
DIGITAL THREAD AND 
LOGISTICS:  RUGBY IN A 
BROOKS BROTHERS SUIT?

L E O N  M C G I N N I S
P R O F E S S O R  E M E R I T U S
G E O R G I A  I N S T I T U T E  O F  T E C H N O L O G Y



NIST MBE Summit 2017

• The Summit's purpose is to identify challenges, 
research, implementation issues, and lessons 

learned in manufacturing and quality assurance 
where a digital three-dimensional (3D) model of 

the product serves as the authoritative 
information source for all activities in the 

product's lifecycle. 

https://www.nist.gov/news-events/events/2017/04/model-based-enterprise-summit-2017

2

Presenter
Presentation Notes
This summit is all about the question “What opportunities can we exploit now, because we have a modeling platform that can provide not only a rich specification of the thing we want to build, but it also supports analysis and the creation of a lifecycle pedigree for that thing?”



How far we have come!
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Presentation Notes
What has been accomplished with technology is truly amazing, especially to a guy who learned drafting as an engineering fundamental, and in my first manufacturing job, we worked with actual blueprints.  How many engineers today actually know what “blueprint” meant?



The Context

http://www.industryweek.com/systems-integration/demystifying-digital-thread-and-digital-twin-concepts?page=2
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Presentation Notes
Speakers at this summit will have a lot to say about how to capture these opportunities by building critical infrastructure that creates, consumes, and exploits the rich product modeling platform.



It’s all about LEVERAGE
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Why are we doing all this?  The opportunities presented by all this technology are not just about doing things faster, but about doing them better, about better decision-making.  In fact, that is the real payoff.



What makes all this possible?

A reference model in systems, 
enterprise, and software 
engineering is an abstract 
framework or domain-specific 
ontology consisting of an 
interlinked set of clearly defined 
concepts produced by an expert 
or body of experts in order to 
encourage clear communication.
Reference model - Wikipedia
https://en.wikipedia.org/wiki/Refer
ence_model

No “universal” reference model, but at 
least in each domain of interest, an 
agreement on the semantics;  necessary 
for a robust marketplace of solutions.
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Presentation Notes
How are all these disparate applications integrated?

@Reference models make it possible to actually use the information that is now available.  

@But there’s no “universal” reference model. PDES, Inc has sponsored the CAX I/F workshops for years, in order to refine the semantics at the interfaces between CAD/CAE/CAx packages. 

https://en.wikipedia.org/wiki/Reference_model


Are we missing an opportunity?

There is a LOT more 
going on than the 

connection between 
the product model and 

the individual 
manufacturing 

processes.
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Presentation Notes
@Today, the way all this “touches” manufacturing is at the point where a specific manufacturing process creates a feature or assembles components.  
@There is a lot more to manufacturing, and it has a huge impact on lead time and cost.  Let me give you some examples.



“Logistics” inside the factory

Hans Ehm, “Industry Overview,” Dagstuhl Seminar, Feb 8, 2016.
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Presentation Notes
In a semiconductor factory, a wafer  visits a sequence of processes, perhaps as many as 30 or more times.  At every process, there is the possibility of delay, because multiple jobs are competing for time on the process.  Every task sequencing decision has both upstream and downstream consequences, e.g., blocking tasks coming from upstream because a tool is busy, or starving a tool downstream because it has no task to work on.  These operational decisions are critical to throughput, cycle time, work in process inventory, and due date performance.



Global logistics

Hans Ehm, “Industry Overview,” Dagstuhl Seminar, Feb 8, 2016.
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A similar situation emerges in looking at global supply chains.  Infineon, for example, uses specialized facilities in five different countries.  There are 54 possible routes through this system for any new product.  How does a planner decide on the production route?  What contingencies would make the planner change the route?



Logistics network issues
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Presentation Notes
Logistics decisions impact more than just inventory and cycle time. This chart is the result of a supply chain analysis conducted for the F-35 global supply chain, to answer the question “how vulnerable is the supply chain to a supplier failure?”



Logistics Decision Making

Planning

Operations 
Management

Behavior
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In other words, there is a lot of decision-making in manufacturing that is not captured by the translation of product features into work instructions.  @Those work instructions define the basic behavior of the manufacturing system.  @The operations manager has to assign the resources and sequence all the required tasks, and many don’t have good information about the consequences of operational decisions that occur later in time and/or in a different location.  @Planners also have many key decisions about what to produce when, but have poor tools for assessing the consequences of their decisions.



What About…?

CPS

Digital Factory

Brilliant Factory

Industry 4.0
IIoT

12

Presenter
Presentation Notes
All this supporting technology is great—it’s going to enable us to connect things that in the past weren’t connected, and enable us to communicate.  Provided we can agree on a language in which to communicate!  It does not, necessarily, solve the problem of logistics system decision support.



What About…?
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Presentation Notes
There are quite literally hundreds of books that address decision making in production and logistics systems, so you might think the problems all are solved.  But they aren’t!



What Is The Problem?

In this domain, our “wetware” does not have the same level of technical 
support for decision making that is common in the systems design domain.
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Presentation Notes
This is not to say that manufacturing system decision makers are not smart and wise, just that they don’t enjoy the same level of analytic decision support available to designers.



The Elegant Design Intention Meets the Rough 
and Tumble of the Global Production System
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Why Should You Care?

The quality of all this (logistics-related) decision-
making has a huge impact on cycle time, cost, 

reliability, and risk.

You can’t settle for historical performance!

16



What Can Be Done?

Leverage the lessons learned from MBE, MBSE, 
CAx, CAxI/F, etc to improve production system 

decision making!

Integrate production system knowledge 
into the system design process! DFL…
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First, Identify The Domain

• Manufacturing systems are systems:
– through which materials (product, tasks) flow
– and are transformed by processes (make, move, store, measure)
– executed using resources (people, equipment, inventory)
– organized in some way (facility or network)

• Product/Process/Resource/Facility

• Discrete Event Logistics Systems, or DELS
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Presentation Notes
We don’t have “universal” design tools.  We have domain-specific design tools.  So if we want better decision support for manufacturing/ logistics, we need to clearly define the domain. 
@Despite the fact that “every factory is unique,” they all share some very common attributes. Drive home the point of why DELS are so special and so important; it's fundamental abstract building block for all of these systems



WHAT DO WE NEED TO 
SUPPORT DELS PLANNING AND 
OPERATIONS MANAGEMENT 
DECISIONS?



Basic Framework from CAx
Tools for capturing 

system models
Standard analyses for 

answering common questions

Vocabulary
Semantics
Ontology

Theories
Models
Solvers

Transform
Engine

Mapping

conforms conforms conforms

20

Presenter
Presentation Notes
This is a really important picture, because it lays out the roadmap for getting to true, effective decision support.  Each of these six elements is essential, and each represents an R&D challenge.



What Is Available Today For DELS?

?VSM

IDEF
UML

SysML
BPMN

CMSD
STEP
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So, no, we don’t have the elements we need today in order to provide the kind of decision support to logistics that is available to design.
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But this is not all bad.  We can learn a lot from what has happened to bring us to the verge of a true digital thread based manufacturing system.  Being late to the party means we get to enjoy what everyone else brought!



What We Do Have

www.omgsysml.org

http://www.uml-diagrams.org/uml-meta-models.html

CMSD
OASIS

OAGISSCOR
PSL

Industrial 
Partnerships!

23

Presenter
Presentation Notes
@SysML is not (yet) perfect, but it gives us so much modeling power that we’ve never had before.  @OMG has given us critical insights on how to manage abstraction in building tools for modeling a vast domain of applications.  @The many prior efforts on data standards are important building blocks.  @Finally, the existence of a range of industrial partnerships is critical in the R&D necessary to give logistics decision makers real, effective decision support.  Not just single investigator-single-company partnerships, but the emerging network of national centers, like DMII and others.



One Example From Keck VFL

Fast, cheap, good analysis models
Layered abstraction
Transformation technology
Decision support
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I want to give you a hint of what is possible, but I have to control myself.  It’s a little like talking about my grandchildren—once I get started…



A Use case: SC design

• Many locations where loads 
originate or terminate

• Many possibilities for distribution 
center locations

• Many possibilities for fleet 
configuration at each DC

• Want to guarantee delivery lead 
time

• Uncertain pickup/drop rates at each 
customer

• If you care about both cost and service level, how many DCs should you have, 
where should they be, how should you configure each DC’s vehicle fleet, and how 
should you dispatch vehicles?

• Not just an optimization problem, because of control and uncertainty.
• Not just a simulation problem, because of facility and fleet configuration decisions.
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Presentation Notes
This is the “artifact” that we want to design.  The figure shows only one of billions of possible alternative designs.



Network meta model

An example of a “meta-model” defining the semantics for creating an instance 
model of a particular (abstract) network.
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Presentation Notes
Reference model for DELS, which can be specialized for sub-domains, in this case for distribution network design.  This is the highest level of abstraction, from which everything else is specialized.



SC Meta model elements

Using the meta-model concepts (e.g., <<Flow Network>>, <<Flow Edge>>, etc.) to 
develop a “domain specific language”, with semantics that are easily understood by the 
domain experts and stakeholders
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Presentation Notes
Defining the semantics/ontology in terms the problem owners will understand.  This makes it much easier to work with them to establish the system specification.



Transport channel behavior

For this to work, we have to be precise—the system instance model cannot 
be ambiguous, because that will prevent reliable transformation to analysis 
models.

28

Presenter
Presentation Notes
We have to have a “precise” definition of the possible behavior of each SC component.



SC “class” Reference model

• Includes slots for source-sink flow network
• Includes slots for transportation network
• Includes slots for depots, fleets, and vehicle dispatch control

• Create an “instance” of the supply chain “class” which contains 
all the information you have for a particular supply chain design.

• Or, alternatively, create an data schema and a database with a 
record for every  “instance” of the supply chain “class”; now you 
have all the information you need to describe a particular supply 
chain instance.
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Presentation Notes
All this machinery makes it possible for us to author and edit system specifications—analogous to the CAD package used to author/edit the part specification.



Hierarchical DESIGN analysis

Each analysis “conforms” to the supply chain reference model, thus works for any 
“instance” of the supply chain object.
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Presentation Notes
These are examples of standard analyses that are completely re-usable because they are based on a reference model.



Structure: Depot Selection via MCFN

• Aggregate and approximate the flows and 
costs

• Solve MCFN using a COTS solver (CPLEX)
• Apply a “leave one out” strategy to 

generating several feasible candidate 
network structures.

• In this case, generate 5 candidates

Goal: Reduce the computational 
requirements of optimizing the 
distribution network structure.

Strategy: Formulate and solve a 
corresponding multi-commodity 
flow network and facility 
location problem.
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Presentation Notes
“sketch” several candidate structures
The aggregation and approximation are embedded as analysis methods accessible to the system model components
Can be interchangeable, from simple distance metric approximations to incorporating the output of simulation runs.



Behavior: Resource Selection

Goal: Capture and evaluate the behavioral 
aspects of the system using discrete event 
simulation.
Strategy: Generate a DES that simulates a 
probabilistic flow of commodities through the 
system.

• For each candidate supply 
chain network structure, 
generate a portfolio of 
solutions to the fleet sizing 
problem

• Trade-off cycle time/service 
level and resource 
investment cost
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Probabilistic flow runs an order of magnitude faster than a detailed control policy that routes each commodity type on a different process plan.



Control: Resource Assignment

Goal: Select and design a detailed specification of the 
control policies for assigning trucks to pickup/dropoff
tasks at customers.

Strategy: Generate a high-fidelity simulation that is 
detailed enough to fine-tune resource and control 
behavior.

Generate a Pareto set of solutions that trade-off 
Service Level, Capital Costs, and Travel Distance
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Presentation Notes
Emphasize that we generate many simulation models from variants of the system model. And produce many candidate solutions.
Current research is focused on how we can do this part better.



Kinds of results

• These are Pareto optimal designs
• Decision makers make trade-offs
• Hundreds, perhaps thousands of 

simulation runs, with varying depot 
location decisions, varying fleet 
configurations, varying control 
policies—all generated algorithmically

34

Worse
Solutions



Current Status

Large demonstration project on high volume central fill 
pharmacies (Keck VFL)

Start up company focused on adding decision support to value 
stream maps (ModGeno)

Creating a challenge team within INCOSE MBSE Initiative (NIST + 
Keck VFL + ?)
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Are We There Yet?

http://www.imdb.com/title/tt0368578/mediaviewer/rm3959165184
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Of course we’re not.  We have major challenges:
Reference modeling, semantics, ontology
Standard analyses that are re-usable
Model-to-model transformation strategies and tools.
But all our experiences convince us that the successes of MBE and the digital thread can be, and should be, and will be extended to discrete event logistics systems.  When that happens, the resulting new knowledge will begin to flow back into the product/system design process itself, as another aspect of DFx.
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And it will make a difference, because logistics impacts are significant, often determining the success or failure of a product.
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