A bunch of HPC

Yiwei Yang, Feiran Qin
GeekPie_HPC

et L8 A R

) ShanghaiTech University

2021/4/9

YiweiYang A Bunch of HPC 1




Table of Contents

@M Why HPC?

2 How HPC?
(M Parallel Computing
@ DevOps

C—

® GPU&CPU Al

P
@ Distributed Operating Systems

3 Why we need you?

1 Class recomendations

Yiwei Yang

A Bunch of HPC




The Goal of this talk

@M Let more people know HPC.

@ Recommend some quality classes in school like PL/OS/Network/

CA/Parallel computing to strengthen yourself and hope you

become a better member of the HPC.

@ Letyou join our team first and you can watch the whole process

from the sidelines or as an reverse team member.
N
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HPC Basics
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HPC Basics
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HPC Rules
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HPC Rules (Cond)
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HPC Rules (Cond)

1D SC2020 &/
@ {EHAzure ZITEEIR, H4500USD RIS MMLIEXERE, GREEF. HET S,
@ BHFERNIRERIIEAEI 5S00USDRITE
® EZRMANRESND, THEEMHAR , 24/NHEMELNEES, slurmBSER,
@ 10500 MadFS burst cache with tokio ucx @

@ ISC 2021 ¥JE
@  MPI Profiler hook on alltoallv of WRF(B4 M —1PMXS KA )
@  ucberkeley FFiERIZEopenmpi HEZ2

Node Compulting node Storage
Azure HB60rs VMs Ype ~r Ic : :
AZUre Rpours vViv 5 I'ype D9%6as v4 l HB60rs Nc24r v2 | DS4 v2
Processor AMD AMD Intel Xeon
Socket0 Sochett Epyc 7452 | Epyc 7551 E5-2690

0o 1 vCPU [ 96 cores 60 cores 24 cores 1 cores |
"" m T ‘ Hm m T { spec | 235GHz | 235GHz 2.60 GHz
b m m o -—.m m o+ Memory | 210GiB | 384 GiB | 224GiB | 28 GiB
' 700G 29 TiB | 1.0 TiB |

«—— XGM| —» Storage 700 GiB 768 GiB

._.m m oo ._.m m._. Nvme SSD SSD XFS
GPU Card 1 P100 /

wm e s .
“© 6 ' ! !
PR -t R -
arclpld ann liunk on 1% spulnkaib Aen los by e HAFak HE e ba 1 353 Q2 e SR-10V Support | yes no no no
!

------ B vk wh Frova Buvrmk=oa e drawr ! - -
. RDMA Support 100GBps 56Gbps

- r Reserved VM Accessible e + .
S 03 3 Cost per hour | $5.33 $2.51 $10.74 5051
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HPC Rules (Cond)
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UCX + TARPC

EBBRPCIED] Ll EEEOR T
B &RERARE 5 &R RERE
&[taruc::serz‘lce] mpl AsyncRead : UcpStream {
world oll_read
! : AsyncRead buf: Gnut ReadBuf,
epliiesni SOOI tokio AsyncWrite e PR

L B A LI G mpl AsyncWrite f UcpStream {
World i Server { n poll_write(

hello(

f: Pin<&nut Self
1Context < ’ cx: &mut Context,
name:”-.if |;|, e Tcpstream UCpStream buf: &[u8],
) -> String { ... } ) —> Poll<Result<usize>> {
2 }

std:io tokio_ucx
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HPC Rank
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HPC Rank (Cond)

@ WEF 0Q OJ0F 0G 0H
@ SWIFTsim (ISC19) : SEZER (RISEEIERS) ot " or oy o 0
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@ FRESKE
@  WRF (Weather Research and Forecasting model) (SC'18): XSk (KSs11%)
@ CESM (Community Earth System Model) (ASC'19, SC'20): EZSRI&H
® HENREZE
(M  SST (Structural Simulation Toolkit) (SC'19): & HAZR LI
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T
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Q=
F =
G = (pv, pvu, pvv + p', pow, (per + p) v, pvq) ",
H =
S = (0,0p/0x — fpv,0p/dy + fpu, p'g,0, U)T )
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HPC Rank (Cond)
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HPC Rank (Cond)
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HPC Friends (Cond)
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HPC Friends (Cond)

CLR-DRAM:
A Low-Cost DRAM Architecture
Enabling Dynamic Capacity-Latency Trade-off

Taha Shahroodi Hasan Hassan Minesh Patel
A, Giray Yaghker Lois Orosa Jisung Park Onur Mulln
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General Thoughs

. bt <tieaun Conlped-siotth
bt . . O
i?})zmcl *&?b{é M+ ‘ 30%50/ (
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Algorithm > CPU to GPU&FPGA > CA Fine tune > Compiler Option
Time-consuming < Medium < Fast
| heouth ~ 3mabhs | olay ~ 7 wetks [ howr ~ 20 hours
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DevOps

HPL binary from Nvidia
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Our HPC Composition
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Our HPC Composition

. %’ﬁﬁ‘_. AW @
-l'-l_E 50‘%“/%

+ CPU: I Intel 7 AMD S RARSZ B4 IESE, BFREHERS
+ GPU: NVIDIA V106, BT AMEFITERIHHE (B3E benchmark) A/o7
© FEE ‘
* RAM: DDR4 S#fiZR (>2933 Mhz) E(ﬁ%’MM
- SAS/SATASSD: BT ERFLE . BEETEE
- NVMe SSD: StgeE. &1k, BFe&ME=ER . 10 benchmark &
- NVRam: 4MzF? WTF?
* \ﬁ{%iﬁ% ACX g pom S
- Ethernet NIC: {RINFE. faE, AT InfiniBand(200Gb/s |
* (IB)NIC: &% & . KR, BFNEEE

2nd Gen
Intel® Xeon®
Scalable
Processor
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Our HPC Composition
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HPC DevOps Stack

Cnmpllers leranes
GCC ICC, LLVM.. CUDA CUDNN, BLAS, MPI..
— M

Power mon & ctrl:
Fan, CPU, GPU, IPMI

Te—
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HPC DevOps Stack

RESRMHER

D CentOS Linux B{EZE %, {#F SSH EIZERf , {£H clustershell i#17

Q}‘E_

]

@ BEBEFESWSIHENIEME

© ®» O

#m1%28: GCC/ICC/ Clang / PGl

MPI: OpenMPI / Intel MPI / Mellanox HPC-X

i&{=J5=: Ethernet / IPoIB / UCX

#ZFFE: CuBLAS/MKL/ OpenBLAS FFTW / CuFFTW
mIFIEIN: EEBHE AVX5121595% / 2B S o3 itk £
Spack #—EEZMEHENARBMRA

@ SIEEREE A
D Spack—#HEE / BEMBIIER
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HPC DevOps Stack
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How to optimize a gemm Software?
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Figure 2: Hardware Parallelism
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How to optimize a gemm Software?

#define A(i,j) a[ (j)*1da + (i) ]
#define B(i,j) b[ (j)*1db + (i) ]

#define A(i,j) a[ (j)*1da + (i) ] #define C(i,3) c[ (3)*1dc + (i) ]

#define B(i,3) b[ (§)*1db + (i) ]
#define C(i,3j) c[ (j)*1dc + (i) ]

double * ); ddDotlx4{ int, double *, int, double *, int, double *, int )

Mult( int m, int n, int k, double *a, int lda void MY _MMult( int m, int n, int k, double *a, int lda,
—LH e » 2 5 ] 3 3
double *b, int 1db, double *b, int 1db,
double *c, int 1ldc ) double *c, int ldc )

int 1, J; int i, 3;

for (13=0; j<n; 94=07){ for ( §=0; j<n; (G+=2/){
for ( i=08; i<m; i+=1 ){ for ( i=8; i<m; i+=1 ){

»3 ), &CC 1,3 ) ); ( k, &\( i,8 ), 1da, &B( 0,3 ), ldb, &C( i,j ), 1ldc );

j+ &C( i,j+ ;
>3+ ), (1,3+1) ); ddDot1x4{ int k, double *a, int 1da, double *b, int 1db, double *c, int ldc )

,3#2 ), &C( 1,3+2 ) );
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How to optimize a gemm Software?
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How to optimize a gemm Software?

vactor AD Al Al3 Ald] AIN-1
AddDot4x double *b, int ldb, double *c, int ldc ) AE' = 3] 4 *n -]

vector

CN-1]

Branch: develop « OpenBLAS-like_implementation

wjc404 Add files via upload

b_p8 pntr

b_pl pntr = &
b p2 pntr = &
b_p3 pntr = &

Add files via uplg

cBa c la wreg.V = OF Add files via upld
c_ Bl c_11 vreg.v = (3;

c_B82_c_12_vreg.v = () consider alpha=I
€ B3 _c_ 13 vreg.v = ();

€ _29_c 30 vreg.v = OF Add files via uplg
c_21 c 31 vreg.v = {);

€22 c 32 vreg.v = 0; Update kernel_a
€_23 c_33 vreg.v = {); -

L2

Add files via uplg

for ( p=0; p<k; p++ )

a_@p_a lp vreg.v = ( (double *}) a });
a_2p_a 3p _vreg.v = { (double *) ( at+2 ) ); Add files via uplg
a += 4;

Add files via uplg
b_p@ vreg.v = ( (double *) b _p@ pntr++ );
b_pl vreg.v = { (double *) b_pl pntr++ ); Add files via upld
b_p2 vreg.v = ( (double *) b _p2 pntri++ );
b_p3_vreg.v = { (double *) b_p3 pntri++ );
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Our HPC Composition

CPU Memory

MPI MPI - WC
o MIMD =&, Zi#i2 (2)

o HIZ/ZERELIE: numactl CPU | Memory

o £ UCXEZRETF IB#HTEE (FIK)

OpenMP

o SMTHEE! Z%iE (E4) OpenMP CPUICPU| /o

o ZFEYPTE: OMP_AFFINITY CcPU | CPU

* pthread

CUDA

o SIMTH&EE! 7£ GPU bi#17 (MER) KEFH1T
o AI5 MPI/ OpenMP &%&: CUDA-aware MPI NCC|
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Cuda Basics

. . vector AlD] Al1] AlZ) Al3] A4] - AIN-1]
m Sequential program iterates through ~
the e|ement8. Eﬂ'ﬁmr E[0] B[1] 512] B3] B[] E[N-1]‘

void vecAdd(float* A, float* B, float* C, int n) C}j‘ 3 |
{ + + + + . T +f

for (i =8, 1 < n, i++) /! QI) C[)
, C[i] = A[i] + B[i]; vector | cioy | om | c | cm | em | ... | e

C

m GPU kernel launches many threads, haved mem
one for each vector element. m T
Potentially millions of threads. ‘
i = blockldx.x * blockDim.x +
Hardware ensures low (almost zero) threadidx.x Ty | B ) ey [ e

C_dli]=A_d B_d]i] b 0,0 ,0)
overhead thread management. i s
@M || @an )
. mme |
void vecAddKernel(float* A_d, float* B_d, float* C_d, int n) - “ IE
{ . ‘J’ I

int i = threadIdx.x + blockDim.x * blockIdx.x;
if(i<n) C_d[i] = A_d[i] + B_d[i];
}
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Core Affinity

I®el® Xeon® Processor E5 v4 Product Family HCC

SRRRRAERRENE RRRRRRRRRRND

I S
8% q 8
! 11

TONRRRERERAENS FRANERRNARN

IBIRIN0)]

1

.
1

]
1

taskset [options] mask command [argument...]
taskset [options] -p [mask] pid
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Misc

CPU Power:
o Tune the best # of cores (Disable some when necessary)
o BIOS settings
a. Hyper-threading ?
b. Turbo Boost ?
GPU Power:

o nvidia-smi

o Persistence Mode ?
Fans Power: XGERE ~ 4$8ELE Tradeoff
Power Monitoring: IMPORTANT

i. Power Meter

ii. Intelligent Platform Management Interface (IPMI)
iii. B GUI: Grafana

e.q. FEN A Power-curve AZKFE 2T, BEIRBITNAI N —X Power & IEFHAFH N AT,
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Optimize OS layer




Bottleneck by OS in HPC

VLUVVY}L
Work Schedulerm} prevent fE3iIKEoverhead

aP] syall
Kernel Bypass - 1/0 reﬂ&/yv_m_e() no internal lock

Cache invalidation / page fault - memory hiearachy

Zero-copy / shared memory - false sharing

0%

Avoid thread lock / busy spin -Modify your code

e
Non-blocking (context slmvtdgh/ﬂ]g) - process binding
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What's OS

@ Opt 3 - Hybrid Process and Thread

» Environment: multi-node cluster

1. - & & - - - ;v = 1 .
! f | ]I‘ 1 | !
— __I_.-'..
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Some food for thoughts

https://github.com/ntuhpc/training-ay1819
https://github.com/Kobzol/hardware-effects-gpu
https://github.com/kobzol/hardware-effects
https://wiki.geekpie.club/hpc

rcore/ucore xvé6

Some Books uploaded in the qq group

Computer Archietecture by onur
Compiler by Stanford
Operating System by jyy nju

vitowu.cn
enigmahuang.me
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Some Tools recommendation
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Some Tools recommendation
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Some Tools recommendation
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Thanks!
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