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Motivation: parallel iterative methods

Example: Chemistry systems embedded in 3D simulations

» Often formulated using a “stiff implicit” time integrator, must do
many non-linear Newton iterations (each is a “linear solve”):
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* There are billions of these running in parallel, based on properties

that are local to each (i,j,k) location in a 1000*3 domain.

e Each system has its own convergence behavior (# of iterations) or
logic to redo with a change parameters to improve errors, etc.

* This quickly causes warp divergence



Motivation: parallel iterative methods

Another example (nested in previous): Batched linear algebra

» “Batched” solvers have many different matrices, each the same size,
but that must be solved at the same time:

kE k _ 1k

Aij r; = b;

* Depending, using direct (pivoting?) or iterative (conditioning?) solver
gives each system its own convergence behavior (# of iterations), as
well as checks to iteratively refine to improve errors.

* This causes warp divergence (why batched cuBLAS has “no pivoting”)



|deal solution? (probably already out there...)

1. The batch kernel runs continuously until there’s no more work
* Avoid kernel or graph re-launches
Input data is streaming into “queue,” larger than L2 (or even HBM)
Iterations are warp-aligned and with full occupancy

4. When any given threads “finish” their iterations (< tolerance, etc.),
that result is moved out and another input moved in

5. No warp ever diverges until the input queue is “draining off”



Visual
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