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Who am I?

Professor of Advanced Supply Chain Planning @ Politecnico di Milano

Senior director at Osservatori.net, 100-people research group on Digital Innovation:
. Internet of Things / Industry 4.0
e  Artificial Intelligence
e 5G
e  Smart and Connected Mobility
Co-founder of the Internet of Things Lab, the applied research lab of Politecnico di Milano on loT (www.iotlab.polimi.it)

Co-founder of the AIRIC, the applied research center of Politecnico di Milano on Al (www.airic.polimi.it)
Co-founder of IgConsulting, academic spin-off, now part of Digital360 (listed)
More than 100 cooperation projects with leading Italian and International companies

To contact me:

. linkedin.com/in/giovanni-miragliotta-4617a0

e  giovanni.miragliotta@polimi.it




Agenda

e Foreword

e Technologies for the Extended Enterprise
e Data Architecture

e Benefits Evaluation

e Q&A
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A brief history of competition
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Supply Chain Management

Definition

The firm is not a stand alone entity but it is part of a network of

interconnected firms: optimizing internal processes is no longer enough

Need to manage processes beyond the boundaries of the single company,
because there has been a shift on competition: from “Company vs
Company” to “Value Chain vs. Value Chain”

\/

Network, Processes, Information and Money
managed as a whole, in a dynamic environment
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A brief history of competition

Business needs and tech requirement

Evolving business needs Tech Requirements

Visibility, business integration, ubiquity, dependability,
scalability

Globalization, decentralization, fragmentation

Sub-optimal, fast decision making, simulate to promise

Competing on time )
P & reliable dates

Complex decision support (multiple products, sites, etc.)

Competing on variety, with shorter lifecycles . .
PEting y Y scenario and uncertainty management

Competing on services Connected products, knowledge from data
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The gap between Information and Operations
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The gap between Information and Operations

Factory Supply Chain
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The Extended Enterprise

"The extended enterprise is the entire set of collaborating companies, both
upstream and downstream, from raw material to end-use consumption,
that work together to bring value to the marketplace"

E.W. Davis, R.E. Spekman, 2004, “Extended Enterprise: gaining competitive advantage through collaborative Supply Chain", Prentice Hall
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The Extended Enterprise... what?

The following slides contain explicit material which
should only be viewed by consenting adults
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What is at stake?

e “InJanuary 1999, a car demolition company in Walloon, Belgium, delivered oil from a transformer to a municipal oil
recycling plant. That oil contained approximately 1 gram of dioxins.

e The oil ended up in a vegetable oil storage tank, an ingredient for feedstuff. Through the animal feed, the contaminated
product entered the human food chain.

 The problem could not be contained since a targeted recall was impossible:
 there were few records on the feedstuff ingredients, the production date or the batch identity;
e it wasimpossible to ascertain whether other feed factories were involved

* it wasimpossible to ascertain which farmers had bought the contaminated feedstuff, let alone which food products
were contaminated and to which countries these products had been transported.

 Consequently, it was impossible to launch a proper recall, due to a lack of coherent and adequate information. As a
result, millions of Euros were wasted on the withdrawal and recall of products that on hindsight were perfectly safe,
but that were considered to be a major public health risk at the time.

 Eversince, the concept of the implementation of traceability in the food supply chain has received a great deal of
attention. [CIES, 2005]”
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IT view

eSupply Chain

eSupply Chain
Collaboration

eSupply Chain
Execution

eSupply Chain

through EDI e
Proprietary
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Why it is so difficult?
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Why it is so difficult?
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Why it is so difficult?
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The business drivers

© Giovanni Miragliotta
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Why it is so difficult?

e Why itis so difficult?

— The complexity of the process
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Why it is so difficult?

e Why itis so difficult?
— The complexity of the process
— What to record?
— Who is supposed to record?




Why it is so difficult?

e Why itis so difficult?
— The complexity of the process
— What to record?
— Who is supposed to record?
— How is information shared?




The solution requirements

e We need a new technology to bridge the gap between digital and physical worlds:
— Give a unique identity to every single object
— Automatically acquire this identity
— Effectively bring the data acquired to the digital world
— Make physical objects talk and work with each others

e ...inline with openness and interoperability principles




Agenda

e Foreword

e Technologies for the Extended Enterprise

e Data Architecture
e Benefits Evaluation
e Q&A
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Radio Frequency ldentification

Definition

RFId (Radio Frequency ldentification) is a technology for the automatic identification of
objects, animals or people, the measurement and the communication of the collected
data in radiofrequency by using smart tags (autonomous power supply, embedded

software)
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Tag Antenna Reader HW/SW Application
middleware layer
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Radio Frequency ldentification
History

* RFId applications have more than 50 years...

H5500 ReadWrite Anfenna

HS208R Read/Write
Tag (Mounted)
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Radio Frequency ldentification

® Passive technologies

e New materials and processes

« New frequencies

e Computation and networking capabilities
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Radio Frequency |dentification

A comparison with barcode...

Functional Capabilities >

—
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Radio Frequency |dentification

Operating frequencies

< Sensitivity to liquids and metals

Data transfer rate

\%

LF UHF

[
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Radio Frequency ldentification

Near Field Communication (NFC)

Near Field Communication

Nokla
6131 NFC
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Radio Frequency ldentification

Passive RTLS

e Passive tags (standard ones) with
dedicated readers infrastructure:
— 3-5mt height
— 1 reader can cover up to 130 sgm

— Simple installation, Power-over-ethernet

e Precision: 1.5 mt:

— Wide Area Monitoring (tag inventory);
— Tag movement (through sectors)

The xlray gateway provides
suceptional location
assignment and wide-area

. o gring with its 52-beam
phasgad array antenng.
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Radio Frequency ldentification

Advanced applications

Wireless Sensor Networks

(zigbee et similia)

© Giovanni Miragliotta
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With conventional RF,
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Radio Frequency ldentification

A comparison with barcode...

42000"0&620D

— Automated reading — Cheap
— No line of sight — Simple
— Multiple reading — Feasible expectations...

— Data transfer speed

— Secured information
— Large storage capacity
— Read / Write

— More robust

— Smaller

— Reusable

— Sensors, etc...
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Did it work?

The Walmart mandate (2003)

Wal-Mart Expands RFID Mandate

The world's largest retailer says that it will ask alf suppliers to tag pallets and
cases by the end of 2006.

By Bob Violino

Tags: Manufacturing, Retail, Standards

| Breor || Memail || Mprinc | [OEETTHN |[E save Arnticle |

W Tweet 0 Gﬂ-ugle+1 0| [ share ‘0

Aug 17, 2003—Aug. 18, 2003 - If anyone still has any doubts that Wal-Mart is serious
about deploying REID technology in its supply chain, they should be dispelled by its latest

revelation. The world's largest retailer says it will require all suppliers to put BFID tags

carrying Electronic Product Codes on pallets and cases by the end of 2006.

"We have asked our 100 top supplers to have product on pallets employing REID chips
and in cases with REID chips,” says Wal-Mart spokesman Tom Williams. "By 2006, we will

roll it out with all suppliers.”

© Giovanni Miragliotta




Did it work?

The Walmart mandate (2007-2009)

October 2007: Wal-Mart announces a major change in its RFID strategy, largely

abandoning the initial pallet/case focus on shipments going to Wal-Mart stores in favor of

three focus areas: (1) shipments going to Sam's Club; {2} promotional displays and

products going to Wal-Mart stores; {3) tests to see RFID's impact in improving category management in select areas.
"We're coming at RFID from a different angle," Wal-Mart's VP of Information Technology, Carolyn Walton, says at the EPC
Global conference.

January 2008: Wal-Mart announces its first real compliances "penalties” for failure to tag products, specifically for
shipments to its Sam’s Club chain. Wal-Mart says in letter to suppliers that a failure to tag pallets sent to its distribution
center in DeSoto, Texas, or directly to one of its stores served by that DC after January 31 will be charged a service fee,
starting at $2 per untagged pallet on Feb. 1, and capping at $3 per pallet on Jan. 1, 2009.

Wal-Mart also announced its plans for the Sam's Club rollout {later changed):

#® Jan 30, 2008: pallet-level tagging for DeSoto, Tex., distribution center.

#® Oct. 31, 2008: pallet-level tagging for an additional four distribution centers, case- and mixed-pallet level tagging
for Texas distribution center.

® Jan. 30, 2009: pallet-level tagging for remaining 17 distribution centers, case- and mixed-pallet level tagging for an
additional four distribution centers.

® (Oct. 31, 2009: case- and mixed-pallet level tagging for the remaining 17 distribution centers; selling-unit -level
tagging for Texas distribution center.

#® Jan. 30, 2010: selling-unit-tagging for an additional four distribution centers.

® Oct. 31, 2010: selling-unit-tagging for remaining 17 distribution centers

January 2009: Sam's Club dramatically lowers penalties for failure to tag pallets from $2-3 dollars per pallet to just 12
cents - what Wal-Mart estimates it will cost Sam’s to do the tagging itself. It also pushes back the rollout schedule
announced the previous January, saying the tagging requirement will apply only to pallets sent to the DeSoto DC or stores
served by that DC in 2009. DC. Pallet-level tagging is expected to be rolled out chain-wide in 2010, while the deadline for

tagging sellable units is "under review."

February 2009: Procter & Gamble says that after "validating” the benefits of RFID in merchandising and promotional o
displays, it is ending its pilot program with Wal-Mart for those displays, implying Wal-Mart is not acting on the informatmyo'
P £, H

| TP\
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Why these failures?

The technology performances
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Why these failures?

The business reasons

Benefits:
e Realization
e Sharing

Tags / smart objs
Infrastructure
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Why these failures?

The technology architecture

Data center and application
O Network management platforms
O Data storage and elaboration

Level 3

Mediation
a Gateway, repeaters

Level 2

Sensors and nodes

O Smart objects

O Widespread and pervasive

O Energy and/or band limitations

Level 1
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http://www.rf-id.it/SalaStampa/DataCollection/SalaStampa/Lettore-RFID-Bluetooth.htm

Why these failures?

The technology architecture

Data management and application

Level 3

<==>

Mediation

Level 2

A
|
|

Sensors and nodes Vv

Level 1
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Something good...

The baby loT (courtesy of EPC / Auto Id, 1999)

ONS (Root and Local)
Directs general requests for
product manufacturer
information in the EPC Network

EPC Discovery Service
irects requests for
trading partner-specific
data about EPC’s, thereby
enabling track-and-trace

EPC-Information ServiceNEEES
Stores and retrieves
serial-number-specific
product information
about products as they
move through the supply
chain

PC Trust Services
Authenticates users
identity on the EPC
Network, thereby
controlling access to
various information
services

Manufacturer Distribution Retailer
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What has changed in 15 (exciting!) years

HW & Technology — New Sensing

New Sensors

New Sensing

Video analysis

Network devices

-

Sound and
vibrations

Connected
appliances

Sensing
fusion
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What has changed in 15 (exciting!) years

HW & Technology — New Sensing

What does "sensors" mean?
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What has changed in 15 (exciting!) years

New networks

Powser
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What has changed in 15 (exciting!) years

New networks: please welcome 5G

© Giovanni Miragliotta

Industry-compliant 5G features

*  mm-wave access, massive MIMO

* Network densification
* Slicing
* Mobile edge computing

Deep coverage
To reach challenging locations

Ultra-low energy
10+ years of battery life

Ultra-low complexity
10s of bits per second

Ultra-high density

1 million nodes per K

Extreme capacity
10 Tbps per Km?

Extreme data rates

ﬂ Multi-Gigabits per second

Tactile Internet
- * Ultra-low latency (down to 1ms)
* Ultra-high reliability (down 10%)
* High access speed (Gb/s)

Strong security
&.9. Health / govemment/ financial trusted

Ultra-high reliability

<1 out of 100 million packets lost

Ultra-low latency
As low as 1 millisecond

Autonomous vehicles
Collaborative robotics
Virtual/immersive reality

Extreme user mobility
Or no mobility at all

Deep awareness
Discovery and optimization




What has changed in 15 (exciting!) years

New processors




What has changed in 15 (exciting!) years

The advent of real time OS

* End-devices/sensors become capable to run Operating Systems

e Why is this important?

Neot Using an Embedded Real-Time OS

Low
reusabilmy

Application program directly contrals hardware

High dependence on hardware

Low reusability of application program

==
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What has changed in 15 (exciting!) years

The advent of real time-0S

/ The battle for
( Open Source\

Real Time-0S

Realdime O3 Real-time OS

(()fferte dei big players \ \

K
Google
(RT)OS $~* w ‘ Brillo é‘v
%6
Q

I 0 T '_I"ﬁ:.JJ. Embedded ondisidthings

& )
K Appleios 0

Windows
o Windows 10 loT Weave J
/_&. Linux | Menlior RTOS CommerciaID

Nucleus RTOS Green Hills

SOFTWARE

A
QVindRiver VxWorks Green Hills Integrity Y /
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What has changed in 15 (exciting!) years

loT Platforms

Sk

Data center and management '
O Metwork management platforms L i
0 Cloud storage

0 Dala analytics

h I
/ \\ AF1 Economy
Mediation A SEETI 5
O Gateway, repeaters ‘ . EF- %aas
A7y ’

Level 3

Sensors and nodes
O Smartobjects

\
T
S ! ﬂ
O Widespread and pervasive d ’E

O Energy and/or band limitations

Level 1

Hardware
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What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)

From a vertical to a

horizontal approach Apps and/or

Micro-services

Application
Applicatio
Applicatio

Service
custem Platforms
custom delivered in the
m cloud
Virtualized
R interchangeable
(50N hardware

g Cheap and fast development
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What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)
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Hardware

Ecosystem of
applications

Cloud platforms
to manage and
access to data

Field devices with
Real-Time OS



What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)

General Platforms:
Specialized Platforms: every feature, with different
one main feature degrees of completeness

Data Analytics

Security 2 Bl

Data
Analytics & Automation Data

Bl management

Data Automation
managemen Device

t management

Device
managemen
t
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What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)

© Giovanni Miragliotta
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What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)
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What has changed in 15 (exciting!) years

loT Platforms (special thanks to cloud!)

APPLICATIONS SUPPORTING BUSINESS PROCESSES
APPLICATIONS SUPPORTING IT PROCESS MANAGEMENT

CUSTOM CODE

SERVICE COMPONENTS

Analytics loT

Monitoring Cognitive Computing Migration tools
Environment

Gestione sviluppo

Sviluppo
Web & Mobile

© Giovanni Miragliott



What has changed in 15 (exciting!) years

loT Cloud Platforms services

loT Infrastructure Investments to be Covered By First-of-a-Kind
Industrial Insurance

Irns Match a Company's P
e |oT Platform provider since 2013

e Manufacturing, infrastructure
management and retailing

e HSB, member of Munich Re’s Risk
Solutions
e Specialty insurer

Hartford Steam Boiler

first industrial loT-specific insurance (for Relays customers)

it aims to protect the financial investments of companies in the loT,
guaranteeing a ROI

S BN N S S . . S S S S S S - S S S N S S S S S S SN W SR S S SN SN S S S . S - — —

Things." Brunner said. "But now, we are doing much more than talking about it. We are literally going to do it"

© Giovanni Miragliotta https://www.munichre.com/HSB/relayr/index.html




Now loT means business...




Nowadays Smart Factory

IT-OT convergence

/SCADA Server HMI Control\
room

Mediation /\

)

© Giovanni Miraglio

gateway /

Single-vendor Hardware

Scalability constrained by physical

available connections (Controller I/0

ports)
Local-only-accessible dashboards

Data confined within the SCADA
system, connections with other
systems to be custom-made

\

/




Nowadays Smart Factory

IT-OT convergence

/SCADA Server HMI Control

APl Economy
Saas

Hardware
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Nowadays Smart Factory

IT-OT convergence

(SCADA Server  HMI Control
_ API
== Microsoft Azure
IBM Bluemix™
" amazon
v a bs%rvigesm

TOROTECH
'f"“ '“‘lllihelfi’::‘ '

"'Mm

CISCD

fﬂw
SIEMENS*I? &

Schneider QD
dFElectric INSTRUM
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Nowadays Smart Factory
Tracking Fleets: the Lindte project

L.

Access detection

0 perating hours

Automation

Integration

Energy management

Crash detection

Analysis of use

Todeih
- _ " I n n
0,080 /1015 U270 /1005 4 Borcitschal., BN S E9 - 10 R R 20 Neubas
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Nowadays Smart Supply Chain

Tracking Fleets: the ENI project

Objective: monitoring of a large fleet of

?“"IG tankers, anti-theft, anti-tampering

@ﬂ " Sensing:

e GPS (location)

e ECU GPRS mirroring (failures, engine
on/off, pumps on/off)

e Shock absorbers elongation (payload
stock and variation)

Functionalities:

e Traditional fleet management

e Unscheduled stoppages, with or
without payload variations




Nowadays Smart Supply Chain

RFId at work: Decathlon Europe

Successful applications:

— POS management (inventory control,
replenishment, anti-shoplifting)

— SC tracking & tracing

Is it profitable?

Miragliotta et. al, 2011, RFld adoption in the FMCG supply chain: an interpretative framework”, Supply Chain Management: An International Journal
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Nowadays Smart Supply Chain

RFId at work: GLOW project

Qf“‘/’

@ RFid
@ 2D BAR-CODE

@ Ologrammi

@ Inchiostri di sicurezza

F=

@ Stampedi sicurezza

C

@ CDP
@ Codici chimici
@ Codici stampati a laser

< Laser Surface Analysis

Process Tracking

¢
¢

_p <
L

® Cryptoglyph

L]

1 2 3

. Ball size ~ Cost
Product marking
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Agenda

e Foreword
e Technologies for the Extended Enterprise

e Data Architecture

e Benefits Evaluation
e Q&A
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Data architecture

Use avalilable
standards

Why it is so difficult? ’
* Why it is so difficult?
— The complexity of the chain
Make your own,
and draw in anybody

— What to record?
— Whoi erord?

‘ Align to industry practices

(standards de facto)

© Giovanni Miragliotta




Traceability process: the GS1 EPC Architecture

e The traceability process consists of the implementation of three key sub-processes:

Level 1: At the source (e.g. In the production line or picking area)

e Identify business entities involved

mamd Level 2: Along the supply chain

e Data capture and recording: scanning capabilities combined with electronic
information flow to optimise reception and despatch operations

and support recall, withdraw procedures

e Linkages & communication to optimise data sharing between supply chain partners

© Giovanni Miragliotta




|dentify, Capture, Share

The three layers of process visibility (courtesy of GS1)

ldentify: G51 Standards for ldentification

BLN Global Location Pumbss 6T Glabal Toeda fom Mumbses  836€ Serial Shinping Containel Code  GRAI Global Returnal¥e Assab klentifinn - OLA) Global irdbselual Assef I0enliler  GERMN Glotal Seivice Relssion Nuibae:

[ein] [evm] [ern] [&nn] E [ew | IET [=sec | [(en ] [(ewar | [ew] [eem] [ein] [e=aw]

tﬂmnnﬂﬂﬁl .'i'

Harutacturm Palet Distributor Trarmspoet Transpont [ 0
T
Capture: G51 Standards for Barcodes & EPC/RFID
G51 Barcodes G51 EPC/RFID
EAN/UPT G51-128 ITF-14 G51 DataBar 51 DataMatrix G51 OR Code E 152:":’:5:"“ EPC HF Gon 2 EPC UHF Gen 2
-
"u‘rmn LAY
a RN TR FRT-LE ILINEE T LR HL Lk

Share: G51 Standards for Data Exchange

Master Data Global Data Synchronisation Metwaork (GDSM)  Transactional Data Electronic Data Interchange (ECN) | Event Data EPC Information Services (EPCIS)

+ Interoperability .
1
ttem Master Data Locafion Data ItamyShipment Tracaability Froduct Pedigras Furchass
Tracking Recall/ Withdrawal Qrcder/Despatoh

Advica/Invoice
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|dentify, Capture, Share

Serialize products

e EPC = Electronic Product Code
e Serial number: not “an” object, but “the” object

GTIN integration with the EPC

llustrative Example (EAN/UCC-13):99 00508 07686 8

‘ m ‘HH“H H H _’F — . | . . : . r

Ll ML Item Reference (1 - 6) Check Digit (1)
Remowe
chinck

EPC:| 3 | 9900508 07686 0000000123456

Header EPC Manager Number Object Class Number Serial Number
‘o ~ GTIN g
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|dentify, Capture, Share

Serialize everything

Pallets and cases Warehouses and stores identified by EPC Vehicles identified by RFID tags

provided with RFID codes
FE@

GIAl

Pallet racks and shipping / receiving
docks provided with RFId tags RFID

h 4/.‘7%7

\_/ Non standard codes can be used as well, since

they are not involved in the information exchange

© Giovanni Miragliotta




|dentify, Capture, Share

Serialize everything

GRAI

GLN [emin| [eTin]| [ GTin | [ c1a1 | [ sscc |

| sscc | | sscc |

Transport [hstribistor Transport Pallat Distribution Transport
Centre

GLN [eiar | [emn] [ern] [en ]  [esen]

= T e

Transport [ristribiator Transport Pallat Distribution Transport Casa Item Retailar Consumer
Centre Healthcare Patient
Provider Caregiver
Operator )
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|dentify, Capture, Share

The three layers of process visibility (courtesy of GS1)

ldentify: G51 Standards for ldentification

BLN Global Location Pumbss 6T Glabal Toeda fom Mumbses  836€ Serial Shinping Containel Code  GRAI Global Returnal¥e Assab klentifinn - OLA) Global irdbselual Assef I0enliler  GERMN Glotal Seivice Relssion Nuibae:

[(ein ] [enn] [ern] [enn] @'—l [(eun ]

[(sai ]

[=sec | [(en ]

[cai] [erw

] (] [Gov]  [san]

Harutncturm Pald Distribustor

Capture: G51 Standards for Barcodes & EPC/RFID

GS51 Barcodes
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9521100 01857

EAMNSUPC G51-3328 ITF-14 551 DataBar

(LINEE TILIE LR

ttem Master Data Location Data Itmm/Shipment
Tracking

Trarmspoat

Master Data Global Data Synchronisation Metwaork (GDSM)  Transactional Data Electronic Data Interchangs [ECHD

Interoperability .
Tracaability Froduct Pedigras Purchass
Recall Withdrawal Order/ Despateh

Disir ibutkon
e

G551 DataMatris GE] QR Code

0
&
.

EF B @l BB =s:s@ 1

Transpoit

GE1 Compoasite
Barcods

Rarlaiier LTI
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G51 EPC/RFID

EFC HF Gani 2 EFC UHF Gan 2

DIIIIE'SHII

Event Data EPC Information Services (EPCIS)

Advica/Invoice
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|dentify, Capture, Share

From Automated readings to Business-sensitive information: ALE (Application Level Event)

/Fiatum to requestor...

..or specified recipient

&

Applications Databases

Applications

. Reader Event
“| Cycle Cycle

((((

Logical Reader
or location
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|dentify, Capture, Share

From Automated readings to Business-sensitive information: ALE (Application Level Event)

e N e N
1 1 11 W1 e

T EPCIS
. Repository
Enter;rise 4 “at time T, the association of the following case tags to
__________________ EPCIS ----- the following pallet tag was created at palletizer #3, to
Edge ) fulfill order #1234” ‘\
l Ezgfa'rzee;pp What, Where, When, Why
AL t “between the time the case crossed the first beam and the
" second beam at location L, the following tag was read”
(F:'(')tlfég?oﬁ . What, Where, When
4 4 . .
dozens of individual tag read events from specific
Rea;der Protocol antenna

Reader Reader




|dentify, Capture, Share

From Automated readings to Business-sensitive information: ALE (Application Level Event)

Ls “.'

[en] [= [ v ]| [orm [ ] [[Giw ] [ ] W | GiAL | [ 1IN '| [orm] [ow] [ases]

| |-:.

ﬂi!ﬂmﬂnﬂ- Il.i‘

) GTIN

|

-
WHAT

Individual object instances
k(ie. SGTIN, SSCC, GRAI, ...)

-
WHERE

Read point (SGLN)
Business location (SGLN)

J\_

.

J \_

r
WHEN

Time stamp of the event
(date + time + time zone)

\.
(
WHY

Business Step (e.g., Pick-Up)
Disposition (e.g., In Transit)

J\.
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|dentify, Capture, Share

The three layers of process visibility (courtesy of GS1)

ldentify: G51 Standards for ldentification
BRAN Ghohal Returnalbe sssat lentifier  SLA Global i bscual Assed ioemiifier GERMN Global Service Relstion M b

BLN Global Locstion Pumbss TN Glabal Toeda fom Mumbss  836€ Serial Shinpeng Containie Codu

E [oun | | & | [=scc ] [en ] [Ga ] [eiw] [emm ] GLH [esan |

[enn] [ern] [enn]
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. i
= T

td B @ mBBA=s:lT

Pald Tran=port Distribustor Tarspoet Falis Distriboton
e :
Procivaci 2t

Ll

Capture: G51 Standards for Barcodes & EPC/RFID
G51 EPC/RFID
EPL UHF Gan 2

G51 Composite EFC HE Gan 2

GS51 Barcodes
ITF-14 G51 DataBar (51 DataMatrix G51 QR Code P i
by - IR MR
ElglE T G N=S|n

EAMAUPT 551-128
| gy = =]
B My = _||P' E o e
ST I oY - 'r g
I s hmibersbor il [l Lol
Share: G51 Standards for Data Exchange
Master Data Global Data Synchronisation Metwaork (GDSM)  Transactional Data Electronic Data Interchange (ECN) | Event Data EPC Information Services (EPCIS)
+ Interoperability 4
| |
Locaticn Data ItmmShipment Tracaability Product Fedigraa Purchass
Tracking Recall/ Withdrawal Qrcder/Despatoh
Advica/Invoice

ttesm Master Data
: -: e  w www w mwmwmwmwmwmwmwm mmmmm _ — — — — — AW mwmwmwm m v m
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|dentify, Capture, Share

The three layers of process visibility (courtesy of GS1)

|dentify

GS1 Standards for Identification

Company & Location
* Global Location Number (GLN)

Product
* Global Trade Item Number (GTIN)

+ Serialised Global Trade Item Number
(SGTIN)

Logistics & Shipping

+ Serial Shipping Container Code (SSCC)

+ Global Shipment Identification
Number (GSIN)

* Global Identification Number for
Consignment (GINC)

Assets
+ Global Individual Asset Identifier (GIAI)
¢+ Global Returnable Asset Identifier (GRAI)

Services & More

* Global Service Relation Number (GSRN)
¢+ Global Document Type Identifier (GDTI)
¢+ Global Coupon Number (GCN)

© Giovanni Miragliotta

GS1 DataMatrix

®

Capture/

GS1 Standards for Data Exchange

Master Data

GS1 Standards for Barcodes & El

GS1 Barcodes

il * Global Data Synchronisation Network
TN
(00) 3 9501100 0000010 ) \
&1 Datater Transactional Data EPCIS
*« eCom (EDI): EANCOM, GS1 XML
i _
mom . oo
T (01) 0950110102103 7 ZPC Information Services (EPCIS) '

GS1 Composite
GS1 QR Code Barcode

M S

g50111028"

GS1 EPC/RFID

Electronic ~ EPC HF Gen 2 EPC UHF Gen 2
Product 7

e (2P =l |
RFID




|dentify, Capture, Share

EPCIS Standard

Electronic Product Code Information Services (EPCIS) defines standard
interfaces to access informazion

e Standard GS1 | ,_ -
- Natively integrated in common .- WAREHOUSE
ERP and track&trace applications
- Complementary to EDI L %
- Doen't need RFID e
= Works with GS1 barcodes . x
- SGTIN S MANUFACTURER
- GTIN + batch number . : v f
- Approved ISO/IEC 19987 4
%ﬁ-

W .
o0

DISTRIBUTION CENTRE

© Giovanni Miragliotta




|dentify, Capture, Share

EPCIS Standard: the Core Business Vocabulary (CBV)

* Defines the semantic vocabulary of business interacation
* Standardizes semantics of information

* Fundamental for interoperability of EPCIS
- Values and definition of Standard Vocabularies

- Syntactic rules to define custom User Vocabularies
* Approved ISO/IEC 19988

© Giovanni Miragliotta




|dentify, Capture, Share

Core Business Vocabulary (CBV) - examples

© Giovanni Miragliotta

accepting

arriving
assembling
collecting
commissioning
consigning
creating_class_instance
cycle_counting
decommissioning
departing
destroying
disassembling

dispensing

encoding
entering_exiting
holding
inspecting
installing
killing
loading
other
packing
picking
receiving
removing
repacking

repairing
replacing
reserving
retail_selling
shipping
staging_outbound
stock_taking
stocking
storing
transporting
unloading
unpacking
void_shipping




|dentify, Capture, Share

Application Level Event - examples

Manufacturer Distributor Retailer
Commission Receive Pick & Pack =3
WHEN

\Chject Event Agg. Event Object Event Object Event Object Event
WHAT 3 Jun 10:15 5Jun 12:50 8 Jun 15:20 10 Jun 11:35 15 Jun 16:10
EPC X EPC X, Y EPCX, Y EPC X EPC X
/Planl 2 Pack Area Plant 2 Warahouse NYC Dock Area NYC Ship Area Store #23 Back
WHERE Commission Pack Heceive Pick Receive
Active In transit Sallable Seallable Sellable
WHY
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|dentify, Capture, Share

The EPCIS network

i - DS request
o i i| EPC global network:
ONS request all EPCIS servers, connected

through internet

ONS (Root and Local)

Directs general requests for product

manufacturer information in the EPC
Network (using GA2 Company prefix)

Authentication

EPC Discovery Service
Directs requests for trading partner-
specific data about EPC'’s, thereby

enabling track-and-trace

EPC-Information Service

Stores and retrieves serial-number-
specific product information about
products as they move through the
supply chain

© Giovanni Miragliotta



Traceability process: the GS1 EPC Architecture

(loT birth, courtesy of EPC / Auto Id, 1999)

ONS (Root and Local)

Directs general requests for
product manufacturer information
in the EPC Network

EPC Discovery Service
irects requests for trading
partner-specific data about
EPC’s, thereby enabling
track-and-trace

EPC-Information Service @EPG |
Stores and retrieves serial-
number-specific product
information about products
as they move through the
supply chain

PC Trust Services
Authenticates users identity
on the EPC Network,
thereby controlling access to
various information services

Manufacturer Distribution Retailer
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Data architecture

Use avalilable
standards

Make your own,
and draw in anybody

Align to industry practices
(standards de facto)

Why it is so difficult?

* Why it is so difficult?

— The complexity of the chain
— What to record?

— Whol erord?

© Giovanni Miragliotta




Data architecture

Use avallable

Why it is so difficult?
standards

* Why it is so difficult?

— The complexity of the chain
— What to record?

— Whol erord?

Make your own,
and draw in anybody

¢ 3N\

Align to industry practices
(standards de facto)
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Align to industry (best) practices

Cloud platforms for SCM

Demand /Sales Supply Chain : Transport Suppliers
) Execution & Others
Management Planning o Managem.
Logistics
/ I I I Cloud platformsI I I
YN e ) )
r i\.@ /mﬂﬁﬁﬂ\ / \ Mc:chchE:cE\ P -V B —
tradeqgecko ' PeopleSoll
Solutions- E [:] .asiad,
iPm Irrwess v IAGGASR -l
,ﬁ. ordarbor Ll
[ 1] rmahica
Bl steeiwedge zjlgi_l:e_~ ngsl.y"' - e ey i
T i Tkl | T ! wo'::;}u Y-
‘?_v, ‘ﬁ'}n‘t_‘ <S> e=2o0Penr \ / \ / S e=2oPen / \ /
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http://www.e2open.com/
http://www.gtnexus.com/
http://blog.operasolutions.com/bid/336658/Workday-s-Big-Data-Play-A-Step-in-the-Right-Direction
http://www.e2open.com/

Align to industry (best) practices

Cloud platforms for SCM

Transportation

Carriers
Suppliers Manufacturin ML aas
i B>
< =8 o Partners gm 5 = ..
Jd P

Customers /
Channel Pe;rrtner

Locations Business Partners Products/Materials Supply Network Bill of Materials Routings & Resources

- - - Ll
- L] .. a ..
b a® e @

-~ - -

______________________________________________________________ . 1
\ o= B o e !
! SAP m’HANA IBP Response AR LRE i

On-Premise: ERP, SCM, BW, GATP, Supply Planning, Strategic Procurement, Etc. i !

Company's Social Networks
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http://www.e2open.com/
http://www.steelwedge.com/
http://www.gtnexus.com/
http://blog.operasolutions.com/bid/336658/Workday-s-Big-Data-Play-A-Step-in-the-Right-Direction

Data architecture

Is there a fouth way?




Does blockchain mean Traceability?

. Track & Trace, Anti-counterfeit
Business Applications . Order-to-cash processes

o Electronic commerce

o Standardized identifiers
’ fits Definitions of identifiers . Transaction data
1 and other data to be Data sharing rules T
here <hared o Visibility event data
o Master Data
o Oracle, IBM, Teradata, etc
Blockchain is . . Amazon, Google, Bluemix, etc
here Database or other data sharing technology . EDI Networks, VANS, datapools

o Blockchain technology

Blockchain is a shared, secure, distributed ledger
GS1 is about standards for data and business applications

* To achieve traceability, parties must agree on data content (e.g. CBV)

* EPCIS makes a distinction between data and the database: EPCIS is explicitly agnostic as to
what sort of database is used... also a blockchain

EPCIS defines interfaces between different systems so they can share data even if they use
different underlying DB technologies

© Giovanni Miragliotta




Is 10T ready for blockchain?

Supplier’sé Supplier Your company Customer Customer's

supplier | H . . customer
- Internal or external Internal or external

Certifies the digital
data

Native loT Blockchain device?
No, a Third-party Oracle

Tier 2,3,N Suppliers Tier 1 Suppliers  Manufacturing Sites Final Assembly . ﬂ

ey — 1. I oT

% =" o
"

Acquires digital data
about physical processes
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Do | need a BC?

Wiist & Gervais (ETH Zurigo)

Persistent™\_Y®S _“Multiple i Online No _All writers\ N0 A( public BC
history writers TTP known L
no no yes yes
no g Public h
All writers YES,I permissioned
trusted
\ BC J
Yes e _ N
no Private
»| permissioned
\ BC J
) 4 ) 4 ) 4

[ File System ] [ Cent;)lnzed ] [ReplicatedDB]‘—

© Giovanni Miragliotta

Permissioned BC: writers must be
approved by participants

Private BC: readers must be approved
by participants




Agenda

e Foreword
e Technologies for the Extended Enterprise
e Data Architecture

e Benefits Evaluation

* Q&A
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Adoption process of a new technology

e The adoption process of every new technology can be:

— “Conditioned”:
e ROI>0
e Given PBT, etc.

— “Convincing”:
e Perceivable impact on a set of performances...

e ..aligned with the Entrepreneur’s expectations

— Emotional
* A posteriori evaluation

© Giovanni Miragliotta




Evaluating the Extended Enterprise

A reference framework

BENEFITS

External Planning and o
Product|V|ty ] [FIeX|b|I|ty][ Quality ][T ime & Serwce] [Control capablllty][ Change and optimise ]

Less Costs Higher Higher Higher Profits
(same turnover) Turnover Turnover (higher price or
(same costs) (higher volumes) less costs)
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Efficiency benefits

Generalizing the method

e ABM / ABC methodology:

— Map process (to the correct level of details) in the As Is situation
— For each activity, identify the needed resources, and their unit costs
* People, space, energy, capital, ...
— For each activity, identify resources’ consumption drivers
e # of Pieces, # of setups, ...
— Measure the consumption of drivers, and therefore used resources
— Assess the cost of the As Is process

— Re-engineer the process, define the To Be situation
— Re-draw the new process map and modified activities
— Re-apply ABC

— Estimate the cost of the To Be process Importance of realistic
assumptions (e.g. people and costs
not completely avoidable)




Efficiency benefits

Generalizing the results

e RFId Gate s¢

“As Is Uncooperative” base-line

“Collaborative” base-line scenario

© Giovanni Mirag

scenario

Base-line scenario COST (€/year) 244,000 188,000

“RFId Gate™ COST (€/year) 174,400 173,400

“RFId Gate” BENEFITS (€/year) 69,600 14,600

“RFId Gate” %BENEFITS 28.7% 7.5%

“RFId gate”
80.000 RFId tags paid by Base-line scenario NPV (€) Payback
69,600 (years)

70-000 7 Wholesaler Colaborstve 340000 =
60.000 1= T SoTaboraTe 00 o

50.000
40.000
30.000
20.000
10.000

Benefits (cost reduction) €/year

Uncooperative

Receiving and unloading

m Ticking off

| 18.000 14,600
2.000
N 11.300 11.300
RFId gate vs. RFId gate vs.

Collaborative

GRN creation

"ONRdosing  wagewewsr 119

Base-line scenario

As-Is

“RFId gate”

0.12 €

Collaborative

0.04 €




Efficiency benefits

Open issues

e What if 100% reading accuracy cannot be achieved?

© Giovanni Miragliotta




Efficiency benefits

Open issues

e What if

100% reading accuracy cannot be achieved?

A
densita di probabilita letturd colli varco
0.50 1.00
0.45 + 044 85 + 0.91 0.90
0.40 + 0.80
0.35 1 +0.70
0.30 + 0.60
0.25 + + 0.50
0.20 + + 0.40
0.15 + 0.30
0.10 + 0.08 0.12 + 0.20
0.05 + w . . 0.02 + 0.10
0.00 | I : I— ‘ : - 0.00

pallet mono (<72 pallet mono (73-144 pallet mono (>144 pallet multi non RFId- pallet multi RFId-  pallet multi RFld-
colli) colli) colli) hostile hostile con schema hostile con schema
pallettizzazione ok pallettizzazione ko

I densita di probabilita lettura colli
—&— probabilita cumulata lettura colli

e Only9l

© Giovanni Miragliotta

% of cases could be accurately read




Efficiency benefits

Open issues

e What if 100% reading accuracy cannot be achieved?

P —
densita di probabilita letturg pallet varco

0.50 1.00
0.45 + 0.42 + 0.90
0.40 | o +0.80
0.35 1 7 +0.70
0.30 | : 1 0.60
0.25 1 1 0.50
0.20 1 1 0.40
0.15 + 0.13 + 0.30
0.10 | +0.20
0.00 1 : 0.00 : 0.00

pallet mono (<72 colli) pallet mono (73-144 pallet mono (>144 pallet multi non RFId- pallet multi RFld- pallet multi RFId-
colli) colli) hostile hostile con schema hostile con schema
pallettizzazione ok  pallettizzazione ko

B densita di probabilita lettura pallet
—— probabilith cumulata lettura pallet

e 91% of cases =2 75% of pallets
—> Proportional impact on measured benefits




Efficiency benefits

Open issues

e What if 100% reading accuracy cannot be achieved?
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Efficiency benefits

Generalizing the method

e Activity Based Modelling methodology
Realistic assumptions, reliable cost accounting data

|dentification of relevant impacts depending on tech reliability

Impact

Single company Supply Chain

Administrative
Operational
Statistical

19bue]




Efficiency benefits

The case of Healthcare (Blood Transfusion SC)

e Analysis of RFld technologies in supporting the whole blood supply chain (vein-to-vein process)

/ F Blood Bank / \
alidation Immunohemathology and !

Tasfusional Medicine Service: _Patient Side

om Emm mm— —

\

|
|
\
.

f I \
' ssuingand |
: TEW_} orage  — icibution || Tansfusion
I\ ________ /l‘\ ’II\ /I
N o e e e e e e e e e o o o o o o o o o o o - — S mm mm e e

* Main goals:
— Automating bags identification to enhance quality and safety of blood supply chain
— Analysing how the processes can be re-designed thanks to RFId:
e supporting the centralization of the production and the biological validation of the blood collected )
* enhance resources employment

© Giovanni Miragliotta




Efficiency benefits

The case of Healthcare (Blood Transfusion SC)

e Risk-based method to assess the impact of RFld on:
— Patient safety

— Quality of blood products
— Service continuity

— Donor care

/FI\/IECA (HFMEA) approach: \
RPN. = OSR xSSR. x DSR

RPN = Risk Priority Number

OSR = Occurrence Score Rank (probabilita di accadimento)

SSR = Severity Score Rank (Severita del danno associato)
\DSR = Detectability Scale Rank (Rilevabilita dell’errore) /

POLIMI it MANAGEMENT 126



Efficiency benefits

The case of Healthcare (Blood Transfusion SC)

e Risk-based method to assess the impact of RFld on:

© Giovanni Miragliotta

Patient safety

Quality of blood products

Service continuity

Donor care

900

800 -

700 -

600 -

500 -

400

300 -

200 A

100

0 -

Q |PS|SC | DC|Q |PS|SC|DC|Q |PS|SC|DC|Q|PS|SC|DC| Q PS|SC|DC|Q |PS|SC|DC|Q |PS|sSC|DC

Collection Validation Processing Storage D&l Transfusion in Transfusion in
ward uTIC

M Residual risk Risk reduction _




Efficiency benefits

The case of Healthcare (Blood Transfusion SC)

C2 Gestione C1 Raccolta C3 Requisiti per C6 ID donatore C21 Parametri C22 Colore c23 c4 (_:ongruenza C10 Procedure C13 C9 Procedure C11 Procedure C16 Dati  C17 Cartella C18 Consenso
emergenze domenicale la donazione donatore tappo provette Peso dati mediche-inferm. iva amministrative tecniche etichetta  clinica Informato
5 [ ) J J sacja SaT“e
SIMT/PO | 02 Consenso alla
( % i barcode: donazione
11 Donatore Y AAAAA 4 racc. dom. /l/ R
T 1<
RACCOLTA N N >
‘escrizione| C15 Parametri i !
" c27 C24 Giorno \l\
esami di riferimento " i 04 Donatore O3 Donatore N
AL Tempg di del prJeIlevo non idoneo  da ristorare o1 Ag_gnornamento
Esiti prelievo dati donatore
12 Tessera VVVVY i i su Emonet
AVIS Campioni E
di sangune VALIDAZIONE s €12 Indicazioni v g
In provette egmento ndicazioni ioni 06 Non conformita
T Emocromo etichettato CRCC c14 o&ﬁijm!)‘:gim rilevate .
- (plasma) Convenzioni e 05 TEfe'.'"
= % cartacei
an P . E M accordU
ﬁ *_r’- Aﬁ/ 08 Sacche non idonee
£ o Bt ane | £ ocesz O @ dons -
19 Barcode 7 -
operatore L (T8] \VORAZIONE |&— [ ,
[*— Emocomp. Buffy coat C8 PRSP, ,\[\
Ll A8 in attesa di non utilizzabili PNSP D14 Creazione concentrato
M . piastrinico a sist. Inf.
13 Sacche non : Y validazione Casr:gg;ne /—J C20 Congruenza
utilizzate |} di sangue paziente-sangue
e restituite | —
= g
C19 ID paziente
B CONSERVAZIONE V ( ’JJ
14 Richiesta d B AEERY Compatbiita N
AO/PO divers 09 Sacche scadute
o deteriorate
15 Rlphlgsta ~ 010 PlasmaBo C
nominativa . N\ all'industria
BN Set of the maximum v,
— / >
. N
elapsed time between two N\ 011 Document
18 Prescrizione \ di consegna

medica

A | activities. If exceeded, the

procedure is interrupted for H——
safety reasons

-012 Paziente

‘015 Aggiornam.
cartella clinica

J
M1 Riso >ffettuato M2 Attrezzature e . . . o 013 Rapporto
¥rso strumentazione Informatve M4 Presidi Medico-Chirurgici trasfusionale
NODO: A0 TITOLO: PROCESSO TRASFUSIONALE ‘ N.: 2
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Efficiency benefits

Generalizing the method

e A two step evaluation...

Effectiveness Physical KPI

Monetary translation

assessment

* Available options: « Available options:
— Direct analytical evaluation — Direct analytical evaluation
— Direct measurement — B-plan estimates
— Computer simulation — Educated Guess
— Queuing theory — Benchmarking
— FMEA

© Giovanni Miragliotta




How to assess the benefits in this case...

Tracking returnables: the Cablecom(*) case

Objective: real-time monitoring of location
and state of the cable returnable drum

Sensing:
e GPS (location)
e MEMS accelerometer (shocks, rotation)

e Smart energy management (sleep mode, LPWA
ready)

Functionalities:

e 2-year operating life, with real time monitoring
(location, hits)

e Local algorithm to estimate the remaining wire
(as a function of wire thickness and number of
revolutions)

(*) Fictional name due to confidentiality reasons

© Giovanni Miragliotta




Agenda

e Foreword

e Technologies for the Extended Enterprise
e Data Architecture

e Benefits Evaluation

* Q&A
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Q&A Addendum

* Innovazione e outsourcing

e Flexa, la piattaforma di continuous learning di GSOM
e Piattaforme e Transaction Cost Theory
e Extrareadings

© Giovanni Miragliotta || i|i




Innovazione e outsourcing

Gary P. Pisano, 2009, “Is the U.S. killing its innovation machine?”

“The prevailing view of the past 25 years has been that the U.S. can thrive as a center of innovation and leave the
manufacturing of the products it invents and designs to others. Nothing could be further from the truth.

This logic is predicated on utterly false assumptions about the divisibility of R&D and manufacturing... R&D and manufacturing
are tightly intertwined. Unless you know how to manufacture a product, you often cannot design it. And, to understand
how to manufacture it, you have to have manufacturing competencies and experience.

To innovate, you need great two-way feedback. You need to transfer knowledge from R&D into production, but you also need
to move knowledge from production back to R&D. ... What this means is that when manufacturing capabilities migrate
from a country, design and R&D capabilities eventually follow."

POLIML s MANAGEMENT




FLEXA by GSOM

$ LE XA Professionisti Aziende Studenti & Alumni FAQ

KNOWLEDGE. AMPLIFIED

Professionisti

Progetta la tua carriera professionale
con l'aiuto di FLEXA

Se ti chiedi come far avanzare la tua carriera, FLEXA ti potra
aiutare. FLEXA crea un progetto dinamico su misura per le tue
competenze e i tuoi progetti, ottimizzandolo per il tempo atua

disposizione.

Inizia a costruire il tuo futuro con FLEXA

https://www.flexa.polimi.it/it/




Piattaforme e Transaction cost Theory

e https://en.wikipedia.org/wiki/Transaction cost

» The rise of platform economy: a framework to describe multisided platforms,
M. Ardolino, N. Saccani, M. Perona, 2016, Universita di Brescia

» Astrategic outlook on Manufacturing-as-a-Service (MaaS) Platforms: differences and inspirations from

“traditional*“ platforms ecosystems
G. Tedaldi, G. Miragliotta, L. Gastaldi, 2022, Politecnico di Milano



https://en.wikipedia.org/wiki/Transaction_cost
https://www.semanticscholar.org/author/M.-Ardolino/90528893
https://www.semanticscholar.org/author/N.-Saccani/2017441
https://www.semanticscholar.org/author/M.-Perona/145134548

Extra readings

« Kai Fu Lee, 2018, Al Superpowers: China, Silicon Valley and The New World Order, Houghton Mifflin Harcourt.

» Erik Brynjolfsson, Andrew McAfee, 2017, "Machine, Platform, Crowd: harnessing our digital future", W&W
Norton & Company (Italian edition available)

» Gary Marcus, Ernest Davis, 2019, Rebooting Al: Building Artificial Intelligence We Can Trust, Vintage
Publishing

« Luciano Floridi,2022, Etica dell’Intelligenza Artificiale, Scienza e Idee

 Samuele Mazzini, 2022, Il futuro elettrico, Sole240re ed.
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