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Tasks in the Multicore Era

Why Task-Based Programming?

- Easy to express parallelism (vs threads).

Al

- Delegates many programmer decisions to the runtime.
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The Inconvenient Truths

@ Caches are critical for performance
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The Inconvenient Truths

@ Schedule changes how tasks reuse data
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The Inconvenient Truths

@ Caches are critical for performance

@ Schedule changes how tasks reuse data
# schedules —> #reuses —> # performance

What it we could predict effects of scheduling in memory?

(just from looking at one schedule)
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The StatTask Mode

Our Contributions

A formal description of the task-based execution model both as:
Sequence of memory accesses.
Sequence of tasks.

Equivalence between them.

- StatTask: new Statistical Cache Model

What?: Predicts memory (cache) behaviour for arbitrary schedules
Accurate: compared to measured results
Flexible: predicts from a single profile

Robust: predicts similar behaviour for inputs of roughly same size
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Potential: Reuse Classitication
Q A0

A 3 C
Type Where? Depending on
DRAM Access DRAM Data Set Size
Private Reuse | | Cache/DRAM| | Memery Access Pattern
Shared Reuse | |Cache/DRAM| | Schedule
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SparselLU Schedules (ST)

Good Schedule
Core 1K

37—»38—»39---»51—&52-—

TIME >

Bad Schedule
Core1K

InformationTechnology

UPPSALA german.ceballos@it.uu.se

UNIVERSITET 9


http://it.uu.se
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SparselLU Scheaules (MT)

Good Schedule

Miss Ratio: 0,04%

TIME
Bad Schedule

Miss Ratio: 8,01% COMJ:
B

Core 1 1 —» 2 —»| 3 —p» 4 - | 36
Core 2 37 —»| 38 —» 39 F =» 51 —»| 52
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SparselLU Scheaules (MT)

Good Schedule

Core 1 1 —» 2 —»| 3 —» 4 r > 36 --

Miss Ratio: 0,04%
Ko—l 1 1 1

Core2 | ¢
A
 StatTask can predict good

or bad cache behaviour

TIME
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\ \
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How can we study
data locality?
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Statistical Cache Modaels+

p
\
Application j Profiling »{ SCM > .
) Miss
Ratio
Why SCM? o
- Fast + Low Overhead
pe 0.08 |
- Accurate P
- Just a single profile needed -
- Flexible (different cache sizes) | | e

ng(cecha sival

* E. Berg and E. Hagersten. 2004.
StatCache: a probabilistic approach to efficient and accurate data locality analysis.
In Proceedings of the 2004 IEEE International Symposium on Performance Analysis of Systems and Software (ISPASS '04). USA
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The Problem
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Statistical Cache Moaels

L1 X9 Lk Lk4+1 Lk4+2 Ly Lr41 Ln

1. Sample memory accesses

573(331, ZIZ‘k_|_1) — k

2. |ldentitying consecutive reuses between them
3. Counting intervening accesses between reuses

4. Use statistical inference to estimate cache behaviour
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SCM with Tasks

S ® ® ® ® @ ® ® (@) @
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Iq Lo lel X1 Lo xlg L1 xj xl3
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SCM with Tasks
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SCM with Tasks
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SCM with Tasks

e Na
S/ ® ® ® ® O @ @ ® ®
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Reuses can change!
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SCM with Tasks
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SCM with Tasks
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SCM with Tasks
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SCM with Tasks
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The Solution
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The Solution
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StatTask Overview

o S oy

1. Profile one schedule for the application

2. Build the pair of reuses
3. Input a new schedule

4. Rebuild the pair of reuses for the new schedule

5. Recalculate the reuse distances

6. Use statistical cache models to estimate miss ratios

InformationTechnology
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{;" Repbulld Reuses
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t;° Repbulld Reuses
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‘(Y Recalculate Distances

O
‘/./X.\"/—?qo\‘- |
S g 1. Private Reuses
o s 5 e e
Ty Ty Ly, Ly Lo L, L L j L1g

- Same distance

InformationTechnology

UPPSALA german.ceballos@it.uu.se

UNIVERSITET 21


http://it.uu.se

‘(Y Recalculate Distances

O
./m./—?io\,, .
S g 1. Private Reuses
o p b s G ae o
Ty Ty Ly, Ly Lo L, L L j L1g

‘ \ - Same distance

InformationTechnology

UPPSALA german.ceballos@it.uu.se

UNIVERSITET 21


http://it.uu.se

‘(Y Recalculate

Distances
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‘(Y Recalculate
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Fvaluation & Results
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Resuylts

- Barcelona OpenMP Tasks Suite (BOTS)*

- Quad-core Intel Sandy Brige.

- 8KB private L1

- 256KB private L2.
- 6MB shared L3.

- 32GB RAM

- Evaluation

- Accuracy: predicted vs measured miss ratios for same schedule

- Flexibility: predicted miss ratio from different schedules

- Robustness: sensitivity to different data set of same size (10% difference)

*Alejandro Duran, Xavier Teruel, Roger Ferrer, Xavier Martorell, and Eduard Ayguade. 2009.
Barcelona OpenMP Tasks Suite: A Set of Benchmarks Targeting the Exploitation of Task Parallelism in OpenMP.
In Proceedings of the 2009 International Conference on Parallel Processing (ICPP '09). Washington, DC, USA.
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StatTask's Accuracy

Low Miss Ratios

0,12%
W Reterence M Statlask

— 0,10%
S
= 0,08%
O
p 0,06%
o
s 0,04%
52,
% o ll ]

0 00% | KN | Bl =m

(small)  S2(small) S1(large) S2(large) (small) 2 (small)  S1 (large) S2(large)
alignment uts nqueens

Reference: HW Performance Counters for Last Level Cache (L3)
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StatTask's Accu racy

M Reference M StatTask
20%

o Change in schedule

@)

o, 15%

9O

T 10%

o

B 5%

: ini |

- II II
S1
smaII smaII Iarge smaII smaII Iarge smaII Iarge
nqueens strassen fib fft sort
4% -
Change in dataset size W Reference M StatTask
Q 3% &
O
2 2% :
a'%
- E ol
S1 S2 S1 S2 S1 S2 S1 S2 S3 S1 S3
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StatTask’S

R _S2-51
14% . 52 ) W S1 Measured
M S1fromSi1
12% W S2 from S
# S2 Measured
10% C B S2 fromS2
_ ST fromS2
§
C_) 5% [S'I Measured vs ]
"('0" S1 Modeled from profiling S2
Dg‘; 6%
=
4%
2%

0%
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StatTask's Robusiness

18%
Dataset1 M Dataset?2 M Dataset3 StatTask
— 15%
X
o 2% CthtIe MR change with dataset)
9%
a'%
n 6%
L
0o, |md -] H] I D -3
S1 S1 S2 S1 S2 S1 S2 S1 S2
small large small Iarge small large
sparselu strassen sort
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Conclusion

- Different task schedules have different cache behaviour
# schedules — #reuses — # performance
- Statistical Cache Models can be used to predict different schedules

- Need to be leveraged to recompute reuses

- StatTask

- Formalizes the task-based execution model

Accurate: compared to measured results

Flexible: predicts from a single profile

Robust: predicts similar behaviour for inputs of roughly same size
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