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Rows/questions highlighted in yellow are required before project can begin.
	Customer
	Project Name

	Project Objective
	What task/process are you looking to improve?
	Enter use case description. Include any diagrams or explanations necessary to understand the process.

	Optimization Goal
	What Key Performance Indicator (KPI) defines the control or optimization of this system?
	
	Goal objective
	KPI (variable)
	Units
	Description

	|_| Maximize
|_| Minimize
	
	
	




Choose one top-level optimization goal for the process. When the system will need to balance competing goals, define a KPI that incorporates both. For example: A system may need to balance competing goals of throughout and efficiency, optimizing for throughout when demand is high and efficiency when demand is lower. A KPI of overall profit margin will allow the system to balance those two goals and for you to evaluate performance with a single metric.

	Business Value
	What is the business value of improving the control and optimization of this system?
	Describe the business value.

Benchmark: [Enter the benchmark value – the current performance level on the KPI]

ROI: Complete this sentence to quantify the business value: 
A [enter value] % [|_| increase / |_| decrease] in the KPI compared to the benchmark is worth $ [enter value] per [|_| day / |_| month / |_| year].

Choose increase or decrease depending on the process and the KPI. For example: A system will bring value through an increase in yield but a decrease in energy consumption.


	Current Methods
	How do you currently control or optimize the system? Check all that apply.
	
	
	Method
	Description

	|_|
	Human Operator / Engineer
	

	|_|
	Expert / Rules-Based System 
	

	|_|
	Control Theory (PID, MPC)
	

	|_|
	Optimization Techniques
	




	Limitations of Current Methods
	What are the challenges and limitations of the current method(s)?
	
	
	Limitation
	Description

	|_|
	Ability to control well across changing conditions
	

	|_|
	Different scenarios that require different control strategies
	

	|_|
	Uncertainty in the measurement of the inputs or the process make it difficult to control or optimize (noise, dead time, incomplete information).
	

	|_|
	High stakes events that trade off against competing objectives
	

	|_|
	Fuzzy boundaries between conditions or scenarios
	

	|_|
	Human Operator / Engineer Limitations
		
	Limitation
	Details

	|_|
	Difficulty managing many variables and dimensions. 
	

	|_|
	Difficulty adapting to changing conditions
	

	|_|
	Large performance discrepancy between novice and expert operators
	

	|_|
	Inconsistency across expert operators
	




	|_|
	Time to develop control or optimization system is prohibitive
	

	|_|
	Other (describe other challenges)
	




	Control Actions
	What actions will the multi-agent system need to output to control or optimize your system?
	
|_| Low-Level Control System: If the multi-agent system will provide supervisory control actions, is there a low-level system (APC, MPC, etc.) that must be included in the training loop?  If yes, this control system must be integrated with the simulator and documented in the Simulation section below. 

	Name
	Data Type
	Units
	Control Frequency
	Operating Range [min, max]
	Description

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



|_| Delayed Reward Scenario:
Rule of thumb: For optimal learning, system should settle to steady state within 1/10th of the control frequency. 

	Sensors
	What information do we need to pass to the agents about the system and its environment for the team of agents to learn to control or optimize the system?
	

	Name
	Data Type
	Source
	Units
	Measurement Frequency
	Operating Range [min, max]
	Measured or calculated variable?
	Quality Measure?
	Description

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



List only the variables necessary to control the system, even if other variables are included in the data.


	Scenarios and Strategies 
	Use subject matter expertise to map control strategies to situations.
	
Use this table to structure detailed conversations with experts about the strategies they use to control and optimize the process. The first column defines scenarios: specific sets of conditions that require particular control strategies. The second column adds more interpretation of scenarios that help to identify the scenario boundaries. The third column lists the control strategy appropriate to each scenario; strategies will typically become individul skill agents that learn to optimize control in a specific set of conditions. 




	When the [environment variable list] trend in this direction or interact in this way,
	This is what we think it means.
	This is what you should do (to manipulate control actions).

	Example: When the temperature rises quickly . . .
	. . . this means the system may overheat . . . 
	. . . so you should reduce the coolant temperature.

	
	
	

	
	
	



This table is a tool for information gathering and brainstorming. It does not need to be perfect. In the next steps, you will further define scenarios and skill agents.


	Scenarios
	What scenarios should the trained multi-agent system be able to control across?
	
Scenarios are different situations where the agent system has to act differently to control and optimize the process.  Scenarios may correspond to agents in a one-to-one relationship, or scenarios may apply to multiple different agents. 

For example: 
Use one to one scenarios and agents for phases of a process: Scenarios and skills: Startup, continuous operation, recallibaration 
Use one to many scenarios for conditions that apply throughout the process: Skills for flying a plane are takeoff, flight, and landing; scenarios are windy, rainy, and clear weather

	Scenario name
	Configuration Variable Ranges [min, max]
	Description

	
	
	

	
	
	

	
	
	



Training Episode Length: [number of control actions included in a training scenario]
An episode represents the number of control actions that comprise a scenario.  For example, in an HVAC scenario control actions for an air conditioning unit might be taken 4 times per hour, but multiple hours need to be considered to see a diverse range of building occupancy and the temperature variation during the day.  If the training episode is one day, there are 24 x 4 control actions per training episode. 

Benchmark Episode Length: [number of control actions included in a benchmark scenario]
Sometimes, the benchmark scenario needs to be longer than the training scenario in order to capture the full range of variation of the configuration variables.  To extend the example above, benchmarking an HVAC system requires extending the prediction scenario for a trained multi-agent system to include seasonality across months.  In this case, the benchmark episode length may be 1 year (356 x 24 x 4 control actions). 


	Skill Agents 
	Skill agents learn by practicing in a feedback loop, assessing the affect of their actions on the system based on changes to the sensor variables in the simulation as they learn to pursue a goal. Configure the training for each skill agent by setting goals, constraints, and success criteria, and assigning scenarios to practice in. Then assign a technology to each skill agent (DRL, PID/MPC control, optimization, heuristics, etc)
 
	Skill Agent
	Goal(s)
	Constraints
	Success Criteria
	Scenarios
	Technology

	Example: Produce for high demand
	Maximize completed products
	Avoid materials_cost > $100,000
	Succeed when completed_products = demand
	High demand
	DRL

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	






	Supplementary Decision Models (Perceptors)
	Will Machine Learning (ML) models or other technology be used to supplement the environment state from the simulator?
	
Perceptors can use various machine learning techniques or other methods to add variables and enhance the sensor space. 

	
	Perceptor Type
	Function(s)

	|_|
	Prediction
	

	|_|
	Clustering
	

	|_|
	Classification
	

	|_|
	Anomoly detection
	

	|_|
	Computer vision / auditory processing
	

	|_|
	Calculated variables
	





	Orchestration
	Identify the design patterns to use to orchestrate your team of agents: determine which relationships exist between the scenarios and agents in your process. 

	
	Orchestration Pattern
	Definition
	Skill Agents 

	|_|
	Sequences  
	Agents performing skills in a sequence. Use the functional design pattern with a fixed-order orchestrator 
	

	|_|
	Hierarchies
	Agents called in a hierarchy (system chooses the right strategy for the situation at each decision interval). Use the strategy design pattern with a variable-order orchestrator.
	

	|_|
	Skill groups
	Agents working together on a single decision, usually for set point control. Use the plan-execute pattern with DRL and a programmed controller.
	

	|_|
	Perceive-act blocks  
	A module that enhances the sensor space paired with decision-making modules. Use a perceptor with any other design pattern.
	



Then sketch one or more agent designs orchestrating the skill agents above together using the modular building blocks.


	Acceptance criteria



	What criteria will we use to determine the success of the project and how will we measure that success criteria?
	
	KPI
	Example: Minimize System Trips

	Benchmark Comparison
	

	Benchmark Scenarios
	
	Configuration Variable
	Units
	Priority
	Range or Description

	
	
	
	

	
	
	
	

	
	
	
	




	Benchmark Procedure
	
	
	Procedure
	Duration

	|_|
	Simulation 
	

	|_|
	A/B Testing on Live System
	




	Optimization Improvement
	1. 
2. 

	Return on Investment (ROI)
	· 

	Project Readout and Deliverables
	1. 



|_| Is the benchmark controller or performance noted above currently ready?


	Simulation


	
	 
	Modeling Method
		
	Method
	Description

	|_|
	Physics Based (First Principles) 
	

	|_|
	Discrete Event
	

	|_|
	Surrogate Model
	

	|_|
	Model from Data
	




	Data Driven Simulation Specifications
	The amount (number of rows) of data required to create a simulation model from data varies, but use the following rule of thumb as an absolute minimum:  the number of possible states x the number of possible actions.  For example, if there are 10 possible actions and 100 possible states, you’d need 1,000 rows of data at minimum to build a model.  

Model Accuracy & Robustness
The model should be validated across the ranges for each of the control actions and environment states listed above.  Enter the accuracy of the model for each of the features. 

	Feature
	Accuracy

	[One row for each control action and environment state] 
	[% Error]



State Space Completion

	
	Procedure
	Rows of Data

	|_|
	State Space Parameter Sweep 
	[data volume]

	|_|
	Synthetic State Space Estimation
	[data volume]



	Data Source
	Description

	
	

	
	



Is there a need for additional data collection to augment the existing historical data with additional scenarios required for the agent system to learn to manage all necessary scenarios, including those not captured in the data?


	External Simulator Type
		Vendor
	

	Product (Version)
	

	Software Language 
API Interface
	

	Speed
	




	External Simulator Connection
	Can we exchange messages (input and output) with the simulation model at the simulated control frequency?  

 [Can this software connect for input and output on the inner loop?]

	 External Simulator Configuration
	Can you pass the scenarios programmatically to the simulation at the beginning of each episode?

[Can we input configuration scenarios programmatically into the simulation model?]

	Parallelization (Licensing)
	Can we run 10, 100 or 1000 copies of your simulation in the Azure cloud?

[Can we run the simulation in the Azure Cloud?] 

	Simulation to Reality
	Has the simulation model been used to design a control system, an optimization system or used by human operators in production to control the system.  No. 

What is the error percentage that describes the accuracy between the simulation model and the real system across all scenarios and equipment that will be controlled by the multi-agent system? 
[% error]

Do you plan any simulator upgrades, especially if it will need to be upgraded for use with Composabl?


	Simulation Validation
	 
Are there any assumptions that have been made with respect to the simulation?  

Can you provide the validation data against your sim?






	Deployment
	How will the multi-agent system interface with your system? (select & respond to one or multiple options below)
	

	|_|
	Simulation Only
	

	|_|
	Decision Support
	Human engineers, operators or analysts will continue to control and automate my system augmented by multi-agent system decisions.

|_| Cloud Deployment
|_| Edge Deployment
|_| Embedded Deployment

	
	Decision Delivery Mechanism
	Description

	|_|
	Decision Support UI
	

	|_|
	Spreadsheet or other mechanism
	

	|_|
	Integration with current reporting system
	




	|_|
	Direct Control
	The multi-agent system will connect to the system directly to automate the control or optimization. 

|_| Cloud Deployment
|_| Edge Deployment
|_| Embedded Deployment
For Edge and Embedded Deployments:
	Device Type
	

	Number of Devices
	

	Device Lifecycle
	

	Docker Support
	

	Processor
	

	Connection Protocol
	

	Integrator
	

	Integration Delivery Date
	








	Team
	
		Executive Sponsor
	

	Machine Teacher
	

	Data Scientist (Optional)
	

	Subject Matter Expert
	

	Simulation Expert
	

	Deployment Expert
	

	IT
	

	Project Team
	

	Services Partner
	[Services Partner Team]





	Cloud  Infrastructure
	Where are the Kubernetes cluster that you want this to run on?
		Composabl’s trainng service
	|_|

	Your Kubernetes cluster hosted on one of the major cloud providers
	|_| Azure 
|_| Amazon
|_| Google

	On prem Kubernetes cluster
	|_|
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