Lecture 11
Planning under v*
realizability (TensorPlan I.)
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Previous lecture: g* realizability

The planner will be given a feature map ¢, for every stage 0 < h < H — 1such that ¢, : S;, x A — R
The realizability assumption means that

. L * o = . 1
Jnf max |24 — g;le =0 (1)

Intractable if at least d~1/4 actions

This lecture: v* realizability

Before giving the details of this result, we need to firm up some and refine other definitions. First, v*
realizability under a feature map ¢ = (¢ )o<n<g—_1 in the H-horizon setting means that

inf $,0 — v =0, 1
olerido;;?gaé‘_lu 8 — vy (1)

also assume ||thetal|_2<=B Tractable sample complexity if O(1) actions



Online planning, local access

AEA

(s,a) € SXA,h'
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Planner routine Simulator
a + features
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S, r~ Qa (S )

f=p,()

So €S,Pp(so), h



Theorem (query-efficient planning under v*-realizability): For any integers A, H > 0 and reals
B, § > 0, there exists an online planner P with the following properties:

1 The planner P is §-sound for the H-horizon planning problem and the class of MDP-feature-map

pairs (M, ¢) such that v* is B-realizable under ¢ and M has at most A actions and its rewards are
bounded in [0, 1];

2 The number of queries used by the planner in each of its call is at most

(23



Runtime Query

TensorPlan

Open

1
poly(d“, A, H, 3)
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TensorPlan: Generate + test/rollouts

provided that 8* € O,
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Given 67, roll out with
74+ to check whether

1. UI(SO; 0) is achieved

by 74+
2. (*) holds

0 — my:
7y(s) = a for the action a such that

(*) Up(530) = 14(5) + Py(s) 001 ( - 3 0) 0,(530) 1= 0T, (s)

No max!!



Simplifying assumption: we can measure this exactly

N
4@(3, a,h,0) = 14(s) =+ (Pa(s)pn11,0) — dn(s) 6.
/ expected next

feature vector
given (s,a)

Exploiting that the product of numbers is zero if and only if some of
them is zero, we see that local consistency is equivalent to

1] A(s,a,h,6) =0. (5)
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A(S7 a, h, 9) — <ra(8) (Pa(3)¢h+1 — ¢h(8))71_9>

Now, recall that the tensor product ® of vectors satisfies the following property:

E[(waaya> — <?ﬁ§f}7 wm
() () €

we see that (5), and thus local consistency, is equivalent to
l/< 04’\' m Ve C,{“O F &

— % (@rals) (Pulo) s — 1(6)), 1) =0.
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z; € R¥ is the ith data of the form D(s, h) with some (s, h) where TensorPlan detects
an inconsistency. When inconsistency is detected, the hypothesis set is shrunk:

@ — {6 c BYB) : [F(0) Ty =0)...,F(6) Tz; 1 = O}
‘/\/’ .
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Why does TensorPlan stop?

dim(Theta_i) = dim(Theta_{i-1}) - 1
dim(Theta_1) = k := (d+1)MA



Soundness:

when TensorPlan stops

Take a trajectory Séi), A(()i), ) 1(;)_1, Ag?_l, S g) generated during the ¢th rollout
of m rollouts. Since there is no inconsistency along it, forany 0 < ¢t < H — 1 we
have

r0(8:7) = vi(8;67) = (P (), vea (567)) (6)

Hence, with probability 1 — (,

\/ log(1/¢)
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Soundness: since no correct hypothesis ever eliminated, when TensorPlan returns,

v," (s0) > vo(s0;07) — 6 > %ré%)fvg"(so) —9.
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Next lecture: (_\> \i/'“" ( ?%‘(9} - B¢ © % 3

A(S, a,h,8) cannot be measured exactly

Argument goes from )exact orthogonality/dim-reduction of hypothesis space...

...to its noisy version: eluder dimension!
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Open questions:
|
- TensorPlan with g*-realizability, stochastic transitions?

(problem: max inside expectation)

L Computational efficiency?

[=TensorPlan with-O(castions? /\




Questions from Slack:

Jiamin He [2:07 AM]

Last time Gellert said the result can be translated to the infinite horizon
setting. Can this also be applied to the result for TensorPlan? If yes, why
not use the infinite horizon setting and get rid of the subscript h? If no,
what are the main difficulties?
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