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v Introduction : Parallel computation & Coloring method

Parallel computation
|

v'  Classification of devices

» Workstation (MPI, OpenMP) > Cluster type T ——
(MPI, OpenMP) | Network switch
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» GPU (CUDA, OpenCL with MPI) » Xeon Phi (OpenMP, MPI)




‘Colori ng method for parallel computing
I

v" Why use coloring method

LU decomposition operation

LU / Gauss Siedel Prec. Jacobi / Digonal Prec.
Cha;laggiltﬁrlncs of Sequential operation Independent operation
Convergence Fast Slow
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2D Heat conduction problems

‘Colori ng method for parallel computing
I

v" Wheat is coloring method

» Level Scheduling

» Graphic coloring (structured grid)
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'Coloring method for parallel computing
|

v Coloring method based on P2P1 el ement

Vertex

(O velocity =

W pressure

» Coloring process

(1) Vertex coloring 1 (2) Vertex coloring 2 (3) Mid-node coloring
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Parallel performance results : CPU
| v 3D heat conduction problem

» Specification of machine » Schematic and boundary conditions of 3D heat conduction problem
Xeon CPU T=100 >
(used 2 CPU)
Intel Xeon CPU
Model E5-2680v2 1||T=0 T40
Num. core (10 cores) x2 =0
1—1* ‘>,
Clock .
spoad 2.8GHz Structured grid
Main (16GB x 4dlot) .
e 2 » Coloring method (FEM)
Cache
Mem @MBLY X2 | N — e P Gl S ———————
structure Rack server
Main board Supermicro
Before coloring After coloring Before coloring After coloring
Structured grid Unstructured grid
I .
v" LU preconditioned CG method
» Information of structured grids » Information of unstructured grids
Grid Num. node Num. color of Num. color of Grid Num. node Num. color of Num. color of
(P2P1) vertex node (P2P1) (P2P1) vertex node (P2P1)
M1 24,389 4 13 M4 25,465 9 19
M2 68,921 4 13 M5 76,118 9 20
M3 117,649 4 13 M6 121,796 9 20
» Parallel performance of structured grids » Paralle performance of unstructured grids
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Parallel performance results : CPU

I
v' 3D eccentric stenosis problem

» Specification of machine

Xeon CPU
(used 2 CPU)
Intel Xeon CPU
HEEE E5-2680 v2
Num. core (20 cores) x2
Clock
speed 2.8GHz
Main (16GB x 4slot)
memory X2
Cache
S (25MB L3) x2
structure Rack server
Main board Supermicro

2t 2p 2D

» Schematic and boundary conditions

19D

bl hofmset: 5% X

AN

Before coloring

3D eccentric stenosis problem

» Coloring method (FEM)

Before coloring After coloring

After coloring

Unstructured grid

Structured grid

Parallel performance results : CPU
| v" LU preconditioned CG method

» Information of structured grids

» Information of unstructured grids

Grid Num. node Num. color of Num. color of Grid Num. node Num. color of Num. color of
(P2P1) vertex node (P2P1) (P2P1) vertex node (P2P1)
M1 82,761 10 20 M5 80,591 9 19
M2 158,319 10 21 M6 161,336 9 20
M3 356,085 9 19 M7 368,826 10 21
M4 654,497 10 21 M8 674,134 10 21

> Pardlel performance of structured grids

Speed up

1 .
10 12 14 16

Number of core

Parallel performance of unstructured grids

Speed up

12¢
11F
10F

\O

| I

O = N W R U

R I
10 12 14
Number of core

16




‘Outlines
|

v"Introduction : Parallel computation & Coloring method
v Parallel performance results

- CPU

- GPU (based on CUDA)

- Xeon Phi (Knight landing)
v Full Multi-Grid (FMG) on the CPU

v" Conclusions

'Parallel performance results : GPU
I\/ I ntroduction of GPU

:

GeFone GTX TITAN NVIDIA GPU SP

:

:

:

GeForoe GTX 680

22500'

cal peak (GFLOP/s)

E ‘GeForce GTX 580
1500 - GaFors GTX 480

K20 VIDIA GPU DP
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Parallel performance results : GPU
l\/ GPU architecture

Host Device Device
Grid
| Shared Memory
Block o[ Block |\ Block
(0, 0y (1.0 2. 0)
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,-Block Block Block "
R (2, 1) (3.1 .

Thread Thread Thread Thread Thread
(0. 0) (1. 0) 2.0) (3.0} 4.0 Local
Memory
Thread Thread Thread Thread Thread
@1 .o @ G @D e { Constant Memory ‘
Thread Thread Thread Thread Thread Host
0.2) (1.2) 2.2) (3.2 4.2 —] { Global Memory ‘
Arithmatic
Warp1 S operation
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Wating
Time

Parallel performance results : GPU

v Reduction with interleaved pairs + unrolling

Values(sharedmemory)lm‘ 1]3|.1|0|-2|3|5|-2[-3l2|?[0‘11[0|2|

Step 1
Stride 8

Step 2
Stride 4

Step 3
Stride 2

Step 4
Stride 1

Thread —F ?;F_

IDs @@ @‘/4 656 @

Values |8 [ 2[10|6 |0 |o[3|[7][2][3][2][7]0[11]0]2]
Thread F
s @@E
Values |8 [ 7 [13|13|o|o[a[7][2[a][2][7]0[11]0]2]
Thread

IDs 00

Values |21 (20 [13[13| o[ [a|[7]2][a]2][7]0[11]0]2]
Thread
IDs

Values [41[20 [13[13[ 0 [o[3[7[2[a2]7]0o[n]o]2]

Number of iteration; 16 2> 4




Parallel performance results : GPU
I\/ Numerical methods

» Specification of machine » Schematic and boundary conditions
Xeon CPU cPU T=100
(used 2 CPU)
Intel Xeon CPU
Model E5-2620 V3 TeslaK40 L=1 =() T=0
Num. core (6 cores) x 2 2880 cores
T=0
L=1
C'OC"I 2.4GHz 745MHz
2D heat conduction problem
Main 8GB x 4slot 16GB
memory
» Coloring method (FDM)
Cache
Man (16MB L3) x 2 -
13 14 15 16 IS?It"li1
) ) 9 10 11 12 5 13 6 14
structure Workstation Workstation
50678 113|124
2
Main : ) 1 2 03| 4 1 g 2 10
[ Supermicro Supermicro
Before coloring After coloring

Parallel performance results : GPU

|
v" Finite difference method .vs. Finite e ement method

» Elapsed timein 2D problem

i GPU_CGS PU_CG
] GPU_CGS
[ ]GPU Jacobi L jaeu J_Jacobi
(:1’1: n.;s ; 7 V7 cru cGs
[ CPU_Jacobi g [ cPU_Jacobi

Elapsed time

Elapsed time

40,000 1,440,000 1,960,000 40,000 1,440,000 1,960,000
FDM FEM

» Elapsed timein 3D problem

0 -
GPU_CGS GPU_CGS
{7 1GPU_Jacobi b | GPU Jucobi
BZACPU OGS 163 EZZACPU CGS
1o | EEEICPU Jacobi EZ2] CPU_Tacobi
104
E E 79
% 10 4 ; ok
i i
2
o s s . . .:;.;._
8,000 1,331,000 2,197,000 8,000 1,331,000 2.197.000

FDM FEM
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v’ Pardlé performance results

- Xeon Phi (Knight landing)

' Xeon Phi (Knight Landing)
i

v Introduction of Knight landing (self-boot)

Future

Knights Landing

1.01 TFLOPS 14nm ~3+ TFLOPS
[DF-FP. peak] [C9-F.P. prak|
Pile Card 4-6 GFLOPS,/W Soc * L 14-16 GFLOPS AW
GODRE

87 GFLOPS 185 GFLOPS ~225 GFLOPS ~500 GFLOPS thd GFLOPS thd GFLOPS
[DP-F2. peak] [DR-FP. paaki [DP-EP. praki [BP-EP. prak] [OP-FP, peak] [DF-FF. peak]

Waestmere Salﬂdy h'T Haswell Broadwell Skylake
Bridge Bridge

3Znm Inm 22nm Idnm

* Intel Xeon Processor Roadmap Plan for HPC




' Xeon Phi (Knight Landing)
l

v" Advantage of Knights Landing

Knight Landing

GPU

Code compatibility

Insert OpenM P directive

C++, Fortran > CUDA

Datatransfer

On board

PCI Express 3.0

Booting Operating system

Self booting

CPU

Digonal prec. BICG solver
l

v" 3D backward facing step flow problems

» Specification of machine

Xeon CPU Knight Knight
(used 2 CPU) landing 1 landing 2
Model Intel Xeon CPU Intel Xeon Intel Xeon Phi
E5-2680 v2 Phi 7250 7210
Num. core (20 cores) x2 68 64
Clock
2.8GHz 1.4GHz 1.3GHz
speed
Main (16GB x 4dlot) 16GB 16GB
memory X2
Cache 34MB L2 32MB L2
Mem (2SMBL3)X2 | mcprRAM) | (MCDRAM)
structure Rack server Rack server Workstation
SETD Supermicro Intel Supermicro
board P P

* Knight landing H|~E = CigHAE @ @M o XS 2ot == 5.

» Pardlel speedup results

= N
1 (=}

M aximum speedup
'_\
(=]

| —a—— Xeon CPU
- ——a—— Knight landing 1
[ ——=—— Knight landing 2

2231

Hardware
compatibility
issues

Standard :
1 core, Xeon CPU

TR TR N TN SRA TN TR NN [ NI

144,000 288,305 809,200 1,472,000
row of amatrix




LU prec. BiCG solver with coloring

Maximum speedup

v" 3D heat conduction problems (matrix size : small)

> Structured grid : > Unstructured grid
5 10 |

| —=— XeonCPU_ ok —=—— XeonCPU Cache effect : Memory
| —=—— Knight landing F ——®—— Knightlanding s hioher than 1
I usage is higher than
| sk
4 B . r 7-47/ cache memory size.
3 3.49 3 7 ;_ 1 core > 1 cache
i g— Gf— Over 2 core -> 2 cache
3 - 325 E r
I 2 sF 3.61
? & 4
L > 4 E
2r 3
| Standard : r
L 1 core, w/o coloring, Xeon CPU 2F
L R A B E T S TR S
! 25,000 70,000 120,000 ! 25,000 70,000 120,000
row of a matrix row of amatrix

LU prec. BiCG solver with coloring

v 3D heat conduction problems (matrix size : large)

Maximum speedup

» Structured grid » Unstructured grid
12 25
| —=—— XeonCPU | — = XeonCPU
I ——a—— Knight landing 10.26 I ——=—— Knight landing 20.51
10 20|
- a :
8l g 1
i =3 15f
- g r
or 58 E L 9.87
, & T
- E |
4+ L
: Standard : 5k
5 I 1 core, w/o coloring, Xeon CRU i
3 I R ST R R
80,000 160,000 360,000 650,000

e
80,000 160,000 360,000 650,000

row of amatrix row of a matrix
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v Full Multi-Grid (FMG) on the CPU

Full Multi-Grid on the CPU
l

v Introduction of Full Multi-Grid for the structured grid
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<Multi Level schematic> <V-cycle schematic>




» Specification of machine

'Furture study
| v 2D heat conduction problem

» Schematic and boundary conditions

Xeon CPU . T=100
(used 2 CPU)
Intel Xeon CPU
il E5-2620v3 1| (T-0 70
Num. core (6 cores) x 2 T=0
—————F
1
Clock speed 24GHz 2D heat conduction problem
Main
memory 8GB x 4dlot »  Speedup
3000
Cache Mem (16MB L3) x 2 2500
2500
structure Workstation 200.0
1500 121.7 1435
Main board Supermicro 100.0
573
500 264 19.0
10 45 10 80 1018 1013 10
0.0 [ Jg— . mm . mm |
1 2 3 4 5
m0Level mlLevel 2 Level
"._ / 4‘..
\..__—/ /
J \-._/
S~
\-/
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