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Warren Washington ”Climate Earth System Modeling for the IPCC
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Sixth Assessment Report (AR6): Higher Resolution and Complexity” Saul Perlmutter

”Data, Computation, and the Fate of the Universe” Alok Choudhary ”BIG DATA + BIG

COMPUTE = An Extreme Scale Marriage for SMARTER SCIENCE” Vern Paxson ”The

Interplay Between Internet Security and Scale” 4
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1. Fault-tolerant computing

2. GPU programming

3. Load balancing

4. MPI performance and debugging

5. Memory hierarchy

6. Memory resilience

7. Optimizing numerical code

8. Parallel performance tools

9. Parallel programming models and compilation

10. Performance analysis of applications at large scale

11. Performance management of HPC systems

12. System-wide application performance assessments

13. Tools for scalable analysis

14. Data management in the cloud

15. Graph partitioning and data clustering

16. Inter-node communication

17. Cloud resource management and scheduling

18. Energy management

19. Extreme-scale applications

20. Fault tolerance and migration in the cloud

21. IO tuning

22. Physical frontiers

23. Optimizing data movement

24. In-situ data analytics and reduction

25. Preconditioners and unstructured meshes

26. Engineering scalable applications

27. Improving large-scale computation and data resources

28. Matrix computations

29. Sorting and graph algorithms

30. Application performance characterization

, .

6.1

6.1.1 GPU

• : “General Transformations for GPU Execution of Tree Traversals”

• : Michael Goldfarb, Youngjoon Jo, and Milind Kulkarni (Purdue University)

, ,

GPU . GPU
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(CUDA) , CPU

. .

, , .�
1 TreeNode root = ... //
2 forall (Point p : points) {
3 recurse(p, root); //
4 }

recurse(p, n) , p n ,

.�
1 void recurse(Point p, TreeNode n) {
2 if (truncate(p, n, ...)) return;
3 foreach (TreeNode child : n.children()) {
4 recursve(p, child, ...);
5 }
6 }

recurse(p, n) , p .

, GPU (

forall (Point p : points) ... , )

.

, Barnes-Hut N ,

( , )

.

forall , CUDA

. divergence . nVidia

GPU , warp (32 )

. , warp

, , ,

.

, CPU SIMD . ,

, SIMD .

, ,

(autorope).

, , warp

, . , warp

,

. , warp divergence

( ) ,

. , .

CPU . GPU nVidia Tesla C2070 (32

core × 14 ), CPU AMD Opteron 6176 (12 core × 4

) . , 32 CPU

, 5 5 .
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, CPU SIMD ,

. CPU ,

CPU , SIMD divergence .

GPU (CUDA) . GPU warp

divergence ,

. CPU , , , SIMD

. GPU CUDA , SIMT (Single Instruction Multiple

Threads) .

, CPU SIMD

, .

6.1.2

• : Location-Aware Cache Management for Many-Core Processors with Deep Cache

Hierarchy

• : Jongsoo Park, Richard M. Yoo, Daya S. Khudia, Christopher J. Hughes, and Dae-

hyun Kim (Intel Corporation, University of Michigan)
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, , streaming load/store .
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2 , .

• unallocating load reg,[mem],reuse distance

• pushing store [mem],reuse distance,core,time

unallocating load load , reuse distance

(reuse distance ,

). ,

. , reuse distance ,

, . 1MB ,

, 1MB , reuse

distance 1MB . , 1MB ,

. reuse distance ,

, .

pushing store reuse distance , core

( , 1 ,

) .

, C pragma . , Intel C Compiler

, #pragma nontemporal(A) , reuse distance

. ,�
1 int *A = malloc(sizeof(int)*BIG);
2 ...
3 #pragma nontemporal(A(reuse_dist=BIG))
4 for (i = 0; i < BIG; i++)
5 for (j = 0; j < LITTLE; j++)
6 sum += A[i]*B[j];

, A unallocating load , .

, NAS Parallel Benchmark CG, PARSEC stream cluster

9 . 0 , 30% ,

, 7% . , 24% .

, ,

, . , ( )

, , update

. ,

. ,

, , update ,

. reuse distance ,

, , .

, reuse distance ( ),

, . ,�
1 for (t = 0; t < T; t++) {
2 for (i = 0; i < n; i++) {
3 A[i]++;
4 B[i]++;
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5 }
6 }

, A[i], B[i] reuse distance , A + B . ,

A + B

, . A , B

, B <

, .

, reuse distance ( ) ,

, reuse distance < ⇐⇒
. ,

. , reuse distance

, , ,

, reuse distance

. , reuse distance ,

.

, —

streaming load/store ,

— . ,

,

.

6.1.3 100 IOPS

• : Toward Millions of File System IOPS on Low-Cost, Commodity Hardware

• : Da Zheng, Randal Burns Alexander, and S. Szalay.

FLASH , I/O , IO (

IO ; IOPS) ,

. , SSD + software RAID 100 IOPS

.

, SSD IOPS 100K . SSD FLASH

, , HDD , SATA SAS .

Fusion-io ioDrive , PCIe FLASH

, IOPS (1M IOPS ) . ,

FLASH array , K IOPS , 1M IOPS .

SSD , . ,

, IOPS

.

, SSD , ,

1M IOPS . , ,

, ,
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. , SSD file system abstraction (SSDFA)

.

, ,

, , ,

. , SSD ,

IOPS .

Linux ,

•
•
• NUMA

•

. , IO , (Completely

Fair Queueing; CFQ) , SSD

.

,

. SSDFA ,

, . , SSD ,

. XFS , ext3/ext4

. ( ) , SSDFA

.

, SSD , IO , SSD

bind ,

. , , set associative

, set . , PCI 3.0

MSI-X , . IO ,

Linux noop .

IO

SSD , IO

. ,

, IO , IO .

,

• Intel E5-4620 (8 ) 4

• LSI SAS 9217-8i (8 SAS/SATA ) 3

• 16 OCX Vertex 4 SSD

.

, 512 1.22M IOPS (ioDrive 1.19M

IOPS). 64kB 6.8GB/sec, 5.6GB/sec

ioDrive .
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, . , IO 4KB

.

• SSDFA 700K - 900K IOPS

• Linux software RAID , 1 ( IO

) SSFDA (700K IOPS ) ,

(NUMA)

• EXT4 200K IOPS

• XFS 1 , SSFDA ,

100K IOPS

, NUMA , SSDFA , SSDFA

2 , 5 IOPS .

IOPS ,

. , ,

•
• SSD IOPS

, . ,

,

.

7 Grand Challenge

7.1 TOP500(HPCC)/Green500

Top500 List (http://www.top500.org/) LINPACK

1993 6 ISC SC 2

TOP500 LINPACK

Green500(http://www.green500.org/) Top500List TOP10

6 Cray GPU

Top500 BoF

Top500 BoF TOP500

Top500 Linpack 1

HPCG HPCG CG

Top500List
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HPCG Linpack

Top500

Green500 TSUBAME-KFC TSUBAME-2.5 1 6

HA-PACS 3 TSUBAME-KFC 2

1 TSUBAME-KFC

Top500List

311

7.2 Graph500

Graph500

13 18 Oakleaf-FX

13 Graph500 Green Graph 500 Green500

TSUBAME-KFC Big Data 1

Small Data

Green Graph 500

List Big Data 7 Small Data 21

7.3

SC-XY

1) Ken Kennedy HPC

2) Seymour Cray

3) Sidney Frenbach

4) Gordon Bell

5) Athena Lecturer

1)Jack Dongarra ( 2) Marc Snir

3) Christopher R. Johnson ( ) 4) Diego Rossinelli

IBM 5) Katherine Yelic
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SC14 2014 11 16 21
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