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Outline

» Overall results
» The asynchronous “dataflow” parallel algorithm

» Techniques

» Enabling partial synchrony using exclusive scheduling classes
» Limiting network contention (see paper)

» Mapping

» Theoretical work on schedules that enable deeper lookahead while
avoiding deadlock or memory exhaustion (see paper)



Our Dense LU Solver

» Solves a system of equations

» Performs LU factorization

> Crout’s algorithm
» Partial pivoting for numerical stability

> Validates the solution by calculating the scaled residual



Overall Results
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Overall Results

Library Peak  Cores n Architecture

uPC! 76.6% 512 229K XT3
DPLASMA? 583% 3072 454K XT5
ScalaPack3 590% 3072 454K XT5
HPCC* HPL  65.8% 224220 3936K XT5
Jaguar top500 75.5% 224162 5474K XT5
CharmLU 67.4% 2112 528K XT5
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LU Regions

U triangular solves

Trailing updates

Active panel L




LU "Dataflow” Parallel Algorithm

Previously factored block

Active panel block

U block

Trailing submatrix block

[T

Column being
factored

De——




LU Timeline on XT5




Exclusive Scheduling Classes
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Possible Solutions

> Interrupts/Preemption
» Polling
> RDMA



Our Solution

» Exclusive scheduling classes

> During execution the scheduler is set to some exclusive scheduling

class
> All other work units of lower classes in the local queue are held back

> Work units are stratified by the application into these classes
> The application determines when to switch scheduling classes

» Implemented in LU

> Uses application information to know when it is safe to transition to
a different class



Exclusive Scheduling Classes
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Exclusive Scheduling Classes
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Exclusive Scheduling Classes
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Traditional Block-Cyclic Mapping




Tall tile
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Various Aspect Ratios
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Rotation

» To recover U parallelism decreased by using a tall tile

» Rotate tile in x direction by r rows for each new tile across the
matrix in the y direction



Rotation (rotate = 2)
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Rotation
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Rotation
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Tall tile
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Striding

» Gain the advantages of active panel locality without creating
excessive memory contention

» Generalization of controlling whether the tile is column- or
row-major



Striding (stride = 2)

O (11213 4 |5 16|17 | 8

2 |3 |14(15| 6 |7 |18]19| 10

4 | 51161718 | 9 (20|21 O

6 | 7 (1819101122 |23 | 2

8 [ 9(20(21] 0 |1 (12|13 ] 4

10112223 2 | 3 |14|15]| 6

0O (11213 4 |5 16|17 | 8

2 (31415 6 |7 [18]19]10




Striding
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Outline

» Techniques

» Limiting network contention (see paper)

» Theoretical work on schedules that enable deeper lookahead while
avoiding deadlock or memory exhaustion (see paper)



Questions?



