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Y Y10 TaKoe napannenbHbie BbIYNCAEHUA, HACKONbKO
OHW pPacnpoCcTpaHeHbl, BOCTPeboBaHbl M BbIrOAHbI?

W KaK yCcTpoeHbl cynepKkomnbioTepbl?
v MPI, OpenMP, OpenACC
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Kak paboTaTb ¢ 6onbwimmm ob6vemamm AaHHbIX U BbIYUC/IEHNIN?
MacwTtabupyemocTb. 3aKoH Amaans.
MpounssoantenoHoctb (FLOPS), nponyckHaa cnocobHOCTb NamATH.

MpunoxKeHuna, orpaHNYeHHbIe BbIYUCINTENbHBIMU BO3MOXKHOCTAMM U NPONYCKHOW
CNOCOBHOCTbIO NAMATW.

YacToTa npoueccopa 1 4acToTa NamaATU. 3HaYeHUE KILEW.
BeKkTopunsauma.

Habopbl BEKTOPHbIX MHCTPYKLMN.

YacTtoTa npoueccopa n TDP.

Mpnmepbl MHOTOAAEPHbIX CUCTEM:
* Intel CPU
* Cell Broadband Engine
 Cavium ThunderX

APC | 3


http://www.parallel-computing.pro/
http://www.parallel-computing.pro/
http://www.parallel-computing.pro/

-
. - -

Roofline mogenb oueHKM Npon3BoaNTENBLHOCTM.

PacnpegeneHHasa apxuTeKkTypa NamaTu.

Ba*KHOCTb pa3melleHnA AaHHbIX B NAMATH.

Cxema coBpeMeHHOro rubpuaHoOro Knactepa ¢ MHOXXECTBOM COKETOB, AAEP U YCKOPUTENEN.
Knaccupukaumna dnunHHa.

Obuwas namaATb 1 pacnpeaeneHHan NnamsaThb.

OwmnbKn, cneundunyHble ana napannenbHolx BbluncneHmin: deadlocks, memory races.
[MOTOKKM 1 npoueccel.

CUHXPOHHOE N ACUHXPOHHOE UCNOJIHEHMUE.

Kputnueckmne cekuum, MbtoTeKcbl U Bapbepbl.

CurHanbl, coobuweHusa, cobbITUA ANA KOMMYHUKALUN MeXKAy Npoueccamu.

Habopsbl ytuaut: cpuinfo, Ispci. YnpaBneHue 3aga4amm Ha cepBepe ¢ nomoubto SLURM.
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nocnenoaarenbnoe ucnom-leuue

N I'Iocne,u,OBaTeanoe NCnoiHeHumne
* WcnonHaeTca ogHUM NpoL.eccopom
* [lo ogHOW MHCTPYKLUMM 33 pa3

*  WNHCTPYKUMM BbINOHAIOTCSA B
nopsiake oyepeam

NHCTpYKUUN
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ApXxuTeKTypa tbon-l Heumaua

© JlaHHble N UHCTPYKLIMKN XPaHATCA B
namaATu

V  Control unit 3arpy*KaeT MHCTPYKLUUMU
U OaHHble U3 MaMATU, AeKoaupyeTt
MHCTPYKUMU N NocnenoBaTelbHO Arithmetic
BbINONHAET onepaumu

Y AJTY BbinonHAeT 6a3oBble
apudmeTn4ecKume onepaumm

Y 1/O — uHTepdeiicol ans
B3aMMOAENCTBMA C ONEPaTopom

Control Unit Logic
Unit
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S(p)<1/(f + (1 -f)/p)
P — KOJIMYeCTBO NpoLeccopos

f — nons nporpammbl, KOTOpasn
A0/1KHA ObITb BbINO/JIHEHA
nocnenoBaTesibHO

Speedup
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Amdahl's Law

/ Parallel portion
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64
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Number of processors

4096
8192

16384

32768
65536
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Orpanuqenun

SAXPY

FFT SGEMM

Optimal computational intensity
for different GPUs (FLOPS : byte):

Tesla C1060 9.1:1
Tesla C2050 71:1

Tesla K20 169:1
Tesla K40 175:1
Tesla M40 23.7:1
Tesla P100 129:1
NVIDIA Titan X 22.8:1
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Top Supercomputers

- Rmax Rpeak Power
System Cores (TFlop/s)  (TFlop/s) (kW)
Sunway Taihulight - Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway, 10,649,600 93,014.60 125,435.90 15,371
NRCPC
National Supercomputing Center in Wuxi
China

Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C 2.200GHz, TH 3,120,000 33,862.70 54,902.40 17,808
Express-2, Intel Xeon Phi 31S1P, NUDT

National Super Computer Center in Guangzhou

China

Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries interconnect , NVIDIA 361,760 19,590.00 25,326.30 2,272
Tesla P100, Cray Inc.

Swiss National Supercomputing Centre (CSCS)

Switzerland

Gyoukou - ZettaScaler-2.2 HPC system, Xeon D-1571 16C 1.3GHz, Infiniband EDR, 19,860,000 19,135.80 28,192.00 1,350
PEZY-SC2 700Mhz , ExaScaler

Japan Agency for Marine-Earth Science and Technology

Japan

Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini interconnect, NVIDIA 560,640 17,590.00 27,112.50 8,209
K20x, Cray Inc.

DOE/SC/Oak Ridge National Laboratory

United States
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https://www.top500.org/site/50365
https://www.top500.org/system/177824
https://www.top500.org/site/50422
https://www.top500.org/system/179102
https://www.top500.org/site/49318
https://www.top500.org/system/177975
https://www.top500.org/site/48553
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MeToauka Tecmposal-mn

S Benumapk HPL (High-Performance Linpack): BbibupaeTtcs
HanbonbWMM pasmep 3a4a4mM, NOMELLAOLWMNCA B NAMATb.

Y [pepocTtaBnseT cneayowyo MHGoOpPMaLU Mo

* Rpeak: Teopetnyecknin makcmumym npomnssoautenoHoctu (FLOPS)
cuctembl (FLOPS*Konunyectso taktoB CPU*Kkonnyectso CPU)

* Rmax: Makcmmym, AOCTUTHYTbIN ANA 3a1aHHOTO pa3mepa 3a4a4uu.
* Nmax: paamep maTpuubl

* N1/2: Pasamep 3agauu npu Kotopom agoctmraerca 50% Rmax. Huskoe
3HayeHue N1/2 noKasbiBaeT cnocobHOCTb cucTembl paboTaTb €O
MHOXeCTBOM Pa3/IMYHbIX Pa3MepPOoB 3a4a4un (MeHbLLe-yyLle).
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OcCHOBHbIE orpaHuquTenM

Y BblumcamtenbHble BOSMOMHOCTU
 FLOPS

» [TponycKkHasa cnocobHOCTb NaMATH
* YTteHune/3anucob
e ObmeH coobWEeHNAMU U CUTHANAMM

* Kawu

Y JIaTeHTHOCTb
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Block Transfer
Word Transfer (\)\_f‘
CPU FAST Cache SLOW Main Memory
Level 1 Level 2 Level 3 || .1 Main
cPU (L3)
B & & L e

Transfer speed
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multiply and add(const float* a, const float* b, const float* c, float* d)
{

for(int i=0; i<8; i++)

{

d[i]
d[i]

a[i] * b[i];
d[i] + c[i];

}
}

APC | 15
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Clock cycle
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v O6Lwmm KoHsBenep ¢

YeTblpbMA CTaANAMU Waiting
instructions
paboTbl: u
° nonyqu mne 8 Stagelertchd . .
* PackoampoBaHue =& EEE
9. Stage 3: Execute . . .
¢ Bblnon HeHme - Stage 4: Write-back . .
[ ]

* 3anucb pesynbraTta

Completed
instructions
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multiply and add(const float* a, const float* b, const float* c, float* d)

{
#pragma unroll 4

for(int i=0; i<8; i++)

{
dfi] = a[i] * b[i];
d[i] = d[i] + c[1i];
}
}
__m256 multiply and add(__m256 a, _ m256 b, _ m256 c)
{
return _mm256 fmadd ps(a, b, c);
}
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Bekropl-lble uncrpyxu,uu

Floating Point (FP) SSE/AVX 128

MIC-512

zmm ymm Xmm
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ZMM

128 hytes

ey

block 1
A

| 128 bytes

WK
MM
...................................... e —————
thread 1 1 thread 2
e e e e —pimaie
block M block 1
i A
{128 bytes 128 byes| 128 bytes
L] awa sem

——————

crmmarmy =

L 128 bytes 128 bytes.
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multiply and add(const float* a, const float* b, const float* c, float* d)

{
for(int i=0; i<8; i++)
{
d[i] = a[i] * b[i];
d[i] = d[i] + c[i];
}
}

__m256 multiply and add(__m256 a, _ m256 b, _ m256 c)

{
return _mm256_ fmadd ps(a, b, c);

¥
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Y B obuwem Buae MHCTpyKumnsa AVX/AVX2 HasbiBaeTcs Data Type Description
cnegyrowmm obpasom: 128-bit vector
« _mm<bit_width>_<name> <data_type> ~ _m128

containing 4 floats
128-bit vector

N <data _type>:

ps - vectors contain floats (ps stands for packed single-

precision) ~_ml128d containing
*  pd - vectors contain doubles (pd stands for packed double- 2 doubles
precision) .
*  epi8/epil6/epi32/epi64 - vectors contain 8-bit/16-bit/32- m128i 128-bit vector
bit/64-bit signed integers I containing integers
* epu8/epulb/epu32/epubs - vectors contain 8-bit/16-bit/32- )
bli?c/GZ/l-k?it un/signed /in'?egers / / m256 256-bit vector
e si128/si256 - unspecified 128-bit vector or 256-bit vector — containing 8 floats
*  ml128/m128i/m128d/m256/m256i/m256d - identifies input 256-bit vector

vector types when they're different than the type of the

returned vector __m256d containing

4 doubles

256-bit vector
containing integers

__m256i
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U NnapannenbHoe UCnosiHeHue

Floating Point (FP) SSE/AVX 128

MIC-512

Zmm ymm Xmm
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Bnum-me Kameu

m T | I I rFTrnrrn | ] ] LR I I L IlI T I LB
8000 — AVX -
- 4 W | iteration = = scalar s
7000 - 128 GB/s -
) - i
2 6000 .
= | L1D cache (32k) i
2= 5000+ -
Ej B -
% 4000 - {.2 cache {ZSEK? _
< 3000 L3 cache (20M) o
b |
2000 . | Memory
1000
L S5W/it.
Oll 1 1 JJJJJ]] 1 1 lIIIII| | | | IIIJII 1 1 | IIIII| +1BGBI5
2 3 4 5 6 (incl. write
10 10 10 10 10 allocate)

Loop length
pIeng APC | 23
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L1 cache [ T 10"
108 J L2/L3 cache
107 Main memory 1070
pus | 10¢ —— -
HPC networks
10 —— - —— 10° |1 GBIs
104 —— - o
1 Solid state disk
ms 103 —— —— 10®
02 -] Local hard disk
Intermnet
107 —— _| —— 107
Lalency Bandwidth
[sec] [bytes/sec]
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HecKkonbKO MOLLHbIX AAep
* 2,4,6,8an0ep, 2,66—3,6lTu Kaxkgoe == Quetéel/%ncore Gl

* Kaxpoe pusnyeckoe aapo
npeacTaBAsSETCA B CUCTEME KaK 2
NOTUYECKUX N MOXKET UCMONHATD 2

NOTOKa KOHKYpeHTHO (Hyper- T
Threading) I Shared |
Y 3 ypoBHA K3LWa, bonblon obvem L3 ' R | 3 Cache =

 Hasapgpo: L1=32KB (data)
+ 32KB ( Instructions), L2=256KB

 Shared L3, no 20 MB

Y 3anpocbl K NamMATU YNpaBAAOTCS
pa3fenbHo ANs Kaxkaoro frie o)
noTtoka/npouecca Bt "
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Cell (Cell Broadband Engine
Architecture)

MMKPOMNPOLECCOPHANA apXUTEKTYPA,
COBMECTHO pa3paboTaHHada Sony,
Toshiba n IBM.

Pa3paboTKka apxXnTEKTypbl 1 NepBble
npotoTunbl 6b11n co3gaHbl B STI Design
Center 3a YeTbIPEXNETHUIN Nepunoa, c
Ha4vasia mapTta 2001 roaa.

Cell coBmeuwaeT sapo obuiero
Ha3HayeHunA apxmuTtekTypbl POWER ¢
conpoueccopamm, KoTopble
3HAYUTE/IbHO YCKOPAOT 06paboTKy
MYJIbTUMEANA N BEKTOPHbIX
BbIYMNC/IEHUM.
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N
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‘Tl'slement ]
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Cavium ThunderX

A ——

10/40 Ethernet

i Up to
Fabric
ol 4x 72-bit

DDR3/4
ontrollers

PCle Gen3

Security

‘ Cavium
Senane Coherent

Processor
Interconnect

Other 10 Workload Accelerators (CCPI™)
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VOIta S IVI M SpeCiﬁCationS: PCI Express 3.0 Host Interface

84 SMs

4096-bit HBM2 memory
interface

6144 KB L2 cache
NVLink support

12nm FFN

21.1 billion transistors

7,5 TFLOPS of double
precision

15 TFLOPS of single
precision

30 TFLOPS of half-
precision

=
[}
=
°
<
o
°
3
=
e
o
]

NVLink NVLink NVLink NVLink NVLink NVLink
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Y Volta SMM
Specifications:
* Up to 5376 CUDA cores

e 14336 KB register file
size/GPU

* Up to 128 KB of shared
memory

L0 Instruction Cache

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT

ST

LO Instruction Cache

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

LD/ Lo/
ST ST

TENSOR
CORE

LD/

ST

LD/
ST

Warp Scheduler (32 threadiclk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

INT

INT

INT

INT

INT

INT

INT

§T

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

DI LD/
ST ST

TENSOR
CORE

LD/

ST

LD/
ST

128KB L1 Data Cache / Shared Memory

Tex

-

e

-
Lre=
—

-
- -
-

Nvidia Volta V100

TENSOR
CORE

TENSOR
CORE

SFU

FP64

FP64

FP64

LD/
ST

LD/

ST

LO Instruction Cache

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

INT FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32 TENSOR

FP32 FP32 KDRE

FP32 FP32

FP32 FP32

FP32 FP32

Lo/ DI LDf LD/
ST ST 5T ST ST

L0 Instruction Cache

Warp Scheduler (32 threadiclk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

INT

INT

INT

INT

INT

INT

INT

INT

Lo/
ST

Tex

INT FP32 FP32
FP32 FP32
FP32 FP32

FP32 FP32 TENSOR

FP32 FP32 KB

FP32 FP32
FP32 FP32

FP32 FP32

LD/ LD/ LD/ LDl LDI
8T ST ST ST 8T

TENSOR
CORE

TENSOR
CORE

APC | 29



http://www.parallel-computing.pro/
http://www.parallel-computing.pro/
http://www.parallel-computing.pro/

-
. - -

Roofline mogenb oueHKM Npon3BoaNTENBLHOCTM.

PacnpegeneHHasa apxuTeKkTypa NamaTu.

Ba*KHOCTb pa3melleHnA AaHHbIX B NAMATH.

Cxema coBpeMeHHOro rubpuaHoOro Knactepa ¢ MHOXXECTBOM COKETOB, AAEP U YCKOPUTENEN.
Knaccupukaumna dnunHHa.

Obuwas namaATb 1 pacnpeaeneHHan NnamsaThb.

OwmnbKn, cneundunyHble ana napannenbHolx BbluncneHmin: deadlocks, memory races.
[MOTOKKM 1 npoueccel.

CUHXPOHHOE N ACUHXPOHHOE UCNOJIHEHMUE.

Kputnueckmne cekuum, MbtoTeKcbl U Bapbepbl.

CurHanbl, coobuweHusa, cobbITUA ANA KOMMYHUKALUN MeXKAy Npoueccamu.

Habopsbl ytuaut: cpuinfo, Ispci. YnpaBneHue 3aga4amm Ha cepBepe ¢ nomoubto SLURM.
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Performance [GFLOPS]

1/2

1/4

-
- - -
— e e - - e > =

Rooflme Mop,enb

A
J Bound based on bandwidth ,-
1 Bound based on peak performance
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App,
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1 App,
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1/4
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64

128 256 512 Operational Intensity [FLOPS/byte]
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ApXuTeKkTypa
KomnbtoTepa

SIMD — Bce npouecchbl
BbINONHAKOT O4HY
MHCTPYKLUUIO Hag

MHOeCTBOM AaHHbIX

SMP — Bce
npoueccbl UMerT
paBHble NpaBa Ha
AOCTYMN K NaMATH

MIMD — KaxKAabl#
npouecc
BbIMOJIHAETCA
He3aBUCUMO
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4 www.parallel-computing.pro

Y [MocnepoBaTeNbHbIN BbIYUCAUTEND
Y [leTepMUHUPOBAHHOE UCNONHEHUE

awi)
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Bce BblyncanTenn UCNONHAOT
OAHY U TY e UHCTPYKUMUIO
CUHXPOHHO NO TaKTam
Ka)Kabi BbIYNCANTEND MOKET

onepupoBaTb OTAEIbHbIM
NAaHHbIMU

2 BapuaHTa:

* Habop npoueccopos

°* BeKTopHOe ncnosnHeHue
BONbWKMHCTBO COBPEMEHHDbIX

KOMMbIOTEPOB OTHOCATCA K
SIMD

e s - —

prev instruct

load A(2)

load B(2)

C(2)=A(2)'B(2)

store C(2)

X+Y

next instruct

P2

-
o

prev instruct

load A(n)

load B(n)

C(n)=A(n)*B(n

store C(n)

next instruct

Pn

XI[] x3 r x2

x1 rxo

vl (2 1 v2

y1 fyo

X[1+Y[] | x3+y3 [x2+y2

x1+y1 fxo +y0
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[TOTOK AaHHbIX 0bpabaTbiBaeTcA
MHOeCTBOM NPOLLEeCcCopoB

Ka*Kabin tOHUT obpabaTtbiBaeT
NAaHHble He3aBUCUMO C
NOMOLLbIO COBCTBEHHOIO
NOTOKA MHCTPYKLMUN.

[TloumepoB He TaK MHOTO:
Carnegie-Mellon C.mmp
computer (1971).

e

-
- == =

prev instruct

prev instruct

load A(1)

load A(1)

load A(1)

C(1)=A(1)"

C(2)=A(1)*2

C(n)=A(1)*n

store C(1)

store C(2)

store C(n)

next instruct

next instruct

next instruct

awn
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Cambli pacnpoCTPaHEHHbIN TMN
napannenbHoOro KOMnbloTepa

Ka*Kabi npoueccop MOXKEeT MCNOIHATb CBOM
cOH6CTBEHHbIN NOTOK MHCTPYKLUA

NcnonHeHne moxKeT bbiTb CUHXPOHHbIM U
dCUNHXPOHHDbIM, AeTEPMUHUPOBAHHbLIM U
HedeTeEPMUHUPOBAHHDbIM

[Mpumepbl:

* [loytn BCE coBpeEMEHHbIE CYNEePKOMIMbHOTEPHDI,
MHOronpoueccopHble CUCTEMDI,
MHOroaaepHblie npoueccopbl

Muorne MIMD apxuTteKTypbl COCTOAT U3
SIMD mopaynen

e

prev instruct prev instruct
load A(1) call funcD
load B(1) x=y*z
C(1)=A(1)*B(1) sum=x*2
store C(1) call subA(i,j)
next instruct next instruct

-
- == =

prev instruct

do 10 i=1,N

alpha=w**3

zeta=C(i)

10 continue

next instruct

Pn

aw )
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VY Bce npoueccopbl UMeERT AOCTYN K
NnamaATn, Kak rnobanbHomy
aipecHoOMY NPOCTPAHCTBY

Y [Mpoueccopbl paboTatoT
HEe3aBUCMMO, HO AENAT Pecypchbl
namaATn

-—
- -— -
N - e > =

06u.\a;| NamAThb
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O MpenmyLLecTsa

* [nobanbHoe agpecHoe NPOCTPaHCTBO — ynpoLiaeT
nporpammmpoBaHme

* [lo3BonaeT pacnapannenmBaTb KOA Mo YacTaAm
* YHudunumpyet n yckopsaet oobmeH aaHHbimu mexay CPU

Y HepoctaTKu
* [lamaTb He macwTabupyerTca BMecTe ¢ KOMYECTBOM NPOLLECCOPOB
* HaKnagHble pacxoabl Ha OpraHM3auunto obLLero 4ocTyna K namsaTu

* [lporpamMmuCT cam OTBEYAET 33 CUHXPOHMU3ALUIO AOCTYNOB K NAaMATH
* Soaring expense of internal network.
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v Uniform memory access (UMA)
* TaK ke Ha3biBaeTca Symmetric Multi-Processors (SMP)
* [lpoueccopbl paBHbl Mexxay cobou

* Bpemsa goctyna u3 Bcex Pn K namsaTn ogMHaKoBO
e (Cache Coherent:

v Ecnm oamH npoueccop o6HOBAAET 3HaYEHNA B NaMATU, OHM OBHOBAAIOTCA A8 BCeX
NPOLLECCOpPOB.

v Non-Uniform memory access (NUMA)
* JlocTuraetcAa c NOMOLLbIO coeaAnHeHNA HeCcKoibKux SMP
*  OauH SMP nmeet npamon AOCTYN K NaMATH Apyroro
* He BCce npoueccopbl UMeKT O4UHAKOBOEe BpeMAa A40CTyna
*  BHyTpu ogHoro SMP goctyn K namaATtu bbicTpee
* MepgneHHbIN AOCTYN K NAMATM NO CETU
* JlononHutenbHana paboTa ana obecneyeHus korepeHTHocTU (CC-NUMA)
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computing.pro
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Pacnpep.eneHHaa naMSITb

Y Kaxkgbin npoueccop
obnagaet cBoeun
OTAE/IbHOW NAMATbLIO .

namaTb CPU

* HeT rnobanbHoOro
aZlpeCHOro NMPOoOCTPAHCTBA

CeTb

namaTb CPU NnamaTb CPU

* [1na KOMMYHUKaUUun
MeXXay npoueccopamm
MCNO/b3yeTCcA CeTb
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Pacnpep,enel-u-lan naNme

| [lpenmyulecTBa

Pasmep namaTn yBenn4ymBaeTcs C KOIMYEeCTBOM NPOLLECCOPOB
BbicTpbIM AOCTYN K NamATK (Kpome ceTun)
Cost effective (commodity components)

Y HepoctaTku

[MporpamMmmucT oTBeYaeT 3a KOMMYHMKaL IO

[MTpeobpa3oBaHMe CTPYKTYP AaHHbIX, OCHOBAHHbIX Ha rnobasibHOU
NamATU B pacnpeaeseHHyo notpebyeT A0NONHUTENIbHbIX YCUNNN

HepaBHOMepHOe Bpema A0CTyna K NnamATH. 3aBUCUT OT NaTEHTHOCTMH,
MPOMYCKHOM CNOCOOHOCTU U 3arpy3Ku Cetu

CNnoX¥HOCTb NO3TaNHOro pacnapansienBaHuUs
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I'uﬁpup,uan Mop,enb

Y Hambonee
PACNpPOCTPaHEHHAA modenb

Y KoMmnoHeHTbl 06Leun namT namaTs
namatn - CC-UMA SMP. ceto

Y [nobanbHble agpecHble - e
NPOCTPAHCTBA BHYTPU
Kaxkaoro SMP
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Mopenb 06u.|,e|4 namATH

Y [MapannenbHble 334341 UCNONBL3YIOT obulee rnobanbHoe
aApecHoe NPOCTPaAHCTBO

\) Onepau,vwi YTEeHUNA U 3alMUCU MOTYT NMPONCXOANTb dACUHXPOHHO

Y Locks n semaphors gns ynpasneHua AoCTyrnom K namsaTtu

* Cnepyet nsberatb O4HOBPEMEHHOIO YTEHMUA M 3aMNUCU B OAHY U TY XKe
AYEUKY NamMATU

* CnepyeT nsberatb HECKOMIbKMX OAHOBPEMEHHbIX ONepaLuin 3aNnucu B
OZHY U TY Xe AYEeNKY NaMATH

Y Komnunatop TpaHCAMPYET NepemeHHble B agpeca rnobanbHoum
NamaTn

v [Monb3oBaTenb onpeaensaet private n shared nepemeHHble
Y MoKHO pacnapannennsaTtb NO YacTAM APC | 45
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CMprOHM3auMﬂ

Ka*Kabi NOTOK BbINOJIHAET CBOKO paboTy Noka He BCTpeTUT bapbep.
[Mocne 3TOro oH octaHaBAnBaeTca (Man «bnoKnpyeTca»)

Koraa Bce NOTOKM Aocturnmn bapbepa, OHU CUHXPOHU3NPOBAHbI U
NpPoAoAKatoT PaboTbl C 3TON TOUYKM

Lock / semaphore

[lepBbl NOTOK, 3aHABLWMKM lock «oTMeYaeT» ero. 3ToT NOTOK MOKET
be3onacHO obpaLlaTbCA K 3aWULLLEHHOW NAaMATHU

OcTanbHble MOTOKU, NbiTatowmeca otmeTuTb lock oxkmnpaatot, Koraa lock
bynet ocBoboOXKaeH

MoxeT 6bITb 6N10KMPYHOWMUM MK HEBNOKUPYIOLLIMM
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One daemon per node

slurmd

slurmd

slurmd — ¥

S oy

-

e

Cluster-wide control daemon

slurmetld
(primary)

- slurmetld
(backup)

&
n
L]
n
Lbssssamssimsmsnansmaman

;
i
d

srun

sinfo

squeue

scontrol

scancel

User and administrator tools

-
- -
- e > =
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Y 2 daemons

slurmctld - controller, optional backup
slurmd - computer node daemon

Y KomaHAabl

scontrol - administration tool, get/set configuration
sinfo - reports general system information

squeue - reports job and job step information

srun - submit/initiate job or job step

scancel - signal or cancel a job or job step
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