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Why is dynamic programming helpful compared to
forward simulation



Sofar we did a recap of mathematical modeling frameworks
that let us think about decision making
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IQI Give me examples of failure sets F C X that might
matter in

robotmanipulator cleaningclutteredcountertop

drone flying through city

Before we go on let's discuss why is ensuring that a robot

makes decisions sit Xt F hard
I mean if we know the failure set isn't this enough

For example in intro AI you'll see gridworld
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BUT for EAI systems from this class ensuring Xe F isharder



ReasonI In practice our decision making stack or policy

can be arbitrarily complex or opaque

eg EZE Diffusion Policy f not

VLM web agent

Reason2_ other strategic agents

homicidal chauffer problem 1971

Attacker or adversary
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ason 3 Uncertainty

Even though we represent our system via a mathematicalmodel

a model will never perfectly reflect reality
Statistician GeorgeBoe
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These purple states are theE inevitable failure states
P a 1 d also calledunsafeset
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How do we tackle Problems 1 4 rigorously but also practically

LEA SAFETY FILTERS

Safety Filtering
FIFI not man xau.it

Goal A wrapper we can put around I base policy

decision making system

19 monitor if the system is visit

12 adjust the robot's basepolicy runtime to
prevent future failure X F te 011 4

The idea is that we continue applying our nominal strategy

for decision making e.g VLM Diff MPC until safety is

at risk otherwise apply a safety controller

I SIMPLEST STRATEGY
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tonal if system is safe

safe x if safety risk

I How do we know safety is risk and the safe ctre



safe set
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ASSUME we have a knows safe set S C X that

1 SAF continuously differentiable ft h IR
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E Is h encode the set via thisfine

boundary of s

i S if we have access to such a set S and

next function then any policy u T X
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then this policy can preventthe systemfromUnef
leaving s i.e x safe

In this context you may have heard of h x function called

a control barrier function CBF fore S



LEAST RESTRICTIVE SAFETY FILTER
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Problem can lead to switch aggressively btwn the nominal

policy safety policy

a lot of tension
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A key insight of CBF is an alternative safety filtering law
which looks for similar control to the nominal one that is

also safe
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h x 8 20 Taylorseries expansion

h x Ct S h x t s t
dh

so

h x it s 2 20 chain rule
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Now we have the following safety filter
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some systems make solving fast a quadratic program
CONTROLAFFINE
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This makes our optimization problem a

quadratgpg.ggobjective is quadratic in a

constraint is Tea in a
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BUT let's talk about the caricts elephant in the room

Obtaining a VALI and not overlyconservative safe sets

is really challenging forgeneralsystems and
function

SAIE
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The CBFframework we have seen today doesn't

handle martainty disturbances robustly and we also

haven't talked about control input constraints
Disturbancestypically break the assurance of S we have

seen so far

We will tackle these challenges head on during the

next lecture

synthesizing i.e computing safe sets safety filters

we will talk about a general computationalframework

for getting S and safe and hit that

is granted to be VALID MAXIMAL

naturally handles disturbances robustly

is compatible w modern comp tools EL


