Learning with Curricula

Joseph O’Sullivan

ML Lunch 13-Dec-99

Results — Joseph O’Sullivan — 1 / 19

Some Questions

• What does it mean to learn with curricula? • Does a curriculum matter?

• What learning algorithm should we use? • How can we generate a good curriculum?

Results — Joseph O’Sullivan — 2 / 19

Curriculum Learning

Motivated by lifelong learning.

• Would a lifelong learner benefit from structuring or sequencing of tasks?

• If so, can we preselect sequences to maximize benefit?

Have taken to calling such structured sequences of tasks “a curriculum”.

Results — Joseph O’Sullivan — 3 / 19

Curriculum Learning

Definitions fi : Task i, a mapping from X → Yi. X : Domain (the input space). Yi : Range of task i (the output space). f̂i : Learned approximation to fi P (f̂i) : Performance metric on f̂i. C : A particular curriculum.

f̂ Ci : Learned approximation to fi using C.

• A curriculum C for some set of singledomain tasks F = {f1 . . . fn} is a pair ⟨S, R⟩. • S is a sequence of training examples drawn from X, along with training values for one or more of the functions from F .

• R is a set of relations defined over the functions in F .

Results — Joseph O’Sullivan — 4 / 19

Algorithms for Curriculum Learning

Initially, assume fixed S. Consider two cases of using R: • SMTL, for implicitly using R. • STINT, for explicitly using R.

Results — Joseph O’Sullivan — 5 / 19

SMTL

Start: SMTL net trained on tasks T0..Tn−1, training is to begin on Tn.

1. Output Layer is extended with a unit for task Tn. 2. Hidden Layer is extended by c units 3. Network trained with shaded weights updated.

Finish: An SMTL network trained on tasks T0..Tn

Results — Joseph O’Sullivan — 6 / 19

SMTL - Domain

Is the front-most sonar facing a corner? Is the front-most sonar facing a door? Is the front-most sonar facing an obstacle? Is the front-most sonar facing a wall? Is the robot in a corridor? Is the robot in a junction? How far is the nearest wall In what direction is the nearest wall? ...

Results — Joseph O’Sullivan — 7 / 19

SMTL - Results

• Averaged over 10 independent trials. • X axis the examples seen of the final task. • Y axis % change when using SMTL.

Results — Joseph O’Sullivan — 8 / 19

Range

• Gaussian math domain • X axis length of the curriculum. • Y axis % change when using SMTL.

Results — Joseph O’Sullivan — 9 / 19

STINT

Creating a composite network created incrementally with STiNT.

• Task fA is encountered and added to the network (left).

• Task fB is then encountered and added (middle).

• When task fC is encountered, STiNT uses R to update network structure.

Results — Joseph O’Sullivan — 10 / 19

Appropriate R

Goal: to optimize performance for a new task. Ideally: R says which tasks will optimize performance.

In practice: R is “the utility of fj as an input to fi is u.”

May be interpreted as the expected utility over all possible sequences S.

Results — Joseph O’Sullivan — 11 / 19

Dependence on R

3 tasks, 6 permutations of those tasks. For the given R, only 4 unique network constructed.

Results — Joseph O’Sullivan — 12 / 19

STINT Results

• X axis counts number of examples in final task.

• Y axis shows the RMSE error over final task.

Results — Joseph O’Sullivan — 13 / 19

STINTGEN

Q: Which graph will lead to improved performance over task fa?

Results — Joseph O’Sullivan — 14 / 19

STINTGEN Calculus

Define P ERF (x): performance of f̂x.

ADD(x, y): change in P ERF (x) when f̂y is used as an input to f̂x. DELT A(x, y): change in P ERF (x) as f̂y which is used as an input to f̂x is changed.

Assuming independence between tasks... ΔP ERF (x) = ∑ i={f1..fk} ADD(x, i)+DELT A(x, i)×ΔP ERF (i)

Results — Joseph O’Sullivan — 15 / 19

STINTGEN Results

• Averaged over 20 independent trials in the robot door domain (using real data).

• X axis counts the tasks seen.

• Y axis shows the RMSE for the final task.

Results — Joseph O’Sullivan — 16 / 19

Relationships generated by STINTGEN Most complex relationship used

Least complex relationship used

Results — Joseph O’Sullivan — 17 / 19

Data Sensitivity

• running STINTGEN with 10, 50 examples of final task

Results — Joseph O’Sullivan — 18 / 19

STINTGEN Results

• Averaged over 5 independent trials in the robot door domain.

• X axis counts the tasks seen.

• Y axis shows the MSE for the final task.

Results — Joseph O’Sullivan — 19 / 19

Some Answers

• What is Curriculum Learning

– C is a pair ⟨S, R⟩.

• Does a Curriculum matter?

– Yes – On final task, in real world domain, see about 10% effect. On simulated domains see 30+%.

• What learning algorithm should we use?

– When only implict notion of R, SMTL – When we can make R explict, STINT

• How can we generate a good curriculum?

– Use the STINTGEN calculus to calculate.