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The need for speed (of software development of aircraft)

- J j U.S. Department of Defense

2022 .

R " National Defense *- .
Strategy

The Department will instead reward rapid experimentation, acquisition, and fielding.
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Presenter Notes
Presentation Notes
We also see the need for speed of software development in aircraft of aircraft. Below, you see one example of that.
It is the national Defense Strategy by the US department of defense. One of the points it makes is that we need to be able to deliver capability faster. And you see a quote from this document below [point to the quote].


—
Software

development and
certification

How do we combine the need for safety with the need for speed?
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Presenter Notes
Presentation Notes
So the situation we are in can be illustrated as follows. For the software development and certification, we have two forces. On the one hand, we have the need for speed in order to achieve faster fielding. On the other hand, we have the need to achieve safety. These forces are often not aligned; they pull the software development in difference directions.

So the question we face is: How do we combine the need for safety with the need for speed?


—
Software

development and
certification

How do we combine the need for safety with the need for speed?

In this talk, we will ignore this In this talk, we focus on this.
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Presenter Notes
Presentation Notes
So the situation we are in can be illustrated as follows. For the software development and certification, we have two forces. On the one hand, we have the need for speed in order to achieve faster fielding. On the other hand, we have the need to achieve safety. These forces are often not aligned; they pull the software development in difference directions.

So the question we face is: How do we combine the need for safety with the need for speed?


DoD systems interact with their physical environment
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Control is important
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while (1) {
s = read sensor();
a = perform computation(s);
actuate command(a) ;
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while (1) {
s = read sensor();
a = perform computation(s);
actuate command(a) ;

..———We need to generate source code for this.
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while (1) {
s = read sensor();
a = perform computation(s);
actuate command(a) ;
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The source code generated depends on a
model of the physical environment (plant)
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f

This is laborious
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f

Can we reduce human labor for this?
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f

Can we use GenAl for this?
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In this paper, we show how to use
GenAl for this.

and synthesize this.
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Case study: Inverted pendulum

Delay_25ms.MTS

2016/ 9/27 PM 3:500= _
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Case study: Inverted pendulum

Delay_25ms.MTS

Rod

\

2016/ 9/27 PM 3:50% = _

Cart
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Case study: Inverted pendulum

Delay_25ms.MTS

Rod

2016/ 9/27 PM 3:500=

Cart
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Goals of controller:
Move cart so that rod stands up

Generate source code of controller
from image.
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Delay_25ms.MTS

2016/ 9/27 PM 3:500= _

Prompt to GenAl

Gen Al system

controller
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Prompt to GenAl

This image shows an inverted pendulum. Please give me the
differential equations for this particular inverted pendulum.
Based on the image, please estimate the parameters that
describe mass m and M and also estimate |, the center of mass
of the pendulum. Be aware that | is not the length of the
pendulum. In fact | is half of the length of the pendulum. After
_ : that, please express the dynamics of the system as a linear

— - SN time-invariant system (LTI). Then, use LQR controller synthesis
2 DL - to get a controller. You should solve it with concrete values;
that is, give me the K matrix.

Gen Al system

l

controller
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Prompt to GenAl

This image shows an inverted pendulum. Please give me the
differential equations for this particular inverted pendulum.
Based on the image, please estimate the parameters that
describe mass m and M and also estimate |, the center of mass
of the pendulum. Be aware that | is not the length of the
pendulum. In fact | is half of the length of the pendulum. After
_ : that, please express the dynamics of the system as a linear

— - SN time-invariant system (LTI). Then, use LQR controller synthesis
2 DL - to get a controller. You should solve it with concrete values;
that is, give me the K matrix.

Advantages:
Gen Al system * No need for humans do to physics modeling
l * No need for humans to read manuals/data sheets

controller
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Prompt to GenAl

This image shows an inverted pendulum. Please give me the
differential equations for this particular inverted pendulum.
Based on the image, please estimate the parameters that
describe mass m and M and also estimate |, the center of mass
of the pendulum. Be aware that | is not the length of the
pendulum. In fact | is half of the length of the pendulum. After
3 : that, please express the dynamics of the system as a linear

P - . SN time-invariant system (LTI). Then, use LQR controller synthesis
180 NS S — to get a controller. You should solve it with concrete values;
that is, give me the K matrix.

Open questions: Advantages:

* How well does this Gen Al system * No need for humans do to physics modeling
controller perform? * No need for humans to read manuals/data sheets

* |Is this safe? l

controller
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