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Today

Rigidly sequenced car manufacture
on a production line

Workstation 1 Workstation 2~ Workstation 3~ Workstation 4
|
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lomorrow

Decoupled, fully flexible and highly
integrated manufacturing systems
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ThingWerx

A PTC Busi
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ArE QIHY 7|=2 7[®e| ™ H|=L|A REO| HOIQL H|EL|A T2 AA HELE
7|'X:| Q@41 %I\ﬁ L‘l L_'l'- &3 AUl A (Remote Service)

Ol XI 2 & (Predictive Maintenance)
24 MHIA DA (Enhanced Customer Service)

Assets

A 02 2 22,
. . & ™

(Usage-based Billing) m

221 E| 2t2|(Warranty Management) !

Point-of-Sale P ¢ ‘ ’
oint-o ale Fayments ﬁ&/f >
{ S -
<z

N -

> & 1028 2= (Lead Generation)
=<
%o 1128 22| (Account Management)
D30 AP THE S 2 o O = & CH(Up-sell, Cross-sell)
A= [=) [ T B (4

(Usage-based Product Design)
HAATEZ N 22

(Remote Software Management) HUYE|I = M AHConnected Manufacturing Intelligence)

HUYEIS EZ (Connected Quality) 42 S 22| (Consumables)

A H| XFAF 2H2] (Asset Tracking & Management)
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ThingWerx

A PTC Business

o H| ZL|A I}A| IHN| AA| IOT AMH|A
CIOFSE AFQF B A X7 &, BE ZXI/Al2|A
- ;%g oT; )':_M_I |°I:|IX|_I_7" HEM_'-_@ED.EAT;{ﬂE e Proto/Pilot Test Management, Machine
AT e S Al/AIME ;;? IIIA_|7I|._AI-I|_ O"TTXT;/7T71|§*¢(M?Chm Learning based Big Data Predictive Analytics,
HMEO| MA|ZE =7, &4 I_o == 7|EP_HI_|E||,OI|_EO e |§_|EI=’E” JHet Quallty Tracklng, Use Case Analysis, PLM
oA earning) 7|&F 5 =4 0S5 22 /HE | integration
- A A5
N ER TN EAE HEQ A8 IE, EF, MEHe Usage-based Product Design, Connected
= 2M3510 XZE M Quality, Remote Software Management
=A|E BZEO| X 2R HAZte 2 ZX|ES RISt s ZSHA Lt Connected Quality, Quality Tracking, Machine
£x AEIM; 7(||:E+— s=ThE ool =M nEH S|AEZ|E EAM8l0 k7| | Learning based Big Data Predictive Analytics,
=Tl = e HZo| Bty Use Case Analysis Test Management
_ | 3Y "Eo Mzt gl U B 7% Hue - e Mo .
MA|= | SHEM G MANAH Ms g|§ EIM MHE| ME 77 > El_cé B = Predictive/Proactive Maintenance, Risk Based
Tl oL &7l oo = —"1= oo Maintenance, Machine Learning based
o J2Y DX 9 MAIZE 22 g 22y Predictive Analytics, Asset Trackmg, .
MAEF 22 5zt 0f 4 X| AEHM iéblgl = a:go e OTJXD\TRE OE6H Consumables Management, Equipment/Device
AH AL AP 2 I8l =H4, M At ot =PIE e e S Cl oo Ir Management, ERP/MES integration, IT-
< o< = © sld QA 718 S0 CHst 2L E 21 22| . :
AH| U A|MEZF S9O| 22| IECIT—E _T,_’ﬂ e e = B == OT( HMI/SCADA, PLC layer) integration
—-YI—= oo
' B ' Condition based Maintenance Plan, Warranty
Advanced Service H|& & MZ AR S0 O|77L} RiskE Al 27| ZEE | Management, Machine Learning based Big
AS AtegtEl H| =LA D E ZF0,B2E K F7\E LdHFTE= S o K12 Data Predictive Analytics, Remote Service,
(Servitization) L}OFZE AMH|A Q| X|& Remote Software Management, SLM
integration
e + Field Usage Analysis, Machine Learning based
ol I HIL7LX[O] MES EA|StD A|Re Higs (T ge ~halysis, Mact 9
7|2l M=ol IZH:?__P Al g2l ks 57_(;42;'_?_'“!5? Egél t‘||E-|i|O|E1| c,’_?,_AL Eo §+ Big Data Predictive Analytics, Usage Based
- 2MS £S5 KE MEF 2 5‘4 T = = _'7'='§'| oo = Billing, Usage Based Insurance, Asset Tracking,
A5t HE 71 CRM integration
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A PTC Busi

S 7tAE EX = Qo ™ & 2H aE Aot ThingWerx
- Lack

of Visibility into Manufacturing Operations Leads to Underperforming Plants

Manufacturing Functions Typical Manufacturing Landscape

___________________ =) Visibility Challenges

Business planning & Enterprise Business Systems ‘

Level 4 Production control (ERP) BB EE .
"""""""" _ _ _ % _ Incomplete visibility
across operations
Level 3 Operational control (MES)
Traditional Shop Floor Systems
_______________ (MES, SCADA, Quality)
Interface process
Level 2 o
eve monitoring (HMI-SCADA) n n
_ —-r.— i ---r.— s
Control Level (PLC) S&1E8HI1 SaiE8H2 -E—.:HEHI
Level/1 and data acquisition

% Heterogeneous data model & standard
communication languages per level

Rigid business and manufacturing systems
Siloed data and KPlIs

Incomplete data leading to recurring
problems

X/
0’0

Sensors / actuators
Level O (Instrumentation)

* 2 X IEC62264/ISA 95/ISA 88 Standards;
Industrial Cloud-based Cyber-Physical Systems; _

X/
0’0

X/
0’0

www.mesa.org; Www.isa.org
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Smart, Connected Manufacturing by Complete visibility & predictive/proactive
maintenance across operations integration by convergence of IT & OT

Enterprise Business Systems » Real-time visibility across
(PLM, ERP, SCM, people, systems and things
%ﬂﬁ (Sensors’ devices’ equipment)
» Extends to mobile, remote and
new smart assets
Traditional Shopjr- - Comprehensive operational
intelligence, from top floor to
shop floor

(MES, SCADA

* Actionable & collaborative
operational intelligence

* From reactive to
predictive/proactive problem
solving

Confidential and Proprietary - Not for Distribution 12



AH|E N J|EH 2| Paradigm Shift ThingWerx

A PTC Busi

Risk Based Maintenance® Paradigm H3}: 4H| 7I& 24 9 HHEI| D M-}

Corrective. DEOQ| 2 A5 22| DA . Corrective and preventive maintenance strategies

Time-based. €H| =2 £ & ZH| FI|IE HIELZ
HIIA FAN 2=, D0 28 FIZ2 W= Its€ I &EE.
ol 2t A H| (Preventive Maintenance)

Condition-based. €H|E Z2LIEHE otH, £0|2] &EH0]
et X 2. 0l Xl 2& (PreDictive Maintenance)
Reliability-centered. 0 & I§ & (FMEA) & 0] 0fl CHst & 2l
ZAFTALZ Al2|d D& ZHl AIE Z2&.

Risk-based. I &£ E =40t (FMEA, FTA, ALT, LCA
SO JIEeZ, HH 4| 230/ Z0tLt 2 D& 2IATIE

N JEX) S2E A2E0 JIeHotH 24 =2 23

High
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ThingWerx

A PTC Busi

v HEet DEAQ TE SN0 OIS X" B

o
— — L— L_

- FMECA = Failure Mode Effective Analysis + Fault Tree Analysis

- SAFSE AN st Case study
< etet Gl 2 & I Fere Oper: ek AJAE 2 &
- 2Bt DEE(MFXE): FTAUM Bl =€ Ot Fate It
- OWAIZ2&: 82t Signal 2 FTA & Critical &t 4 &2 J|BtQ = A& Signal =& > S&& &t
- AEE0 HE Ul =2 € J|12t &8
& M&Eet AXIALE &8 : Knowledge Capture
- I /AEH HHO 2let JI& | 01F & X
- ST L&/l LAst U] 210 &= e HH| 0|2 S &L
< Ul EX 28 QUlE22 ZEE 2t E 2E A, 01
- Ul Exto Qg 2d Xz S§ 2 & 0= 22
- 23, 84| & Layout 2t HIAIE S Al BtH
- S38A Y S HE0 tiEot)| ?iet HUlXIE AN =&l &t
- S& gl 2o/ E/EY|l EXtoll CHet JtAlst 8 82 = (Animation, Explosion view S)
o NS 2L 2 0E dEd R
- Adl 018 & Bl& J|gte] 2 & IH 1 forecasting
- 23 22 > Tag &P 22 2R

N . L .
FMECA [Failure Modes Effects and Criticality Analysis] Confidential and Proprietary - Not for Distribution "



Ml 2~ Big Data Predictive Analytics & & ThingWerx

A PTC Busi

2 BUSineSS Cha"enges Neuron™ - Automated Intelligence Platform
- Mission critical manufacturing equipment — Downtime, Learn : Predict : Adapt : &)
unexpected maintenance, or product defects will be s @'"é)
translated into significant losses G Q@ Q ‘ 0 @ witges

Pattorn Detoction Automated Machine Simul Realtime Q
e gxn Discovery Learning Ilod uq _— Prescription

- Lots of man-hours of data scientists for data collection, s Smams
cleansing, modelling & analytics

: : f he P h he F
- No real time analytics — Too slow and manual to keep IR R b e Shmmeshe e
up with a constant data stream. To use point-in-time historical data as a base for its modeling techniques.

% Solution
- Create a centralized data store for all internal data consistently ingested by Neuron
- Integrate their data with external, 3rd party data — particularly weather data (humidity levels)

- Neuron set up to run constantly on top of the database detecting patterns, anomalies, and flagging
machines for maintenance before downtime or manufacturing errors.

- Custom user interface for key decision makers and production line workers

- Neuron to learn from the data presented and detect non-obvious patterns that lead to machine failure
(humidity & machine temperature correlation)

- Neuron to detect why certain product yields became defective (supply chain issue)

- Neuron enabled the data science team to concentrate on the information itself, not the process of
getting the information (constantly wrestling with challenging data modeling processes and techniques)

- Neuron to convert overwhelming sensor data into actionable patterns that are constantly monitored to
detect and improve the overall business efficiency and quality

Confidential and Proprietary - Not for Distribution 15



ThingWerx

A PTC Busi

< dH| 1% 22 24 3 o =52 et 24 AH[A : Big Data, Machine Learning (7] A k&) 7|8t
ol jE &4 Sl o5 28 Fde= MMAE 1T o5 X X|sX =X Lot HA|
< Risk 7|gh gH| B 7|8 foicz S 2Lt Mz[d0 7|85ty | 24 =2 27
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ADLE B3 BLIEZ A2
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T
8l Ad| 0 el FAM ol o= MH| 7|F ™ME L T
_ i olnx|= i ina/Al 2| A4 = |
i (59 Drie/ i8IS/ Machine Learning/ I BMECA) | | cyu) ojzyma/anm/ce/va/muaon s) | 2

= o
! I
21 3 2% MH|/A12 HE 23 Cloud <
= <
<
ujo Interface process monitoring (HMI-SCADA, DCS &) RI_I
%2 —_—
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. RS LS| N e
X} re]1 X =t S o
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ThingWerx

A PTC Busi

IoT(Internet Of Things)2| 7}X| = InternetOjjA| Thing2 2 F7{7t11 A2, M= 7|H2
HZ2| Smart Y Connectivity2}E& S50 S ggﬂa}% 7|HIo 2 A| EllO| A|AEH
Xl § '6' ni OI¢|_||:|..

(System Of Systems)§ MASH7| @t disko 2

Smart Smart, Connected

e A
+ Tractors

System Of Systems

Farm Equipment
System

[

- H—

* 57| Argio

| A|AEHO] A|AH! (Systems Of Systems) O

= = 7|A AAH + BT A AR + 7| A Of| . A|AE + XbSE X| X S} A| A

Confidential and Proprietary - Not for Distribution

THE INTERNET

QEEVERYTHING

Seed database

Seed optimization
application

— € [
(1) anlll €0 |~ YY) Farm h
(0 il - Equipment Farm “'q"
; ) Tillers System Planters Management .
+ |ffl9atl0n System Platform /| Weather Data
S stem S stem
= E“ g g
E . Field sensors Rain, humidity,
Combine
4 temperature sensor:
Harvesters Irrigation L
\ / ngdes Seed Optimization
System Weather
\ J Irrigation T I 1 maps
application Farm performance Weather
database forecasts

Weather data
application

18



AFS OIE Y AICHO HIZQ 2N QA B3| ThingWerx

sssssssssss

AlE QIHUI2 HE 78 245 S22l HENM HEL=258Eo| el CIX|E HES
£2|6t7] flet 22t ELL 0|8 7| HI=LA T2 AL HASH| fet A2 =i,
0|0f w2} H|=H2| Product as a Service H{EL|A REIZS 7I561A| St

Digital PRODUCT CLOUD

Smart Product Applications
Rules/Analytics Engine
Application Platform

Product Data Database

Integration
with
Business

L Sources S
. Network Communication ystems

L
a Physical PRODUCT

External

Identity & o :
Security 7~ COMMUNICATIONS Information

»
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HESHO 10T EE Y ThingWerx

A PTC Business
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Smart Connected Systems
Smart Farms, Smart Cities, etc.

Smart, Connected Operations
Brilliant Factory/Industry 4.0

Smart, Connected Products
Remote Service, Ops & Analytics
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Setting the Strategy for Next-Generation Business Models

IOT
Strategy

SCP(Smart Connected Products

SCO(Smart Connected Operations)

SCS(Smart Connected Systems)

Optimize
Performance

Combine real-time
data from assets,
enterprise systems,
and people to
increase
operational
efficiency

Operational

Improve Risk Reduce

Management

Improve ability to
proactively identify
and mitigate
financial, safety,
environmental and
regulatory
compliance risk

Product and
Service Costs

Implement
proactive service,
limit warranty costs
and risks, and
optimize service
and product
development
processes

Strategic

New Revenue Elevate

Streams

Realize new value-
add opportunities
and revenue
streams

Customer
Relationship

Make offerings
smarter, easier to
update, and more
personalized to
elevate customer
experience

Differentiate

Offering

Quickly deliver
compelling,
differentiated
offerings that meet
or anticipate
customer demands

Confidential and Proprietary - Not for Distribution

Thing

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Disruptive  ———4#=
New Predictivep
Business Based

Models Outcomgs

Maximize revenue
opportunities and
value capture from
new services or
business models

Use predictive
analytics of big
data to launch
business
processes
preemptively

VALUE

Werx

A PTC Business

21



Q) 0| EH3}
- Impact of Smart, Connected Products on Industry Structure

Uix &S2 |

A0LE HYE|E H|F2 FOIX wdH, Y &F2 /™, M A T A=,
7|= ZAMALE Af0| ZM EMI ZE U 2 BMB S OHA 71| ZY 20l

=X
et oY =2 Hets Yoic
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ThingWerx

A PTC Busi

Our System of Market Leading Software Applications

Plan, and deliver service information,
Create and analyze conceptual and automate service delivery, optimize
detailed designs, perform engineering the service supply chain and
calculations enable new service models via
smart connected assets

Enable connectivity and development
of software applications for smart,
connected

products

Manage product requirements, system
Evolve the complete definition of a models, software configurations, test
product over its entire life plans and

defects

Extended PLM

_________________________________________________________________________________________________________

Confidential and Proprietary - Not for Distribution 24



REZHLHA AFZ2QEHYUIOT) JI£2 S8 &2 Atel ThingWerx

INTERNET Of 'THINGS = ®EW ﬁ REALITY

PTC LiveWorx 2015

* AR- Digital Twin(Santa Cruz) Synopsis Demo Video
ConfidentialGundiRrojat i@tdriyre pattdor Distribution


Augmented Reality - Digital Twin (Santa Cruz) Synopsis Demo Video.mp4
http://www.ptc.com/video?id=4226191201001&account=Demos&utm_source=PTC Sales&utm_medium=email&utm_campaign=PTC_Velocity
http://www.ptc.com/video?id=4226191201001&account=Demos&utm_source=PTC Sales&utm_medium=email&utm_campaign=PTC_Velocity
http://www.ptc.com/video?id=4226191201001&account=Demos&utm_source=PTC Sales&utm_medium=email&utm_campaign=PTC_Velocity
http://www.ptc.com/video?id=4226191201001&account=Demos&utm_source=PTC Sales&utm_medium=email&utm_campaign=PTC_Velocity

Traditional Reality: Distinct and Separate ThingWerx

A PTC Business




New Reality: Distinct and Inseparable ThingWerx

PTC IOT strat.egy_'{ B__r‘i:d_gihg digital world and phyéicai world together

-
,,,,,,,,

THINGS

- Physical World

INTERNEé;

Digital World

27
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GENERAC MODEL: GENERAC IP5000

SN: 044XGHF7490S
INDUSTRIAL | ast Maintained: 2014-10-10

— — .

HZ A2l

HSZ HZ 0lAl ERAC
- 8 - -
- . . B w
: : '.-\;ui'... 2 POWE N

oKX EX HE .

E 24 o= "} Preventive: Replace Oil Filter
EE;[HF — =2 {(due in 5 days)

— ol HH| BE

1 " a3 -
Ty Predicthee Replece motor shaty p - § I

"IN protatiity of fallure in the ‘
2 o oMt

- > a ' Xl E Digital B :
) Last Aterr CAD, 225t I}

- Abnarmai Vibrati
A Suggest: Rep thon Pattern
e Status f?(f'j(e Motor Cushion #3



Generac Augmented Reality Synopsis Demo Video.mp4

I1|7<| 2 MNE SE AA/CIHIOIAZ FHO 2 NEF2| 2A|ZE JEf SES
sEot0 0|5 M&E ME~di~2F A ME|A9] ™ H=LA 0| 2E5H]

—
HIZL| A9 H4ls O]F =+ Uz LI

Digital Twin (DT) Physical Twin(PT)

Internet Of | Things
HS & IS 22
(Digital Wc ical World)

IOT M8 M=t
«Smart, Connected Products
-Remote Service, Ops & Analytics, H|Z HAH|/AE T2MA, 2F/AHA HEL|A D& HY

*Smart, Connected Operations
-Brilliant Factory/Industry 4.0, H| = &4l 3.0, Industry 4.0 S H| X 2Ho| X|s3l/XI=3l/ G Ao}
*Smart Connected Systems

- Smart Farms, Smart Cities, etc.

Confidential and Proprietary - Not for Distribution 29



PLMS| S

AE H Mof F7|0) 2L0{A| Thing (M, A&, proto/pilot, HE MHI/AY, AIE
SQ/MH|A, SXE HISUA AAH 5) 2 S350 L3 YHE UNZHOE 3580
SMt0] HIZ QA/MN/2F U MH|A 0|25 M HISLA G| BEY + UES 3

>

< HE MO =& JH0M S orac.= ISADA
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A PTC Busi

PTC IOT £5/M Coverage ThingWerx

PTC IOT &2 M2 Thing1te| Connectivity, CloudX 0| HEE S257| 2|2t Machine
Cloud, 7| Alet&(Machine Learning) 7|8t 4|O|E| O|& &, IOT App. 7ie ZSES
OlR=s 8 10T &£F Y L|CH

PTC IOT solution portfolio

. loT Application Platform and tools to enable the rapid development of innovative :
Build > Enablement >> |OT apps that unlock new value. ThingWorx
Analvtics Automate Predictive An Al and machine learning technology to automatically construct ThingWorx
y alytics in Big Data highly-accurate advanced and predictive models (ColdLight)
Manage > Machine Cloud >> Manage and process machine and sensor data in the cloud >> T?K]X%V!:)rx >
loT Connectivity Software to securely connect devices and communicate machine .
Connect > Middleware >> and sensor data into the cloud >> ThingWWorx >

Systems ll Assets ll People

Yy

ES30 m 0 A gy b

Web  Vendor ERP MES SCADA Fleet Line Tank Robot Plant Office Personal Mobile

b
#
¥
Q
5
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ThingWorx =2 Jl= §3& ThingWerx

A PTC Busi

Ubiquitous Device Connectivity Layer

ThingWorx provides scalable, secure, embeddable, and easily deployable communications designed for connecting
sensors, devices and equipment across any network topology and an communication scenario

Model-based Development Reduces Time/Cost by 10X
ThingWorx “codeless” development enables you to model the Services, Storage, Events, Collaboration, and

Relationships for the Things in your world. This results in high levels of efficiency and reuse, increasing development
velocity by 5X — 10X.

Event Driven Execution & 3D Storage Engine
Event-driven execution supports scale requirements for massive numbers of devices. Optimized & unified storage for
time-series, structured, and social data 10X Faster than traditional RDB. Two-way interfacing with big data analytics.

Mashup Builder: Rapid Creation of Collaborative Workspaces
ThingWorx’ “drag and drop” Mashup Builder enables developers and business users to rapidly create collaborative
applications, mobile Ul, analytics, and search-based BI, helping solve problems and capture opportunities faster

SQUEAL: Search-based Intelligence Unlocks Collective Wisdom

ThingWorx SQUEAL™ ( Search, Query & Analysis) brings Search to the operational intelligence world, enabling every user
to “search the information and Things in their world”

Flexible Deployment Options

Deploy to meet the needs of the market — Cloud Scale, On-Premise and Embedded options meet the needs of every use
case
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11 7HA} - World Leading Companies Use Our Technology

4 4
@ 9 of the Top 10 The World’s LARGEST
Medironic MEDICAL DEVICE & atat  TELECOMMUNICATIONS
S MANUFACTURERS _ COMPANY
4 4
4 of the Top 5
EMC’
where information lives IT STORAGE gsmn ATM
PROVIDERS MANUFACTURERS

Electronics N Commercial LitolC Medical
& High Tech Equipment Devices

\y
f/\\\

= =
egenera’

(1] Fua/vw
EMC

where information lives

NetApp-

Go further, faster

WIND RIVER

S

3PAR

Quantum.

Hitachi High-Tech

HITACHI

l@:ngmofmand =) FUJIFILM
/\ \‘
el la s MEI'I'LER/////////TOLEDO
JOYGLOBAL
g2 Sealed Air

&> IKONICA MINOLTA

Our Products Protect Your Products”

O A
DEEBOLD eco,ATI\/I

Autormated eCycling Stations

Kodak

Kodak Versamark, Inc.

ALL TRAFFIC

SOLUTIONS
L GERBER SCIENTIFIC

SEATI

SIEMENS BﬂRC_@_
FUJITSU @ NCR

ThingWerx

WIND RIVER

The World’s LARGEST

EMBEDDED SOFTWARE
COMPANY

The World’'s LARGEST

INDUSTRIAL
MANUFACTURER

a Abbott

- N
“sysmex

A% Blos;'l;tgrns

@ BIOSI;CIIE NCES™

SYU VENTANAR

MEDICAL SYSTEMS, ING

MCSKESSON
Waters

SAKURA

' Agilent Technologies
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GE Healthcare
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ELEKTA
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http://www.gerberscientific.com/
http://www.talaris.com/

ThingWorx® Platform, PTC IOT &3 @

Connect
. . Connectivity and Device Converge
Thlngwgcl:x Management Product-Awarge Extension,

Utilities and Integration Hub

Device Cloud

Private Device Cloud

Predict

Predictive Analytics for Big
Data
Powered by Neuron

O

Application Enablement

Application Enablement . . .
o Digital Twin*
Linking the Digital and
Physical worlds for closed
loop lifecycle management

Composer
Rapid Application
Development

Augmented Reality*

Visual Interface for loT-Enabled
Apps.

Marketplace

Smart Extensions and
Applications

OO0 O

*beta

Confidential and Proprietary - Not for Distribution 35



ThingWorx Converge ThingWerx

HZ=Ho| IOT H| =LA 29| 2t%EZ2 2|t SCP(smart connected product) &
A 1L
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MH|A £2 MO 2 10T H| =L ML e 8 7|1E AM2" A 7S 1I-3—

(
Out-of-the-box utilities Centralized hub for loT- Synergistic ecosystem
) : : - Product-aware
for managing smart, enabling business of applications and :
. : extension
connected products systems and processes integrations g

Smart Connect Product
Applications

B o I
SAP4 ¥ servicemax DED

Integration Hub / APIs Application Utilities/Components
Process & Remote Software Product &
Event Analytics Access & Content Aéi?r:rf; e?géa Customer
CO nve I’ge Management. Control Management Benchmarking
Monitoring & Alert Dashboards & Digital TW|n

[ ] . ry [ 'm T' w rd Part
% 'O‘B ﬁ @ d Devlizg Clcgt)jd Device éllroyles

aoeldioren i
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ThingWorXx Platform
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