 

field outcomes. AI-powered digital threads preserve the relationships that turn product 

information into traceable decisions, extending traceability beyond compliance to lifecycle 

intelligence.

PLM transformation provides the governed product context needed to connect decisions 

across the product value chain. As PLM evolves from a system of record into a system of 

execution, the digital thread extends that context across lifecycle systems. AI can then 

accelerate evidence retrieval, impact assessment, anomaly detection, and decision 

support on traceable, governed evidence.

Enterprises should reduce traceability debt by identifying broken lifecycle relationships, 

prioritizing high-value decision corridors, strengthening the PLM foundation, establishing 

the digital thread, and scaling lifecycle intelligence through governance, operating-model 

alignment, and responsible AI adoption. Providers must combine PLM transformation, 

product value chain expertise, digital thread architecture, lifecycle data governance, 

integration, AI and generative AI enablement, and managed services.

Enterprises must decide how to build the lifecycle intelligence foundation required for 

more complex, AI-enabled products and operations. Modern PLM, connected lifecycle 

context, governed data, responsible AI, and capable providers can improve innovation 

speed, complexity management, quality outcomes, and decision confidence. Without 

these capabilities, traceability debt will increase as regulatory demands, product 

complexity, and AI adoption expand.
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Hitachi Digital Services, a wholly owned subsidiary of Hitachi, Ltd., is a global systems 
integrator powering mission-critical platforms with people and technology. We help 
enterprises build, integrate, and run physical and digital systems with tailored solutions in 
cloud, data, IoT, and ERP modernization, underpinned by advanced AI. By combining 
Information Technology and Operational Technology (ITxOT), we drive efficiency, 
innovation, and growth across industries. With over 110 years of Hitachi Group’s 
engineering and technology leadership, Hitachi Digital Services is powering smarter 
platforms for a safer, more sustainable future. For more information on Hitachi Digital 
Services, please visit the company’s website at www.hitachids.com.
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