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Standard Operating Procedures (SOP)
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Standard Operating Procedures (SOPs)
• Set of formal guidelines that define the execution of 

routine and emergency activities
– Heavily used in safety-critical domains

• Procedural Steps
– Define the particular order of actions to meet the 

end goal of the procedure
– Specify Who is responsible for executing the step
– Specify How the step is performed
– Define the cognitive and motor aspects

• Development and revision process is currently 
document-based 
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Importance of SOPs
• Capture best practices in Critical Operations
• Standardize Activities
• Improve compliance, situation awareness, and decision making
• Minimize possibility for error, miscommunication, and misconceptions
• Critical for safe and efficient operation of systems
• Applications

– Systems with Human & Automation Teaming
– Training
– Domains with multiple user operators
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Need for MBSE & Analysis 
of SOPs

• Specify WHAT is done, but not WHEN
• Quality and performance not quantified
• Do not account for variability in operator 

and/or operational environment
• Procedures cannot be completed in 

time
– Case of Swissair 111

• Time to complete both 
required checklists is 20-30 
minutes.

• Time for a piece of equipment 
to progress from smoke to 
fire:

– Extremely variable
– Ranges from 6 minutes 

to 10+ minutes
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*Same Crew, Same Procedure, Different Circumstances
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Objective
• To improve the development, revision, and analysis of Standard 

Operating Procedures (SOPs) by applying MBSE, enabled by Gen-AI:

– Digitize SOPs in a Safe & Cloud Database

– Perform Modeling, Simulation, and Analysis of SOPs to gather 

qualitative data

– Verify and Validate each SOP can be performed within time constraints
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Procedure Representation Language (PRL)
• Formal Representation of Procedures
• Designed for humans and automated 

systems
• Defined as an XML Schema
• Instructions

– Lowest level of abstraction
• Manual Instruction

– Used for commands that must be 
completed by the human operator

• No underlying structure to the manual 
instruction
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SOP Step Canonical Structure
• SOP steps are governed by the SOP Step Canonical 

Structure
• Reflects steps involved in operator cognition to Observe, 

Orient, Decide, and Act

– Observe: Operator senses triggering information, 

such as changes in the environment

– Orient: Information is coupled with pre-existing 

knowledge and mental models 

– Decide: Formulate an appropriate response or 

decision 

– Act: Perform an action or response that was decided
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SOP Step Canonical Structure (Cont.)
• Each SOP step has the components:

1. Trigger (perceptual)

2. Decision (cognitive) 

3. Action (motor)

4. Waiting/timing (perceptual)

5. Verification after waiting (perceptual)
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Extended PRL (e-PRL)
• Extension to the PRL
• Extends the Manual Instruction 
• Standardized format mapping to 

how Humans operate
• Yields Four SOP step types:

1. Action-Only
2. Decision-Action 
3. Action with Waiting and 

Verification 
4. Decision-Action with Waiting 

and Verification
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e-PRL
Bashatah & Sherry (2023) 

PRL
Kortenkamp et al, (2007)

e-PRL Example with Trigger - Action - Waiting - Verification:
[(After completion of previous step)], [STANDBY POWER selector ……… BAT]. [Verify EICAS advisory 
messages BAT DISCH MAIN and BAT DISCH APU display]. [Messages may take up to 3 minutes to 
display].
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Large Language Models (LLMs)
• Artificial Intelligence capable of understanding and generating text, images, etc.

• Trained using massive corpora of text data to understand syntax, semantics, and 

language concepts

– LLMs have a deep understanding of human behavior and emotions

– Can understand and generate contextually relevant responses

• Excels at various Natural Language Processing (NLP) tasks

• Notable LLM Chatbots:

– OpenAI ChatGPT 4o

– Anthropic Claude.ai 3.5
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Digitize SOP
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Digitize SOP Documents

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 14

• Challenge: Each SOP has different formatting and structure
– Long time to annotate the SOPs manually into the e-PRL elements
– NLP is inconsistent as human behavior can be vastly different and complex

• Each step can be classified into its e-PRL components
– Each e-PRL component becomes a data element
– Adds functionality 
– Enables MBSE of the SOP

• Explored using LLM-based chatbots to classify SOP steps
– Understand the context and know the contents of the whole text
– Understand human language and its nuances
– Can be trained to specialize in performing the tasks needed



Classifying SOP Steps
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• Used Claude.ai LLM to annotate SOPs

– Supplied rules and assumptions to identify e-

PRL elements in an SOP step

– Supplied the SOP text and extracted the 

procedure steps generated

– Classified the bottom-level steps into e-PRL 

elements

• Required trial and error to develop a predictable 

process



Pros and Cons
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• Pros
– Understood context from the beginning of the SOP, but not in the Step
– Made corrections/adjustments when informed
– Improved time to annotate SOPs

• Cons
– Doesn’t return exact wording 
– Adds or omits information
– Extensive prompting required to get consistent results



Simulate and Analyze SOP
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Modeling SOPs using e-PRL
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• Each e-PRL component can be modeled in 
an Action/Activity diagram

• Asset Entities
– Actors

• Action/Activity Entities
– Where components
– What components

• Input/Output Entities
– How components

• Enables the identification of missing 
information or context



SOP Time Analysis Metrics
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Time metrics help provide data on the operator’s 

performance in the SOP

• Allowable Operational Time Window (AOTW)

– Time that the SOP must be completed to 

avoid any hazards 

• Time of Procedure (ToP)

– Time it takes to complete the procedure

• Procedure Buffer Time (PBT)

– Difference between AOTW & ToP

– Value < 0, then the Procedure is not 

feasible



SOP Time Metrics (Cont.)
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• Time metrics based on time distribution data 
when feasible
– LLM chatbots can extract time data from 

an SOP text and provide estimated time 
distribution data for each step in the 
SOP text

• Time metrics will provide a high-level view to 
find the operator’s performance gaps
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Monte Carlo Simulation 
• Time metrics data added to Action/Activity 

can be used to perform a Monte Carlo 
Simulation for the diagrammed SOP

• Runs multiple iterations to find results, 
outliers, and performance gaps

• Tracks the time metrics (AOTW, ToP, 
PBT) to evaluate an operator’s 
performance in the SOP

• Verifies and Validates if the SOP can be 
completed in the given time to reduce the 
risk of failure

• Provides insight into which steps 
contribute to good/bad performances 
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Generate SOPs from Models
• e-PRL components need to be put into the expected format of an SOP
• Generative AI can be used to take the visual fragments of the e-PRL Action diagram to 

generate imperative procedure sentences and documentation.
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Conclusion
• Integrating Generative AI and MBSE enables significant enhancements in the 

Development, Revision, and Analysis of Standard Operating Procedures (SOPs)

• Generative AI introduces potential bias and security risks, but they can be mitigated 

through careful training and review processes

• A new approach that offers:

– Enhanced effectiveness, efficiency, and safety of critical procedures

– Ensures SOPs contain necessary content and align with human cognitive 

processes
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