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AGENDA

Composability - An Enabler
How composability accelerates produ

Composability Concepts & Tools

Using composability concepts, methods and tools for
successful adoption of Tulip

Building a Composability Framework for
Continuous Transformation

Discussion and experience sharing about successful Tulip
adoption with governance and control.
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Bottom Up

e Over-centralizing °
efforts and stifling
bottom-up,
composable
improvements

e Measuring success in
incremental gains
instead of exponential
productivity outcomes
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Why digital transformations fail?

Q ‘ L o

Agility

Treating digital as a
technology project
instead of a paradigm
change

Democratization

Failing to democratize
digital—keeping
ownership in IT, not
empowering
operations

Lack of strategic
focus—initiatives not
tied to business goals
or customer value

Human Centric Compliance

Focusing on tools and
systems rather than
value creation in the
value stream

Ignoring culture and
mindset change,
assuming tech alone
can transform

e Neglecting governance
and data integrity when
scaling digital
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Monolithic is not a Viable Option for a Composable Solutions

uI

< o »
st cces " ® 0 O
Business
Logic Access .
Layer
o 00

Data Model Centric
e Process and Activity Models are defined by data in Tables and Apps are used to execute on the model.
e Data models are an abstraction of the complexity of the operations in a one size fits all approach.

Process Centric
e Apps are built execute functions based on a Functional Decomposition of the process.
e Apps are intended to provide the same function to frontline operators anywhere in the operation.

Designed for Maintainability
e Less Apps intended to ease maintenance and management.
e Function based apps - operators serve the solution by choosing applicable function.
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Monolithic - The Old Way
Top Down, big-bang waterfall

High-risk solution
All-or-nothing
Delayed value
Declines over time

Composable - The Way Forward
Bottom-up, adaptable and iterative

Low-risk solution
Iterative growth
Immediate value
Continuously improves

 TULIP
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Bottom Line!
Monolithic App Solutions rob your organization of rapid time to value and

exponential productivity increases.
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Composability for Frontline Operations

Digital Maturity

Effective adoption of composable architectures with technical capabilities, culture, and processes.

Bottom Up

The digital solution

Composability

OPERATIONS V¥ CAILING'

emerges through
building targeted
content for each

use case.

4

W TULIP

Agility

Inherent alignment
with continuous
improvement,
operational excellence

and iterative build.

Democratization

Empowered process
experts create
solutions, driving
innovation and fast

time to value.

O

Human Centric

Focused on
enhancing human
capabilities, enabling
operators to work
more efficiently and

increase productivity.

A

Connectivity & Data Integrity

Accurate, consistent, and trustworthy data, for streamline decision-making.

Compliance

Embedding
compliance with
technology based on
risk based approach
and validation for

intended use.

%

Cloud
Multi-tenant SaaS

Cognitive
Built-in Al/ML and
Generative Al

Edge
Connected,
autonomous and
collaborative lloT
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/A\f Bottom-up

Composability starts at the operational level, focusing on solving problems at the frontline, rather than imposing
broad, generic solutions from the top. This allows organizations to build solutions that are tailored to specific

processes, activities, and operations.

Composable

Monolithic

: (=F
) < -
o .
Q e
§ L ]
e
& % H
Top Down Bottom-Up
(Hierarchical Control) (Emergent Control)
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Q Agility

In manufacturing, continuous improvement is key and agility is non-negotiable. Composable solutions, by design, are
highly adaptable and enable organizations to iterate quickly. Agility also allows for faster implementation and a reduced
time-to-value, meaning that benefits can be realized almost immediately after deployment.

Real-Time Process
Data

Frontline Process Operations Apps

Process Optimization
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Democratization

Empowering the people who know the process best to create content and develop solutions. This critically reduces dependency
on a software skills, centralized IT and specialized OT departments. It fosters a culture of innovation, encourages experimentation,

and accelerates digital transformation. It eliminates the translation between IT, OT and operations.

99 % 30%

rated “Improving Employee Decision Making and Gartner expects Low-Code Application Platforms
Competency” as extremely important criteria for are expected to grow 30%
MES investment Justification. (Gartner)
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R Human Centric

Solutions that serve operators that are empowered by tools that assist them in performing tasks more efficiently,
providing real-time insights, and reducing manual effort and driving productivity increases by augmenting human
decision-making and capabilities. By connecting operators with their environment through digital tools, sensors, and
lloT devices, composable systems elevate the performance of the workforce, ensuring that technology acts as a

productivity enabler.

’
> < @
DQ/\, < 2 E
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g ] &
2
N )
W
Process-Centric Human-Centric
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Tulip has defined:

Digital Quality Foundation
A modern digital approach to
validation that is risk-based and
focused on demonstrating fitness for
— intended use.

Provides an order of magnitude

reduction in effort and time for
validation.

Tulip tools:

\’/ Tulip Docs
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% Compliance

Tulip is working on:

Governance and Ease of
Validation

Product features for enhanced
governance and control with
visibility to changes.

Testing capabilities that allow for
maintaining data for historical
purposes, but not impacting
production data.

\’/@, Tulip uses Tulip

Tulip's vision is:

Continuous Validation

Seamless, built-in compliance with
automated testing. App life cycle
changes are controlled and
automatically tested.

Enable rapid change & continuous
improvement with full compliance.

Continuous Validation
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2 Composability Concepts & Tools

Using composability concepts, methods and tools for successful adoption of Tulip



Composability in a Practical Example

App
(] Table
[ Work Orders ] [ Units ] [ Defects ]
— Roui
Work Order App <-- Routing
Station
Operation 1 Operation 2 & 3
App App

Supervisor App

Operation 4 & 5
App

Dashboard App

1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
.v
Operation 7 Operation 6
App App
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Composability Concepts
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Artifact Model &
Solution Design

Physical Artifacts &
Operational Artifacts =
Intuitive ‘Digital Twin’
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Composability Concepts

Solution Credo

Simplicity

Focused Q Adoptable

Human-Centric

Guiding principles for
composable solution
development.

Validation 4.0

~ Identification
Process

Hedipn of process
8 variables

I PROCESS \

Process VALIDATION
monitoring

and
improvement

\ Process /

qualification

Control
strategy

A modern risk-based
approach to validation.
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Artifacts in Solution Design Process

Identify
Physical Artifacts

Business Objectives
(Problems to Solve)

Physical Layout
of Process

Identify
Use Cases / User Stories
to Satisfy Objectives
Objective: Minimize Stock-Out

User Story: | want to request rapid
material replenishment.

Identify
Use Cases / User Stories
Relevant per Location

Identify
Operational Artifacts

Frontline
Operations &
Activities Flow

Identify
Use Cases / User Stories
Relevant per Persona

» Tables

Ilterate Towards MVP

OO0

Develop with Tulip Solution Credo in mind
Templatize Components where possible
Parameterize where sensible

OPERATIONS \¥ CAILING
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-

Shared Tables Enables Composability Across Use Cases

PRODUCTION MANAGEMENT

Order Management

PRODUCTION MANAGEMENT

Order Execution

QUALITY

Quality Inspection

Template

Tables Used

Work Orders

Units

Bill of Materials

Notes

Station Activity History
Inspection Results

OPERATIONS ¥ CAILING'

Tables Used

Work Orders

Units

Station Activity History
Stations

Tables Used

Work Orders
Units
Defects

Inspection Results
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The Tulip Solution Credo provides guiding principles towards Composable solutions

ﬁ Composable Table Model

e Only a handful of tables per e  Published apps are used\
app. Simplicity on the Shop Floor.
e A new Operator can use it e  Customer Citizen
with little-to-no training. Developers building new
solutions and iterating on
e Another Citizen Developer existing solutions. j
can understand and iterate

K on it. / Focused Adoptable

e Apps serve the Operator \

e Solution split into Apps by:
Place / Process / Persona

e Connected devices

: (minimize keystrokes &
Human-Centric human errors)
e Satisfies the Business

Objectives

e Operator-centric KPIs /

OPERATIONS ¥ CALLING | \% TULIP Copyright 2025, Tulip Interfaces, Inc 22



Validation 4.0 - An Integrated Approach

Pharma 2.0/3.0 M Pharma 4.0
1
I
| .
Design Dev IQ oQ PQ . Equipment
Life Cycle
= desion s
Tulip Platform + Content g e

2 | \

© PROCESS

= boces  VALIDATION

Q_) mor;'\;zr'mg Control

9 improvement

<.

% ssssss

Based on risks
identified at
Filtration skid, blending, weigh scale I process level

I f)ontent .
I Life Cycle By running
I apps
1

¢ Automation & System is validated for

intended use, integral to the process
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Leverage Tulip's Life-Cycle Documentation to Accelerate Your Validation Processes

Validation and Assurance

Validation for Intended Use customer

Customer validates )
. User Requirements
for intended use Requirements Testing

Qualified Platform
Functional
Requirements
Testing

Tulip provides a
qualified platform oroduct
u . .
Specifications Unit Testing

Tulip
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Why is Digital Quality important?

4 N
Current Approach Use Case App Build Validate Change
Quality & Compliance is a bottleneck and barrier to adoption.

It is a sequential process documented on paper, outside of the
solution. >
o J
4 N
Use Case . L .
Tulip's Digital Quality Approach
Change App Build . . . o
‘ ‘ Quality & Compliance is “built-in” to the
. . ‘ ‘ . platform with a digital, self documenting and
. ‘ > continuous part of the App life-cycle. It
supports rapid, agile build-deploy cycles
‘ ‘ which increase digitalization and adoption.
Validate ‘
- %
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Tools to Enable Composability
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App Diagrams

Composability Tools

Credo Scoring

4

Solution Credo
Scorecard

App Editor feature
providing visibility to
solution architecture.

App Editor feature
providing visibility to
changes by app version.
Helps enforce
low-impact continuous
improvement.

OPERATIONS W CALLING | Y TULIP

Functions

OpsMoto

Check solution
adherence to Credo via:
Al Agents, Scorecards,

Checklists

Centralizes App Trigger
logic - the latest leap in
Tulip solution
composability.

Enables visibility to
platform adoption and
development activities.

Copyright 2025, Tulip Interfaces, Inc. 27



Apps / -+ / Quality Inspection - FESTO cylinder / App Diagram

Guide operators through inspection steps and data capture

Configure Diagram <

Create a diagram that shows transitions
between steps and key data updates. Select
connector functions and record
placeholders to include in the diagram.

Learn more (&
App Version
Development version ~
Content
Connector functions
= Connector Functions (2/2)
Record placeholders
= Record Placeholders (0)
Orientation
) Vertical
© Horizontal

Diagram complexity

© simple
Best for apps with fewer than
10 transitions

() Complex
Best for apps with 10 or more
transitions

App Diagrams

7
Run: Set output
_-»| Connector: Arduino Opta
/
/| output
/ value
>
_ Route (optionally clear
context)
if the door is op:
P e
K s
——» Run: Tare
Load test Connector: Arduino Nano
e Interlock open Nav
avigate f the door s open——"
o

Send to Rework

Andon App - Help
Screen

I«

Rework - View
Defects

&S+ - 5% v

OPERATIONS ¥ CAILING' \’} TULIP
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“App Diffs"” / Compare Versions

Base Snapshot ~ Compare Development ~

Apps / - / Quality Inspection - FESTO cylinder / Compare versions

Guide operators through inspection steps and data capture

Steps  App
Steps = Step: Weight measurement
B Base layout” Summary Z  Step change details
E) visual inspection *
3 Z Triggers
[E Weight measurement * \ TULIP Weight measurement o f.';:".f:'u'f...m, s
E) Length measurement * tation Station On step enter
5 . .
& signature : ! Z Set Limits (200mm) DBase
[ Log defect® = = Welgh! g 4
5 Nase e Machines & devices
(=) Send to Rework Unit Weight
v B Loadtest® : m Store Weight Measurement [ZBase
= setup® FRLL, G >
[ Load test * ool Coll
Weight Result
B Interlock open * - ¢
v Step changes 1
Step configuration was modified.
v Widget changes 4
Text 'Text 1 - 1' was modified.
Gauge with Region (1) 'Gauge with Region (1)' was modified.
Variable 'Variable 1 - 1' was modified.
Ruttan 'Ruttan 1' wac madifiad
. 4
Copyright 2025, Tulip Interfaces, Inc. 29
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Solutions Credo Tulip Al Agent

Y Default

+ New Chat

Recent agents.
@ solutions Credo Agent

Marketing Headline and
Description Creator

=]
4% New Agent
@ Pete Test
4% tulip agentic
4, sonnet3.7

Show more

Recent chats

Evaluate the Perf...

v Apps i Shopfloor  Tulip Al New

olutions Credo Agent ~

Evaluate the Performance Visibility Terminal app.

Tl help you evaluate the Performance Visibility Terminal app against the four principles of
the Tulip Solutions Credo. Let me start by finding and analyzing this app.

> Listapps

Great! I found the Performance Visibility Terminal app. Now let me get detailed information
about the app and its development version to begin the analysis.

> Getapp details
Now let me analyze the app's structure by examining its step tree, record placeholders,
variables, and triggers.

> Getsteptree

> Listrecord placeholders

> Listvariables

> Listtriggers
Now let me examine some key steps and their widgets to understand the user interface:

> Getstep details

@ Write amessage..

Dashboards Apps Automations  Shop floor  Tulip Al New W

@ solutions Credo Agent ~

OPERATIONS ¥ CAILING'

QTY") with appropriate precision settings. The app includes validation through trigger
conditions and automated status changes to reduce manual errors.

Operator Value: The app includes analytics widgets on the main step and provides real-time
status visualization. The interface appears designed for quick status changes and production
logging, valuable for frontline operators.

4. Adoptable: Score 2 - Partially

Scalability & Maintainability: While the app uses variables and table placeholders
effectively, the high number of similar triggers (40 total) and complex mathematical
expressions in triggers like the duration calculation suggest maintenance challenges. The
repetitive trigger names indicate potential code duplication.

Digital Twin Concept: The app models real-world manufacturing processes well - work
orders, station activities, material definitions, and production events are logical
representations of shop floor operations.

Deployment Readiness: The triggers show handling of different status conditions and edge
cases (like checking if status s in "No Target Statuses" list), but the complexity of some
calculations and the number of triggers may create deployment risks.

Overall Assessment

The Performance Visibility Terminal app demonstrates a solid understanding of
manufacturing requirements and provides valuable functionality for production monitoring.
However, it suffers from complexity issues that could impact maintainability and adoption.
The app would benefit from trigger consolidation, improved naming conventions, and
simplification of complex calculations to better align with the Tulip Solutions Credo principles.

Strengths: Clear business focus, good use of data modeling, effective operator interface
Areas for Trigger ity, naming ions, code duplicatis

a
Q

@ |Write a message...

(0]

W TULIP
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Tulip University Course - Solution Design Credo

9

olution Design
Credo

Tulip Solution Credo

https://university.tulip.co/page/catalog?q=
solution%20credo
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Tulip University - Solution Credo Checklist

\‘[ University Your Courses  All Courses

Tulip Solution Credo Checklists

=  Tulip_University_Solut.. 1 /8 - 90% + % L S

W TULIP UNIVERSITY BRIEF

Tulip Solution Credo: Simple

Labeling and nomenclature is consistent and uses real-world terminology

+ Table ID fields contain the actual ID (Batch ID, Lot ID, Work Order Number, Asset Tag, etc.) of 5
the physical object (]

W TULIP

https://university.tulip.co/page/catalog?q=
solution%20credo

Copyright 2025, Tulip Interfaces, Inc.

32



Solution Credo Scorecard

~

7

Solution Credo
Scorecard

Soow haticasonCannees  EEEEERE
e o din e e g e no
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https://university.tulip.co/page/catalog?q=
solution%20credo
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Prod EA out now!

Write business logic once and reuse everywhere with Functions

Functions Help You Build Composable Solutions Faster

W MyWorkspace v Dashboards  Apps  Automations  Operations + @ acmeco @
v Standardize logic and reuse integrations ik i - -
Enhance governance and ensure compliance with o>
validated, centralized components & it s el ot
o= * Function call vj ::::::::-umm
v Accelerate app development iy
Empower citizen developers to combine m
centrally-developed logic with user-specific “ - oy e
requirements o
2, x
E Xa m p I es im‘::jww ' Run connector function Update data
° Bundle multiple connector calls for easy ERP
data integrations @
e  Consolidate core Work Order processing | fem
logic across hundreds of apps S

° Reuse logic for barcode scans and manual
barcode entry
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OpsMoto provides a 'single pane of glass'
view, summarizing customer’s instance activity

Centralize Enterprise Visibility
Get near real-time trends across
multiple global sites at once

Al-Accelerated Governance

Leverage Al insights to identify

successful innovation in order to standardize
best practices enterprise-wide

OPERATIONS W CALLING | Y TULIP

OpsMoto

W OpsMoto Beta
Overview App insights Automations

Active interfaces ©

69

7 +1.5% from last month

200

150

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Instances  Apps  Users

Name Version © Country
tec release.332 N/A
tec-eu r333a N/A
tradeshows-eu r333a N/A
tradeshows-na r333 N/A

Active users ©

17

§ -32.0% from last month

100

Jul Aug Sep Oct Nov Dec Jan

Active interfaces (previous month) ©

75

50 69 25
17

0 0

Feb Mar Apr May Jun Jul

Active users (previous month) ©

6

Tulip TEC Switch | Logout

Dota last updated 13 hours ago
Last 12 months v

Active apps ©

38

N -11.6% from last month

100
75
50
25

0
Aug Sep Oct Nov Dec Jan Feb Mar Apr May jun Jul

Active apps (previous month) © ¥
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¥ OpsMoto™ Beta

ACME Co. Switch | Glossary | Logout

. giccuie " Data I dated 3 hi
Overview App insights Automations ata last updated 3 hours ago

All instances v Last 12 months v

Active interfaces © Active users © Active apps ©

993 939 400

7 +7.0% from last month N -12.9% from last month N -12.5% from last month

2K

2K 1K

1.5K 1.5K 750

1K ————\/\._/\.__.—/-\ =00
\_/_/\—/\/.993 939 N_\/—/\/-\
400
500 500

1K

250

0 0 0

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Instances Apps Users
Q Search instances... &
Name ™ Version © Country Active interfaces (previous month) ® Active users (previous month) © Active apps (previous month) ©
acme-data Its14.1 N/A 3 1" 4
advanced-ceramics-regional Its14 Germany 19 18 2
aerospace-manufacturing-... r338.2 N/A 40 82 14
aerospace-manufacturing-... [ts13.2 N/A 54 49 15
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Instance details

quality-assurance-ops  View instance

Active interfaces Active users Active apps

Active apps

21

N -4.5% from last month

50

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Top 10 apps by active station hours
Name Active station hours ©
8. Primary Packaging 33,499
Pharmaceutical Batch Record 13,149
8. Primary Packaging 7,258

Document Control System 4,495

OPERATIONS V¥ CAILING' \‘f TULIP Copyright 2025, Tulip Interfaces, Inc.




App details

2. Blending 4 View app

Description

This smart manufacturing solution digitizes blending operations for
enhanced control. It provides operators with step-by-step guidance and
real-time feedback. The application captures detailed production history
for traceability and continuous improvement.

Created Created by

Aug 6, 2021 @ Laura Stewart

Last updated Last updated by
Aug 20, 2025 @ Jsennifer Nguyen

Station hours (all time) © Station hours (prior month) ©
103,880 3,022

Use cases ©
Production Tracking Defect and Nonconformance Management

Quality Inspection

Contributors ©

e Laura Stewart @ Susan Hall Q Jennifer Nguyen
@ Joshua Moore ° Jessica Perez 0 Jessica Lewis

e on Turner | River Jackson @ Mark Adams

@ Mark Miller

Editing history
Aug 20, 2025
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¥ OpsMoto™ Beta ACME Co. Switch | Glossary | Logout

Data last updated 3 hours ago

Overview App insights Automations All instances v

App count by instance and solution type ©
Active app count in last 30 days

B Maintenance Digital Guidance Inventory Quality [ Compliance & Traceability [} Production Management
80
Instance six-sigma-quality-primary
co M Maintenance: 2
Digital Guidance: 3
Inventory: 4
40 i Quality: 6
— B compliance & Traceability: 4
= me= = __ B Production Management: 6
20 —_—
Illllll E=EN =
0 ---—---——-—--—-—:-——————__ — — ——

NG assUse faCt i ction o js-reflousivie-en - oerd Ul 0 AN oM faCt- gerd. il -celafactiraciinolQ ien-al -~ bietranUosaul WNies-ass P
‘L:R ‘\L sva‘-ﬁaxa ag?o “L%nﬂ ‘;& 0 “‘é‘co\e“e o d,mmu?\ew \enme °‘{as“§f;’(§‘;\‘rg\%a& e,,“a‘?enougaxa aej(‘ 9“’;‘{\\\9 i \Cg._ ma‘g‘\\’n\nq “er@!p‘ec\s\g\,anledd\g\ﬁ\ ma\\‘.ﬁf&e ﬁ‘a?e %“pg( DU AN Heme e\\%em\ﬂaam ma“‘gu e‘ es’= Qa\Qg*u\eq@.—,s ﬂ\a;‘co?\'fgnc;{\‘:;\as \Cs‘puc !
Active app count by solution type ® Top 5 use cases by month on month app growth Bottom 5 use cases by month on month app growth
Difference in monthly active app count Difference in monthly active app count Difference in monthly active app count
12] 8| A
8- 61 24
4+ 4 34
ol __§ N o]
T T T T T T — a T T T T
Production M... Compliance & Quality Inventory Digital Guid...  Maintenance... Digital Work. Safety Check. Logbooks Operator Tra Production T Labor Tracki (OEE) Downti... Hourly Produ. Material Man... Defect and N...

Active app count by instance and solution type
Active app count in last 30 days
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3 Composability Framework for
Continuous Transformation

Enabling successful Tulip adoption with governance and control



Reflection on topics we covered today...

Composable approach increased time to value, agility, is
human centric, and built to leverage digital technologies

Composability Concepts Artifact Model, Credo Score, Solution Design, Validation 4.0

OpsMoto, App Diagrams, App Diffs, Credo & artifact agents,

Tulip Tools that enable :
Functions

Composability
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