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Why – Simon Sinek

MAGS isn't just another technology play - it's about putting the right capabilities in 
the hands of subject matter experts who truly understand industrial challenges. These 
experts hold the key to addressing critical issues in operations, sustainability, and 
economic performance, but they need better tools to turn their knowledge into action at 
scale. 

Our objective isn't to replace jobs, but to augment the workforce with virtual workers 
that operate autonomously under human guidance and supervision within a clear governance 
framework. That's what we're doing with Multi-Agent Generative Systems at XMPro - 
creating an approach that amplifies expert knowledge to drive real transformation in 
industrial organizations. 

Without this expert-driven change, industries will struggle to meet mounting challenges 
around efficiency, sustainability, and economic viability. 

At its core, MAGS provides the framework for subject matter experts to implement 
solutions that make a meaningful difference while maintaining human oversight of 
autonomous operations

- Pieter van Schalkwyk, CEO XMPro
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Not Replacing Jobs, Do Operational Processes and Tasks

Address Operational Challenges for Industrial Organizations
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Perfect Storm Disrupting Industrial Operations

• Experienced operators retire faster than 

we can replace them

• Critical operational knowledge walks out 

the door

• Training programs can't keep pace with 

technology changes

• Modern equipment demands deeper 

technical understanding

• Systems generate more data and alerts 

than humans can process

• Interconnected processes create 

complex decision scenarios

• Teams must maintain peak performance 

with fewer staff

• Energy and resource costs keep rising

• Environmental and safety regulations 

become more stringent

The Knowledge 

Exodus

Growing Technical 

Complexity

Operational 

Pressures



Change in Laborforce in the next 10 Years

Workforce 5x slower than GDP

1 in 4 over 65

Manufacturing workforce shrink 



Skills Problem for Industrial (US Manufacturing)

https://blog.lnsresearch.com/how-to-get-a-30-day-employee-to-a-30-year-performance-level 

https://blog.lnsresearch.com/how-to-get-a-30-day-employee-to-a-30-year-performance-level


Are We Ready For A Step Change?



Are We Ready For A Step Change?



Perfect Storm Will Disrupt Industrial Ops in 2024

The US workforce with grow 5 

times slower than GDP in next 

decade. 25% of workforce will 

be 65 or older

AI is changing decision-

making. Copilots became 

mainstream in 2023. 2024 will 

see useful Gen AI applications

Do more with less people by 

automating repetitive tasks 

and let SME focus where they 

can add most value

Lack of Skills and Aging 

Workforce in Manufacturing

Generative AI Accelerate from 

Experimentation to Implementation

GenAI Digital Shift is Opportunity 

Switch to Boost Productivity

The Combination of these Three Trends 

Creates the Perfect Storm for Disruptive Change

And A Shift Towards an AI Augmented Workforce
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Digital Twin (DT) vs Intelligent Digital Twin (IDT)

Digital Twin (DT) Intelligent Digital Twin (IDT)

Passive Repositories Active, Always On Agents

Offline, wait for physical twin to actuate Online (real-time), scan and actuate 

Goal Given, Measuring Performance Goal Seeking shared by human and twin

Predictive, but not optimizing Anticipatory & FRS manipulate time

Intelligent digital twins and the development and management of complex systems https://doi.org/10.12688/digitaltwin.17574.1

VSData Dataflow

https://doi.org/10.12688/digitaltwin.17574.1


Generative Agents Can Simulate Human Behavior

Generative Agents: Interactive Simulacra of Human Behavior https://arxiv.org/abs/2304.03442  

https://arxiv.org/abs/2304.03442


The Memory Cycle (Reasoning)



The Memory Cycle (Reasoning)

https://reverie.herokuapp.com/UIST_Demo/ 

https://reverie.herokuapp.com/UIST_Demo/


Andrew Ng on Agentic AI Workflows

https://youtu.be/sal78ACtGTc?si=YKexDSSCkkDGGCln


AutoRT: 

AutoRT: Embodied Foundation Models for Large Scale Orchestration of Robotic Agents – Google DeepMind



MIMO @ MIT – “Machines” Optimize Better Than People



A System of Agents brings Service-as-Software to life

https://foundationcapital.com/system-of-agents/ 

https://foundationcapital.com/system-of-agents/


A System of Agents brings Service-as-Software to life

https://foundationcapital.com/system-of-agents/ 

https://foundationcapital.com/system-of-agents/


Intelligent Twins: Decision-making is Changing

Decision Support Decision Augmentation Decision Automation

Decision IntelligenceExternal Intelligence Internal Intelligence

• Dashboards

• Business Intelligence
• Condition Monitoring

• AI Augmented Information

• Prescriptive Recommendations & FRS
• Closed-loop Feedback & Learning

• Business Process Automation

• Distributed Intelligence System
• Algorithmic Business with DIS

Business Rules & AI IP

Process & IoT EI

Human Capital

Environment EI

Supply Chain EI

Governance

EI: Event Intelligence FRS: Front Running Simulation

Distributed Intelligence System – DIS

Current Shift Future Shift



Composite AI 
Recombines The Best of All Intelligence Worlds

Causal AI Predictive AI Generative AI
First Principles

& Physics
Symbolic AI

Employs sophisticated 

mathematical models 
and fault tree analysis 
to uncover root causes 

and map complex event 
relationships in 

industrial systems.

Leverages advanced 

statistical analysis and 
reinforcement learning 
to forecast operational 

outcomes and identify 
emerging trends with 

greater precision.

Processes diverse data 
streams—from text and 
images to audio and 

video—synthesizing 
new insights and 

solutions across 
multiple modalities.

Combines physics-

based calculations with 
Digital Twin technology 
to validate decisions 

against fundamental 
scientific laws, ensuring 

practical feasibility.

Captures and 

processes complex 
industrial knowledge 
through logical rules 

and symbolic 
representations, 

enabling transparent 
and interpretable 
decision-making.
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https://www.linkedin.com/feed/update/urn:li:activity:7279075047271522304/ 

https://www.linkedin.com/feed/update/urn:li:activity:7279075047271522304/


Typical Agent Framework Patterns
Content Generation and Curation is the TASK

https://blog.langchain.dev/langgraph-multi-agent-workflows/ 

https://blog.langchain.dev/langgraph-multi-agent-workflows/


Python Code must be “Managed” – IT Domain

https://github.com/langchain-ai/langgraph/ 

https://github.com/langchain-ai/langgraph/






https://chatgpt.com/g/g-ZL2dwzuH6-soda-auto-simulation-scenario-generator 

https://chatgpt.com/g/g-ZL2dwzuH6-soda-auto-simulation-scenario-generator


AWS - Energy Efficiency Management System
Energy Efficiency Management Agent 

(Supervisor)

The supervisor agent coordinates the activities of 

three specialized sub-agents, routing customer 

queries and requests to the appropriate agent 

while maintaining context and ensuring seamless 

interactions.

Sub-Agents

1. Forecasting Agent

• Provides current energy consumption data

• Provides consumption forecasts

• Provides user consumption statistics

• Contains code interpretation capabilities to 

analyze forecasting data

2. Solar Panel Agent

• Provides installation guidelines and requirements

• Offers maintenance instructions and schedules

• Enables support ticket creation

• Tracks existing support tickets

3. Peak Load Manager Agent

• Identifies non-essential processes

• Analyzes peak vs. off-peak usage

• Optimizes grid allocation

https://github.com/aws-samples/bedrock-multi-agents-collaboration-workshop/blob/main/3-peak-load-manager/peak_load.py 

https://github.com/aws-samples/bedrock-multi-agents-collaboration-workshop/blob/main/3-peak-load-manager/peak_load.py
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Most Agentic Frameworks Focus on Content
The LLM is used to create and curate content

Content Agents

Roles

• Research Specialist

• Content Creator

• Content Curator

Sequential or Hierarchical Process

Content Curators – Use 20% in 

Process Management: Mostly Ad-Hoc 

Autogen, Cognite, CrewAI, LangGraph, 

SODA.auto, XMPro

User Request, Generate, Publish



Engineering Processes Are Less Deterministic
The “Decision” Is The Task

Content Agents

Roles

• Research Specialist

• Content Creator

• Content Curator

Sequential or Hierarchical Process

Content Curators – Use 20% in 

Process Management: Mostly Ad-Hoc 

Autogen, Cognite, CrewAI, LangGraph, 

SODA.auto, XMPro

User Request, Generate, Publish

Data

Signals (Events)
Context

Best 

Next 
Action

The “Decision” 

Is The Task



XMPro MAGS Advanced Agent Types
From Content and Decision to Hybrid Agents for Automation of Industrial Operations Business Process Management

Content Agents Decision Agents Hybrid Agents

Roles

• Research Specialist

• Content Creator

• Content Curator

Roles

• Decision SME (Quality Engineer) 

• Work Planner

• Managers

Sequential or Hierarchical Process Autonomous Reasoning and Action Content-based Decisions

Industrial Experts – Use 70% in Multi 

Agent Business Process Automation

Content Curators – Use 20% in 

Process Management: Mostly Ad-Hoc 

Industrial Creators – Use 10% for 

Specialist Requirements

Roles

• Design Creators

• Decision Curators

• Auditors

Autogen, Cognite, CrewAI, LangGraph, 

SODA.auto, XMPro
XMPro XMPro

Observe, Reflect, Plan, ActUser Request, Generate, Publish Observe, Reflect, Plan, Act, Report



The Decision Is The Task
”Extract” Decisions From Human Roles, it is about tasks, not jobs

1 Isolate a human decision

2 Model that decision

3 Create an agent to apply

Predictive

Twin

Optimize Pump Maintenance

Field Crew Dispatcher

Optimize

Orchestrator Agent

Adapted from concept by Rich McAvey – Gartner Distinguished VP Analyst 



Universe of Models and Agents

Predictive

Twin

Optimize

Orchestrator Agent

Reference

LLM

Rules

Guardian Agent

Expert

System

Insight

Expert Agent

Just Imagine Having Multiple of These Decision Models 

Adapted from concept by Rich McAvey – Gartner Distinguished VP Analyst 



Universe of Models and Agents

Predictive

Twin

Optimize

Orchestrator Agent

Reference

LLM

Rules

Guardian Agent

Expert

System

Insight

Expert Agent

Work Together Around A Team Objective

Adapted from concept by Rich McAvey – Gartner Distinguished VP Analyst 



What are Multi-Agent Generative Systems?

MAGS (Multi-Agent Generative Systems) are dynamic teams of virtual workers powered by advanced 

generative artificial intelligence. These self-organizing teams work independently and collaboratively 

to optimize operational outcomes and achieve specified goals. 

Key features of MAGS include:

• Independence and Agency: Each virtual worker functions autonomously, making decisions and taking actions independently within their defined scope.

• Planning and Reflection: They can plan ahead, reflect on past actions, and adjust strategies accordingly, enabling continuous improvement.

• Anticipatory and Goal-Seeking: They proactively identify and work towards operational objectives, always striving for optimal outcomes.

• Always-On Collaboration: They operate 24/7, constantly monitoring, communicating, and responding to changes in their environment, ensuring seamless 

coordination.

• Adaptive Reasoning and Decision-Making: They use advanced AI to analyze situations, solve problems, and make informed choices, adapting their 

execution techniques based on inputs and environmental considerations.

• Complex Workflow Execution: They can handle and optimize intricate operational processes with minimal human intervention, streamlining complex tasks.

• Rules of Engagement: Agents and teams operate under a structured set of deontic principles, including obligations, permissions, prohibitions, conditional 

rules, and normative guidelines. These rules govern their behavior, ensure ethical operations, maintain safety standards, and facilitate effective collaboration 

while providing a framework for autonomous decision-making within predefined boundaries.

XMPro definition of MAGS 

https://github.com/XMPro/Multi-Agent 

https://github.com/XMPro/Multi-Agent


What Are Multi-Agent Generative Systems? 

Process Monitoring Agent

Planner Agent Predictive Maintenance Agent

Asset Performance Optimization Team

APO TEAM

MAGS (Multi-Agent Generative 

Systems) are dynamic teams of 

virtual workers powered by 

advanced generative artificial 

intelligence. 

These self-organizing teams work 

independently and collaboratively 

to optimize operational outcomes 

and achieve specified goals. 
https://github.com/XMPro/Multi-Agent/blob/main/docs/Glossary.md#x 

https://github.com/XMPro/Multi-Agent/blob/main/docs/Glossary.md


More Advanced MAGS Team

Availability Monitoring Agent

Quality Monitoring Agent

Simulation and Scenario Analysis Agent

Performance Monitoring Agent

Predictive Maintenance Agent

Causal Analytics Agent

OEE Optimizer Team

FACTORY 
OEE



More Advanced MAGS Team

Digital Passport Compliance Agent

Supply Chain Optimization Agent

Smart Manufacturing Integration Agent

Sustainability Tracking Agent

Data Integration and Analytics Agent

Data Quality Agent

Smart Factory Supply Chain MAGS Team

SMART
FACTORY



What Makes This Work - Remember The Memory Cycle?



Make Effective Decisions Fast



What Makes This Work? 
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Retrieve
Retrieved 

Memories
Act

Reflect

Plan

XMPro Generative Agent Memory

Real time data

Digital Twin 

metadata

Decision

Automation

Decision

Augmentation

XMPro Data Streams with 

Stream Hosts for Agents

Converts observations and reflections

Into coherent action plans and reactions

Scores and selects relevant 

memories based on recency, 

importance, and context

Processes memories into 

higher-level abstract thoughts

Engineering & 

Math Libraries
RAG & SOPs

Adapted from: Generative Agents: Interactive Simulacra of Human Behavior

 https://arxiv.org/abs/2304.03442 

Copyright © XMPro Inc 2024

XMPro's Generative Agent Memory Architecture – How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs
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Agentic Decisions vs Automations

IoT and Sensor 

Data Signals 

(Events)

Contextual Data

Enterprise 

Systems

Engineering 

Systems

Data Wrangling

Data Quality

Data Validation 

Best 

Next 

Action

XMPro DataStream 

Action Agents

Third-Party Agent 

Service as 

“Contractor”

Azure AI Agent 

Service as 

“Contractor”

Action 

Plan

PDDL and 

other 

formats

DataStream Multistep 

Tools

Engineering & AI 

Grounding Input

MAGS 

Team

XMPro MAGS Tools
XMPro DataStream 

Action Agents

Third-Party AI Agent 

Services

No-Code XMPro DataStream Designer

MAGS 
Cognition 

Engine

Assets Response

People

Processes

Automation

XMPro Causal 

Analysis Service

Decisions Automations



Agentic Decisions vs Automations
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MAGS in Action - Operational Workflow

Collect Real-time 

Operational Data & 

Context from existing 

data sources

Run MAGS Teams with 

Agents to observe and 

reflect before deciding 

on plans and actions

Create Actions and 

Recommendations. 

Monitor performance 

and learn from results

MAGS utilizes existing XMPro IoT and 

Digital Twin Data Streams to listen for 

real-time data from sensors, applications, 

and services. It contextualizes this data 

and grounds it in real-world physics and 

engineering

MAGS is a specialized XMPro Data 

Stream Generative Agent that listens for 

real-time inputs from the first step and 

uses LLMs to observe, reflect, plan, and 

act as part of a collaborative team

Planned actions from an agent are used 

for autonomous execution using XMPro 

Data Stream tools or sent as 

recommendations for human operators. 

The system monitors action effectiveness 

to improve learning

Robust (50m msg/day at mine) Generative AI for Reasoning Autonomy with Human Oversight

1 32

D
ig

it
a

l 
T

w
in

D
ig

it
a

l 
T

w
in



How To Manage All These Agents At Scale

Observe

Reflect

Plan

Act

Converse

Use Tools

XMPro Multi Agent Generative Systems (MAGS)

OpsAgent

Observability & 

Metrics

Agent Profile 

Management 

Team 

Management 

Memory 

Management 

Planning & Decision 

Management 

Communication 

Management 

Configuration 

Management 

Error Handling 

& Logging 

Prompt 

Management

XMPro Agent Platform EXperience (APEX)

AgentOps

Integration

Management 



XMPro APEX - The Control Room for MAGS

Observability & 

Metrics

Agent Profile 

Management 

Team 

Management 

Memory 

Management 

Planning & Decision 

Management 

Communication 

Management 

Configuration 

Management 

Error Handling 

& Logging 

Prompt 

Management

XMPro Agent Platform EXperience (APEX)

AgentOps

Integration

Management 



Where is the Digital Twin in MAGS?

L2 - Generative Agents

Agent Framework

• Generative Agents
• Event Swarming
• Algorithmic Business

L3 - Rules of Engagement

Computable Policy

• Deontic Rules
• Business Rules
• Security Profiles

L1 - Intelligent Digital Twins

Digital Twin Architecture

• Active, Always on
• Goal seeking
• Composable

L0 – Physical Assets/Entity

Obligation Permission Prohibition Norms Duty

Agents That BehaveAgents That ReasonAgents That Observe

Reduce Hallucinations

Provide Observability

Ctrl C – Ctrl V



Solution Stack for Intelligent Operations

Expert Agent

AI Advisor

AI Assistant

MAGS

Use

Built on

Agents

Digital Twin

Capabilities
DS - Data Services IR - Integration

UX – User Experience MG - Management

IC - Intelligence

TW - Trustworthiness

Process Optimization
Asset Performance and 

Predictive Maintenance

Quality Management ESG

Operational Risk

Safety 

Supply Chains

Workforce Management

Solutions

Use



Digital Twin Capabilities Periodic Table v1.1

Data Services

TW.SC

Security

TW.PR

Privacy

DS.AI

Data Acquisition & 

Ingestion 

UX.DB

Dashboards

UX.BV

Basic Visualization

DS.ST

Data

Streaming

UX.CI

Continuous 

Intelligence

UX.AV

Advanced 

Visualization

DS.TR

Data

Transformation

UX.BI

Business 

Intelligence

UX.RM

Real-time 

Monitoring

DS.CX

Data 

Contextualization

UX.BP

BPM & Workflow

UX.ER

Entity Relationship 

Visualization

DS.BP

Batch Processing

UX.GE

Gaming Engine 

Visualization

UX.XR

Extended Reality 

(AV/VR/MR)

DS.RT

Real-time 

Processing

UX.3R

3D Rendering

UX.GM

Gamification

DS.SG

Synthetic Data 

Generation

IR.ET

Enterprise System 

Integration

IC.SR

Search

IC.PR

Prediction

DS.ON

Ontology 

Management

IR.EG

Eng. System 

Integration

IC.CC

Command & 

Control

IC.AI

Artificial Intelligence

DS.RP

Digital Twin (DT) 

Model Repository

IR.IO

OT/IoT System 

Integration

IC.OS

Orchestration

IC.PS

Prescriptive 

Recommendations

DS.IR

DT Instance 

Repository

IR.DT

Digital Twin 

Integration

IC.AL

Alerts & 

Notifications

IC.FL

Federated Learning

IC.BR

Business Rules

DS.DS

Domain Specific 

Data Management

IR.CL

Collab Platform 

Integration

IC.RP

Reporting

IC.SM

Simulation

IC.DL

Distributed Ledger 

& Smart Contracts

DS.SA

Data Storage & 

Archive Services

IR.AS

API Services

IC.AA

Data Analysis & 

Analytics

IC.MA

Mathematical 

Analytics

IC.CS

Composition

DS.AS

Asynchronous 

Integration

DS.AG

Data Aggregation

DS.SR

Simulation Model 

Repository

DS.AR

AI Model Repository

MG.DM

Device 

Management

MG.SM

System Monitoring

MG.EL

Event Logging

MG.DG

Data Governance

TW.EC

Data Encryption

TW.DS

Device Security

TW.RL

Reliability

TW.SF

Safety

TW.RS

Resilience

Integration ManagementIntelligence TrustworthinessUX

TW.RP

Responsibility



MAGS

Multi Agent
Generative 
Systems

The Roles that XMPro GenAI Agents Supports

OT/IoT

ERP/EAM/MES etc.

Time Series/Historian
XMPro 

DataSteam 
GenAI Agents 

RAG & SOPs

Organizational
knowledge 
repository

AI Advisor

Situational 
Awareness

 with dynamic data 

AI Assistant

ability to 
dynamically

access information 

Data Lake

Subject Matter 

Expert Agents
deep localized 

knowledge

No Data 

Central Store 

or Data Lake 

Required 

(optional if 

available)

AI Expert Agent

AI Assistant

AI Advisor

Multi Agent Generative Systems

Context

Request

Retrieve 

information 

from source 

systems

No (prior) context

Real-time & context

1 2

3

4

Digital Twins



Continuum of AI-based Decision Augmentation

Contextual 

Awareness

Live Data

Mode/Trigger

User Interface

User User
User with 

Automation
Automated Event

Conversational Conversational Conversational Composite

No On Request Yes Yes

No On Request Yes Yes

Scope
Query Local 

Expert Knowledge
Query Enterprise 

Data

Specific entity 

state guidance 

Manage tasks 

autonomously

Subject Matter 

Expert Agents
deep localized 

knowledge

1 AI Assistant

ability to 
dynamically

access information 

2 AI Advisor

Situational 
Awareness

 with dynamic data 

3 MAGS

Multi Agent
Generative 
Systems

4



MAGS Team In Action in Gold Mine

Minimize the total maintenance cost and gold production loss by optimizing the 
timing of liner replacements across six secondary crushers to ensure at least five 
crushers remain operational at all times. 

Consider remaining useful life (RUL), wear rates, maintenance schedule 
constraints, and preventing overlapping end-of-life predictions to maintain 
consistent ore particle size for optimal gold recovery.



ATLAS 
Automated Team for Liner Analysis and Scheduling
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ATLAS 
Automated Team for Liner Analysis and Scheduling

To optimize the operation and maintenance 
scheduling of secondary crushers by 
maximizing throughput through coordinated 

• maintenance planning and 
• wear monitoring, ensuring at least 

5 crushers are operational at any time

Single Isolated Objective 

and Task, not trying to 

replace a job function



ATLAS 
Automated Team for Liner Analysis and Scheduling



ATLAS 
Automated Team for Liner Analysis and Scheduling

✓



ATLAS 
Automated Team for Liner Analysis and Scheduling

✘✘



Motivation

• Reducing unexpected change-outs 

means less stress at work

• Wants to get promoted to Business 

Systems Development

Brian Gibbons

Demographics

Maintenance Planner

Cert III in Metals and Engineering

61 years

Arizona

Bio

Maintenance planner with 20+ years of 

experience working in various maintenance 

and scheduling roles in mining. 

Goals

• Improve maintenance planning for liner 

wear on secondary crushers

Traits

• Used to work as a maintenance technician

• Has worked for multiple large mining 

companies over his career

Frequently Used Apps 

Pain Points

• Understaffed maintenance planning 

team

• Unpredictable operations has a big 

impact on maintenance planning

SAP Multi-Resource Scheduling

SAP Plant Maintenance



Manual Process for Liner Analysis and Scheduling

Brian will do this in between putting out other immediate fires

To optimize the operation and maintenance scheduling of secondary crushers by maximizing 
throughput through coordinated maintenance planning and wear monitoring, ensuring at 
least 5 crushers are operational at any time



Automated Team for Liner Analysis and Scheduling

Performance Monitor 

Agent

Wear Rate 

Optimization Agent

Maintenance Coordination

Agent

Minimize OF = 0.10(WearRate) + 0.35(MaintenanceOverlap) + 0.30(UnplannedDowntime) - 0.25(ThroughputRate) 

To optimize the operation and maintenance scheduling of secondary crushers by maximizing 
throughput through coordinated maintenance planning and wear monitoring, ensuring at 
least 5 crushers are operational at any time

ATLAS



Wear Rate Optimization ATLAS Team

Minimize OF = 0.10(WearRate) + 0.35(MaintenanceOverlap) + 0.30(UnplannedDowntime) - 0.25(ThroughputRate) 

Operational Constraints:
- Minimum operating crushers ≥ 5
- CSS range: 13mm ≤ CSS ≤ 38mm
- Speed range: 240 rpm ≤ Speed ≤ 380 rpm

MaintenanceOverlap (Primary Focus)
- Definition: Penalty for overlapping maintenance schedules
- Calculation: Σ(OverlapHours × PenaltyFactor)
- PenaltyFactor scales:
  - 2 crushers: 1.0
  - 3 crushers: 2.0
  - 4+ crushers: 4.0
- Target: Minimize
- Triggers:
  - High Urgency: EOL within 1 week
  - Medium Urgency: EOL within 4 weeks
  - Low Urgency: EOL within 12 weeks

UnplannedDowntime
- Definition: Hours of unscheduled maintenance
- Calculation: Sum of all unplanned maintenance hours
- Source: Maintenance management system
- Target: Minimize
- Impact: Direct effect on maintaining 5 operational crushers

ThroughputRate
- Definition: Material processing rate
- Calculation: Tonnes processed per hour / Maximum design 
throughput
- Normalization: Scaled to [0,1]
- Target: Maximize
- Optimal conditions:
  - Choke feeding (160 amps power draw)
  - Reduced start/stop events

WearRate (Monitoring Metric)
- Definition: Rate of liner wear per tonne processed
- Calculation: (ΔVerticalTravel/ΔTonnesProcessed) × 
NormalizationFactor

- Measurement: Via vertical travel sensors
- Normalization: Scaled to range [0,1]
- Purpose: Predictive planning input

- Power draw target: 160 amps (choke feeding)
- Maximum liner life ≤ 720,000 tonnes
- Target throughput: 1,670 TPH per crusher

Objective Function



Maintenance Coordination Agent

Minimize OF_Maintenance = w₁(MaintenanceOverlap) + w₂(ResourceConflicts) + w₃(ScheduleDeviations) +

Subject to:
MinimumOperatingCrushers ≥ 5
MaintenanceSpacing ≥ 24 hours
PlanningHorizon ≥ 14 days
ResourceAvailability ≤ MaxAvailableResources

Where:
MaintenanceOverlap = Σ(OverlapHours × OverlapPenaltyFactor)
ResourceConflicts = Σ(ConflictingResources/TotalRequiredResources)
ScheduleDeviations = Σ(|ActualTime - PlannedTime|/PlannedTime)
EmergencyChanges = UnplannedChanges/TotalChanges

Weights:
w₁ = 0.35 - Critical focus on preventing maintenance overlaps
w₂ = 0.30 - Ensure resource availability and efficient allocation
w₃ = 0.20 - Maintain schedule adherence
w₄ = 0.15 - Minimize emergency maintenance events

w₄(EmergencyChanges)

Maintenance Coordination

Agent

Objective Function
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IDEF0 approach

Controls and Constraints

Mechanisms
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XMPro MAGS Architecture

Graph Database

Neo4j

Vector Store

Milvus, Qdrant etc.
Memory Manager

Telemetry\OpenTelemetry Security\AuthLogging\Structured

Agent Profile\Configuration

Agent Instance\Memory 

Cycle Engine

Team Coordination\Multi-

Agent

Tool System\Tool 

Management

Language Processing\LLM 

Integration

Planning Engine\Strategic 

Planning

Event Bus

Message Broker

MQTT/DDS/Kafka/OPC UA
Data Streams

LLM Services

External Tools

Uses

Plans

Queries

Orchestrates

Integrates

Connects

Interfaces

Relates

StoresAgent Layer

Infrastructure 
Layer

Cognitive Layer

Memory Layer

External Systems

Communication Layer



MAGS in Action - Operational Workflow

Collect Real-time 

Operational Data & 

Context from existing 

data sources

Run MAGS Teams with 

Agents to observe and 

reflect before deciding 

on plans and actions

Create Actions and 

Recommendations. 

Monitor performance 

and learn from results

MAGS utilizes existing XMPro IoT and 

Digital Twin Data Streams to listen for 

real-time data from sensors, applications, 

and services. It contextualizes this data 

and grounds it in real-world physics and 

engineering

MAGS is a specialized XMPro Data 

Stream Generative Agent that listens for 

real-time inputs from the first step and 

uses LLMs to observe, reflect, plan, and 

act as part of a collaborative team

Planned actions from an agent are used 

for autonomous execution using XMPro 

Data Stream tools or sent as 

recommendations for human operators. 

The system monitors action effectiveness 

to improve learning

Robust (50m msg/day at mine) Generative AI for Reasoning Autonomy with Human Oversight
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5 Step Process to Creating XMPro MAGS Solution

Set up library of 

Agent Profiles

Set up Team Around 

Business Problem

Connect the Agents 

with real-time data

Close the loop and monitor Business KPIs and IT Performance  

Skills Teams Connection

Monitoring

Step 1 Step 2 Step 3 Step 4 Step 5

Capabilities Goals & 

Objectives

Observe, Reflect,

Plan, & Act
DataStream Tools

Telemetry

Execute Planned 

Actions

Actions

Start the Memory 

Cycle

Decisions

DataStream Tools



Agent

Instance

Agent Profiles and Agent Instances

Agent

Profile

Agent

Profile

Agent Profile 

Library

Draw from Profiles to 

Instantiate an Agent Team 

around Task Assignment

Quality 
Expert

Agent

Profile

Reliability 
Expert

Reliability 
Expert

Agent

Instance

Energy 
Expert

Agent

Instance

Quality 
Expert

Agent

Instance

Process 
Expert

Agent

Instance

Simulation 
Expert

Agent

Instance

Safety 
Expert

Agent Instances 

in Task Teams

Agent

Instance

Reliability 
Expert

Agent Prompt 

Structure

Skills, Knowledge, Experience

Role and Responsibilities

Position, Authority and Deontics

System Prompt from Agent Profile

Prompting style e.g. , CoT or Plan Step 

Task Specific instructions and directions

Explain output type and format required

User Prompt from Task Instance

System Prompt User Prompt

• Inherited from Agent Profile

• This cannot be edited at the 

Agent instance level as it 

contains the governance 

"Rules of Engagement."

• Dynamic based on agent task when 

instantiated.

• Specific instructions, context, real-

time data, and suggested 

approaches to complete the task 

Separation of Concerns

The Agent Profile contains 

immutable characteristics, while 

the Agent Instance handles 

mutable state (user and task 

prompts).

Governance: Profiles can be managed separately, 

allowing for centralized control over agent capabilities 

and behaviors supported by audit logs.

Scalability: New agent types can be easily created by 

defining new profiles without changing the core code.

Configuration Management: Profiles can be stored in a 

file or database, making it easy to version and manage.

Flexibility: The system can support multiple types of 

agents with different capabilities and constraints.

Consistency: Ensures that agents with the same profile 

behave consistently across different instances.
Admin Controlled Dynamic/Task

XMPro APEX Agent Framework Is A Model-based Approach That Enables Scalable Deployment To Manage Scale, Security & Risk

Copyright © XMPro Inc 2025

Copyright © XMPro Inc 2025

Ctrl C – Ctrl V



Create A Team Instance and Constitution Manifest

Team Manifest

Agent Instances 

in Task Teams

Ops 

Team

Draw from Profiles to Instantiate 

an Agent Team to create 

Manifest and Constitution

Create/Clone 

Agent Pipelines

Instantiate each agent in team 

based on manifest and agent 

profile in XMPro DataStream

Operational 

team
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XMPro APEX Agent Framework Is A Model-based Approach That Enables Scalable Deployment To Manage Scale, Security & Risk
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Reducing Hallucinations



Strategies to Minimize Hallucinations in MAGS

• RAG: Retrieval from 

verified sources

• External Tools: Real-

time data access (APIs, 

libraries)

• Structured 

Input/Output: 

Standardized data 

formats

• Debate & Validation: 

Peer review among 

agents

• Confidence Scoring: 

Alerts for low confidence 

outputs

• Separation of 

Concerns: Specialized 

agent roles

• Human-on-the-Loop: 

Oversight with 

intervention capabilities

• Feedback Loops: 

Dynamic performance 

adjustments

• Critical Task 

Oversight: Enhanced 

validation for high-

stakes tasks

• System Analysis: 

Regular reviews for 

accuracy

• Knowledge Updates: 

Continuous data refresh

• Performance 

Feedback: Refinement 

based on user insights

• Clear Roles: 

Specialized agents for 

specific tasks

• Defined Objectives: 

Narrow and focused 

tasks

• Step-by-Step 

Execution: 

Manageable, precise 

task assignments

Knowledge Grounding 

Techniques

Validation & Verification 

Mechanisms

Human Feedback and 

Oversight

Continuous Monitoring 

and Refinement

Structured Workflows 

and Task Definition



I apologize, but given the constraints on only using the available actions provided, I do not believe I can provide an adequate breakdown of specific, 
actionable tasks to fully achieve the stated goal. The available actions are too limited to properly investigate the temperature fluctuations, assess 
impacts, implement corrections, and resolve the issue within 48 hours while collaborating with the process engineer.

The actions only allow for creating a work order and sending various notifications. They do not include any capabilities to actually troubleshoot 
equipment, analyze data, adjust process parameters, or implement corrective measures.

To properly resolve this issue, the agents would need to be able to perform actions like:
- Analyze temperature data and control system logs
- Inspect temperature probes, wiring and control hardware
- Calibrate or replace faulty instrumentation
- Adjust PID 100p tuning parameters
- Modify batch records and procedures
- Change setpoints or control limits
- Update SOPs and documentation

Without the ability to take those types of concrete actions, I do not feel I can in good faith break this down into an actionable plan that will adequately 
achieve the goal within the constraints provided. The available actions are insufficient given the scope of the problem and 48 hour time limit.

Please let me know if you would like me to take another look at this using an expanded set of available actions that would enable the agents to more 
fully resolve the temperature control issue with the fermenter. I'm happy to tackle this again with a more complete capability model.

Cheeky MAGS Agent ☺





Learns from Implementations



Documentation Links

• https://xmpro.com/xmpro-ai/

• https://xmpro.com/xmpro-ai/apex-ai/

• XMPro/Multi-Agent: XMPro's repository focusing on generative AI agents and Multi-Agents. (github.com) 

https://xmpro.com/xmpro-ai/
https://xmpro.com/xmpro-ai/apex-ai/
https://github.com/XMPro/Multi-Agent
https://xmpro.com/part-1-from-railroads-to-ai-the-evolution-of-game-changing-utilities/
https://xmpro.com/part2-the-future-of-work-harnessing-generative-agents-in-manufacturing/
https://xmpro.com/part-3-ai-at-the-core-llms-and-data-pipelines-for-industrial-multi-agent-generative-systems/
https://xmpro.com/part-4-pioneering-progress-real-world-applications-of-multi-agent-generative-systems/
https://xmpro.com/content-decision-and-hybrid-the-three-pillars-of-multi-agent-systems-in-industry/
https://xmpro.com/part-5-rules-of-engagement-establishing-governance-for-multi-agent-generative-systems/
https://xmpro.com/xmpro-apex-pioneering-agentops-for-industrial-multi-agent-generative-systems/


Questions?

https://xmp.ro/agents

https://xmpro.com

pvs@xmpro.com

     pietervs
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