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Abstract 

Engineering design workflows are becoming increasingly complex due to 

growing system requirements, multidisciplinary integration, and shortened 

development cycles. Traditional computer-aided design and simulation tools, 

while powerful, remain largely passive and require continuous human 

supervision. Recently, agentic artificial intelligence (AI) has emerged as a 

promising paradigm where autonomous or semi-autonomous AI agents actively 

participate in design decision-making, optimization, validation, and iteration. 

Unlike conventional AI models that respond to isolated prompts, agentic AI 

systems exhibit goal-oriented behavior, memory, tool usage, and self-reflection 

capabilities across the entire design lifecycle. This paper presents a 

comprehensive review of agentic AI applied to end-to-end engineering design 

workflows, covering conceptual design, modeling, simulation, optimization, 

verification, and lifecycle management. Key architectures, coordination 

mechanisms, human–AI collaboration models, and industrial case studies are 

discussed. The paper also highlights challenges such as trust, validation, 

scalability, and ethical considerations. Finally, future research directions are 

outlined, emphasizing the role of agentic AI in transforming engineering design 

from tool-driven to intent-driven workflows. 
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INTRODUCTION 

Engineering design has traditionally been a structured yet human-centric process involving 

problem definition, concept generation, analysis, optimization, and validation. Over the past 

decades, digital tools such as CAD, CAE, and PLM systems have improved productivity but 

still operate as passive instruments. Engineers remain responsible for orchestrating tools, 

interpreting results, and making decisions. As systems grow more interconnected—such as 

cyber-physical systems, autonomous vehicles, and smart energy infrastructures—the cognitive 

load on engineers has increased significantly. 

 

Artificial intelligence has been gradually introduced into engineering workflows in the form of 

optimization algorithms, expert systems, and machine learning-based predictors. However, 

most existing AI solutions function as single-task assistants, lacking continuity across the 

design lifecycle. Recently, the concept of agentic AI has gained attention. Agentic AI refers to 

AI systems capable of autonomous goal pursuit, planning, reasoning, and interaction with tools 

and other agents over extended tasks. 

 

In end-to-end engineering design workflows, agentic AI systems can autonomously translate 

requirements into models, run simulations, refine designs, detect constraint violations, and 

even coordinate with human engineers. This paradigm shifts AI from a reactive role to an active 

participant in engineering processes. This paper reviews current developments in agentic AI 

for engineering design and examines how these systems reshape traditional workflows. 

 

CONCEPT OF AGENTIC AI 

The concept of agentic AI represents a departure from conventional artificial intelligence 

systems that are designed mainly for isolated or well-bounded tasks. In engineering design 

workflows, problems are rarely linear or short-lived; instead, they evolve across multiple 

stages, involve frequent revisions, and require continuous decision-making. Agentic AI 

addresses this gap by introducing autonomy, continuity, and adaptive reasoning into AI-driven 

systems. Rather than responding to individual prompts or predefined rules, an agentic AI 

system actively pursues design goals, manages dependencies between tasks, and adapts its 

behavior based on intermediate outcomes and feedback. 

 

In practical terms, agentic AI functions as an intelligent collaborator that understands what  
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needs to be achieved, why certain constraints exist, and how different engineering tools and 

processes must be coordinated over time. This makes agentic AI especially relevant for end-

to-end engineering design, where long-horizon reasoning and iterative refinement are essential. 

 

Definition and Characteristics 

Agentic AI systems are defined by their ability to act independently toward achieving explicitly 

or implicitly defined objectives. Autonomy in this context does not imply complete 

independence from human engineers, but rather the capability to operate with minimal 

supervision while still allowing human intervention when necessary. These systems combine 

reasoning, planning, execution, and evaluation within a single coherent framework. 

 

One of the core characteristics of agentic AI is goal awareness. Unlike traditional AI models 

that optimize a single numerical objective, agentic systems maintain a structured understanding 

of design goals, constraints, and priorities. For example, in an engineering design task, the 

agent may simultaneously consider performance targets, safety limits, regulatory requirements, 

and cost constraints. This awareness enables the system to make informed trade-offs and avoid 

solutions that satisfy one requirement while violating others. 

 

Another defining feature is planning ability. Engineering design problems are inherently 

complex and cannot be solved in a single step. Agentic AI systems decompose high-level 

objectives into manageable sub-tasks such as geometry generation, parameter selection, 

simulation setup, and result interpretation. The agent determines the order of execution, 

allocates resources, and revises plans when intermediate results deviate from expectations. This 

planning capability allows the system to handle long and interdependent workflows that extend 

across multiple design iterations. 

 

Tool usage is a practical and essential capability of agentic AI in engineering contexts. Modern 

engineering workflows rely on a diverse set of tools, including CAD platforms, finite element 

solvers, optimization libraries, and data repositories. Agentic AI systems can interact with these 

tools through APIs or scripting interfaces, selecting appropriate tools based on the task at hand. 

More importantly, the agent interprets tool outputs and decides on subsequent actions, rather 

than simply executing predefined commands. 
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Memory and learning form another critical aspect of agentic AI. Engineering design is an 

iterative process where intermediate results, assumptions, and decisions must be retained over 

time. Agentic AI systems maintain both short-term memory, such as current simulation results, 

and long-term memory, such as past design experiences or known failure patterns. By learning 

from previous iterations, the agent can refine its strategies, avoid repeating ineffective 

approaches, and gradually improve design quality. 

 

Finally, self-evaluation distinguishes agentic AI from conventional automation. Agentic 

systems continuously assess their own performance by comparing outcomes against goals and 

constraints. When discrepancies are detected, the agent can adjust parameters, revise models, 

or even reconsider earlier design decisions. This reflective capability enables error correction 

and robustness, which are essential in engineering environments where incomplete information 

and uncertainty are common. 

 

Together, these characteristics make agentic AI particularly suitable for engineering workflows 

that demand long-horizon reasoning, adaptability, and repeated refinement across multiple 

design stages. 

 

Agentic AI vs Traditional AI in Engineering 

Traditional AI applications in engineering have largely focused on narrow, well-defined tasks. 

Examples include topology optimization algorithms, predictive maintenance models, fault 

detection systems, and surrogate models for simulation acceleration. While these tools have 

demonstrated clear benefits, they typically operate in isolation and require human engineers to 

integrate their outputs into the broader design process. 

 

Agentic AI differs fundamentally in scope and operational philosophy. Rather than solving a 

single problem, agentic systems oversee and coordinate multiple stages of the engineering 

workflow. For instance, an agentic AI may begin by interpreting design requirements, proceed 

to generate initial concepts, invoke simulation tools for evaluation, and then iterate on the 

design based on performance metrics. This continuity allows the system to maintain context 

across tasks, which is often lost in traditional AI-driven pipelines. 

 

Another key distinction lies in autonomy. Traditional AI tools are usually reactive; they  
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produce outputs only when explicitly invoked by a user. Agentic AI systems, on the other hand, 

can proactively initiate actions, identify missing information, and suggest design modifications 

without direct prompts. This proactive behavior reduces manual coordination effort and 

shortens design cycles. 

 

Moreover, agentic AI systems emphasize coordination and integration. In traditional 

workflows, engineers act as intermediaries who transfer information between tools and 

reconcile conflicting results. Agentic AI reduces this burden by acting as a central orchestrator 

that manages data flow, resolves inconsistencies, and ensures alignment with overall design 

goals. 

 

In summary, while traditional AI enhances specific engineering tasks, agentic AI transforms 

the entire design workflow by introducing autonomy, continuity, and intelligent coordination. 

This shift enables more efficient, resilient, and scalable engineering design processes, 

particularly for complex systems that span multiple domains and lifecycle stages. 

 

Table 1: Comparison between Traditional AI and Agentic AI in Engineering Design 

Feature Traditional AI Agentic AI 

Scope Single task End-to-end workflow 

Autonomy Low Medium to High 

Memory Limited Persistent 

Tool Interaction Predefined Dynamic 

Adaptability Static Self-refining 

 

END-TO-END ENGINEERING DESIGN WORKFLOW 

An end-to-end engineering design workflow refers to the complete sequence of activities that 

transform an initial problem statement into a validated and deployable engineering solution. 

This workflow typically spans requirement analysis, conceptual design, detailed modeling, 

simulation, optimization, verification, and lifecycle management. In traditional practice, these 

stages are often handled using disconnected tools and manual coordination, which increases 

development time and introduces inconsistencies. 
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Agentic AI offers a unified approach by embedding intelligent agents across the entire 

workflow. Rather than treating each design stage as an independent task, agentic systems 

maintain continuity of intent, constraints, and knowledge throughout the process. The agent 

acts as an orchestrator that manages transitions between stages, monitors design progress, and 

ensures that decisions made early in the workflow remain consistent with later analyses. This 

end-to-end integration reduces repetitive manual effort and enables faster design iteration 

without compromising quality. 

 

Requirement Analysis and Interpretation 

The requirement analysis phase is critical because design errors introduced at this stage often 

propagate throughout the entire workflow. Engineering requirements are commonly expressed 

in natural language and may include customer expectations, regulatory standards, performance 

targets, and environmental constraints. These requirements are frequently ambiguous, 

incomplete, or even conflicting, making early interpretation a challenging task. 

 

Agentic AI systems are capable of parsing natural language requirements using a combination 

of language understanding and domain knowledge. Instead of converting requirements into 

fixed rule sets, the agent constructs a structured representation that captures objectives, 

constraints, dependencies, and priority levels. This structured representation serves as a 

persistent reference throughout the design process, ensuring that all subsequent decisions align 

with the original intent. 

 

A key advantage of agentic AI over traditional rule-based systems is its ability to handle 

ambiguity. When requirements are unclear or contradictory, the agent can actively seek 

clarification by generating targeted queries for stakeholders or by exploring alternative 

interpretations through preliminary design scenarios. For example, if a requirement specifies 

both low cost and high performance without clear prioritization, the agent can generate multiple 

feasible interpretations and evaluate their implications. This proactive reasoning reduces the 

risk of misinterpretation and late-stage redesign. 

 

Additionally, agentic AI can continuously monitor requirement compliance as the design 

evolves.  
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If a design modification violates a previously defined constraint, the agent can flag the issue 

immediately and suggest corrective actions. This continuous alignment between requirements 

and design decisions significantly improves traceability and reduces costly rework. 

 

Conceptual Design and Architecture Generation 

Conceptual design is the stage where abstract requirements are translated into high-level 

system architectures and functional concepts. This phase is highly creative and traditionally 

relies heavily on human expertise and prior experience. However, as system complexity 

increases, exploring the full design space manually becomes impractical. 

 

Agentic AI systems support conceptual design by autonomously generating multiple design 

concepts using knowledge graphs, historical design repositories, and domain-specific 

heuristics. These agents can combine known design patterns with novel configurations to 

produce alternative architectures that meet the stated requirements. By evaluating a broad range 

of concepts early in the workflow, agentic AI helps avoid premature convergence on 

suboptimal solutions. 

 

During concept generation, agentic AI evaluates trade-offs among competing criteria such as 

performance, cost, energy efficiency, reliability, and manufacturability. Rather than optimizing 

a single metric, the agent maintains a multi-criteria perspective, ranking concepts based on 

overall suitability. In some cases, the agent may propose unconventional design solutions that 

would not be immediately considered by human designers, yet remain technically feasible. 

 

Importantly, agentic AI systems are designed to operate in a human-in-the-loop manner. 

Generated concepts are presented to engineers along with explanatory reasoning and 

comparative assessments. Human designers can approve, reject, or refine these concepts based 

on contextual knowledge, organizational constraints, or aesthetic considerations. This 

collaborative approach preserves human creativity while leveraging the agent’s ability to 

rapidly explore and evaluate large design spaces. 

 

By integrating requirement interpretation with conceptual design, agentic AI ensures that early-

stage decisions are both innovative and aligned with system objectives, laying a strong 

foundation for subsequent detailed modeling and analysis stages. 
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AGENTIC AI IN MODELING AND SIMULATION 

Modeling and simulation form the analytical backbone of modern engineering design. These 

activities translate conceptual ideas into quantitative representations that can be evaluated 

under realistic operating conditions. However, creating accurate models and managing large-

scale simulations often requires significant manual effort and specialized expertise. Agentic AI 

introduces a new level of automation and intelligence by actively participating in model 

generation, simulation execution, and result interpretation across multiple domains. 

By maintaining awareness of design objectives and constraints, agentic AI systems ensure that 

modeling and simulation activities remain aligned with overall design goals. Rather than 

treating simulations as isolated tasks, the agent integrates them into an iterative reasoning loop 

that supports continuous design refinement. 

 

Automated Model Generation 

One of the most time-consuming and error-prone stages in engineering design is the creation 

of simulation-ready models. Engineers must translate conceptual architectures into detailed 

geometric, physical, and mathematical representations suitable for numerical analysis. This 

process often involves repetitive manual steps, assumptions that are poorly documented, and 

inconsistencies between different models. 

 

Agentic AI systems address these challenges by autonomously generating parameterized 

models directly from conceptual design information. Using predefined templates, domain 

knowledge, and prior design data, the agent can invoke appropriate CAD and simulation tools 

to construct geometry, assign material properties, and define boundary conditions. 

Parameterization allows key design variables to be adjusted easily during later optimization 

and sensitivity studies. 

 

Model integrity verification is a critical capability of agentic AI. After generating a model, the 

agent performs automated checks to identify common issues such as geometric inconsistencies, 

missing constraints, or incompatible interfaces between components. In finite element or 

computational fluid dynamics models, the agent can detect meshing errors, excessive element 

distortion, or inappropriate mesh densities. When problems are identified, the agent attempts 

corrective actions, such as modifying geometric tolerances or adjusting meshing strategies, 

before re-running the model generation process. 
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Another advantage of agentic AI is its ability to maintain consistency across multiple models. 

For example, a mechanical design may require structural, thermal, and vibration models 

derived from the same geometry. The agent ensures that changes in one representation are 

propagated correctly to others, reducing the risk of conflicting assumptions. This coordinated 

model generation significantly reduces manual intervention and shortens the time required to 

move from concept to analysis-ready designs. 

 

Simulation Orchestration 

In complex engineering projects, simulations are rarely limited to a single domain or tool. 

Structural, thermal, electrical, and control simulations must often be executed in combination, 

with outputs from one analysis serving as inputs to another. Managing these interdependencies 

manually is both time-consuming and prone to error. 

 

Agentic AI systems function as intelligent orchestrators of simulation workflows. The agent 

schedules simulation tasks, selects appropriate solvers, and manages computational resources 

based on design priorities and available infrastructure. For instance, during early design stages, 

the agent may favor low-fidelity simulations to quickly screen design alternatives. As the 

design matures, higher-fidelity models are automatically introduced to refine performance 

estimates and validate assumptions. 

 

Monitoring and interpretation of simulation results are integral parts of simulation 

orchestration. Agentic AI continuously evaluates simulation outputs against expected ranges 

and design constraints. If results indicate convergence issues, numerical instability, or 

unrealistic behavior, the agent can adjust solver settings, refine mesh resolution, or modify 

boundary conditions before re-running the analysis. This adaptive behavior reduces wasted 

computational effort and improves result reliability. 

 

Another important feature is cross-domain coordination. Agentic AI can manage coupled 

simulations, such as thermal–structural or electro-mechanical analyses, by sequencing 

simulations and exchanging relevant data between domains. This capability is particularly 

valuable for multidisciplinary systems where interactions between physical phenomena 

strongly influence overall performance. 
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By dynamically adapting simulation fidelity and managing complex workflows, agentic AI 

enables efficient exploration of the design space while maintaining sufficient accuracy. This 

balance between computational cost and analytical rigor is essential for supporting rapid 

iteration in end-to-end engineering design workflows. 

 

 

Figure 1: Conceptual Flow of Agentic AI in Engineering Design 

 

OPTIMIZATION AND DESIGN SPACE EXPLORATION 

Multi-Objective Optimization 

Engineering problems often involve conflicting objectives. Agentic AI systems manage multi-

objective optimization by dynamically selecting algorithms, adjusting constraints, and pruning 

infeasible regions. Unlike static optimizers, agentic agents learn from previous iterations and 

refine their search strategies. 

 

Human–AI Collaborative Optimization 

Rather than replacing engineers, agentic AI supports collaborative optimization. The agent 

presents Pareto-optimal solutions with explanations, enabling engineers to make informed 

decisions. This interactive loop improves trust and acceptance of AI-generated designs. 
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VERIFICATION, VALIDATION, AND COMPLIANCE 

Automated Verification 

Agentic AI systems can autonomously check designs against regulatory standards, safety 

constraints, and internal guidelines. By integrating domain knowledge and formal verification 

tools, these agents reduce late-stage design failures. 

Uncertainty and Robustness Analysis 

Agentic AI can perform uncertainty quantification by varying parameters and analyzing 

sensitivity. The agent flags designs that are overly sensitive to manufacturing tolerances or 

environmental conditions. 

 

LIFECYCLE INTEGRATION AND DIGITAL TWINS 

Design-to-Operation Continuity 

Agentic AI enables seamless transition from design to operation by maintaining a digital 

thread. Design decisions, assumptions, and trade-offs are stored and reused during 

manufacturing and maintenance stages. 

 

Adaptive Learning from Field Data 

Operational data collected from deployed systems can be fed back into the agentic AI. This 

allows continuous improvement of future designs and supports predictive maintenance 

strategies. 

 

SYSTEM ARCHITECTURES FOR AGENTIC AI 

Single-Agent vs Multi-Agent Systems 

Single-agent architectures are simpler but limited in scalability. Multi-agent systems distribute 

tasks among specialized agents, such as design agents, simulation agents, and validation agents. 

Coordination mechanisms ensure consistency and conflict resolution. 

 

Integration with Existing Engineering Tools 

Practical adoption of agentic AI requires integration with established tools. Most architectures 

rely on APIs and scripting interfaces, allowing agents to operate within existing engineering 

ecosystems without major infrastructure changes. 
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CHALLENGES AND LIMITATIONS 

Despite its potential, agentic AI faces several challenges. Trust and explainability remain 

critical issues, especially in safety-critical domains. Validation of AI-generated designs is non-

trivial, and over-reliance on autonomous agents may lead to skill erosion among engineers. 

Computational cost and data quality also limit scalability in real-world applications. 

 

FUTURE RESEARCH DIRECTIONS 

Future research should focus on improving explainability, developing standardized 

benchmarks, and enhancing human–AI interaction models. The integration of symbolic 

reasoning with data-driven learning is expected to improve robustness. Additionally, ethical 

guidelines and certification frameworks will be necessary for widespread adoption of agentic 

AI in engineering. 

 

CONCLUSION 

Agentic AI represents a significant shift in how engineering design workflows are conceived 

and executed. By enabling autonomous, goal-driven participation across the entire design 

lifecycle, agentic AI transforms engineering from a tool-centric to an intent-centric process. 

While challenges remain in trust, validation, and scalability, current research and early 

industrial applications demonstrate substantial gains in efficiency, consistency, and innovation. 

As agentic AI systems mature, they are likely to become indispensable collaborators in 

engineering design, augmenting human expertise rather than replacing it. 
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