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What is Simulation Modeling?
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Example Model

Robotic Palletizing & Automated Guided Vehicles (AGVS)
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One Definition of Simulation Modeling

A computer-based dynamic business model
that combines mathematical and logical
concepts to create a representation of an
existing or proposed system for the
purposes of analysis, visualization and
performance prediction
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Simulation Modeling Methods
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Simulation Modeling Methods
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Simulation Modeling Methods
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Example Model

Air Defense System
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A Product Delvery : Simulation - AnyLogic Professional = b

Product Delivery Sep 1,2018 07:00

This model simulates product delivery in Europe, The supply chain includes three manufacturing
facilities and fifteen distributors that order random amounts of the product each 1-2 days. There is

a fleet of trucks in each ing facility. When a ing facility receives an order

from a distributor, it checks the number of products in storage. If the required amount is available.

it sends a loaded truck to the distributor. Otherwise, the order waits until the factory produces

the sufficient number of products.

This model is essentially multi-method. Distributors. trucks and manufacturing facilities are agents

with custom behavior. The latter includes system dynamics diagram of production and a flowchart

that simulates order processing.

Agents live in a GIS space. Names of initial locations of manufacturing facilities and distributors are read
from Excel file. GIS search engine is used to find locations on map and place agents there. Trucks move
on real roads. and routes are created when vehicles start moving to destinations.

¥ - AnyLogic

‘This model is © The AnyLogic Company. www.anylogic.com
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Example Model

Product Delivery
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Application of Simulation Modeling to the
Systems Engineering Experience Areas
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Systems Engineering Experience Areas

Systems Engineering Experience Area

Principle SE Activities associated with the SE experience area

Requirements Engineering

Preparing for or managing a Business or Mission analysis; Defining a Problem or opportunity space; Characterizing a solution space; Evaluating alternative solution classes; Preparing for
Stakeholder Needs & Requirements Definition; Defining stakeholder needs; Developing Operational Concept and other Life Cycle concepts; Transforming needs into stakeholder requirements;
Analyzing Stakeholder Requirements; Managing Stakeholder needs and requirements definition; Preparing for System Requirements Definition; Defining System Requirements; Analyzing System
Requirements; Managing System Requirements.

System and Decision Analysis

Preparing, performing and managing a system analysis;
Decision Management, including Preparing for System Engineering Decisions; Analyzing decision information; Making and managing SE decisions.

Architecture/ Design Development

Preparing for architecture definition; Developing architecture viewpoints; Developing models and views of candidate architectures; Relating architecture to design; Assessing candidate architectures;
Managing the selected architecture; Preparing for design definition; Assessing alternatives for obtaining system elements; Establishing design characteristics and design enablers; Managing a
system design;

Systems Integration

Preparing, performing and managing system element implementation; Identifying, agreeing and managing system-level interfaces; Preparing and performing Integration; Managing integration results.

Verification and Validation

Preparing and performing Verification; Managing verification results; Preparing and performing Validation; Managing Validation results;
Preparing for, and performing System Transition; Managing results of System Transition; Obtaining Qualification, Certification and Acceptance.

System Operation and Maintenance

Preparing for Operation; Managing results of Operation; Performing and supporting System/ Product Operation; Preparing for and performing Maintenance; Performing Logistics Support; Managing
results of maintenance and logistics; Preparing for, performing and finalizing system disposal.

Technical Planning

Defining an SE project; Planning an SE project and its technical management; Activating an SE project; Identifying and recording tailoring influences and mandated structures; Obtaining input from
parties affected by the tailoring strategy; Making Tailoring decisions and selecting life cycle processes.

Technical Monitoring and Control

Planning for SE project assessment and control; Assessing SE projects; Controlling projects from an SE perspective; Preparing for and performing System Measurement; Preparing for system
Quality Assurance; Performing system product or service evaluations;

Acquisition and Supply

Acquisition, including: Preparing for system/element acquisition; Advertising the acquisition and selecting the supplier; Establishing, maintaining and monitoring an acquisition agreement; Accepting a
product or service from a supplier; Supply, including: Preparing for supply; Responding to a tender; Establishing, maintaining and executing a supply agreement; Delivering and supporting a product
or service.

Information and Configuration
Management

Planning Configuration Management; Performing Configuration Identification; Performing Configuration Change Management; Performing Configuration Status Accounting; Performing Configuration
Evaluation; Performing Release Control; Information Management, including Preparing for and performing information management.

Risk and Opportunity Management

Planning technical risk and opportunity management; Managing the technical risk profile; Analyzing, Treating and Monitoring technical risks and opportunities

Lifecycle Process Definition and
Management

Establishing Lifecycle Processes including defining and implementing Lifecycle Models; Assessing Lifecycle Processes and Models; Improving Lifecycle Processes and Models.

Specialty Engineering

Performing professional-level systems engineering activities associated with one or more Specialty Engineering area(s). Typical Specialty Engineering areas include but are not limited to those
identified in the INCOSE SE Handbook V4.0, namely: Affordability/Cost- Effectiveness/Life Cycle Cost analysis; Electromagnetic Compatibility Analysis; Environmental Engineering/Impact Analysis;
Interoperability Analysis; Logistics Engineering; Manufacturing and Produceability Analysis; Mass Properties Engineering; Reliability, Availability and Maintainability analysis; Resilience Engineering;
System Safety Engineering; System Security Engineering; Training Needs Analysis; Usability Analysis/Human Systems Integration; Value Engineering.

Organizational Project Enabling
Activities

Infrastructure Management, including establishing and maintaining the Infrastructure; HR Management, including identifying and developing SE Skills, acquiring and providing SE skills for projects;
Quality Management including planning and assessing Quality Management, Performing Quality Management corrective and preventative actions; Knowledge Management, including Planning
Knowledge Management, Sharing Knowledge and skills throughout the organization, Managing Knowledge, skills and knowledge assets; Project Portfolio Management at Organizational level,
including defining and authorizing SE projects, evaluating a portfolio of SE projects and terminating SE projects.

Other

Other functions and activities performed that you can justify as Systems Engineering activities.
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Systems Engineering Experience Areas

Requirements Engineering

System and Decision Analysis
Architecture/ Design Development
Systems Integration

Verification and Validation

System Operation and Maintenance
Technical Planning

Technical Monitoring and Control
Acquisition and Supply

Information and Configuration Management
Risk and Opportunity Management
Lifecycle Process Definition and Management
Specialty Engineering

Organizational Project Enabling Activities
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Simulation Modeling Applicability

Requirements Engineering Developing operational concepts
System and Decision Analysis Performing a system analysis
Architecture/ Design Development Assessing alternatives
Systems Integration Preparing ... integration

Verification and Validation Preparing ... verification

System Operation and Maintenance Preparing for ... maintenance
Technical Planning

Technical Monitoring and Control Preparing for ... system measurement
Acquisition and Supply Preparing for supply

Information and Configuration Management

Risk and Opportunity Management Analyzing ... technical risks
Lifecycle Process Definition and Management

Specialty Engineering Affordability ... life cycle cost analysis
Organizational Project Enabling Activities
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Example Model

Evacuation Model
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Evacuation model

There is a two-storey building in this model. On the first floor, of this 24 person office building,
the workers work and socialize. The restroom is also located on this fioor.
Workers typical work day consists of eight hours.

On the second floor there is a cafeteria, where workers and outside customers have lunch
(The number of outside customers usually depends what time of day it is — there will be more during
funch than in the morning for breakfast)

There is only one stairway between the two floors and one or two exits from the first floor.
When the fire alarm is activated everyone in the building will go to one of the exits.

Some may not react immediately and keep working while others may freeze or panic
Some may also want to get back to their tables before exiting the building

The alarm will start at the specified time or by pressing the "Fire alarm” button in the simulation window.

Alarm time (minutes) sa00|

Catetena customer  Office worker
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Modeling Studio User Interface

User interface for simulation analysis projects
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Example Model

International Linear Collider (ILC) Cost Model
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Limitations and other Considerations
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On Models

The best material model of a cat IS
another, or preferably the same, cat.

Norbert Wiener, mathematician (1945)
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Successful Simulation Modeling Projects

« (Good project management practices
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Simulation Project Methodology

Define
— Identify project requirements and scope
— Conduct interviews and site visits
— Collect data
. Quantify
— Develop layered data models focused on costs, durations, volumes, and variability at multiple levels of detail
— Perform research as needed (transportation rates, carrier contracts, data requests...)
. Design
— Develop a model design customized to the customers needs and unique business
. Build or Configure
—  Create the analysis tools required to support project requirements
«  Verification
—  Ensure the model is coded accurately

« Validate
—  Ensure the model sufficiently represent reality
 Analyze

— Determine the best options for reducing costs, increasing profit & improving customer service
. Recommend
— Synthesize analysis results into recommendations
— Create an action plan for implementing findings
Reduce, Reuse, Recycle
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Successful Simulation Modeling Projects

« Good project management practices

« Define and agree upon objective and level of abstraction
« Comprehensive verification & validation of the model

* |t's only one tool in the box of tools

* Trust your gut (or the gut of a subject matter expert)
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Q&A
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