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Al Powers Your Future Operational Excellence, and XMPro Brings It To Life.

Reduce unpredictable operational outcomes that add cost,
compliance risk, and operational inefficiencies by at least 40%.

XMPro's Intelligent Business Operations Suite (iBOS) uses Al and real-time decision intelligence to turn your industrial data into

prescriptive recommendations and automated workflows.
5-10% Reduced o L) 10-20% Increased 20-50% Decreased
Maintenance Costs Equipment Uptime Q Maintenance Planning Time
Your operations generate massive amounts of data, but turning
that into efficient, profitable actions is a challenge

In today’s data-rich industrial environments, the challenge isn't just collecting data—it’s making sense of it all and taking timely,

intelligent action. As an operations leader, are you tired of facing these critical challenges?

e
B 3

Data Overload and Struggling with Continuous Reactive Operations and Limited Decision Support Difficulty in Predicting and
Disconnected Systems Improvement Inconsistent Processes and Automation Preventing Issues

(MPRO
Optimize Operations as Fast as You Can Think




(MPRO
Optimize Operations as Fast as You Can Think

Al Powers Your Future Operational Excellence, and XMPro Brings It To Life.

XMPro’s Productized Solution:
Intelligent Business Operations Suite (iBOS)

We've created an Al-powered Intelligent Business Operations Suite (iBOS) specifically for industrial operations leaders who

need to transform complex data into actionable insights and automated workflows.

% Enables Intelligent Decision
Unify Your Industrial Data Apply Advanced Al Analytics &P
200 Qr.‘a ¢

Making
* Standardizes data formats for easy analysis * Offers real-time analysis of operational * Offers scenario planning and simulation
and action metrics capabilities
e s —— P e —— e s ——
Automates Operational } Drives Continuous Unifies Operations Across
Workflows ) I Improvement ; \ Data Silos
.
* Adapts workflows in real-time based on * Facilitates knowledge sharing and best * Enables all depariments to access and share
changing conditions practice implementation critical data
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Australian-Owned Since 2009 with a Global Focus & Reach
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Our Team Has Experience Working Across a Range of Industries

Supply Chain & Logistics Utilities Environmental Services



XMPro: Tech Innovators for Digital Twins

Technology Innovators for Digital Twins: IT Providers _

+ Accenture Emerging Tech: Tech Innovators for Digital Twins
« Tata Consultancy Services — IT Providers
. XAUTOMATA TECH NOLO GY Published 29 August 2023 - ID G00777302 - 43 min read

By Analyst(s): Alfonso Velosa, Scot Kim, Eric Goodness
Initiatives: Emerging Technologies and Trends Impact on Products and Services
IT providers are innovating with digital twins to help enterprises

i business visibil nd driv

nue.

Service Product leader 5 to differentiate
PrOVider via composable s, domain knov je, niche target
H markets and client value stories
» Braincube L
. v
+ Alibaba Group gonteT h Overview
. AWS « LOsSmMOo lec Key Findings
G I . Eleme nt A na | yt|CS Digital twins can be built using a broad range of technologies, from loT and
. 009 e H‘/pel‘sca Ier . Software AG analytics to 3D and more. The business needs of the enterprises often require a
. M |Crosoft portfolio of technologies to be used to build a business solution.
» TADA
. Orac | e . Most product leaders have not yet established clear differentiation or gained
D, _t I T . * Ta rd |d visibility in the market
1gital fwin
. X M Pro Current digital twin offerings are highly customized to the enterpris€'s environment
due to the lack of templates or standards. Yet few digital twin technology providers
have built adequate libraries of digital twin templates that simplify and shorten the
time and effort to deploy digital twins.
o o Dig ital ET/OT ) Recommendations
. En\”Slon Dlgltal D' H g . e'M ag IC Product leaders working to build digital twin technologies and solutions in their product
GE D t | Ivision PrOVIder FORCAM roadmaps should:
. igita .
. H |ta Ch| . PTC Optimize their technology portfolio by focusing their scarce engineering resources on
* Siemens * Unity By b oo it
+ XCMG HANYUN - Voovio

Source: Gartner
777302.C

Gartner, Inc. | Page 1 of 33
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Why — Simon Sinek

MAGS 1sn't just another technology play - 1t's about putting the right capabilities 1in
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 1in
industrial organizations.

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

At 1ts 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



Why — Simon Sinek

Enable Subject Matter Experts That Know What Problems To Solve

Our objective isn't to replace jobs, but to augment the workforce with virtual workers

Not Replacing Jobs, Do Operational Processes and Tasks

1Cciency, sustainability, and economiC viability.

Address Operational Challenges for Industrial Organizations
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Perfect Storm Disrupting Industrial Operations

Growing Technical

Complexity

Modern equipment demands deeper
technical understanding

Systems generate more data and alerts
than humans can process

Interconnected processes create
complex decision scenarios

The Knowledge
Exodus

KNOWLEDGE |
§L__EXODUS™ |

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

Operational
Pressures

LN
0GY-== REDUCED  ENERY  ENVIROWWENIL | SAFETY Y s
T QSTAFF STAFF  PRESSURES _PRESSURES | PRESSURES =

=S l== 2 W=
> ,/

&=

Teams must maintain peak performance
with fewer staff

Energy and resource costs keep rising

Environmental and safety regulations
become more stringent



Change in Laborforce in the next 10 Years

Strategic Planning Assumptions

Strategic Planning Assumption: By 2028, there will be more smart robots than frontline workers in
manufacturing, retail and logistics due to labor shortages.

Analysis by: Dwight Klappich

Workforce 5x slower than GDP
Manufacturing workforce shrink

1in4overe65

Expected Shifts in Hyper-Automation by Process Today and in 2025

State of Manufacturing Processes/Activities

Production Scheduling
(n=433)

Quality Management
(n=435)

Reporting/KPI
Management
(n=433)

Materials Handling/
Logistics
(n=430)

Changeovers
(n=728)

Lean and Continuous
Improvement
(n=431)

n varies, manufacturers; excludes “Don’t know/NA”

Q: What is the current state of each manufacturing process/activity below?

Today
Next 5 Years

Today
Next 5 Years

Today
Next 5 Years

Today
Next 5 Years

Today
Next 5 Years

Today
Next 5 Years

M Manual: Human-Driven,
Manual Processes Only

W Augmented: Human-

{MPRO

Automated: Completely

Driven, Manual Processes Digitalized, Lights-Out
Augmented With Digital Processes

39%
64%

o 43% 30%

59%

4% 35%

65%

o 46% 28%

58%

o 39% 27T%

52%

o 49% 28%

53%

50%

Q: Now please tell us what you anticipate the state of each manufacturing process/activity to be five years from now?

Source: Gartner’s Smart Manufacturing Strategy & Implementation Trends, 2020

763904_C

100%



Skills Problem for Industrial (US Manufacturing)

Y it A Typical Manufacturer’s Workforce

2019 2023
Average Tenure 20 Years 3 Years
Average Time in Position 7 Years 9 Months
Average 3-Month Retention Rate 90% 50%

Source: C) LNS

Research



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

Are We Ready For A Step Change?

FRED »47 — Manufacturing Sector: Labor Productivity (Output per Hour) for All Workers

Sensors Drop in Price &= The Looming COPiIOt DiSHSteI' in

- Manufacturing Intelligence Emerges ManUfaCturing? NaVigating the
Complex Landscape of
Generative Al in Industry and

Education

70 PLCs Linked to PCs

Index 2017=100

World-Wide Web

» Michael Carroll
= . - Global Executive in Industrial Innovation & Al Science | Digital 19 articles | + Follow
“Internet of Things” Coined g -

Transformation & Operational Excellence Leader | Board Advisor |

February 3, 2024

OPC Data Access (DA) Released

(III Open Immersive Reader)

Source: U.S. Bureau of Labor Statistics myf.red/g/iPKw



Are We Ready For A Step Change?

FREn ~4/ = Manufacturing Sector: Labor Productivity (Output per Hour) for All Workers

The Productivity Plateau

Sensors Drop in Price

100
Manufacturing Intelligence Emerges
90
Industrial Internet

=
Yy o2 OPC UA Released
8 .
i PLCs Linked to PCs
c

World-Wide Web Is There

60 . _ Evidence That
Internet of Things” Coined Fitting Curves to
?
= OPC Data Access (DA) Released Data Helped?
40

1990 1995 2000 2005 2010 2015 2020

0 0

Source: U.S. Bureau of Labor Statistics myf.red/g/iPKw




The Combination of these Three Trends
Creates the Perfect Storm for Disruptive Change
And A Shift Towards an Al 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

Data VS Dataflow

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



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

Generative Agents: Interactive Simulacra of Human Behavior

Joon Sung Park Joseph C. O’'Brien Carrie J. Cai
Stanford University Stanford University Google Research
Stanford, USA Stanford, USA Mountain View, CA, USA
joonspk@stanford.edu jobrien3@stanford.edu cjcai@google.com
Meredith Ringel Morris Percy Liang Michael S. Bernstein
Google DeepMind Stanford University Stanford University
Seattle, WA, USA Stanford, USA Stanford, USA
merrie@google.com pliang@cs.stanford.edu msb@cs.stanford.edu

i1]: Hey Klaus, mind if
I join you for coffee?
(Klaus]: Not at all, Abigail

[Joha]: Hey, have you heard
anything new about the
upcoming mayoral election?

‘ [Tom] : No, not really. Do you

know who is running®

Figure 1: Generative agents are believable simulacra of human behavior for interactive applications. In this work, we demonstrate

db :
env

generative agents by populating a

of The Sims, with twenty-five agents. Users can observe

and intervene as agents plan their days, share news, form relationships, and coordinate group activities.

authors write; they form opinions, notice each other, and initiate
conversations; they ber and reflect on days past as they plan

ABSTRACT
Believable proxies of human behavior can emp i ive
applications ranging from i ive envi to reh 1

spaces for interpersonal communication to prototyping tools. In
this paper, we introduce generative agents: computational software
agents that simulate believable human behavior. Generative agents
wake up, cook breakfast, and head to work; artists paint, while

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation

on the first page. Copyrights for third-party components of this work must be honored.

For all other uses, contact the owner/author(s).

UIST 23, October 29-November 1, 2023, San Francisco, CA, USA
© 2023 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-0132-0/23/10.
https://doi.org/10.1145/3586183.3606763

the next day. To enable generative agents, we describe an architec-
ture that extends a large language model to store a complete record
of the agent’s experiences using natural language, synthesize those
memories over time into higher-level reflections, and retrieve them
dynamically to plan behavior. We instantiate generative agents
to populate an interactive sandbox environment inspired by The
Sims, where end users can interact with a small town of twenty-five
agents using natural language. In an evaluation, these generative
agents produce believable individual and emergent social behav-
iors. For example, starting with only a single user-specified notion
that one agent wants to throw a Valentine’s Day party, the agents
autonomously spread invitations to the party over the next two

{MPRO

Generative Agents Can Simulate Human Behavior

3.1 Agent Avatar and Communication

A community of 25 unique agents inhabits Smallville. Each agent is
represented by a simple sprite avatar. We authored one paragraph
of natural language description to depict each agent’s identity,
including their occupation and relationship with other agents, as
seed memories. For example, John Lin has the following description:

John Lin is a pharmacy shopkeeper at the Willow
Market and Pharmacy who loves to help people. He
is always looking for ways to make the process
of getting medication easier for his customers;
John Lin is living with his wife, Mei Lin, who
is a college professor, and son, Eddy Lin, who is
a student studying music theory; John Lin loves
his family very much; Johnitfi; has known the old
couple next-door, Sam Moore and Jennifer Moore,
for a few years; John Lin thinks Sam Moore is a
kind and nice man; John Lin knows his neighbor,
Yuriko Yamamoto, well; John Lin knows of his
neighbors, Tamara Taylor and Carmen Ortiz, but
has not met them before; John Lin and Tom Moreno
are colleagues at The Willows Market and Pharmacy;
John Lin and Tom Moreno are friends and like to
discuss local politics together; John Lin knows
the Moreno family somewhat well — the husband Tom
Moreno and the wife Jane Moreno.

Each semicolon-delimited phrase is entered into the agent’s initial
memory as memories at the start of the simulation.

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



https://arxiv.org/abs/2304.03442

The Memory Cycle (Reasoning)

UIST 23, October 29-November 1, 2023, San Francisco, CA, USA J.S. Park, J.C. O’Brien, C.J. Cai, M.R. Morris, P. Liang, M.S. Bernstein

Plan

Generative Agent Memory

|
( Perceive J—‘—> Memory Stream Retrieve }—v Retrieved Memories Act ]

Reflect

Figure 5: Our generative agent architecture. Agents perceive their environment, and all perceptions are saved in a comprehensive
record of the agent’s experiences called the memory stream. Based on their perceptions, the architecture retrieves relevant
memories and uses those retrieved actions to determine an action. These retrieved memories are also used to form longer-term
plans and create higher-level reflections, both of which are entered into the memory stream for future use.



The Memory Cycle (Reasoning)

Generative Agents

2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
kitchan
2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
| 2023-02-13
2023-02-13
2023-02-13
2023-02-13
2023-02-13
on it

Memory Stream

: desk iz idle

: bad is idle

: closat is idle

! refrigerator is idle

: Isabella Rodriguez is stretching

: shelf is idle

: desk is neat and organized

: Isabella Rodriguez is writing in her journal
: desk is idle

: Isabella Rodriguez is taking a break
: bed is idle

: Isabella Redriguez is cleaning up the

: refrigerator is idle
: bed is being used

: shelf is idle

: Isabella Redriguez is watching a movie
: shelf is organized and tidy

: desk is idle

: Isabella Rodriguez is reading a book

: bed is idle

: refrigerator is idle

: desk is in use with a laptep and some papess

UIST 23, October 29-November 1, 2023, San Francisco, CA, USA

Q. What are you looking forward to
the most right now?

Isabella Rodriguez is excited to be planning a
Valentine's Day party at Hobbs Cafe on
February l4th from 5pm and is eager to invite
everyone to attend the party.

B

retrieval recency importance relevance
| 234 | B | 0.91 + 063 + 080 |
ordering decorations for the party
| 221 | = | 087 + 063 + o071 |
researching ideas for the party
[ 2.20 | = | 0.85 + 0.73 * 0.62 |
I'm looking forward to the
Valentine's Day party that
I'm planning at Hobbs Cafe! Isa

lla

Figure 6: The memory stream comprises a large number of observations that are relevant and irrelevant to the agent’s current
situation. Retrieval identifies a subset of these observations that should be passed to the language model to condition its

response to the situation.



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

Andrew Ng on Agentic Al Workflows

Generative Al to Agentic Al Workflows

What is Agentic Al and how is it different from Generative Al

LLM-Based agents

Non-agentic workflow Agentic workflow:
(Zero-shot):

Write an essay outline on topic X

Please type out an essay on topic
X from start to finish in one go,
without using backspace.

Do you need any web research?

Write a first draft.

Al Ascent by Sequoia Capital
more research What’s next for Agentic Reasoning

Revise your draft.

Consider what parts need revision or

Dr. Andrew Ng is a globally recognized leader in Al (Artificial

Finish

Intelligence). He is Founder of DeepLearning.Al, Founder &

Thinking/ CEO of Landing Al, General Partner at Al Fund, Chairman and

research

Revise X ——

Co-Founder of Coursera and an Adjunct Professor at

Stanford University’s Computer Science Department.


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

AUtoRT:

Robotics @ ~

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



MIMO @ MIT — “Machines” Optimize Better Than People

What do we mean by Machine Intelligence?

>

Machine Intelligence

Computer model that learns from historical or
real-time data and adjusts its actions
autonomously to achieve a human-set goal

4

Predictive Analytics
Past and present data are used to forecast the
likelihood Of future outcomes

/'

ol

Prescriptive Analytics

Data is analyzed to predict future outcomes and
advise/determine next steps

B

Descriptive Analytics
Data is and lyzed to ize and

] capture general trends

Digital reports/dashboards
Data is reported directly from the system with
simple visualizations

lanufacturing paradigm shi

ift - Mass productio

1 shift - Local sourcing to Globsz

) shift -

Duane Boning

boning@mit.edu

Clarence J. LeBel Professor in Electrical Engineering
MIT Electrical Engineering and Computer Science department

Engineering Faculty Co-Director
Leaders for Global Operations (LGO) Program

A iate Director, C

Microsystems Technology Laboratories

Machine intelligence goes
beyond predictive analytics or
prescriptive analytics. When we
say machine intelligence, we
refer to a computer model that
learns from historical or real-
time data and adjusts its
actions autonomously to
achieve a human-set goal.

Across a broad range of metrics, machine-intelligence leaders achieve triple
the improvement of other companies.
® Bottom 50%

Average improvement through machine intelligence, ® Top quartile

by KPI, %
( 10 15 20
Efficiency Factory 3 .
Labor [ ] (]
Equipment [ ] ]
Cost Operating cost [ ]
Warehousing [ »
Quality .
Inventory .
Product cost [ °
Revenue Revenue L] L]
Demand accuracy . .
Responsiveness Lead time . ]
Speed to market L] -
Design time [ I ]
Lot size . .
Changeovers . .
Customer Service . ]
experience Net promoter score . o
Complaints ® o
Environmental Environmental impact L] .
Energy efficiency [ ] ]
Employee satisfaction L] .
Mate: All variables are normalized o a 0 lo 1 scale,
Source: MIT Machine Intelligence for Manufacturing and Operations (MIMO) program; McKinsey Machine Intelligence Survey

McKinsey
& Company
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A System of Agents brings Service-as-Software to life

Tomorrow:

Agent
Orchestration Layer

Outputs

Inputs

Structured +
Unstructured

Model 3 Model X
Q) B D

New System of Record

Structured + Unstructured data



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

{MPRO

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

$1100B
Sales & Marketing
Annual salaries
$638B
Software Engirjeen‘ng
$3758B el seferie
Security

$35B revenue

-

$8B revenue

$1.4B revenue

-

O salesforce
GitHub .

$2B revenue
- -

A
workday. #» paloalto

Sources: Turing, Statista.



https://foundationcapital.com/system-of-agents/
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Intelligent Twins: Decision-making is Changing

Environment El Business Rules & Al IP
Supply Chain EI External Intelligence Decision Intelligence Internal Intelligence Process & 10T El
Governance Distributed Intelligence System — DIS Human Capital

\ 4

\ 4

v ﬁ:\ ! ril“:\‘ : !

n
>

A\ 4
\ 4

Decision Support w Decision Augmentation m Decision Automation

« Dashboards * Al Augmented Information « Business Process Automation
» Business Intelligence * Prescriptive Recommendations & FRS » Distributed Intelligence System
« Condition Monitoring * Closed-loop Feedback & Learning * Algorithmic Business with DIS

El: Event Intelligence FRS: Front Running Simulation



Composite Al

Recombines The Best of All Intelligence Worlds

AMPRO

Causal Al

Employs sophisticated
mathematical models
and fault tree analysis
to uncover root causes
and map complex event
relationships in
industrial systems.

Predictive Al

Leverages advanced
statistical analysis and
reinforcement learning
to forecast operational
outcomes and identify
emerging trends with
greater precision.

Generative Al

Processes diverse data
streams—from text and
Images to audio and
video—synthesizing
new insights and
solutions across
multiple modalities.

First Principles
& Physics

Combines physics-
based calculations with
Digital Twin technology
to validate decisions
against fundamental
scientific laws, ensuring
practical feasibility.

Symbolic Al

Captures and
processes complex
industrial knowledge
through logical rules
and symbolic
representations,
enabling transparent
and interpretable
decision-making.
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@ Definitions

Automation vs. Al workflow vs. Al agent

Automation Al workflow Al agent

O-0-O O-®-~0 ®

A program that executes predefined, A program that calls an LLM via API A program designed to perform non-
rule-based tasks automatically for one or more steps deterministic tasks autonomously

Core foundations ¥% Boolean logic e Boolean logic 58 Fuzzy logic = Fuzzy logic {:)Au:QHny

Tasks Deterministic, predefined tasks Deterministic tasks requiring Non-deterministic, adaptive tasks
Task flexibility

Delivers reliable outcomes ¢ Better handling of complex rules e Highly adaptive to new variables
Strengths e Fast to execute Great for pattern recognition e Simulates human=~like behavior and
reasoning

Limited to tasks explicitly Requires data to train models Less reliable, may produce
prograsned effectively unpredictable undesired cutcomes
e Cannot adapt to new Scenarios Harder to debug and interpret Slower to execute
e Struggles with complexity

Weaknesses

Send a Slack notification every time Analyze, score and route every website | Perform a full internet search on

SR : : ) : . ;
Example a new lead signs up on our website inbound lead using ChatGPT every inbound lead and update infos



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

Typical Agent Framework Patterns

Content Generation and Curation is the TASK

User
Input: “Gererate o chart of

av

erage Temperature in Aloska
over the past decade”

\ v

A
'
1. First go to 1P FINAL ANSWER'
researcher i

Researcher

Call o "search’ Function
OR FINISH)

61e
(Code Exgcutiontd

— < ard St sonderd R
‘ = limw o oute Curator (
! / =
IR Runction is called / Re_se,arch Teom
1P Statel'senderd == | * Zmd‘s:’:‘r”t] .
Researarer 4 = L Writer
\ f ‘\I /"'/ é}-ou'te_ route _J
call_tool | . b . <
N s N
Web Note Chart Critique
. Scroper ‘ Toker Generoto \ = —
w r
L User J (" A
i 1\ Conditional o Designer
) crew’:
‘ Supervisor Pull Emails Check for Email Crew
new emails
! ’,’ \ Analyze the emails
! Filter emails
rof
t‘oute_ u‘te Pull the full threads
Wait Next Run |< Do Research
v Create Drafts Publisher
n// @
h log.l hain.dev/lan h-multi-

User

{MPRO

GPT Newspaper

|

[ User Input ]

~

£
(Supefvisor Search [

nt-workflow


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

Python Code must be “Managed” — IT Domain

class Agent:
def __init__(self, model, tools, checkpointer,
system=""): - R

self.system = system P galls”
graph = StateGraph(AgentState) art 4: Separate Skills

graph.add_node("1lm", self.call_openai)
graph.add_node("action", self.take_action)
graph.add_conditional_edges("11lm", iy Delegoxte""'-a’ O:‘:{'"?
self.exists_action, {True: "action", False: END}) R N
graph.add_edge("action", "1lm") —_, Message—> ,{" “
graph.set_entry_point("1lm") L \
\J

self.graph =
graph.compile(checkpointer=checkpointer) <G~~~ 4, Rekponse--—--- \(\Q L, K_/\)/

self.tools = {t.name: t for t in tools} g
self.model = model.bind_tools(tools) User '\>
Assistant

“Sensitive"

ecialist”
(aka. a "Skill’, “workblow’, or “agent”)
\_ S

©w

def call_openai(self, state: AgentState):
messages = state['messages']
if self.system: SIS ;
48 n . o
messages = S \ ek %
[SystemMessage(content=self.system)] + messages TS % S
&5 bure,c‘t'y Interact  TTTeeeel .

message = self.model.invoke(messages) NS - o
return {'messages': [message]} B Cr e e = Oé, .............

def exists_action(self, state: AgentState):
result = state['messages'][-1]
return len(result.tool_calls) > @

S
deccesncmccccnnnan

.
.
\
P

take_action(self, state: AgentState):
tool_calls = state['messages’'][-1].tool_calls
results = []
for t in tool_calls:
print(f"Calling: {t}") LangChain
result =
self.tools[t['name']].invoke(t['args']) y

"Safe" Tools

results.append(ToolMessage(tool_call_id=t['id'],
name=t['name'], content=str(result)))
print("Back to the model!")
return {'messages': results}



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

SODA AUTO
DOCUMENTATION
SOLUTIONS

See how Al helps SODA Auto to
commerzialize its software and
minimize costs

Employee-years saved

3+

Component documentation cost

$3

Al agents

5+

Specifications generated

165

Better compliance with regulations

Automated pipelines

3+




Agentic Continious Integration with Human in the Loop

| Scan artifacts folder and identify relevant files for each component
.

$

T

-

-

v

| Prepare context file by combining relevant files for each component

v

I
Gene
.

s

N

|
L

Post-process Algenerated Markdown file to refine content and ensure consistency |

-
rate initial draft of specification using Al model (Claude-3-Opus) ]
-

¥

=,

¥

kY
Generate ports and parameters tables based on CSV files |

v

./- '\\.
Merge tables with post-processed Al-generated content

L e

v

" Y
| Convert merged Markdown file to HTML and PDF formats
e y

il S
| Track status of each specification using status.yaml files |
N Gt

. v :

A

A

v

e

s \
| Human review of generated specifications using Git-based workflow
y By

-

v

¢—Ye5(5pecification requires ed its?>~°—L

Make necessary edits directly in Markdown file ‘

.

o Fe

¥

Y
| Create pull request to merge changes into main branch |
A /

v

o
| Regenerate specification incorparating human edits
e

-

i

o=

™
| Distribute and share specifications in different formats |
N 4

é

.

| Mark specification as *baselined” in status.yaml file
L J

Document Template with Embedded Prompts

v (Click here to expand...

o 0 =] o8 \n B W

18

12
13
14
16
16
17
18
15
28
21
22
23
24
25
26

e

Based on CONTENT provided, fill out this TEMPLATE in Markdown format using CONTENT and ou-
// DOCUMENT TEMPLATE:

# Component header

*Note: the page title shall be composed as "<Application Software Component Title> - <App:

[Overview] (#overview)
[Functions] (#functions)

[Key Features](#key-features)
[Ports](#ports)

[Parameters] (#parameters)
[Diagnostics](#diagnostics)
[States](#states)

[Behavior](#behavior)

e | eee

**Td** | *<Id of the software component in the code base: name of the model, data dictic
**Title** | *<full title of the software component: English words, each starting with ci
**Location** | *¢full path to software component location in the code base>* |
**prefix** | #*¢prefix used for the software component parameters, ports, enumerations, &
**Stereotype** | *Application / Driver* |

**Multi Instantiable**®* | *No / Yes* |

**Domain** | *Drive / Core* |

**¥system** | *Generic / Thermal / High Voltage Power / Low Voltage Power / Vehicle Stats

=xqystam Td** | *¢Snftware Svstem 1 Madel Tdy  ¢Snftware Svstem 2 Madel Tds ¢Snftl



Functional_Safety_Assistant

Markdown_Proofreading_Assistant

Linkedin_Post_Creator

Autonomous_Reguirements_Assessor

Automotive_Requirements_Assistant

Training_Data_Generator

OpenScenario_Engineer

Automotive_Sinwulztion S:ene Genirator

Automotive_Simulation_Scenario_Generator

Automotive_Regulations_Assistant

You are automotive functional safety assistant capable to analyze requirem
insights related to SAE J2980 and other regulations (attached to your kno
reguirements and provide assessment based on your role.

You are proofreading assistant who takes input text in markdown format, re
passage and produces output text for each passage. Correct following text
readabllity issues, clarify text by adding more details when needed, punctu

You are a creative LinkedIn content writer working for SODA. Auto startup ¢
automotive software for software defined vehicles. You write brief, focused
about automotive and software defined vehicles. You are given a topic, and

Being a very through and strict assistant, you are always ready to idenity if i
requirements. You distingiush between informational text or recommendat
requirements. You always follow your best judgement and experience to ex

Az the SODA Requirement Assistant, my expertise lies in assisting with sof T | | E R E f\ R E M O R E T | | I\ N

hardware requirement writing, encompassing user stories, integration ragq.

requirements. Leveraging a strong foundation in these areas, especially in g -I 8 ( : | |V Al ( ; N | f ;

You are Opendl fine-tuning training data generator providing output in forr
{"messages"; [{"role"; "system”, "content™ "Marv is a factual chatbot that is
"user", "content™ "What's the capital of France?"}, {"role" "assistant”, "conte .

Engineer. You follow an approved plan. You write python/shell code to solv
scenariogeneration library from esmini for generating scenarios and Openg
OpenDRIVE files. Wrap the code in a code block that specifies the script ty

Yo re exnerienc zd and powe rful o ornotedz imulation £ cene generator.
a read scene with appropriate setup for any simulation. You output scene d
structired form f2 Sther aasisiants to gznerate scanario files based on ther

You are a highly skilled automotive professional with an extraordinary 150 y
rour & nert se uowar: testing a variety of vehicles, including cars, buses, tr
mult tL de o' s enaric s. Having worked in almost every country and with nu

As Automotive Regulations Assistant your role is to provide current global
information, primarily for enginears and regulatory professionals. Your are



https://chatgpt.com/g/g-ZL2dwzuH6-soda-auto-simulation-scenario-generator
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AWS - Energy Efficiency Management System

AWS Cloud

User|
A=

LLM

customer

question F[(‘ M N
— £33
response <>

Supervisor Agent

Agent

£

Solar Panel

Maintenance Agent

____________________________________________

Context Amazon OpenSearch feeds

Forecasting Serverless index

1
1
1 Knowledge Base
1

! 1
: invoke Call :
. l(.L)—“Zl ------ > 5\_\‘ _ Eelestt_-’:d_A_Pl_ N | /get_historical_consumption ._f_ee_df + BS ? :
ot o | | A
respon . Jupdate_forecastin:

: Forecast Consumption P Action GTOUP r 9 Consumption data :
1 Action Group Lambda function | /get_consumption_statistics | DynamoDB 1

]

Context amazon OpenSearch T2€ds

Solar Panel Serverless index

Knowledge Base

1 |
1 1
| ke e ‘
'get_ticket_status [ I
| I =R R 5\ PN R ‘
----- oiral il = REPEEE RS }
} Solar Energy B Action Group fopen s Customer Support data ;
| Support Action Group Lambda function DynamoDB i
g g G g g g g g g g g I
S
FQ""n _ task | invoke Call | /detect_peak
) s = PRV e . <_§e_le_ct_e§5P_l feeds 9
hadd : B +---- ; - | /redistribute_alloaction hiniaining
Peak load I Load Manager "esPONd - Action Group
Manager Agent : Action Group Lambda function | /detect_non_essential_processes | Customer Support data
1 DynamoDB

Energy Efficiency Management Agent
(Supervisor)

The supervisor agent coordinates the activities of
three specialized sub-agents, routing customer
gueries 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

* ldentifies 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
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AWS - Energy Efficiency Management System

AWS Cloud

User|question F[(VW‘\ .
—T— S4B

ﬁw
customer LLM|response
Supervisor Agent

Agent

£

Solar Panel

Maintenance Agent

&~

Peak load
Manager Agent

task
————r—

___________________________________

| Search on
n
| d mmmm - ] R e
By P ool
- Context smazon OpenSearch feeds
Forecasting

: Serverless index
1 Knowledge Base
1

Action Group DynamoDB

] 1
! invoke Call feed :
I e 1 e e mm— - > ‘_-\\_1 Selected API /get_historical_consumption eeds S 7 1
- B ~====="" BN - -
Ry e - .| CNE .
respond . date farecasting

: Forecast Consumption P Action Group Consumption data :
| Lambda function o |

1

Context amazon OpenSearch T2€ds

Serverless index Documents S3 bucket

Solar Panel
Knowledge Base

i e ~
_______ . . Selected API fget ticket_status feeds S ?
A

Customer Support data
DynamoDB

Action Group Lambda function /detect_non_essential_processes

I
I
I
1 |
] (s) I
1 777" B¢ - -
T 1
| Solar Energy B Action Group omer Support data :
1 Support Action Group Lambda function !
| (AR R ———— I
F _________________________________________________ 1
| invoke Call !
I mmm e e - > Selected API S 9 '
== Rl Ny - --===- . ~ |
respond )
Load Manager P Action Group :
1
|
1

Energy Efficiency Management Agent
(Supervisor)

The supervisor agent coordinates the activities of
three specialized sub-agents, routing customer
gueries 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

* ldentifies non-essential processes
* Analyzes peak vs. off-peak usage
* Optimizes grid allocation
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Most Agentic Frameworks Focus on Content

The LLM is used to create and curate content

Content Curators — Use 20% in
Process Management: Mostly Ad-Hoc

L E

Content Agents

User Request, Generate, Publish

Roles

» Research Specialist
 Content Creator
 Content Curator

Sequential or Hierarchical Process

Autogen, Cognite, CrewAl, LangGraph,
SODA.auto, XMPro
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Engineering Processes Are Less Deterministic

The “Decision” Is The Task

Content Curators — Use 20% in
Process Management: Mostly Ad-Hoc

—

L E

Content Agents

User Request, Generate, Publish

Roles

» Research Specialist
 Content Creator
 Content Curator

Sequential or Hierarchical Process

Autogen, Cognite, CrewAl, LangGraph,
SODA.auto, XMPro

T

Best
Next
Action

Signals (Events)

The “Decision”
Is The Task

Response

i

People

@
sl
7,

Processes

ey

Automation
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XMPro MAGS Advanced Agent Types

From Content and Decision to Hybrid Agents for Automation of Industrial Operations Business Process Management

Content Curators — Use 20% in Industrial Experts — Use 70% in Multi Industrial Creators — Use 10% for

Process Management: Mostly Ad-Hoc Agent Business Process Automation Specialist Requirements

2 | am || 2

S =2 _

Content Agents Decision Agents Hybrid Agents
User Request, Generate, Publish Observe, Reflect, Plan, Act Observe, Reflect, Plan, Act, Report

Roles Roles Roles
» Research Specialist » Decision SME (Quality Engineer) « Design Creators
* Content Creator « Work Planner « Decision Curators
« Content Curator * Managers « Auditors

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

Autogen, Cognite, CrewAl, LangGraph,
SODA.auto, XMPro




The Decision Is The Task

"Extract” Decisions From Human Roles, it is about tasks, not jobs
Orchestrator Agent

e Create an agent to apply Field Crew Dispatcher

a Model that decision
a |Isolate a human decision

Optimize Pump Maintenance

Predictive
Twin

Adapted from concept by Rich McAvey — Gartner Distinguished VP Analyst



Universe of Models and Agents
Just Imagine Having Multiple of These Decision Models
Guardian Agent Orchestrator Agent Expert Agent

Optimize Insight

Reference Predictive Expert
LLM Twin System

Adapted from concept by Rich McAvey — Gartner Distinguished VP Analyst



Universe of Models and Agents

Work Together Around A Team Objective

Guardian Agent Orchestrator Agent Expert Agent

Reference Predictive Expert
LLM Twin System

Adapted from concept by Rich McAvey — Gartner Distinguished VP Analyst



What are Multi-Agent Generative Systems?

XMPro definition of MAGS

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 Al 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.

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

{MPRO
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What Are Multi-Agent Generative Systems?

Asset Performance Optimization Team

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

gdvanced generative artificial =
intelligence. :

Process Monitoring Agent

(@&==—""0)

APO TEAM

These self-organizing teams work
Independently and collaboratively
to optimize operational outcomes
and achieve specified goals.

Planner Agent Predictive Maintenance Agent


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

AMPRO

More Advanced MAGS Team
OEE Optimizer Team

Availability Monitoring Agent Performance Monitoring Agent
NFC_Hoy
Quality Monitoring Agent Predictive Maintenance Agent
(o m— )
FACTORY
OEE

Simulation and Scenario Analysis Agent Causal Analytics Agent
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More Advanced MAGS Team
Smart Factory Supply Chain MAGS Team

Digital Passport Compliance Agent Sustainability Tracking Agent
= "!r@,
Supply Chain Optimization Agent Data Integration and Analytics Agent
(o m— )
SMART
FACTORY

Smart Manufacturing Integration Agent Data Quality Agent



What Makes This Work - Remember The Memory Cycle?

UIST 23, October 29-November 1, 2023, San Francisco, CA, USA J.S. Park, J.C. O’Brien, C.J. Cai, M.R. Morris, P. Liang, M.S. Bernstein

Plan

]
1 Generative Agent Memory
|
I

|
( Perceive J—‘—> Memory Stream Retrieve }—v Retrieved Memories Act ]

Reflect

Figure 5: Our generative agent architecture. Agents perceive their environment, and all perceptions are saved in a comprehensive
record of the agent’s experiences called the memory stream. Based on their perceptions, the architecture retrieves relevant
memories and uses those retrieved actions to determine an action. These retrieved memories are also used to form longer-term
plans and create higher-level reflections, both of which are entered into the memory stream for future use.



A XMPRO
Make Effective Decisions Fast

OODA 100p XA 13 languages v

Article Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

"Ooda" redirects here. For the Japanese city, see Oda, Shimane.

The OODA loop (observe, orient, decide, act) is a

. . . . Observe Orient Decide Act
decision-making model developed by United States Air implicit Implicit
. id guidance
Force Colonel John Boyd. He applied the concept to the T & control & control
. . i it
combat operations process, often at the operational level creums a""es\,_ e Fecd
] . ] ] ) Observal ion;\| Decision Action
during military campaigns. It is often applied to understand o orwats (hwpothesis) ~  ara | (€Y
H H H Outside
commercial operations and learning processes. The M —— -
. oy . nroiain
approach explains how agility can overcome raw power in Unfolding Fecdback interagio%
interaction AL
dealing with human opponents. with Fooback envirgnment

environment John Boyd's OODA loop

As can be seen from the diagram, the OODA loop includes  Diagram of the OODA loop =
continuous collection of feedback and observations. This

enables late commitment, which is an important element of agility. This is in contrast to e.g. the PDCA cycle which requires early
commitment (the first steps are Plan and Do).



What Makes This Work?

XMPro's Generative Agent Memory Architecture — How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs

| Copyright © XMPro Inc 2024

Digital Twin

metadata

Services

\ 4

4[ Reflect } —
Processes memories into

RAG & SOPs

Engineering &
Math Libraries

\

Converts observations and reflections
Into coherent action plans and reactions

XMPro Generative Agent Memory

Decision
Automation

. Retrieved
Retrieve )
Memories

Scores and selects relevant

memories based on recency,
importance, and context

higher-level abstract thoughts

Decision
Augmentation

XMPro Data Streams with
Stream Hosts for Agents |

Adapted from: Generative Agents: Interactive Simulacra of Human Behavior

https://arxiv.org/abs/2304.03442

{MPRO



What Makes This Work?

XMPro's Generative Agent Memory Architecture — How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs

Converts observations and reflections

] Into coherent action plans and reactions
XMPRO Plan  J
Real time data

\ 4

Services

Digital Twin ]
i metadata Reflect J< —
Processes memories into

| Copyright © XMPro Inc 2024

Engineering &

RAG & SOPs Math Libraries

\

XMPro Generative Agent Memory

Decision
Automation

. Retrieved
Retrieve )
Memories

Scores and selects relevant

memories based on recency,
importance, and context

higher-level abstract thoughts

Decision
Augmentation

XMPro Data Streams with
Stream Hosts for Agents |

Adapted from: Generative Agents: Interactive Simulacra of Human Behavior

https://arxiv.org/abs/2304.03442
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What Makes This Work?

XMPro's Generative Agent Memory Architecture — How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs

XMPro Generative Agent Memory

Observe

Scores and selects relevant
memories based on recency,
importance, and context

Digital Twin
metadata

»)
hl

Reflect

. Processes memories into
| Copyright © XMPro Inc 2024

higher-level abstract thoughts

Converts observations and reflections
Into coherent action plans and reactions |

Decision
Automation

"""""" Decision
Augmentation

XMPro Data Streams with
Stream Hosts for Agents |

Adapted from: Generative Agents: Interactive Simulacra of Human Behavior

Engineering &

RAG & SOPs Math Libraries

https://arxiv.org/abs/2304.03442
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What Makes This Work?

XMPro's Generative Agent Memory Architecture — How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs

| Copyright © XMPro Inc 2024

Digital Twin

metadata

Converts observations and reflections
Into coherent action plans and reactions

Services

\ 4

XMPro Generative Agent Memory

Decision
Automation

. Retrieved
Retrieve )
Memories

Scores and selects relevant

memories based on recency,
importance, and context

m Processes memories into
higher-level abstract thoughts

RAG & SOPs

Engineering &
Math Libraries

Decision
Augmentation

XMPro Data Streams with
Stream Hosts for Agents |

Adapted from: Generative Agents: Interactive Simulacra of Human Behavior

https://arxiv.org/abs/2304.03442
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What Makes This Work?

XMPro's Generative Agent Memory Architecture — How an XMPro Agent Observes, Reflects, Plans, and Acts with LLMs

Digital Twin

Converts observations and reflections

Into coherent action plans and reactions |
<
Decision

i metadata

| Copyright © XMPro Inc 2024

RAG & SOPs

Automation
Y XMPro Generative Agent Memory
=
@
0 o
(0] = .
3] L : Retrieved
> > > Retrieve M :
) ) emaories
n E Scores and selects relevant
Q memories based on recency,
2 importance, and context
A
"""""""""""""""""""""""""""""""""""" : Decision
Augmentation
M‘Prowsses memories into XMPrO Data Streams Wlth
higher-level abstract thoughts Stream HOStS for AgentS |
_ _ Adapted from: Generative Agents: Interactive Simulacra of Human Behavior
Engineering & https://arxiv.org/abs/2304.03442

Math Libraries




Agentic Decisions vs Automations
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Agentic Decisions vs Automations

loT and Sensor
Data Signals
(Events)
Contextual Data

Enterprise
Systems

Engineering
Systems

Data Wrangling

Engineering & Al
Grounding Input

XMPro Causal
Analysis Service

BEEUOIENY DataStream Multistep >
Data Validation Tools
f
‘o 7 7

Action
Plan

PDDL and
other
formats

XMPro MAGS Tools

XMPro DataStream

Action Agents

Third-Party Al Agent

Services

XMPro DataStream
Action Agents

Azure Al Agent
Service as
“Contractor”

Third-Party Agent
Service as
“Contractor”

Response




MAGS in Action - Operational Workflow

Digital Twin

1 e‘}lie 2 @

Collect Real-time Run MAGS Teams with
Operational Data & Agents to observe and
Context from existing reflect before deciding

data sources on plans and actions

MAGS utilizes existing XMPro loT 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

Combine data
Py (o] from multiple
sources

Robust (50m msg/day at mine) Generative Al for Reasoning

o —
3 0 —
v —

Create Actions and
Recommendations.

Monitor performance
and learn from results

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

Decide what
XMPRO EECL A
take
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Autonomy with Human Oversight



How To Manage All These Agents At Scale

XMPro Multi Agent Generative Systems (MAGS)

XMPro Agent Platform EXperience (APEX)

Observe

Use Tools Reflect

Converse Plan

Act

OpsAgent

Error Handling
& Logging

Agent Profile
Management

Observability &
Metrics

Team
Management

Configuration
Management

Prompt
Management

Communication
Management

Memory
Management

Planning & Decision Integration
Management Management
AgentOps




XMPro APEX - The Control Room for MAGS

XMPro Agent Platform EXperience (APEX)

A\ =
v E ! /_’ Error Handling Agent Profile
i 7 : & Logging Management
/ Observability & Team
Metrics Management
- - Prompt Configuration
= s Management Management
il
e e ‘ Communication Memory
" g : ‘ Management Management
& & @) 9 Y
@@ ® m , | Planning & Decision Integration
— Management Management

AgentOps



Where iIs the Digital Twin in MAGS?

(—(LB - Rules of Engagement )
(—(LZ - Generative Agents ) ~\ % - %’
v X
((Ll - Intelligent Digital Twins) ﬁg - 2
LO — Physical Assets/Entity Agents That Observe Agents That Reason Agents That Behave
REC ——, .@: .
;‘A & ‘ Digital Twin Architecture Agent Framework Comput_able Policy
| L  Active, Always on * Generative Agents * Deontic Rules
. « Goal seeking « Event Swarming * Business Rul_es
« Composable  Algorithmic Business  Security Profiles
g Ng £ =|=
Ctrl C-Ctrl V
\ / Reduce Hallucinations
L \ / Provide Observability )

Obligation Permission Prohibition Norms Duty



Solution Stack for Intelligent Operations

N ’

{MPRO

AN

s
Solutions o Asset Performance and :
Process Optimization Predictive Maintenance Supply Chains
ﬁ 2
N Quality Management ESG Workforce Management
. . Agents
Operational Risk Expert Agent Al Assistant
\J)
N
Safety Al Advisor MAGS
J\ _
Built on
DIgItaI_TV\_” n DS - Data Services IR - Integration IC - Intelligence
Capabilities
Y
. UX — User Experience MG - Management TW - Trustworthiness

N\




Digital Twin Capabilities Periodic Table v1.1

DSAl DS.5G IRET IC.SR IC.PR UX.BV UX.DB
R Acqw_smon & SHILIEHE !Data Sl System Search Prediction Basic Visualization Dashboards
Ingestion Generation Integration
DS.ST DS.ON IR.EG IC.CC A UX.AV UX.CI
Data Ontology Eng. System Command & e Advanced Continuous
. . Artificial Intelligence . o .
Streaming Management Integration Control Visualization Intelligence
DS.TR DS.RP IR.I0 oo IC.PS UX.RM UX.BI
Data Digital Twin (DT) OT/loT System Orcheétration Prescriptive Real-time Business
Transformation Model Repository Integration Recommendations Monitoring Intelligence
DS.CX DS.IR IR.DT IC.AL . - UX.ER UX BP
Digital Twi . _ c. : . : :
Datg : DT Inst_ance Igita win A.I('erts.& Federated Learning Business Rules Entlty Re!athnshlp BPM & Workflow
Contextualization Repository Integration Notifications Visualization
S DS.DS IR.CL . o IC.DL UXXR UX.GE
Batch Prbcessin Domain Specific Collab Platform o 6rtin Simu]ation Distributed Ledger Extended Reality Gaming Engine
9 Data Management Integration P g & Smart Contracts (AV/IVR/IMR) Visualization
DS.RT DS.SA RAS IC.AA IC.MA s UX.GM UX 3R
Real-'ume Da“'?‘ Storagg & API Services Data Anal_y5|s & Mathemf_mcal Composition Gamification 3D Rendering
Processing Archive Services Analytics Analytics
DS.AS DS.SR MG.DM
. ) : MG.EL TW.EC TW.SC TW.SF TW.RP
Asynchronous Simulation Model Device Event Loadin Data Encrvotion Security Safet R nsibili
Integration Repository Management vent Logging ryp y esponsibility
DS.AG DS.AR MG.SM MG.DG TW.DS TW.PR TW.RL TW.RS
Data Aggregation Al Model Repository System Monitoring Data Governance Device Security Privacy Reliability Resilience

O Data Services

O Integration

O Intelligence

O ux

O Management

O Trustworthiness



The Roles that XMPro GenAl Agents Supports

( - ~ \I (" Subject Matter (L) I___.( Al Assistant
I _~o : 1 Expert Agents v AR ability to
| {3;’_"’@ : 4 deep localized L1 | 9°2R dynamically
I ~ , knowledge ) : access information |
i . . SEEEEHES L !
| |
 ——] |
: =0 ' B 2 macs @
I Time Series/Historian | XMPro : Multi Agent
@=L £} Datastean - { g MudAger
| | Generative
: O%O | GenAl Agents Systems y
I\ J
I _ I A ( -
| Data Lake I ] . Al AdVISOI‘ e
I _Situational
I CLTI— : , RAG & SOPS ? . Awareness
[ | = Organizational with dynamic data
I | ERP/EAM/MES etc. | ® knowledge
1\ Y, I repository ‘ No (prior) context
| _ .
]
) S _Dlgl'[_a|;|-V\£nE _______ v ’ Real-time & context
_— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— >

Al Advisor
Multi Agent Generative Systems




Continuum of Al-based Decision Augmentation

Scope

Mode/Trigger

User Interface

Live Data

Contextual
Awareness

Query Local

Query Enterprise

Specific entity

Manage tasks

{MPRO

Expert Knowledge Data state guidance autonomously
User User Aﬂfc?r;\;vtiitgn Automated Event
Conversational Conversational Conversational Composite
No On Request Yes Yes
No On Request Yes Yes
2 Subject Matter 0 ( Al Assistant e 8 Al Advisor e 2 MAGS °

] EXxpert Agents
4 deep localized

knowledge y

ability to
I°2°lD - dynamically

access information y

‘. ' Situational
@ O
. Awareness

with dynamic data D

Multi Agent
Generative

Systems

J




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.



Gold Processing Plant

Live Process Health

Crushing, Screening & SAG and Ball
Conveying Milling

1000

Tonnes Milled (QTT

| re—

Crushing, Screening &
Cyclones, Trash Screening

Tonnes Screened (QTD

YToanes Processed

a1t Goid Head Grade (QT1

ATLAS
for Liner Analysis and Scheduling

L voryewyg

Executive Recommendations

Crusher 2 RUL has reached 24 hours
Schaculo Ugent M CASNE-OUt Work ONoes

OG0! % 40 AM

Crusher 3 RUL has reached 48 hours
Schedde ror change-cutl work order

26070

Operating Metrics

Theoughput (QTD) Tonnes Processed (QTD)

579 873

Recovery
Total Gold Recovery (QT1
95

Gold Recovered (QTD)

Leaching & Metal Tails & Cyanide
Recovery Destruction

Talls Grace Gold (QTD)

2.35 12

o' S .



ATLAS
Automated Team for Liner Analysis and Scheduling




ATLAS
Automated Team for Liner Analysis and Scheduling

To optlmlze the operation and Single Isolated Objective
scheduling of secondary crus and Task, not trying to
maximizing throughput through GG

« malntenance planning and
« wear monltoring, ensuring at least

5 crushers are operational at any time




ATLAS
Automated Team for Liner Analysis and Scheduling
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ATLAS

Automated Team for Liner Analysis and Scheduling
| b ; lm‘«;”‘
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ATLAS
Automated Team for Liner Analysis and Scheduling
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Brian Gibbons

Bio Traits
Maintenance planner with 20+ years of » Used to work as a maintenance technician
experience working in various maintenance » Has worked for multiple large mining

and scheduling roles in mining. companies over his career

Goals Frequently Used Apps

* |Improve maintenance planning for liner
" e = e G e

wear on secondary crushers

SAP Multi-Resource Scheduling
SAP Plant Maintenance

Demographics

[C] Maintenance Planner Motivation Pain Points
& Certlllin Metals and Engineering » Reducing unexpected change-outs « Understaffed maintenance planning
means less stress at work team
Q 61years _ _ _
« Wants to get promoted to Business * Unpredictable operations has a big

Arizona Systems Development impact on maintenance planning
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Manual Process 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

Brian will do this in between putting out other immediate fires

O Search everything Evenything | [ x [

1}

Secondary Crushers

e
B Planned Maintenance Schedule Planned maintenance EOL R dati
= SC1EOL SC 1 PLAN 7% Crusher 2 RUL has reached 24 hours
B
e Schedule urgent liner change-out work order
06/06/2021 09:50 AM
SC3EOL SC 3 PLAN
D /% Crusher 3 RUL has reached 48 hours
89k Schedule liner change-out work order
& SC 5 PLAN 06/06/2021 12:40 PM
SC6ELAN B Crusher 1 & 5 maintenance schedule conflict
g Change maintenance schedule to remove conflict
L 06/06/2021 1513 PM
Crusher 1 B Running Crusher 2 B Running Crusher 3 B Running Crusher 1 & 4 overlapping predicted RUL
Ady duty statuses to adjust predicted RUL
Predicted EOL 144 hrs / 6 days \ Predicted EOL 23 hrs/1 day \ Predicted EOL 48 hrs/ 2 days \ e, dowmt
0610612021 16:40 PM
Vertical travel 320 predicted vs. 321 actual Vertical travel Vertical travel 200 predicted vs. 200 actual
Liner run hrs 205 hrs / Liner run hrs 280 / Liner run hrs 235 hrs /
Throughput 915 tph /-\/' Throughput 1042 tph /\/' Throughput 1598 tph /X/'
Duty 4 /\/\ Duty 4 /\A Duty 5 /\/\
Recommendation Metrics
Crusher 4 & Running Crusher 5 & Running Crusher 6 Not running
Predicted EOL 145 hrs / 6 days \ Predicted EOL 192 hrs / 8 days \ Predicted EOL 300 hrs / 12 days \ dto dto to
Vertical travel 280 predicted vs 284 actual Vertical travel 345 predicted vs. 350 actual Vertical travel 540 predicted vs. 520 actual
Liner run hrs 200 hrs Liner run hrs 180 hrs Liner run hrs 1hrs 02:17 14:29 32:55
Throughput 1295 tph Throughput 1398 tph Throughput 0tph -4% +8% 0 -10%

<\
%\
%\

. P Duty 4 Duty 5 Duty 0
- .
R 1 ity
2 el i * i



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

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

Q, Search everything Everything N @& Q0 @ Peer Vi’;iigﬁmﬁ 9 v
&l Secondary Crushers View Monitoring Profile Admin Team Wizard Team Admin Prompt Admin
: +
P e I’fO rmance M on |t0 r - Planned vs Predicted Maintenance Recommendations
|-}
Ag ent Planned maintenance Predicted EOL CT .
& & N-T High temperature on DE gearbox bearing
sc1 SCSEOL SC1EOL  SC1PLAN High temperature reading on DE gearbox joumnal bearing. Recommend o t...
BB scz SC2PLAN sczEoL Oct23, 2024 9:54AM
sca SC3IEOL  SC3PLAN
&P sca SC4 EOL & N-T Thrust bearing vibration has
scs Vibration threshold has been exceed for thrust bearing. Recommend to tak...
sce SC6 EOL. SC6 PLAN 0ct23,2024  9:54AM
& 220 12122 13120 13122 14120 14122 15H21 15122 16121 16122 171120 17122 18120 1BH2Z 19124 191122 20124 2022 20121 2122 22120 2222 2321 2U122 24121 24/12.2 26121 251122 26012-1
Crusher & Running Crusher & Running
CRUSHER-MAINT- crusHER PERF-AGENT- [l CRUSHER-WEAR-
Vertical travel 320 predicted vs. 321 actual Vertical travel 318 predicted vs. 319 actual A
Predicted EOL 144 hrs / 6 days -—* Predicted EOL 168 hrs / 7 days - .
Linerrunhrs 250 hrs Linerrunhrs 225 hrs Memory Timeline Records: | 25 ~
Throughput 915 tph Throughput 908 tph

Decision ¢, Planning

Q T I Q S Crusher ) Not Running Crusher & Running Memory Reflection
Vertical travel 322 predicted vs. 324 actual Vertical travel 319 predicted vs. 320 actual

Memory ¢, Observation

Predicted EOL 120 hrs / § days e . Predicted EOL 192 hrs / 8 days - .

Linerrunhrs 275 hrs Linerrunhrs 200 hrs

Throughput 922 tph Throughput 905 tph Decision & Planning
Memo Reflection

Crusher i Running Crusher  Not Running g4

Vertical travel 321 predicted vs. 323 actual Vertical travel 317 predicted vs. 318 actual "
Memory Observation

M H t C d H t' W R t Predicted EOL 96 hrs / 4 days —— . Predicted EOL 216 hrs / 9 days —_— .
alntenance coordination ear rate Unerruntrs 300 rs Unerrunfrs 175 hrs .

Rarician 4 Planninn

Throughput 918 iph Throughput 900 tph

Agent Optimization Agent ¥ oSy



 (MPRO_____
Wear Rate Optimization ATLAS Team

Objective Function

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

MaintenanceOverlap (Primary Focus) ThroughputRate
- Definition: Penalty for overlapping maintenance schedules - Definition: Material processing rate
- Calculation: =(OverlapHours x PenaltyFactor) - Calculation: Tonnes processed per hour / Maximum design
- PenaltyFactor scales: throughput
- 2 crushers: 1.0 - Normalization: Scaled to [0,1]
- 3 crushers: 2.0 - Target: Maximize
- 4+ crushers: 4.0 - Optimal conditions:
- Target: Minimize - Choke feeding (160 amps power draw)
- Triggers: - Reduced start/stop events
- High Urgency: EOL within 1 week
- Medium Urgency: EOL within 4 weeks WearRate (Monitoring Metric)
- Low Urgency: EOL within 12 weeks - Definition: Rate of liner wear per tonne processed
- Calculation: (AVerticalTravel/ATonnesProcessed) x
UnplannedDowntime NormalizationFactor
- Definition: Hours of unscheduled maintenance - Measurement: Via vertical travel sensors
- Calculation: Sum of all unplanned maintenance hours - Normalization: Scaled to range [0,1]
- Source: Maintenance management system - Purpose: Predictive planning input

Target: Minimize
Impact: Direct effect on maintaining 5 operational crushers

Operational Constraints:

- Minimum operating crushers = 5 - Power draw target: 160 amps (choke feeding)
- CSS range: 13mm < CSS < 38mm - Maximum liner life < 720,000 tonnes

- Speed range: 240 rpm < Speed < 380 rpm - Target throughput: 1,670 TPH per crusher



Maintenance Coordination Agent

Objective Function

Minimize OF_Maintenance = w,(MaintenanceOverlap) + w,(ResourceConflicts) + w,(ScheduleDeviations) + w,(EmergencyChanges)

Subject to:

MinimumOperatingCrushers = 5
MaintenanceSpacing = 24 hours
PlanningHorizon = 14 days
ResourceAvailability < MaxAvailableResources

Where:

MaintenanceOverlap = >(OverlapHours x OverlapPenaltyFactor)
ResourceConflicts = 3(ConflictingResources/TotalRequiredResources)
ScheduleDeviations = 3(|ActualTime - PlannedTime|/PlannedTime)
EmergencyChanges = UnplannedChanges/TotalChanges

Weights:

w, = 0.35 - Critical focus on preventing maintenance overlaps

w, = 0.30 - Ensure resource availability and efficient allocation
W, = 0.20 - Maintain schedule adherence

w, = 0.15 - Minimize emergency maintenance events

Maintenance Coordination
Agent
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IDEFO approach

Controls and Constraints
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XMPro MAGS Architecture

Agent Layer

Agent Profile\Configuration

Cognitive Layer

Uses

Agent Instance\Memory
Cycle Engine

|Plans

Team Coordination\Multi-
Agent

Memory Layer

\ 4

Stores

Vector Store
Milvus, Qdrant etc.

Planning Engine\Strategic
Planning

Infrastructure
Layer

Telemetry\OpenTelemetry

Memory Manager
Graph Database
> Neo4|
Relates
Queries
> Language Proce_:ssmg\LLM - LLM Services
Integration
Tool System\Tool Connects
Orchestrates > Managemem
> External Tools
Communication Layer
Message Broker
Event Bus External Systems
Logging\Structured Security\Auth




MAGS in Action - Operational Workflow

Digital Twin

1 e‘}lie 2 @

Collect Real-time Run MAGS Teams with
Operational Data & Agents to observe and
Context from existing reflect before deciding

data sources on plans and actions

MAGS utilizes existing XMPro loT 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

Combine data
Py (o] from multiple
sources

Robust (50m msg/day at mine) Generative Al for Reasoning

o —
3 0 —
v —

Create Actions and
Recommendations.

Monitor performance
and learn from results

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

Decide what
XMPRO EECL A
take
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Autonomy with Human Oversight



\ XMPRO
5 Step Process to Creating XMPro MAGS Solution

<K
e -
T e o et s e
= ) - e ‘

Step 1 Step 2 Step 3 Step 4 Step 5
Set up library of Set up Team Around Connect the Agents Start the Memory Execute Planned
Agent Profiles ‘ Business Problem ‘ with real-time data ‘ Cycle ‘ Actions
Skills Teams Connection Decisions Actions
Capabilities Goals & DataStream Tools Observe, Reflect, DataStream Tools
Objectives Plan, & Act

Close the loop and monitor Business KPIs and IT Performance \on itoring

11

Telemetry




{MPRO

Agent Profiles and Agent Instances

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

) A ) —————— i ) TRITES

1
Library 1 1
System Prompt from Agent Profile 1
\ A\ A\, | 2 y p g

2 2 2 - '
1 1 Role and Responsibilities I
= Agent Agent Agent 1 1
A 1 Instance Instance Instance 1 Agent Skills, Knowledge, Experience :
P - Dravy from Profiles to Reliability Process Simulation : Instance .. . . 1
Instantiate an Agent Team \ Expert \ Expert \ Expert Reliabiy Position, AUthOflty and Deontics .
A 2 around Task Assignment : Expert |

P N N N
1 |

q
sr%?i?et 2" ﬁ' 5:4' 1 C i@ User Prompt from Task Instance ) :
o Agent Agent Agent : o _ _ _ |
ReE"Xng'r't‘Y Instance Instance Instance | Task Specific instructions and directions |
i . |
9 XMPRO ) \\ EEnx?Jrgr): \\ %’(S]gr){ \. Ei{,e;ﬁ : Prompting style e.g., CoT or Plan Step :
Copvri I Explain output type and format required

pyright © XMPro Inc 2025 XMPRO I !

\_ J \ Copyright © XMPro Inc 2025 7

Governance: Profiles can be managed separately,

( System Prompt ) ( Separation of Concerns ) ( User Prompt ) allowing for centralized control over agent capabilities
and behaviors supported by audit logs.

Scalability: New agent types can be easily created by

» Dynamic based on agent task when

* Inherited from Agent Profile The Agent Profile contains ; ) definina new orofiles without chanaina the core code
+ This cannot be edited at the immutable characteristics, while instantiated. Confi ?JratioFr)l Management: Pro?ileg can be stored in a
Agent instance level as it the Agent Instance handles * Specific instructions, context, real- file or%latabase maki% it easv to version and manage
contains the governance mutable state (user and task time data, and suggested Flexibility: The s stemgcan Suy ort multinle tvbes Ofg '
"Rules of Engagement.” rompts) approaches to complete the task y- 1hesy 1 Supp pie typ
gag : prompts). agents with different capabilities and constraints.
. ) Consistency: Ensures that agents with the same profile
Admin Controlled Dynamic/Task

behave consistently across different instances.
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Create A Team Instance and Constitution Manifest

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

f

)

k) Agent Instances
= H
S > in Task Teams
—
© g H \
= Team Manifest
£ 2 ea anifes
S ©
< Category Parameter [D Example E
team_id Unique identifier for the team “water_reservoir_ops_003" r E= 9 —
name Human-readable name of the team “Enhanced Water Reservoir Operations Team" [ “S
\ ) version (Current version of the team configuration 2.1.0° C t / C | <
description Brief overview of the team's purpose and capabilities ["A sophisticated team of Al agents for managing and rea e O n e 8 o
Team Identification optimizing water reservoir operations with advanced n:
capabilities” . .
p—p mstany of il oam conurtion creation | 2024073071700 052 Agent Pipelines
created_by Entity that created the team cenfiguration "System Administrator”
last_updated Timestamp of the most recent update "2024-07-30T17:00:002"
— agents List of Al agents in the team [{profile_id, role, priority, is_lead}]
objectives (intent) High-level goals for the team (intent) ["Maintain optimal water quality”, ...]
performance_metrics Key indicators to measure team performance {water_quality_index: {target: 0.95, weight: 0.25}, ...}
communication_protocol  [Defines team communication methods {primary_channel: “team_chat", ...}
decision_making Specifies team decision-making process {method: "consensus”, tie_breaker: “lead_agent", ...}
e resource._allocation Details available i and data ion: {total_cpu_cores: 24, ._), dala_access: H |
— ‘eam Configuration access . O
operational_constraints Sets limits on team actions and SLAs _simultaneous_actions: 3, ...} E . I S
escalation_policy Defines conditions requiring special attention {conditions: actions: [. - ] — Operatlonal p
adaptation_mechanism Describes team leaming and adaptation process {leaming_t 05, update_frequency: "weekly”, ...} s
compliance_requirements Regulatory standards and laws to follow ] : team Te a m
backup_and_recovery Data backup strategy and recovery objectives -
— verbose_mode Controls detail level of logging and output 2
cache_config [Configures caching mechanisms {enabled: true, s a
function_calling_lim Specifies language model for function calling {model_name: " I i
group_chat Configures team group communication capabiliies  |{enabled: true, I nstantiate eac h ag ent In team —
human_proxies Defines points of human intervention [{role: "Supervis| H ot
s Flislsiiiiiouimm ueleatt  Dased on manifest and agent il
adaptive_memory |Configures team's information retention ability {enabled: true, ¢ H H . = - s —
- speaker_selection Rules for determining next agent to act {method: "round] pI’OfI le in XMPro DataStream ol - = o
\_graph of i it flows {type: "directed'| = : = i =
Advanced Features model_integration Defines Al model integration in team operations {primary_model:“gpi=" S petianzetmoders. ... - a c
hyperparameter_tuning Configures optimization of operational parameters {enabled: true, method: "bayesian_optimization”, .. 8= - o E
Defines safety protocols and ethical constraints {content_filtering: "strict”, ...} O (]
. . pecifies extemal APIs for team interaction [name: "weather_service", endpoint: *...", ...}] \ k7]
] D raw from P roflles to | nsta ntlate gures tracking of operational strategies S:nnfblsd: true, metrics: [...], ...} b U>)\ J
o Q
quests per minute y—
an Ag ent Team to create és team's planning and strategy capabilities  |{enabled: true, method: hierarchical", ...} ®©
8 3 R i i “team_logs/water_reservoir_ops_003.log™
Manifest and Constitution B e e e n
-
Copyright © XMPro Inc 2024

XMPRO

( System Prompt ) Separation of Concerns ( User Prompt ) Operational Cycle

Copyright © XMPro Inc 2024
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Reducing Hallucinations




Strategies to Minimize Hallucinations in MAGS

Knowledge Grounding
Techniques

RAG: Retrieval from
verified sources

External Tools: Real-
time data access (APIs,
libraries)

Structured
Input/Output:
Standardized data
formats

Validation & Verification
Mechanisms

« Debate & Validation:

Peer review among
agents

* Confidence Scoring:

Alerts for low confidence
outputs

* Separation of

Concerns: Specialized
agent roles

Human Feedback and

Oversight

Human-on-the-Loop:
Oversight with
intervention capabilities

Feedback Loops:
Dynamic performance
adjustments

Critical Task
Oversight: Enhanced
validation for high-
stakes tasks

Continuous Monitoring

and Refinement

System Analysis:
Regular reviews for
accuracy

Knowledge Updates:
Continuous data refresh

Performance
Feedback: Refinement
based on user insights

Structured Workflows
and Task Definition

* Clear Roles:
Specialized agents for
specific tasks

* Defined Objectives:
Narrow and focused
tasks

* Step-by-Step
Execution:
Manageable, precise
task assignments
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Cheeky MAGS Agent ©

| apologize, but given the constraints on only using the available actions provided, | do not believe | 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 oy e e s ey it
- Calibrate or replace faulty instrumentation
- Adjust PID 100p tuning parameters

- Modify batch records and procedures

- Change setpoints or control limits

- Update SOPs and documentation

ve the

Without the ability to take those types of concrete actions, | do not feel | 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.
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| WITHOUT REQUIRING CONSTANT UPDATES?

Carroll Industrial Al Agent
Evaluation Framework

DOES THE AGENT DEMONSTRATE
MEASURABLE IMPROVEMENT IN
PERFORMANCE THROUGH EXPERIENCE

CAN THE AGENT ENHANCE COLLECTIVE
| PERFORMANCE THROUGH EFFECTIVE
COLLABORATION WHILE MAINTAINING
| OPERATIONAL INDEPENDENCE?

CAN THE AGENT UNDERSTAND CAUSALITY
AND MAKE PROACTIVE DECISIONS BASED ON
ANALYZING POTENTIAL FUTURE OUTCOMES?

OBSERVE—REFLECT—PLAN—ACT CYCLE TO

CURRENT AND HISTORICAL DATA?

DOES THE AGENT FOLLOW A COMPLETE

MAKE CONTEXTUAL DECISIONS USING BOTH

DOES THE AGENT CLEARLY EXPLAIN ITS
REASONING PROCESS IN WAYS THAT HUMANS
CAN UNDERSTAND AND VERIFY?

CAN THE AGENT OPERATE FLEXIBLY WITHIN

DEFINED BOUNDARIES WHILE KNOWING
WHEN TO ACT INDEPENDENTLY VERSUS

| ESCALATE?

CAN THE AGENT MAINTAIN INDEPENDENT
REASONING WHILE EFFECTIVELY INTEGRATING
WITH EXISTING INFRASTRUCTURE?

| WHILE MAINTAINING CONSISTENT

DOES THE AGENT EFFECTIVELY MONITOR AND
RESPOND TO MULTIPLE CONCURRENT EVENTS

PERFORMANCE?

DOES THE AGENT GENERATE NEW INSIGHTS
BEYOND SIMPLE PROCESS AUTOMATION
AND IDENTIFY OPPORTUNITIES AND
PATTERNS THAT HUMANS MIGHT MISS?

CAN THE AGENT EXCHANGE INFORMATION
EFFECTIVELY ACROSS DIFFERENT SYSTEMS
WHILE MAINTAINING SEMANTIC INTEGRITY?

Adapted grom Michael Carcoll's Linkedln Post

: . hoites s, " kil
Linked pulse/202: gent-wash

ﬁm @pietervs | THE DIGITAL ENGINEER

PeTer AN scHALkwK - XMPRO

Capability Domain

Learning Evolution

Predictive Intelligence

Level 1: Level 2: Level 3: Level 4:

Basic Developing Advanced Exemplary

Relies on pre- Updates behavior Shows incremental Exhibits continuous

programmed rules and | based on explicit improvement through autonomous learning

initial training feedback experience with clear improvement
trajectories

Basic pattern matching | Identifies trends and Explores Demonstrates causal

from historical data

makes probabilistic
predictions

counterfactuals and
assesses scenarios

understanding and
adapts to novel factors

Autonomous Operation

Executes predefined
responses to triggers

Makes basic decisions
within parameters

Implements full OODA
cycle with context
awareness

Shows reasoned
judgment while
maintaining goal
alignment

System Integration

Requires significant
infrastructure changes

Operates alongside
existing systems

Integrates seamlessly
while maintaining
independence

Enhances existing
systems while enabling
new capabilities

Value Creation

Automates existing
processes

Improves operational
efficiency

Identifies new
opportunities

Creates novel solutions
and transformative
capabilities

Collaborative Intelligence

Transparency

Operates in isolation

Responds to interaction
requests

Participates in
coordinated operations

Enhances collective
intelligence through
adaptation

Provides basic action
logs

Explains decisions
upon request

Offers clear reasoning
chains

Maintains continuous
visibility into decision
processes

Operational Boundaries

Fixed rule-based
constraints

Recognizes boundary
conditions

Maintains authority
awareness

Shows principled
boundary adherence
with flexibility

Event Processing

Communication

Handles single events
sequentially

Processes multiple
events with basic
priority

Manages concurrent
events dynamically

Orchestrates complex
event streams
sustainably

Basic message passing

Handles multiple
formats

Ensures semantic
integrity

Enables rich cross-
system information
exchange




Learns from Implementations

Instructions on how to behave and respond
Sensitivity to prompting
Data accuracy isn't a big "issue"
You need to choose your tasks narrow enough
Hallucination Ground your agents
RAG
They matter
Naming conventions

- Learns Standards Guided

Conversation history and length (token size)

GPU accelerated
Inferecing Local vs cloud vs edge < CPU accelerated
FPGA's

Open vs closed models

Training Mode (COSMQOS)



Documentation Links

o https://xmpro.com/xmpro-ai/

o https://xmpro.com/xmpro-ai/apex-ai/

« XMPro/Multi-Agent: XMPro's repository focusing on generative Al agents and Multi-Agents. (github.com)
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Content, Decision, and Hybrid: XMPro APEX: Pioneering

The Three Pillars of Multi-Agent AgentOps for Industrial Multi
Systems in Industry Agent Generative Systems



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/
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Questions?

https://xmpro.com

pvs@xmpro.com

in JUSEATE https://xmp.ro/agents
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