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(Parallel 10)

PAVEMERT/PIO

100base TX

PAVENENT/VIL (with KaT)




g6cpplib

= gbcpp start(myid, nio, mode, error)

= gbcpp unit(n, t unit, x unit, eps2,
error)

= gbcpp calc(mass, r, £ old, phi old,
error)

= gbcpp wait(acc, pot, error)

= gbcpp end(error)
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Matter density represented as a
collection of particles

pr) =2 pr(r —x

W : kernel function




Radiative Transfer for SPH

¢ Accurate calculation of optical depth along light
paths required.
¢ Use the method by Kessel-Deynet & Burkert (2000) .

Source




1 Gyr

0.7 Gyr

At the initial stage, a density fluctuation is generated to match a cold dark matter spectrum. This fluctuation
expands with the cosmic expansion, and simultaneously smaller-scale density fluctuations develop inside to
form filamentary structures. Tiny filaments evaporate due to the heating by background UV radiation, whereas
larger filaments shrink to coalesce into a condensed rotating cloud. This rotating cloud would evolve into a
galaxy. This simulation has revealed that the background UV radiation plays an important role for the final
structure of the galaxy.
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= HMCS-E (HMCS with Embedded system)
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V =X b b

BladeGRAPE on PCI rack
ready to built on 2U PC server

4 GRAPE-6 core chips on PCI-X ﬂ
board

S, —_ -~ =h oo A =1
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FIRST full system

A node with 2U high-end PC
server with BladeGRAPE

(SCTEWYZLEE, RybTE)

256 node system installed at
CCS, U. Tsukuba

= EE
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HMCS-G block diagram
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OmniRPC (globus)
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Grid RPC [

OmniRPC (RWCP & j&EXK) @LLLL

= Ninf grid RPCICED K XL v Rt2—T7RPC

=« RPCEfTTJRE 0% S A (library programs)
=« RPCOD/=®DstubzW B> FOT 3 A
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Gate Keeper (OmniRPC stub)
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FPGA in HPC

m Goodness of recent FPGA for HPC

= True codesigning with applications (essential)
= Programmability improvement: OpenCL, other high level languages

= High performance interconnect: 200Gbps x 4
s Precision control is possible
= Relatively low power

= Problems
= Programmability: OpenCL is not enough, not efficient
s Low standard FLOPS: still cannot catch up to GPU

-> “never try what GPU works well on” BittWare 520N with Intel Stratix10 FPGA
. . ipped with 4x 100Gbps optical
= Memory bandwidth: 1-gen older than high-end CPU/GPU o e e 1 P

-> be improved by HBM, but still difficult to use
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GPU vs FPGA as HPC solutions

device

parallelization SIMD (x multi-group) pipeline (x multi-group)

standard FLOPS oo (>1000 cores) @ (~100 pipeline)

conditional branch ® (warp divergence) o (both direction)

memory o0 (HBM2e) 9 (DDR)H@ (HBM2)

interconnect ® (via host facility) o0 (own optical links)
programming < (CUDA, OpenACC, OpenMP) = (HDL)— 2 (HLS)
self-controllability ® (slave device of host CPU) & (autonomous)

HPC applications @ (various fields) @ (limited)

N

Center for Computational Sciences, Univ. of Tsukube
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Coupling GPU and FPGA, why ?

= Many multi-physical simulation to combine
several sorts of different phenomena on a
system is required in advanced physics
= Space - particle reaction
» fluid dynamics with chemical reaction

= Mmacroscopic/microscopic hybrid simulation Reaction

molecular simulation .
s Characteristics and dynamism of parallelism
tic

drastically changes during the simulation Structural
= SIMD friendly or pipeline friendly

= small fraction of low degree parallelism in a code
makes “last one mile problem” under Amdahl‘s Law
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CHARM: Cooperative Heterogeneous Acceleration with
Reconfigurable Multi-devices

multi-physics/muIti-scale Basic cluster with GPUAs (by InfiniBand)

complicated problem ( \

invoke GPU/FPGA kernsls

data transfer via PCle
invoked from FPGA)

FPGA
______ comp.
o [ = —_— N —
Application oriented Com;
Structural T~ .I - _FEGﬁ-F_F:Gi cg_m_r_nu_rlicitic_)_ g

100Gbps direct optical link

Cooperative computing with GPU and FPGA FPGA Network
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Cygnus: world first multi-hybrid cluster with GPU+FPGA

=
|~
=)
=
=

University of Tsukuba

> Center for Con

Cygnus supercomputer at Center for Computational Sciences, Univ. of Tsukuba (Apr. 2019~)
85 nodes in total including 32 “Albireo” nodes with GPU+FPGA (other “Deneb” nodes have GPU only)
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Single node configuration (Albireo)

SINGLE Network switch Network switch
NODE (100Gbps x2) (100Gbps x2)
(with FPGA)

 Each node is equipped with
both IB EDR and FPGA-direct
network

 Some nodes are equipped
WIth bOth FPGAS and GPUS! PCle network (switch) PCle network (switch)
and other nodes are with
GPUs only

Inter-FPGA Inter-FPGA
direct network direct network
(100Gbps x4) (100Gbps x4)
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Two types of interconnection network \K

OGS
Inter-FPGA direct network InfiniBand HDR100/200 network for parallel processing
(only for Albireo nodes) communication and shared file system access from all nodes

IB HDR100/200 Network (100Gbps x4/node)

FPGA FPGA

! i ! = Inter-FPGA torus network
Deneb nodes Albireo nodes

64 of FPGAs on Albireo nodes (2FPGAS/node) For all computation nodes (Albireo and Deneb) are connected by full-bisection
are connected by 8x8 2D torus network Fat Tree network with 4 channels of InfiniBand HDR100 (combined to HDR200
without switch switch) for parallel processing communication such as MPI, and also used to

access to Lustre shared file system.
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IB HDR100 x4
= HDR200 x2

s 7_1

100Gbps x4
FPGA optical
hetwork x2

¥, " "

IB HDR200

switch (for
full-bisection
Fat-Tree)

1.2Tbps/node

Albireo node O ‘m%

Center for Computational Sciences, Univ. of Tsukubz
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Application Example - ARGOT code

= ARGOT (Accelerated Radiative transfer on Grids using Oct-Tree)

= Simulator for early stage universe where the first stars and galaxies were born

= Radiative transfer code developed in Center for Computational Sciences (CCS),
University of Tsukuba

= CPU (OpenMP) and GPU (CUDA) implementations are available
= Inter-node parallelisms is also supported using MPI
= ART (Authentic Radiation Transfer) method

= |t solves radiative transfer from light source spreading out in the space
= Dominant computation part (90%~) of the ARGOT code
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Two computation elements in ARGOT code: ARGOT method and ART method

 ARGOT method: Point Source processing
* ART method (Authentic Radiation Transfer): Diffused Photon processing

Diffuse Photon

Point Source

30 2023/09/06 S Zal—iavEXKNEHERE@MBERK



Two computation elements in ARGOT code: ARGOT method and ART method

 ARGOT method: Point Source processing
* ART method (Authentic Radiation Transfer): Diffused Photon processing

— ARGOT (Accelerated Radiative transfer on Grids using Oct-Tree) code —

ART method

for RT from matters
spatially spreading out

Diffuse Photon
FPGA acceleration

ARGOT method

for radiative transfer (RT)
from point source

Point Source
GPU acceleration

31 2023/09/06 S Ial—LavKNEHERE@MBERK



ART Method

= ART method is based on ray-tracing method
= 3D target space split into 3D meshes
= Rays come from boundaries and move in straight in parallel with /‘

each other f f
= Directions (angles) are given by HEALPix algorithm / //L/ /

= ART method computes radiative intensity on each mesh as Y
shows as formula (1)

= Bottleneck of this kernel is the exponential function (expf)

\1/\’
= There is one expf call per frequency (v). Number of frequency is
from 1 to 6 at maximum, depending on the target problem N ,\j

= All computation uses single precision computations / ]‘T / /
= Memory access pattern for mesh data is varies depending
on ray’s direction [ ] /

= Not suitable for SIMD style architecture
= FPGAs can optimize it using BRAM (Block RAM = SRAM) and DRAM

I’(/)f(,l,t(lfb) - Il'in ('fb)e_ATV + Su(l o e—AT,,) (1)

{
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FPGA implementation of ART method

= Domain Decomposition + Intel Channel for multi-FPGA expansion

FPGA
<§c cores (OpenCL kerr}ebs/)
o
o > Comp. engine
oy ,Z; for ART method
E esh <
— | reader > %
q') /
= & B .
(_CU Mesh - y
o writer
A 7
\Q —> Comm. path of ray data (Intel Channel)
jl> load mesh data into comp. engine store comp. result (mesh data) in DRAM
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Parallel ART with multiple FPGAs

= replacing Intel Channel at FPGA border with CIRCUS
= making cluster of ART execution kernels with Intel Channel or CIRCUS

FPGA 1 FPGA 2
< T
vi all pr
|/ y HN— | T T J—Aﬂ—l
7 " X
— Intel Channel — CIRCUS Channel
S K .
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Version history of ARGOT code

All in CPU : OpenMP

all accelerated version implies some fraction of
All in GPU : CUDA CPU computing with OpenMP

L ARGOT method in GPU : CUDA naive program —
ART method in FPGA: OpenCL (CUDA+ OpenCL kernel)

¥ ] |
ARGOT method in GPU : CUDA
ART method in FPGA: OpenCL

oneAPIl assembling

— CHARM
All in GPU : OpenACC
I l ARGOT method in GPU : OpenACC MHOAT MHOAT: Multi-Hetero OpenACC Translater
ART method in FPGA: OpenACC CHARMZ OS5 M= MD0penACCAZIA N[5

Collaboration between CCS & ORNL
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Evaluation Environment

= PPX (Pre PACS-X) mini cluster which is the prototype of Cygnus

Hardware specification

36

CPU
Host Memory
GPU
GPU Memory

FPGA

FPGA Memory
InfiniBand

Intel Xeon E5-2690 v4 x2
DDR4-2400 8GB x8
NVIDIA Tesla P100 (PCle Gen3 x16)

16 GiB CoWoS HBMZ2
@ 720 GB/s with ECC

BittWare 520N (1SG280HN2F43E2VG)
equipped with 100Gbps x 4 chan.

DDR4 2400MHz 32 GB (8GB x 4)

Mellanox ConnectX-4 Singleport EDR
MCX455A-ECAT

Software specification

OS

Host Compiler
GPU Compiler
Open MPI
OpenCL SDK

CentOS 7.9

gcc 4.8.5
CUDA 11.2.152
3.1.0

Intel FPGA SDK for OpenCL 19.4.0
Build 64 Pro Edition

2023/09/06 P Zal—IarvXXEHEL@EEX

- PCle
QP

{ CPUO W ( CPU1 }

PCle Switch ] [ PCle Switch

e o

A computation node of PPX

PCle for FPGA is just gen3 x 8 lanes, but
does not affect on performance because
the communication overhead is ~1%




Performance : MHOAT vs CUDA/OpenCL vs GPU-only
(PPX single node: GPU: V100 + FPGA: Stratix10 size=32x32x32)

0.12
0.8
» 1.4x improved
0.7 )
0.6 0.08 m init_before_iter:
W init_within_iter:
0.5 9. 9X I m p roved - = aslsign_re_ny_segmen't:
i 0.06 calc_optical_depth:
2 0.4 m ARGOT W accum_optical_depth:
o m ART m calc_photoion_rate:
mZ Db m Diffuse_RT:
0.3 0.04 m smooth_photoion_rate:
W step_chemistry:
0.2
0.02
0.1
E = o
0 CUDA+OpenCL MHOAThR
OpenACChRGPU CUDA CUDA+OpenCL MHOATHhfZ
CHARM (CUDA+OpenCL or MHOAT)
GPU (OpenACC or CUDA) vs CHARM (CUDA+OpenCL or MHOAT) = equal with OpenCL on ART method, but ARGOT
=> MHOAT is the best with 10x speed of OpenACC GPU method is better with OpenACC than CUDA

S
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Parallel ARGOT/CHARM with GPU+FPGA in oneAPI (CUDA+OpenCL)
s Weak scaling with 2 nodes (2 GPUs + 2 FPGAs) (preliminary evaluation)

= largest mesh size on single FPGA is limited to 323
= 1 node = 32x32x32 2 nodes = 64x32x32 GPU:CUDA FPGA:OpenCL
= FPGA-FPGA communication with CIRCUS (original FPGA communication system)

2.5
- 1 node B Others
. . 205 B ART comm.
GPU+FPGA achieves 6.8x , : = ART comp.
faster than GPU-only ART init
—_ Optical depth accumulation
. 2 nodes g % 15 ay segment assginment
. g
- GPU+FPGA achieves12.8x % =
faster than GPU-only 3
— combining computation > K 0.89 6.8x 12.8x
and communication in & "
pipeline D N
A3 0.16
0 — — —
GPU-only GPU + FPGA GPU-only GPU + FPGA
1 Node / (32, 32, 32) 2 Nodes / (64, 32, 32)

# of Nodes / total mesh size
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