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P&G at a Glance

$84 Billion in sales

$11 Billion in net earnings

25 Billion Dollar brands, one 10 Billion Dollar brand
About 90% of Sales from 50 Leadership Brands
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Target Systems of P&G Innovation,
Development, Engineering

Global Products as Systems:
— Consumer Packaged Goods, across multiple categories
— Including Primary Product Packaging
Global Product Supply Systems:
— Manufacturing Systems, very high volume, automatic controls
— Material handling systems, from manual to robotic
« Global Product Distribution Systems:
— Secondary and tertiary packaging, warehousing, transport
— Retail display systems

— Compatibility with distribution partner systems, from traditional retail to
emerging on-line shopping fulfillment systems ﬂ,
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P&G History with SE

« 2002:
— Began applying SE, MBSE, PBSE to product requirements
« 2003:
— Began applying to manufacturing systems
« 2006:
— Began applying to material handling systems
« 2008:
— Began applying to packaging systems
« 2010:
— Began applying to overall innovation process .‘
— Began integration with PLM 'u‘

« Ineach case, using configurable, re-usable, model-based SE patterns
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Disclosure

The technical examples used in this talk use public
P&G patent drawings or (for details) more generic
systems, to explain principles while avoiding
proprietary P&G system content.
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Consumer Packaged Goods
(CPG)

 Everything is upside down:
— One engineer for multiple projects vs.
concurrent engineering

— One engineer wearing multiple hats vs. one or
more engineers for each discipline

— Millions of products per day vs. a handful per
day/week/month/year

— Etc., etc.,...
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“Turn of the Century”

« Leap to CAX (CAD,CAM, CAE...)
— Increased productivity of design
— Led to extensive reuse/reapplication of designs

— Traditional requirements management got a lot
of pressure for being resource intensive

* Si1x Sigma, 35S, Lean...

— Increased productivity, but often eliminated the
key resources in requirements management

"\I‘I
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Problem Statement

* Need to re-establish formal requirements
management before organizational memory of
legacy requirements fades

« Systems Engineering (SE) is already an established
discipline, no need to create our own.

 Incremental headcount is hard to come by, so SEs
will be vastly outnumbered by other engineering
disciplines

(c) 2014 P&G Touching lives, improving life. PeG™

\



Requirements of SE

 Fully integrated with CAX/PLM

 Systemic means to ensure that requirements are
complete to desired level of detail

* Persistent, traceable and reusable requirements
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What we want I1n a Nutshell

Requirements

Design/

Stakeholders
Have What does my system

need to do?

Provided By

Why does my ' Functional Alloc?‘;\ted To Equipment ‘al‘
system do what it does? Roles : |
: |
1 \
! ‘-‘,‘
Trace | ‘\‘I‘
' \
\'u
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Systematica™ framework for MBSE

 Systematica (S*) Metamodel

— A succinct model than can describe virtually
any system, and that is independent of SE tools
or languages used

S* Metamodel

Y someres R .
: Sickenelde iRg?a::;::?t% éstakeholderi Feature :
MBSE provides a powerful X | S
paradigm for discovering all the e‘

Interactions, and therefore all
the system Functional and Non-
Functional Requirements




Systematica™ Views
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Generic Views

* Models/Diagrams

— Easy to communicate between system engineers
and subject matter experts, e.g., process
engineers

— Often includes SysML notation that is important
to the Systems Engineer
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Domain Models

Show the external systems that interact with the Subject System over its domain life cycle.
This defines the System Boundary, External Interfaces and Domain Relationships
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Schindel, W., Peffers, S., Hanson, J., Ahmed, J., Kline, W. “All Innovation Is Innovation of
Systems: An Integrated 3-D Model of Innovation Competencies”, Proceedings of the 2011
Conference of the American Society for Engineering Education (ASEE)
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State Models

State Models directly address a key SE challenge by discovering and describing all

Situations, Modes, or Use Cases (environmental states) that a Subject System will encounter.
These are associated with. Functional Interactions that lead directly to requirements.

< -
Stakeholder - Feature
State System
State Transitions T -
P T —— Distribui 41177
; - p—
1 --="
] -7 Tecmcar
\; Being Installed N\ - - /‘{ -
e - [~ Technical |
Marifecibiig (" Being Distributed w Install Fitter €=~ PR = B
mpiete Prevent Lubricant Leakage ien” ~ *
Cormpleted -
Store Packaged Product Pras "33?;" |
- Transport Packaged Product Pras ¥ 8
( Being Manufactured \ Identify Packaged Product - - 9 7
Display Packaged Product o -7 e it
Impregnate Lubricant Additive Purchase Packaged Product [ [ — . L 7
Fold Accordion Pleats % .- In Service ) 7
Cut & Separate Filter Element —= 7 |
Wind Filter Element P , i
Insert Filter Element Rl } v b, !
Perform End Seal Bonding Being Refurbished Refrbisht Filtering Not Filtering i
Inspect Product Confpleted |
Insert Into Package Remove Filter Medi P = R I
2 P Filter Lubricant i
Clean Filter Media &<| / Transmit Shock & Vibration !
Insert Filter Media 1
Manufacturin Reinsfallation I\
Started Selgcted 1
i
1
[
Disposal 2 I\
OMpletet t 1
Monitor Filter ’.
n - Prevent Vapor Leakage |
( Being Disposed Of w _ Beina Removed Prevent Lubricant Leakage
- Refyrbish 9 Transmit Thermal Energy
Store Disposed Product Selgcted L
Pre-Process Disposed Product
Recycle Disposed Product

|
4
Remove Filter

: Prevent Lubricant Leakage
Destroy Disposed Product

Decompose Disposed Product

|
Replacement / ‘\|‘
Decision \
L Schindel, W., Peffers, S., Hanson, J., Ahmed, J., Kline, W. “All Innovation Is Innovation of !
Disposal
(©) 2014 P&G

Systems: An Integrated 3-D Model of Innovation Competencies”, Proceedings of the 2011 |
Conference of the American Society for Engineering Education (ASEE)



Logical Architecture Model

Logical Architecture Models directly address key SE challenges by partitioning the structure of requirements

into Logical Roles independent of design, then address more SE challenges by stimulating design ideation and
role allocation to physical designs and future technologies.
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Logical vs Physical Systems

» Engineers must separate physical systems
from logical systems
— Example: The “Omega Roll”

 Function: Establish Velocity of Web

« Requirements: Driven roll with sufficient surface
contact to prevent slip

Driven Roll
Idler Roll.i ‘?. Idler Roll .() Q
a b)

) C) '\,‘
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Feature Model

Feature Models make explicit

the ultimate stakeholder
Feature Feature Definition Feature Attribute Attribute Defii Attribute Yalues
Name
Environmental | The conformance of a system to applicable Enwironmental Risk. The environmental compliance
Compliance requlations governing impact on the natural

Fiber Discharge, Glycol Discharge, Hot Melt Discharge,
Iszue Hudraulic: Fluid Discharge, Maoise Pollution, Odor, Process
Air Discharge

izsue(=]) that arizes due to
operation of the system. May be
multiply instantiated.

enwironment.

outcomes against which all
decisions, trade-offs,

optimizations, and outcomes

Feature Module [ The capability of a system to manage, or to have

Fault externally managed, the prevention and life cycle
Management | of system Faults.

Manageability Level--FRA | The type of management capability

of this system, including internal and
euternal local loop management, as
well as ability to be managed by high
lewel control systermns. Mare than
oninstance may be created.

Internal Local Fault Management, External Local Fault
Management, Line Level Fault Manageable

-
Feature Module | The capability of a system to manage, or to hawe | b, bility Lewel--S0A | The type of m pability | Internal Local Security Management, External Local W I I I b e S CO re d an d Se I e Cte d .
Security euternally managed, physical and electronic of this systern, including internal and [ Security Management, Line Lewel Security Manageable
Management | access sothatit can be secure from threats to euternal local loop management, as
manufacturing system assets and services. well as ability ko be managed by high
lewel control systermns. Mare than
aninstance may be created.
Health and The ability of the system to be installed, Health and Safety Risk. | The type of general hazard[s) Electric Shock, Environmental Yibration, E-Stop, Fire,
Safety operated, maintained, and otherwise managed Iszue presented by the system, which Fork Lift Traffic lzolation, Human Traffic lzolation
oner itz life cycle, in a Fashion conforming to the need to be mitigated,
quidelines az to the health and safety of thoze
who operate, use, live nearby, or otherwise
interact with it.
LUtilities and The ability of the system to acceptably perform | Resource Type The type of utility, space, or other | 120AC, 220AC, 480AC, AGM Delivery, Central Wacuum,
Space while consuming utilities of a given availability, resource with which the system
Compatibility quality, and amount, while occupying allocated

Compressed Air, Coaling, ©510, Fiber, Glyeal, Heat, High

must be compatible. More than one | Yacuom, Hot Melt, Hydraulic Power, Process Air, Space

physical plant space and in the airspace instance may be created.

conditions available.
Transformation | The capability to carry out a single manuFacturing

Transformation Type

Capability

process transformation of the structural,
chemical, or other phyzical azpects of wark-in-
process materials, inbo an intermediate or final

The type of transformation that iz

Apply Glue ~~
performed. More than one type may P y. S -
be instantiated for a single system. Combine Web

N
Material Delivery S~
manufactured configuration. Splice Material _ Sso
Buffer Web «  ~~._ R
~ ~ |
. %
N N
. 68+
N
= N i
1 | N |
v ~

B8
echnical
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Requirement Statements In
Transfer Function Form

Subject
Every requirements statement should tell System

us is something about system Inputs,
Outputs, how they are Related, and
possible Attributes (parameterization) of
that relationship:
— Not every requirements statement
needs to contain all of these.
— But, every statement should contain
some of them. |
— And the aggregation of these Attribute Wl
statements should form an “equation” "‘.

characteri_zing the overall 1/O Prose Requirements Statement
relationship—or we are not done.

Input Relationship Output

“The system shall . . . . . . d L‘*.

Schindel, ., “Requirements Statements Are Transfer Functions: An
Insight from Model-Based Systems Engineering”, INCOSE 2005 i
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Example Requirements Statements in 1/O form

1. “The Lawnmower System shall operate with [Hourly Mowing Capacity] of at least 1 level ground acre
per hour, at [Max Elevation] up to 5,000 feet above sea level, and [Max Ambient Temperature] of up to 85
degrees F., at up to 50% [Max Relative Humidity], for [Foliage Cutting Capacity] of Acme American
Standard one week Lawn Grass.”

2. “The Lawnmower System shall operate using Fuel consisting of gasoline having a [Min Octane Rating]
of not less than 92, combusted with Atmospheric Air.”

3. “The Lawnmower System shall operate with [Fuel Economy] of at least 1 hour / gallon at [Min
Elevation] of 0 feet ASL, at [Max Ambient Temperature] 85 degrees F., 50% [Max Relative Humidity], for
Acme American Standard one week Lawn Grass.”

Atmospheric Air Shearing Force
Atmosphere Exhaust Lawn Grass Vegetation
_fmrmal HazardGEa:ergy
To make the above clear: Fueing L L — :
. S Lawnmower System "
» Inputs and Qutputs are underlined. — 5
* [Attributes] are in brackets. T veratng Commana | e [ C0 | ‘
« Relationships are italicized. LO"e‘a‘” . Sits Feotback__| T Pl ".‘
Just for this example—not required. Tm;ﬁon aubo |
Force Force !
S ';\I
_ Temain Appearance | Torrain Obstacle ""‘.
Obstacle Appearance j% \'
|
‘\"
. . . . . ™ ‘
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Convenience of Parameterized
Requirements Statements

Attribute 0
Hourly Mowing Capacity Level ground acres per hour 15 1.75 2
Max Elevation Feet above sea level 6,000 7000 10,000
Max Ambient Temperature Degrees F 80 90 100
Min Octane Rating Octane 92 92 92
Fuel Economy Hours / Gallon 2 1.75 2
Min Elevation Feet ASL 0 0 0
Max Relative Humidity % 50 50 50

» The requirements statement remain
unchanged as changes In attribute values are
tracked separately over product life-cycle

(c) 2014 P&G Touching lives, improving life. PeG™
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i Production Line

|

. Replatforming Example

. 12,000 + Mechanical Parts
e 300 + Material transformations

 ldentical Logical System

— Two (2) changes in attribute values vs previous platform
« 2/3[Installed Cost]
» 20% Increase in [Production Rate]

— Led to a lot of negotiations in the Trade Space, and a...

 Significantly different Physical System

636 634 626 624 62|2 G.T_‘O
/ | ‘.‘
|/ frf .'/ f:ﬂ l‘u‘
I \ Qf“ &7
/ B f e "."
L F’j?r”—L :
‘I"‘x
{
\'\
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Bringing

Process Flow Diagram (PFD)
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Extending MBSE to PBSE

» Re-usable, configurable models (patterns)

— Moves the human adoption challenge from
“learning how to model” to “learning our
enterprise’s models”

Pattern-Based Systems
Engineering (PBSE)
Processes

ssssss

sssssss

:%E
(Projects,

Applications)

Pattern Class Hierarchy
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Transition to PBSE
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Summary of Approach

A body of general practices
advanced over last 50 years

Systems Engineering (SE)

A recently emergent approach

Model-Based Systems Engineering (MBSE) to systems engineering, using
models

Systematica™ Systems Engineering Methodology

A specific MBSE methodology

Pattern-Based Systems Engineering (PBSE) licensed and in use by P&G

Systematica approach to
reusable models (patterns) of
requirements and design

Intelligence-Based Systems Engineering (IBSE)

Systematica approach to
reusable patterns of intelligent
systems and processes
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The Ubiquitous Metamodel

Pattern-Based Systems
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Infusing MBSE Across the

Enterprise
e Some observations and experiences to date:

— Lost organizational capability generally can’t be
restored, it must be re-invented (SE)

— Can’t sell SE based on money we will save in the
long term

« How will you save money one the very next design?

— Make a little, sell a little
* [t is a journey, not an event
— Critical mass Is achieved with integration into PLM |

"\I‘I
\
\!

\
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Conclusion

 MBSE and PBSE make Systems Engineering
an attainable goal for CPG
— We are re-inventing lost organizational capability

— New capability Is superior, pervasive and persistent
compared to requirements management before SE

— Fully integrated solution can initially be supported
by contract Systems Engineers

— Demonstrated value will allow us to add dedicated
Systems Engineers to our own organization
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