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RATIONALE 

The purpose of this SAE Aerospace Information Report (AIR) is to explore the use of models and tools within the system 
development process to provide added confidence that the product will perform its intended function. Through a few 
examples that demonstrate key principles, this document aims to show that the issues of model and tool usage at the 
system-level differ from the software and complex electronic hardware item-level issues and require different considerations. 
The examples presented in this document show that the use of models and tools at the system-level results in a higher 
fidelity system definition than could otherwise be achieved, and that the risks associated with the use of these models and 
tools are understood and contained. 
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1. SCOPE 

1.1 Purpose 

The increased use of models in the development of complex aircraft and systems provides great opportunities and benefits, 
but also introduces some additional risks. The purpose of this document is to clarify ways to identify, prioritize, and mitigate 
risks associated with the use of models and tools in aircraft and system development. This document introduces 
considerations for the usage of models and tools in aircraft and system development activities that are defined in 
ARP4754/ED-79 (at latest revision). Throughout this document, a model refers to an abstract representation of a given set 
of aspects of a system/function/item, and a tool refers to an application or commercial product that is used for aircraft or 
system development activities such as developing, managing, and executing models, managing requirements validation 
and implementation verification activities and associated data, and automation of complex development tasks. The 
characteristics of models and tools and how they are applied differently for system-level development compared to item-level 
development are discussed. A discussion of several types of potential errors that can arise during the application of models 
and tools to system development is included as well. This is followed by proposed activities for managing the risks 
associated with the application of models and tools to system development. These suggestions start by identifying the 
contribution of models and tools to the decision-making process, and then understanding the impact of potential model and 
tool errors, leading to a discussion of potential process mitigations and methods for increasing the confidence in the 
application of models and tools to system development. 

NOTE: Unless otherwise stated, in the context of this document, the term “risk” is used to mean risks associated with 
potential errors that can be introduced in model and tool development and usage. 

System development activities that may employ models and tools include but are not limited to: 

• Developing the system functions, architecture, and design 

• Validating system functions and their requirements under normal and unusual conditions (extreme cases, tolerance 
stack-ups, failure insertion, etc.), which can help define additional requirements for features to constrain adverse 
operation 

• Developing test procedures to be used in verifying the implemented system when it becomes available 

• Analyzing the performance of a system against requirements over a range of inputs and conditions or combinations 
thereof to supplement the system verification 

• Confirming the intended behavior of a system design using a validated model 

This document applies to models that are used for requirements analysis, design analysis, or to better understand and 
define requirements. Models that are used as the requirements are not discussed in this document, as in this case the 
ARP4754/ED-79 (at latest revision) Requirements Capture section and other associated sections provide the pertinent 
objectives and guidelines. 

This document does not describe the software or hardware development process or the direct verification of such items. It 
is assumed that these software or hardware processes, which may involve use of models, are handled by their respective 
guidance (e.g., DO-178C/ED-12C or DO-254/ED-80). This use of models is not described in this document, despite that it 
might involve system development processes in combination with software or hardware development processes. 
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There is already a large and growing list of models and tools being applied in the development of complex systems, including 
computer aided design (CAD) tools for installation analysis, models and tools supporting system safety analysis, 
architectural models supporting various analyses, and tools used to simulate and analyze system performance or behavior. 

Two examples are presented to illustrate where models and tools are used to facilitate a set of typical system design 
decisions. The examples also identify model and tool errors, describe possible mitigation methods used to increase 
confidence in the use of models and tools in system development, and minimize the effect of errors that may be introduced 
by using the models and tools. The two examples are: 

• An aircraft-level control law design targeted for software implementation on a digital computer, where a model is used 
for analysis of the control gains (referred to as the Roll Control System and described in Appendix A)  

• An avionics network architecture where the tool analyzes the interfaces between the elements and identifies issues in 
the architecture (referred to as the Network Analysis Tool and described in Appendix B) 

The examples herein are not intended to be an exhaustive treatment of all considerations, but rather to demonstrate a set 
of principles and techniques that are generally applicable to the use of models and tools in system design. The Roll Control 
System and the Network Analysis Tool examples show how confidence in the models and tools can be established. 

1.2 Background 

Given the growth in complexity of aerospace systems, it has become necessary to use modeling, simulation, and 
computer-based engineering tools to support system development activities. The extensive use of models and tools has 
raised some concerns regarding the potential errors that the use of models and tools could introduce or fail to detect in 
aircraft or system design. This document offers examples of model and tool usage in system development to illustrate 
mitigation techniques that might be used to minimize the possibility of model and tool errors being introduced into the system 
design.  

The issues surrounding model and tool usage at the aircraft and system-level are substantively different from the issues 
around model and tool usage at the item-level. Also, some models and tools may span the aircraft, system, and item-level 
development activities and related guidelines. It is important that the transition from the system-level to item-level is identified 
and managed in ways that are appropriate for each level. This document shows both the differences and the transitions 
through the examples presented. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 1-877-606-7323 (U.S. and 
Canada only) or 1-724-776-4970 (outside U.S. and Canada), www.sae.org. 

ARP4754B Guidelines for Development of Civil Aircraft and Systems 

ARP4761A Guidelines for Conducting the Safety Assessment Process on Civil Aircraft, Systems, and 
Equipment 
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2.1.2 EASA Publications 

Available from European Union Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, Germany, 
Tel: +49 221 8999 000, www.easa.europa.eu. 

AMC 25.1309 Equipment, Systems and Installations EASA Acceptable Means of Compliance 

2.1.3 EUROCAE Publications 

Available from EUROCAE, The MINT Building, 2 Avenue François Mitterrand, 93210 Saint-Denis, France, 
Tel: +33 1 49 46 19 65, www.eurocae.net.  

ED-12C Software Considerations in Airborne Systems and Equipment Certification 

ED-79B Guidelines for Development of Civil Aircraft and Systems 

ED-80 Design Assurance Guidance for Airborne Electronic Hardware 

ED-135 Guidelines for Conducting the Safety Assessment Process on Civil Aircraft, Systems, and 
Equipment 

ED-215 Software Tool Qualification Considerations 

2.1.4 FAA Publications 

Available from Federal Aviation Administration, 800 Independence Avenue SW, Washington, DC 20591, Tel: 866-835-5322, 
www.faa.gov. 

AC 20-152A Development Assurance for Airborne Electronic Hardware 

2.1.5 RTCA Publications 

Available from RTCA Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339, www.rtca.org. 

DO-178C Software Considerations in Airborne Systems and Equipment Certification 

DO-254 Design Assurance Guidance for Airborne Electronic Hardware 

DO-330 Software Tool Qualification Considerations 
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2.2 Definitions 

This section provides definitions for terms used in this document. Citations are provided to other industry sources when 
usage in this document is consistent with the definition in the referenced source material. 

COMPLEX ITEM: An item implemented with complex electronic hardware (refer to AC 20-152A) or software. 

ERROR: An omitted or incorrect action by a manufacturer, crew member, or maintenance person, or a mistake in 
requirements, design, or implementation (derived from AMC 25.1309). (Reprinted from ARP4754B/ED-79B.) 

NOTE: In the context of this document, error refers to a mistake in the development and application of system models or 
tools in the system development process that can potentially result in requirements or design error. 

FAILURE: An occurrence which affects the operation of an aircraft, system, equipment, item, or piece-part such that it can 
no longer function as intended (this includes both loss of function and malfunction). Note: Errors may cause Failures, but 
are not considered to be Failures. (Reprinted from ARP4754B/ED-79B.) 

HARDWARE: The physical realization of systems, equipment, or items. May refer to these objects individually or collectively. 
(Reprinted from ARP4754B/ED-79B.) 

ITEM: A defined and bounded set of either (one or more) hardware elements or (one or more) software elements which are 
treated as a single entity for analytical purposes. (Reprinted from ARP4754B/ED-79B.) 

MODEL: An abstract representation of a given set of aspects of a system/function/item that is used for its analysis, 
implementation, simulation, or code generation and that has unambiguous, well-defined syntax and semantics. (Reprinted 
from ARP4754B/ED-79B.) 

SIMULATION: Exercising the behavior of the model to verify or to analyze the design, or to aid in requirements capture. 

SYSTEM: A defined combination of subsystems, equipment, or items that perform one or more specific functions. (Reprinted 
from ARP4754B/ED-79B.) 

TOOL: An application or commercial product that is used for aircraft or system development activities such as developing, 
managing, and executing models, managing requirements validation and implementation verification activities and 
associated data, producing reports, performing automated checks for data consistency, and automation of complex 
development tasks. 

VALIDATION: Specific types of validation include: 

• MODEL VALIDATION: The determination that the model definition is correlated with real system observations or 
independent results with the intent to increase confidence that the model output is reasonable and accurate. 

• TOOL VALIDATION: The determination that the tool output is reasonable and accurate. 

• REQUIREMENTS VALIDATION: The determination that the requirements for a product are correct and complete. 
(Reprinted from ARP4754B/ED-79B definition of “VALIDATION.”) 

VERIFICATION: The evaluation of an implementation of requirements to determine that they have been met. (Reprinted 
from ARP4754B/ED-79B.) 
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2.3 Abbreviations and Acronyms 

ADS Air Data System  

AMC Acceptable Means of Compliance (EASA) 

ARP Aerospace Recommended Practice (SAE) 

CAD Computer-Aided Design  

EASA European Union Aviation Safety Agency 

EUROCAE European Organization for Civil Aviation Equipment 

FAA Federal Aviation Administration 

HILS Hardware-in-the-Loop Simulation 

ICD Interface Control Document 

IOM Input/Output Module 

IRS Inertial Reference System 

RTCA RTCA, Inc. 

SILS Software-in-the-Loop Simulation 

WG EUROCAE Working Group 

3. USE OF MODEL AND TOOL CONSIDERATIONS IN SYSTEM DEVELOPMENT 

3.1 Overview 

The topic of model and tool assessment or qualification is not explicitly addressed within either ARP4754B/ED-79B, 
ARP4761A/ED-135, or their predecessors. Therefore, it is occasionally tempting for users to try to apply the guidance found 
in the item domain guidelines (e.g., DO-178C/ED-12C, DO-254/ED-80, DO-330/ED-215) for tool qualification. The domain 
for complex items is concerned with “reducing, eliminating or automating” some part of the development and verification 
processes. However, models and tools at the system-level are used primarily to define and improve “WHAT” needs to be 
created. This document focuses on the assessment and evaluation of system models and tools, especially with respect to 
analyzing system requirements and design. It is also recognized that models could be used to facilitate system verification, 
such as analyzing performance over a wide range of inputs correlated with a limited set of tests of the as-built system. A 
description of the types of model or tool errors will follow and a discussion of the management of system model or tool 
related risks will conclude this document. Figure 1 outlines the framework of this document which provides guidelines for 
planning the model or tool purpose and scope, identifying potential error sources, and selecting the necessary mitigations. 
  

Full document details: SAE AIR6276

http://avadocuments2026.com/doc/sae-air6276
http://avadocuments2026.com/doc/sae-air6276


 
SAE INTERNATIONAL AIR6276™ Page 8 of 42 
 
 

 

Figure 1 - Use of a model or tool in system development process framework 

Systems can be developed with or without models, although some types of models have been used for decades and with 
increasing sophistication. Such models enhance the developers’ understanding of the system, providing a means to 
evaluate a system’s function and performance during the system concept and design phases. Models can be used to explore 
the design space and evaluate a range of conditions or system failures and iteratively refine the design to develop a mature 
system that meets the users’ needs. 

Note that the modeling paradigm also enables effective collaboration among design specialists; multiple experts can 
contribute to item or subsystem models that contain an executable encapsulation of their particular knowledge. These 
models can be connected together in the model of the system, such that the contributions from many experts are virtually 
integrated in a natural way. 

In the remainder of this document, the term “model” is used to encompass system models. The term “system model” as 
used in this document is not addressing the use cases of either portraying requirements or code generation.  

3.2 System Model and Tool Role in the Development Process 

3.2.1 System Models 

To move toward a common understanding of the role of system models first requires a common understanding of what is 
meant by a system model. The system model framework as presented herein describes the view used for this document 
and is not intended to be a definitive definition.  

A model representing a given set of aspects of a particular system is referred to as a “system model.” These system models 
include specific items and properties, but not necessarily all, of the system under development and the external environment 
as appropriate. The behavior of systems comes from the interactions of their items in addition to the individual behaviors of 
each item. Therefore, the interactions between the items need to be carefully considered when predicting and defining all 
aspects of system behavior. 

Systems may also exhibit behaviors that are not desired. This behavior may be caused by failures or errors but may also 
come about as an unanticipated consequence of how the items interact. This emergent behavior, especially when it is 
unintended behavior, is one of the key challenges in engineering a system. 
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System functions, when implemented in a particular architecture, also have attributes that characterize the whole system. 
Examples of these are reliability, maintainability, functional performance, safety, security, and noise. System models play 
an important role in predicting and understanding multiple system attributes and their interactions early during development. 

System models can be used to represent a system architecture or design and contribute to the capturing of system 
requirements expressed as text, block diagrams, tables, plots, or more recently, executable or dynamic models.  

Principal benefits of modeling and analysis in system development include: 

• Providing design-decision data earlier than it would otherwise be available, enabling the design to evolve earlier in the 
development cycle, thus greatly reducing costs 

• Providing assessment over a greater span of conditions while making more data available by: 

o Facilitating assessment of a broader spectrum of test cases than might be practical with hardware-in-the-loop 
ground or flight testing, supporting greater variability and control of factors such as: 

 Flight conditions 

 Input stimuli 

 Operational scenarios, including ‘abuse’ cases 

 Turbulence/disturbance injection 

o Allowing assessment of the impact of equipment tolerances on overall system performance, which is impractical to 
do with physical prototypes 

• Providing access to system internals, which can be difficult or even impossible to observe with physical prototypes 

• Allowing early assessment of failure propagation across the system(s) 

• Capturing system architecture with defined syntax and semantics helping to fully defining the system and 
communication across the stakeholders 

Older system development methods had limited means to fully understand and predict the overall behavior of a system and 
its attributes prior to its actual implementation. Modern technology has enabled the creation of many tools that provide a 
platform to facilitate more comprehensive modeling of systems than traditional methods in order to achieve an 
understanding and prediction of system attributes and behavior. Early methods often depended on the creation of a system 
prototype to have a sufficient understanding of the system under development. Growing complexity, increasing 
software-intensive functionality, and developmental cost pressures have shifted modern system development away from 
dependence on physical prototyping and toward increased use of computer-based system models and tools. 
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3.2.2 System Tools 

System models are used to gain a better understanding of systems’ behavior and attributes by utilizing an abstraction of 
the intended system. Tools, on the other hand, are used to host or evaluate the system models. Some uses of the tools 
include, but are not limited to: 

• Model development, i.e., providing graphical tools and rudimentary elements that can be used to model a functional or 
physical system 

• Model execution, i.e. solving the mathematical equations the model comprises 

• Efficient analysis of a large number of inputs and boundary conditions for the system 

• Test or analysis data post-processing to present the results in more readable and comprehensible forms that help draw 
meaningful conclusions 

• Model configuration management 

Developers often use a system model to assist the development of a system, and typically use a tool to view and manipulate 
that system model. For this reason, it is not always easy to make a clear distinction between a tool and the model 
represented in the tool, as the two are closely related in a system development context.  

The rationale and limitations for using a specific tool should be understood, including the mathematical simplifications that 
the tool may use in executing the models. 

3.2.3 Models and Tools in System Development in Comparison to Item Development 

System models are used in the decision-making process to guide the design of a system that successfully implements its 
intended function and to provide predictions of its emergent behavior and the attributes that it may have. Tools can be used 
to host these models and provide simulation capabilities. They do not directly implement the design of the items comprising 
the system. The outcome of system-level tool usage is an enhanced set of inputs into the decision-making process that 
defines the requirements for the system. Such decisions include what items will make up the system, what the architectural 
context of those items is, and what item functional requirements are needed for the system to perform its intended functions. 
These decisions necessarily guide item-level development as requirements are flowed down from the system-level to the 
item-level. 

These system models and tools therefore bring the sense of adding something to the process, rather than, as is the concern 
in the domain of complex items, reducing, eliminating, or automating some part of the process. As such, the use of the 
system models and tools can enhance the design and validation process by providing early support and validation of design 
decisions, and may be used, with appropriate checks and balances put in place to minimize the possible effects that 
tool-related errors could have on the system. A framework to address these checks and balances is introduced in 3.4.  

In the situation where there is a hand-off of system models to software or complex electronic hardware processes where 
the models are consumed directly into the design, the impact of the system modeling approach should be considered at the 
item-level. Here the potential model error goes into the product directly, where it did not in the system-only modeling 
approach, so the consequence has increased. 

Use of system models that are consumed by the complex item design process directly, e.g., as requirements or for the 
generation of embedded code, is beyond the scope of this document. 

3.2.4 Role of System Models in Requirements Validation and Implementation Verification 

System models can be used to validate requirements of a proposed design or to verify that the implemented design meets 
their respective requirements, subject to understanding the limitations of the model and the tool used to capture the model. 
Such uses of models and tools may confirm the appropriateness of a system’s functions or may involve analysis to show 
that a modeled design can meet performance requirements. The models may also be used to establish the expected results 
for the lower-level “as-built” implementation.  
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Models can be used to evaluate the system performance over a larger set of conditions than may be feasible or safe to do 
on the actual system, including unusual conditions (e.g., extreme cases, tolerance stack-ups, failure insertion). Such 
activities can further confirm the appropriateness of the system’s functions, support requirement validation, and help capture 
additional requirements for features to constrain adverse operation.  

Models can be especially valuable for identifying design sensitivities that may need closer attention in subsequent testing. 
Verification test cases can be conceived and dry-run on models before running them on an actual system to be better 
prepared for lab or aircraft testing. In addition, the models may be used to assess the coverage the test cases can achieve 
on the actual system so it can be determined what remains untested and the coverage gaps can be filled in. As a system 
design is iterated, a correlation between the model and an actual system can naturally emerge. If well established, such 
correlations may be used to build a case for redistributing the verification activities performed by test to simulation and other 
analytical methods based on mitigation techniques described in this document. 

3.2.5 Role of System Models in Modification Impact Analysis 

System models can help understand the impact of changes on a system by first implementing them in the model to see if 
they change the system as expected or cause any unexpected impacts not otherwise easily foreseen. If a model is used for 
Modification Impact Analysis, the configuration control of the model should be carefully planned (see 3.4.4.1). 

3.3 Model and Tool Planning 

A model and tool planning document can be very useful to capture the strategies for the model or tool development and for 
addressing any associated risks. The planning document will help in documenting the following aspects of the model or tool 
application: 

• Scope and boundaries of the models or tools  

• Specific behavior or characteristics of the system with the required accuracy or fidelity that will be modeled, its intended 
use across the product development life cycle, and the intended benefit that the model or tool is expected to provide 

• Organization structure and the respective roles and responsibilities in the development process 

• Description of planned mitigation strategies identified from the risk assessment (see 3.4) which may include but are not 
limited to: 

o Peer Reviews that will be conducted 

o Any structured activity that will be conducted to correlate the model with the real system or behavior  

o Modeling standards that will be used 

o Configuration control process and mechanisms that will be used 

• Any intended use of the model or tool for showing compliance to regulatory requirements 

• Major phases of the model development process and their intended outputs 

Based on the risk management results, unacceptable error consequences may cause the system development team to 
reconsider and update the purpose and use of the model or tool in the development process or plan additional activities 
including prototyping or system testing. 

NOTE: If a model or tool is used to meet ARP4754 objectives, then the associated processes and artifacts should be 
included with or within the Development Assurance planning elements per ARP4754/ED-79 (at latest revision). 
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3.4 Management of Error Risks Related to System Models and Tools 

During the conceptual phase, system definition is more abstract in nature, which may preclude system models from 
providing right or wrong answers with certainty. However, as the models or tools mature and design decisions are made 
based on the data obtained from the models, an assessment and management of the risk associated with each decision 
influenced by the use of models and tools is necessary. Each of the contributors and potential mitigations should be 
considered as part of a larger managed-risk argument. Potential mitigations should be commensurate with the level of risk. 

System model and tool errors can be identified, assessed, and addressed using standard risk evaluation methods. 
Managing the risks associated with the use of system models and tools fundamentally involves assessing the errors based 
on their potential impact and then applying appropriate mitigation to increase confidence in their usage. Specifically, the risk 
evaluation process may be performed by asking a set of questions, which will be discussed in the following subsections. 

1. What is the expected contribution of the model result/outcome to system development activities? 

2. What are the potential model and tool errors that may occur and their causes? 

3. What is the consequence of these errors based on the outcome of the system development activities?  

4. What mitigations could sufficiently increase the confidence that these errors do not negatively impact system 
development activities? 

The following subsections discuss the strategies to address risk associated with the use of models and tools in the system 
development process. If model or tool results are directly used for compliance demonstrations against specific certification 
regulations, then the planned mitigation strategies from this AIR should be coordinated with the certification agencies. 

NOTE: Unless otherwise stated, in the context of this document, the term “risk” is used to mean risks associated with 
potential errors that can be introduced in model or tool development and usage. 

3.4.1 Contribution of Models and Tools in System Development 

The impact a system model has on the design is dependent on how the system model is used (with or without other design 
activities) and for what purpose (the model’s function). The model outcomes may vary between playing a significant role 
and providing only a starting point in an early design iteration. For example, models may play an important role in: 

• Predicting and understanding the system characteristics early during development  

• Providing design decision or requirements validation data earlier than it would be otherwise available  

• Providing assessment over a greater span of conditions for validation and verification purposes while making more data 
available 

• Showing compliance to regulatory requirements where testing on aircraft may not be feasible or safe 

• Facilitating effective collaboration as well as building a holistic view of the system 

System models may provide insight and understanding of the solution with respect to system attributes, thereby playing a 
large role in the overall understanding of the system and its behavior. This may have a significant impact on developing 
potential solutions, as system models explore the problem domain and provide a systematic trade of attributes across these 
potential system solutions. 

System models may also provide information to help define or allocate requirements for the system, directly impacting 
design decisions that shape and constrain system functionality and characteristics. They can enhance the likelihood of 
successfully achieving the overall system functions while also providing evidence to support those design decisions. 
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3.4.2 Recognizing Potential Errors 

System models and tools are used to understand complex problems. Their application can include multiple views, process 
iterations, and steps. This is part of the larger context of system analysis and system architecting. System architecting and 
analysis at times can be more of an art than a science given the high levels of uncertainty and ambiguity. System models 
and tools play an important role in reducing uncertainty and ambiguity but rarely eliminate them. Errors can be introduced 
given this process complexity. 

System model output error is often a matter of degree rather than of absolute absence or presence. The best that can be 
achieved is an approximate model that may be representative of a real system or its operating environment due to factors 
such as the complexity of item interactions and emergent behavior in systems. It is not possible or necessary for a model 
to be one hundred percent accurate to provide useful insight into a system under development. 

A system tool’s usage is acceptable when its outcomes are sufficiently accurate to support the applicable system 
development activities. 

As part of the risk management process, the potential error sources and their consequences for a particular usage of a 
model or tool should be recognized so appropriate mitigations against those potential errors can be planned. Sources of 
error that may impact the validity of a system model and tool output can be very different from errors related to model and 
tool usage for complex items. It is important to note that an error source may have one or many causes. To increase 
confidence that the likelihood of an error is minimized, these potential causes must be understood.  

The remainder of this section will give some examples of common sources of model and tool errors which may lead to an 
error in system design. This is not intended to be an exhaustive or mutually exclusive list of error sources, or their causes, 
that may be introduced by the use of models and tools. 

3.4.2.1 Development Process Errors 

System model and tool development can include multiple views, large development teams, and several iterations. Lack of 
or insufficient processes and standards used to develop the model or tool can introduce errors. These process errors may 
result in incorrect integration of model components or incorrect or inaccurate representation of the system being modeled. 
Examples include, but are not limited to, models out of sync with the specified requirements or implemented design when 
a structured process is not used in their development, and different components of the model not connected correctly. 

3.4.2.2 Configuration Management Errors 

Although configuration management is part of the Development Process, it can be a significant source of error and is 
therefore highlighted separately here. Examples of configuration management errors include, but are not limited to, 
inconsistent versions of models or tools, tool incompatibility with the model, inconsistent management of tool configuration 
settings, inadequate management of multiple analytical models for multi-domain trade studies, and changes implemented 
without proper documentation or communication with teams. Configuration management errors may lead to the other error 
types and are therefore essential to address. 

3.4.2.3 Representation Errors 

Models are representations of certain aspects of a system and its environment that are of interest to the designer. Errors 
can exist in the form of misrepresentations of these system aspects and its environment, for which there can be varied 
reasons. For example, if there is a misperception about the system of interest on the part of the model creator, modeler, or 
tool developer, the model or tool created may not accurately represent the system being developed. There may also be 
limitations due to inadvertently capturing only key mechanisms and not others that may have an impact on system function. 
Representation errors may also include errors that result from the adaptation of a previously existing model (e.g., 
copy-and-paste error). 

3.4.2.4 Computational Errors 

Mathematical equations are used to depict physical behavior. Many numerical methods are used by the models or tools 
that solve these mathematical equations. These numerical methods can lead to errors that may impact the validity of the 
answer. Examples include, but are not limited to, an iterative method in the tool with an insufficient step size/sample time, 
precision, or convergence criteria that may lead to computational error or incorrect representation of a continuous system. 
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