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Tuning Goal: A separation of concerns

Optimized mapping to

Application problem Domain
/\ Program (_/\ platform
(The domai

n expert: The tuning expert: )
o Finance e Parallelism
e Gaming « Locality
e Chemist o Load balancin
\. v \. 5 Y

Domain expert doesn’t need
to know a lot about
parallelism

Tuning expert doesn’t need to
know a lot about the app

- Domain expert, but later
- Different person, different skills
- Automated: static analysis / autotuning

D ‘ RICE http://habanero.rice.edu/ é
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The Concurrent Collections (CnC)
Programming Model

- CnC s a coordination language, paired with a
programming language
- Declarative dependence-based programming model
» CnC programming constructs:
= Step collection
- specifies computation tasks in the application
= Ttem collection
- specifies data sets for the application

= Tag collection
- specifies pure control flow in the application

https://wiki.rice.edu/confluence/display/HABANERO/CnC _
https://software.intel.com/en-us/concurrent-collections-for-cc http://habanero.rice.edu/
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CnC Dependence Relations

e Producer must execute before consumer

e Controller must execute before controllee

Producer - consumer Controller - controllee

4
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CnC Domain Spec

($init:) — (cholesky:0...N)

(cholesky:iter) — (trisolve:k+1...N,iter)
(cholesky:iter) < [array:iter,iter,iter]
(cholesky:iter) — [array:iter,iter,iter+1]

(trisolve:row,iter) — (update:iter+1...row+1,row,iter)
(trisolve:row,iter) < [array:row,iter,iter]
(trisolve:row,iter) < [array:iter,iter,iter+1]
(trisolve:row,iter) — [array:row,iter,iter+1]

(update:col,row,iter) < [array: col, row, iter ]
(update:col,row,iter) < [array:col,iter,iter+1]
(update:col,row,iter) < [array:row,iter,iter+1]
(update:col,row,iter) — [array:col,row,iter+1]

(Domain Spec)

http://habanero.rice.edu/ 6
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CnC Tuning Spec

Domain expert Tuning
knows: expert
physics, knows:
finance, parallelism,
data analytics, locality,
energy,
Xeon Phi Tuning

Domain spec ’

Goal: Performance Goal: Energy Goal: Performance

X86 Tuning: | Xeon Phi tuning:

RIC E http://habanero.rice.edu/
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CnC Tuning Spec for Locality

- Hierarchical Distribution Functions
= Declarative step/item placement

= Enables spatial locality
[array:col,row,iter]: { iter % $RANKS };

~

- Hierarchical Affinity Groups (erovr v,

. . i ﬂaoup CTU, @ \
= Declarative step/item grouping
= Enables temporal locality [croue Tony "
GROUP_TU,y
(CTU:iter) — UPDATE
(cholesky:iter), (TU:o...iter, iter); @
(TU:row,iter) — \ /

(trisolve:row,iter), (update:o...iter, row, iter);
http://habanero.rice.edu/
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CnC Tuning Abstract Machine Model

INTERCONNECT
DRAM DRAM
13 13 | i 13 13 |
L2 L2 12 2| | ABSTRACT MACHINE MODEL L2 L2 L2 2] |
et IR R
"""""""""" NODE, T Noog, T
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CnC Tuning Execution Model:
Affinity Grouping
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CnC Tuning Execution Model:
Affinity Group Distribution
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CnC Tuning Execution Model:
Runtime Step Execution
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CnC Tuning Example: Rician Denoising

- Iterative stencil computation

tr .
. R I T I I IR, ... lters

A . Tile computations
— « uDiffCompute
« gCompute
« rCompute
« ugCompute
« uCompute

tcf

v Data from computation
in previous iteration

I
http://cdsc.ucla.edu/ http://habanero.rice.edu/
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Affinity Grouping for
Temporal Locality

k iter 2

iter 3

_-7
|

[~
\
\

(rdTunedStep: iter, row, col, itero, rowo, colo =
rdStep: rowo + row, colo + col, itero + iter);

(pyramid: rowo, nRow, colo, nCol, nlter, itero)
— (rdTunedStep:

iter @ o...nlter, iter...(nRow - iter),

iter ... (nCol - iter),

itero, rowo, colo)

cT1

http://habanero.rice.edu/
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Tuning Rician Denoising for Multi-Core

Rician Denoising matrix size (7680x7680) and 30 iterations

K origuntuned W precompute - pre+coreBlock  © pre+pyramid (ordered)

60.00
55.26

50.00 A

40.00

30.00

Time (s)

20.00

10.00

0.00
64 60 40 32

Tile Size

 Dual-socket 12-core Intel Westmere
 Up to 3.5x improvement on specific tile size

-« Overall improvement of 19% over best optimal tiled version
http://habanero.rice.edu/
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Tuning Rician Denoising for Distributed
Systems

RicianDenoising 2D (8192 x 8192) (30 iterations)

70.00
61.62

60.00 54.12

50.00
¥ 40.00 39.10
£
= 30.00 24.22

20.00

10.65
10.00 - 6.59
0.00 ]
UnTuned Pyramid Tuned Row Tuned Row Tuned Row Tuned Row

Shared Mem Tuned Shared Distributed Distributed Distributed Distributed
(tile 128) Mem (tile  (tile 256) (2 (tile 256) (4 (tile 256) (8 (tile 256) (16
256) Nodes) Nodes) Nodes) Nodes)

Tunings (16 ppn)
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Conclusions

» The CnC tuning framework helps allows locality
tuning of applications separately from its
domain specification

- Declarative tuning specification simplifies
exploration of optimal mapping of application
for different targets

- Habanero task-based dynamic runtime system
enables balanced execution for optimized
locality and parallelism

LY ) R I ’
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Source Code:

« CnC Tuning:
= https://github.com/habanero-rice/cnc-ocr/tree/
icpp2016-tuned-cnc

- Habanero Project:
= https://github.com/habanero-rice
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CnC Tuning Workflow

\\ \\
A A
Tuning Spec | Domain Spec Enc Graph
¢ Translator Tool
CnC Graph Generated Step
Translator Tool Code Skeleton

2 M v
Generated Tuning Fully Implemented
Support Code Step Code

Habanero C
Compiler

Custom-tuned
Executable
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Runtime Locality Control:

Hierarchical Place Trees (HPT)
Example: Intel Xeon Dual Quad Core

P I | -2 sockets with shared L3
0 -2 shared L2 per socket

P1 P2
LT

Lill
P3 P4

-
-
-
- -
- -
-
- -
- -
.
.
.
.
- -

P7: P8 . P9 P10 P11 P12 P13 P14
wO: w1 w2 w3 w4 w5 w6 w7
: = « Each place has one queue per worker
steal % * Ensures non-synchronized push and pop

- Workers attach to (own) leaf places

« Any worker can push a task at any place

* Pop / steal access permitted to subtree workers

* Workers traverse path from leaf to root

» Tries to pop, then steal, at every place

» After successful pop / steal worker returns to leaf 6

Oop async AT(p3)

* Worker threads are bound to cores
Sanjay Chatterjee, PhD thesis, “Runtime Systems for Extreme-Scale Platforms” http://habanero.rice.edu/
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Tuning Tiled Cholesky Factorization for
Distributed Systems

Tiled Cholesky Factorization (6000 x 6000)

M Tuned Iteration Distributed ® Tuned Row Distributed

4.00 3.67

3.50
3.00

2.50
2 2.00
" 1.50
1.00
0.50 .
0.00

Nodes (16 ppn)
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Tuning Smith-Waterman for Distributed
Systems

SmithWaterman (185600, 192000)
® Tuned Wave Distributed  ® Tuned Row Distributed Tuned Col Distributed

41.83 40.44
14.00
12.00
10.00 9-879 41
“©
~ 8.00 7.31
=
= 6.00
+00 208309296 1.90 1.93
I CLT
0.00
2 8

Nodes (16 ppn)
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