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In October of 2020, the Air Force challenged 
Aerospace and Defense industry to adopt 
the suggestions presented in the 2018 Digital 
Engineering Strategy. The document, named  
There is No Spoon: The New Digital Acquisition 
Reality, warns that aircraft design and deployment 
must embrace “the digital trinity” of Digital 
Engineering and Management, Agile Software 
Development, and Open Architecture to create  
an improved development system that enables  
the United States and its allies to compete with  
the superior numbers of Chinese Aerospace and 
Defense development, all while establishing a robust 
and secure supply chain. The article says:

"Thankfully, digital acquisition foretells a 'status next' 
if we free our minds of physical world restrictions.  
The digital world is now a primal acquisition 
battlefield where future wars will be won or lost." 

Here are the components of the digital trinity: 

• Digital Engineering: An engineering practice 
in which engineers manipulate digital 
representations of real-world objects long before 
the objects exist in the real world.

• Agile Software Development: A project 
management approach that emphasizes always 
having a working version of the design and 
incrementally adding functionality in sprints.

• Open Architecture: Consciously using resources 
that we can mix and match to meet the needs of 
the day. 

 
In this article, we will examine how the Aerospace and 
Defense industry is meeting this challenge and what 
that means for electronic design. 

THE DIGITAL TWIN  
AND DIGITAL THREAD 
Digital Engineering and Management describes  
a development process in which engineers work  
with digital models of real-world components.  
A digital twin is a complete model of a system,  
an aircraft, a radio, a missile, or the like.

 
A digital thread ties together the process of convert-
ing a digital twin from one stage of development to 
the next, while maintaining traceability and progress-
tracking across the entire project. Data traced from 
one digital twin stage to the next forms the digital 
thread.

An aircraft design moves from a virtual product,  
living only in computers, to virtual production in 
which we simulate the manufacturing process, to 
actual manufacturing, to delivery and maintenance, 
as shown in the figure on the following page.
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Figure 1: The Digital Twin
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This design methodology frees engineers from long, 
prototype-based, development flows and allows 
them to adopt proven agile project management 
techniques for all aspects of delivering a new aircraft.  
Using these techniques, Boeing was able to deliver 
the eT-7A training jet in only three years.

 
WAIT. THIS SOUNDS FAMILIAR 
Of course, the IC developer is now noting that we’ve 
been using digital twins (virtual prototypes in C/C++, 
hardware design in RTL, gate-level models captured 
as netlists) in a digital thread (using Git and SVN) for 
thirty years. The IC developer would note that we are 
years ahead of the rest of our organization when it 
comes to digital twinning and digital threading. And 
they would be right.

The question now is how does the rest of the design 
team incorporate digital twins and threads into their 
design flow and how does IC development fit into 
that?

 
MODEL-BASED  
SYSTEMS ENGINEERING 
The discipline of creating a physical object using a 
series of ever-more-accurate models is called Model-
Based Systems Engineering or MBSE. As with the 

early days of RTL, MBSE has gone through a series 
of languages that attempt to abstractly describe a 
design, moving from UML to SysML and now to SysML 
V2. Systems engineers use tools such as Capella, 
Cameo, Rhapsody, and System Modeling Workbench 
to create diagrams that generate these languages.

These engineers use a methodology name Arcadia 
(diagrammed in Figure 3) in much the same way 
SystemVerilog-writing engineers use the UVM. 
Arcadia formalizes a way to decompose a design 
from its broadest description down to individual 
components. The systems engineer starts with high-
level requirements and high-level blocks and can 
create models of those blocks. Then they decompose 
the design.

The Arcadia Methodology Identifies Four Levels 
Of Design:

• Operational Analysis: This is the top-level design 
behavior. What do the users need to accomplish.

• Function and Non-Functional Need: What does 
the system have to do to allow the users to achieve 
their goal.

• Logical Architecture: Describes how the functional 
needs get apportioned among system blocks.

• Physical Architecture: Describes each of the 
system blocks and how they are designed.

Figure 2: A Digital Thread
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These levels are recursive in that each block can take 
the requirements from a higher block and use them 
as its own operational analysis.

The systems engineer can run simulation at any of 
these levels, so that user-level simulations at the top 
of the system can drive stimulus down into lower 
levels of the design and recompose verification on 
the way back up.

 
TEAMCENTER FOR MBSE SYSTEM 
MODELING WORKBENCH 
Siemens System Modeling Workbench is a design 
tool based on Capella, an open-source graphical 

editor that can implement the Arcadia methodology. 
The workbench allows you to define functions and 
components, and then components within those 
components. Consider the diagram (in Figure 4 on 
the following page) of a camera with the top-level 
blocks in the back and more detailed blocks in front.

The blocks in the back show the operational level 
where you have a user, camera, and an environment. 
Those break down into functions within the camera 
and those functions get apportioned to various 
processing units.

System Modeling Workbench allows the user to 
integrate simulators into the model and simulate 
parts of the design at every level. 

Figure 3: The Arcadia Methodology
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MBSE, THE DIGITAL THREAD,  
AND "THERE IS NO SPOON" 
We’ve seen how model-based systems engineering 
gives us the tools to create a system’s digital twin. We 
move the design from twin to twin, tracking changes 
in Teamcenter for MBSE to create a digital thread. 

Teamcenter for MBSE allows the Air Force and its 
contractors to solve a hobbling communication 
problem. We have very smart people in two 
organizations (the Air Force and the contractor) 
communicating using paper (or PDF, searchable 
paper.) The Air Force creates detailed aircraft 
requirements, converts them to paper, and sends 
them to the defense contractors for bidding. The 
defense contractors create detailed implementations 
of the solution, convert them to paper, and send 
them back to the Air Force. It’s, at best, a regrettable 
system, as illustrated by Figure 5. 

The Air Force sees the solution in tools such as 
Teamcenter for MBSE. With the Air Force and 
defense contractors sharing single instance of a 

Teamcenter for MBSE data base, the Air Force and the 
contractors can share models, implementations, and 
manufacturing seamlessly, as shown in Figure 6.

The first digital twin in this flow is an idealized model 
of the new aircraft. The contractors can see the model 
and create functional models of their solutions. 
The Air Force can then analyze the implementation 
models and award the contract. 

Combining this level of integration with digital 
engineering, agile development, and open systems, 
we can create a fast-moving ecosystem where design 
requirements can be refined from sprint to sprint as 
the Air Force watches. When the contractor builds 
the plane’s first prototype everyone knows what 
to expect and what the plane will be able to do. 
The agile process allows the first prototype to be 
a minimal system that can be augmented by later 
sprints.

The Air Force has named Teamcenter for MBSE as 
the default platform for this kind of mind-blowing, 
paper-free, integration. The resulting development 

Figure 4: The Siemens System Modeling Workbench
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flow shows that we can do the impossible by 
remembering that there is no spoon.

 
HOW DOES THIS AFFECT IC 
DESIGN?

The Air Force  
We’ve now seen how the Air Force intends to use 
Teamcenter for MBSE and model-based systems 
engineering to dramatically reduce the development 
time. The question is, how will this affect IC design? 

At first blush, it seems that this should be an easy 
match since IC designers have been using digital 
twins and digital threads for decades. However,  
there is a fly in that ointment: complexity.

Today’s IC designs are several orders of magnitude 
more complicated than the designs they empower. 
Consider the fact that a Tesla contains between 17-20 
moving parts and compare that with one of a Tesla’s 
AI chips. It’s not a moving part, yet it performs 36 
trillion operations per second. The complexity leap 
between the car and the IC in the car is at least eight 
orders of magnitude.

Figure 5: Paper Communication

Figure 6: Integrated Acquisition
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This raises the question of incorporating an IC design 
into a System Modeling Workbench view of the IC. 
We use models of increasing complexity in chip 
design, from virtual platforms written in SystemC 
down to RTL and on down to gate-level and finally 
Spice simulation.

The problem is that of all these models, only the 
SystemC model is fast enough to be plugged into 
a design in System Modeling Workbench. How do 
we track the work we do in RTL and below? We’ll 
approach this question by looking at the verification 
solution pattern. 

While we can simulate a chip down to the Spice level 
such a low-level simulation cannot live in a higher-
level system simulation. Indeed, an RTL model cannot 
be simulated in that context without significant 
acceleration. We need a way to link RTL development 
to the bigger picture.

We’ll analyze this problem by taking a step back and 
examining the verification solution pattern.

 

THE VERIFICATION SOLUTION 
PATTERN 
The generic verification solution pattern captures 
the essence of all verification. We can use the same 
pattern at any level of our design. For example we 
could simulate the camera owner taking a picture 
and make sure that the high level pieces meet the 
objectives. The diagram in Figure 7 below shows  
the generic pattern.

First we’ll look at the generic pattern and then we’ll 
map it to a typical IC verification flow.

The generic verification pattern applies to all forms of 
verification and can be encoded with Teamcenter for 
MBSE. There are four parts:

• Requirements: These are human written and 
human readable requirements for a design such 
as, “The IC clock shall be 1 GHz.”

• Requirement Parameters: In this step we convert 
the human-readable parameters such as “shall 
be 1 GHz” and turn it into a machine-readable 
number such as ‘1 GHz’.

Figure 7: Generic Verification Pattern
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• Architecture Modeling: This is where you create 
an architectural model or a design specification 
that meets the parameterized requirements.

• Model-based Design and Verification: We’re 
verifying a component in our system, and so this 
block contains a lower-level system design and its 
associated simulation.

• Verification Capture Point: Compare your 
expected result to the actual result. 

 
We apply this generalized verification flow in IC 
testbenches all the time. We have a requirements 
document which we parameterize as artifacts such as 
coverage models, scoreboards, and directed tests. 
We run the test and compare expected results to the 
actual in literally millions of verification events.

Teamcenter for MBSE isn’t part of our simulator or 
testbench, it cannot act as our scoreboard. It thinks 
of our testbench as a black box that generates 
data about the design. We can hide the complexity 
of our IC designs and present data useful to the 
systems engineer in two ways: a TLM model, and 
requirements coverage.

THE TLM MODEL 
In the generic verification shown in Figure 7, we 
verified a lower level Arcadia component. But we 
can replace that part of the generic solution with any 
model we want. In this case we’re going to replace 
the lower-level SMW component with a SystemC TLM 
model of our design. This allows us to do architectural 
exploration early in the system design process. Figure 
8 below shows the SystemC model capturing the 
characteristics of TLM subsystem.

The requirement parameters in this case specify the 
required power and throughput of the subsystem. 
We run the SystemC model in Vista, connecting it to 
System Modeling workbench with a Vista plugin. The 
workbench gathers the data from the TLM simulation 
and compares it to the requirement parameters to 
ensure that the de-sign meets its goals.

 
THE COVERAGE-DRIVEN FLOW 
We tend to think of a verification event as comparing 
the results of an operation to an expected result.  
This is one aspect of verification, another is coverage. 
When we create a test plan we naturally say, “I want to 

Figure 8: Verifying the Characteristics of a SystemC Model
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test scenario A” or “I want to test operation B.”  
We can capture these goals as coverage points  
and use them in a verification plan. 

A DO-254 flow is best defined by its very specific 
coverpoints. The DER will want a list of requirements, 
a test for each requirement, and confirmation that 
the test passed. There are also code coverage 
requirements, and perhaps functional coverage 
requirements. All these need to be traced from the 
original requirements document to the record of 
completed test.

When we take the generic verification flow and 
modify it to work as a coverage-driven flow we get 
the following, as shown in Figure 9 below.

This flow derives the verification requirements from 
the original requirements document. This leads to a 
verification plan that drives a simulation strategy to fill 
the coverage bins. Then Teamcenter would track how 
many of the bins are covered over time.

This approach allows us to fit our complex IC 
verification flow into the higher-level model-base 

systems engineering methodology. We’re part of the 
bigger picture. 

 
SUMMARY 
ASIC and FPGA developers have been practicing 
model-based systems engineering since the first 
synthesis tool appeared. Earlier if you count a 
schematic as a digital twin. We have, over the years, 
developed robust verification flows that include 
constrained-random verification, scenario-based 
verification, and formal analysis. 

However, we’ve always done this work in our domain-
specific world in which chip requirements came 
from “out there” and our integration into the broader 
system happened in the lab. The Department of 
Defense Digital Engineering Strategy changed 
all that. It provided a forcing function in which 
Aerospace and Defense companies needed to learn 
new ways of delivering systems. Model-based system 
engineering, digital twins, and digital threads are 
here to stay, and its unlikely that IC developers will  
be granted special dispensation not to be part of  
this revolution. 

Figure 9: Requirements-Based Verification Pattern
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Fortunately, we’re old hands at digital engineering. 
We have flows, tools, and expertise all in place. All we 
need to do is figure out a way to plug into the bigger 
system.

In this article we examined two strategies for fitting 
into the broader digital engineering revolution, 
both based on existing verification technology. 
TLM modeling will allow our models to work 
quickly enough in larger context simulations while 
requirements-based flows allow us to provide useful 
information to the broader project.

Model-based systems engineering is here to stay. 
Fortunately, we’re in a position to lead the way.
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