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Part 1:
Which shortcuts did we take so far?



The off-policy policy gradient

Why is this (kind of) OK to do?



Today

• Discuss why it’s OK to use the wrong advantage

• Discuss why it’s OK to use the wrong state distribution

• What kind of algorithms does this motivate

• How are the algorithms we use related to this

• What other algorithms can we derive

• What does this tell us about how we should use policy gradients?



Part 2:
From policy iteration to policy gradient



Why does policy gradient work?

generate 
samples (i.e. 

run the policy)

fit a model to 
estimate return

improve the 
policy

look familiar?



Policy gradient as policy iteration



Policy gradient as policy iteration
importance sampling

we justified one of the two “hacks” but the second one is harder!



Part 3:
When is it OK to ignore the state distribution?



Ignoring distribution mismatch?
?

why do we want this to be true?

is it true? and when?



Bounding the distribution change

seem familiar?

not a great bound, but a bound!



Bounding the distribution change

Proof based on: Schulman, Levine, Moritz, Jordan, Abbeel. “Trust Region Policy Optimization.”



Bounding the objective value



Where are we at so far?

This means it’s “OK” to ignore the state distribution 
if we do not change the policy “too much”



Intermission



Part 4:
Policy gradient with constraints



A more convenient bound

KL divergence has some very convenient properties that 
make it much easier to approximate!



Aside: KL divergence



Where are we at so far?



How do we enforce the constraint?

can do this incompletely (for a few grad steps)



Estimating the objective with samples

importance sampled surrogate objective penalty for moving 
away from samples



PPO with KL divergence



Part 4:
Natural policy gradient



How (else) do we optimize the objective?

Use first order Taylor approximation for objective (a.k.a., linearization)



How do we optimize the objective?

(see policy gradient lecture for derivation)

exactly the normal policy gradient!



Can we just use the gradient then?



Can we just use the gradient then?

not the same!

second order Taylor expansion



Can we just use the gradient then?

natural gradient



Is this even a problem in practice?

(image from Peters & Schaal 2008)

Essentially the same problem as this:

(figure from Peters & Schaal 2008)



TRPO

In practice, don’t build the full matrix F

Use conjugate gradient (CG) to solve the 
linear system in O(n) time



Part 5:
Review and practical guidelines



What did we learn?

• Policy gradient is more productively interpreted as a kind of 
policy iteration
• This gives us a better explanation for why it’s “OK” to optimize the 

policy a lot even using the same set of samples

• PPO with clipping is a heuristic approximation to PPO with KL

• There are other ways to enforce the constraint
• Natural gradient

• TRPO vs PPO?
• One big step vs many little ones?



Summary
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