



























except A E and 9 Z all are

undergraduate researchers


































































Plan for Today

1 RL recap Half the talk almost

2
Solving polynomial equations why bother

3 Gribner basis definitions

Mororial order
Grabner basis
Gribner far
F4 pair selection

4 RL problem set up and experiments







































Markov Decision Process MDP

is a sequential decision making environment

0 current state
next state
determinedby o 0

action


































































RL
setting

State space Istates agent travels
Action space Fations agent can take

can be discrete can be updated after every step
or continuous or could be fixed

Reward theagataims to maximize

cumulative reward

0 621 disount factor


































































Policy agent's strategy to pick the

action in a given state

T A S Σ ti la s 1

at A

T assign's value to

States
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PolinyBas
methods

Actor Critic
Methods I

optimize the policy Iterate over value

without learning the function space turn

value function to a policy at theend


































































Policy Based optimization

O parameter of policy n ret

Assume a probability measure on state space

Average return of policy to is

J e I cumulative reward ofs To

Goal

arg max 5 0

o


































































PolicyGradientthors
A trajectory 2 So 90 Ro si a R I Rt

Tfs a probability of taking action a

at state s w r t the
p s a s r when action a is taken the

probability of going to s and reward r

T

P r TTecai p Si Ai Sir if
0

Goal Find 0 so that expected rectified


































































Policy Gradient Theorem

Dolog Phi
P

Ee.ggai
0 1

R 2 discounted reward of path 2

Do 510 Do log ph Ph Rh

Empricial Version

Et Dolog Phil R 2





















Baseline Trick

5101 Σ no plz Riz b

anything that does

Jo 7310 not depart no

a good baseline reduces the noise in training



ActorCriticstyle

critic
of the actio

suggested byActor Policy
Valuefuration

policy n ry

brain estimator

Prioritized Replay Buffer Trick
a data structure to create artifical

experiences for the agent

I



DD P G Policy gradients works for deterministic

policies in continuous action space as well

TD 3 DDPG is very noisy Here is how

we stabilize it 0 0

0 1 643
011 blob

actor n.net two critics

at every step we update the critics with

the reward collected but delay the update of actor





Solving Polynomials

x α an 2 x E x

Ex 2 37 x

support set A a a at 2

aj at 92 9in

P Ix Ea paklg.EC x
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Eg
α
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Computer Vision

fʰt
ParticlePhysics

Power Flow
networks



I
Gribner Basis

Monomial Order 2 12 de that B p Pz Pn

How to compare α and β
the order should be a well ordering

no ties

If α s β then 2 82 β 8

for any J

Df plx Σ Cax
EA

The α EA such that α p for all BEA
is called the leading term LT p



Df P P2 P he Rfx hkt.pk g lx7t tp lalg k

DE A finite set of polynomials 9 92 19m

is a Groebner basis for P P2 P

w.it if

LT g LT gz7 LT
gm

LT p LT p

Buchba.EE I'It iano.e and a pair selection

strategy

Start with P Pk order pair select

reduce until it stops



A simple way
to encode monomial orders

Pick ve IR

compute v 27 for all LEA

If α us α β

then say
α β

Create a tic breaking rule in case

cx.us C α ps
Note Scaling v does not change the order



Infinitely many orders actually create

finitely many
different Grabner basis



In practice

Instead of
optimizing for fastest

monorial order community defaulted to

a few monomial orders

Lex Gradel Lax ReverseGradedlex

We object

Make monomial order selection

a RL problem



Computational Setup

We had to use Julia because Python packa

only allow few filed monomialords

We used Grobner Jl It implements FG

algorithm for Grabner basis computation

F4 does several reductions at the same

time to speed up computations





State Space

Action Space

Steps inside On that has norm

at most 8



We tested on four problems from

Computer Vision and Systems Biology

Relative Pose vision
n Site Plos

Triangulation wht Shuttle



Thank
you
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