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the Moscow State

Ive Sity Experience
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60 TFlops “Chebyshev”, 2007
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.7 [PFlops “Lomonosov”, 2009
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Very Simple but Fundamental Questions Behind
Parallel Computing

How to solve problems faster?

] (Y
Parallel computing, pipelining...

How to solve problems much faster?

_ _efficient million
How to organize the'work of a team of several‘people/cores/CPUs...?
N SR "_ e TR ' i AAZUGER _‘;h;

Theo;y/ Practice... h Various coputer arch'ite{ures... | - Synchrnicity/Asyncrony/ Models...



Supercomputer Simulation High (expect)

[Reasonably] Hidden Peak
High thope) < —  Performance
Sustained potential

Performance®: \

2

Supercomputer

(millions of cores/GPUs/nodes...)

Programming

AO'A Q

What does it mean reasonable sustained performance?
* This level of performance is enough to solve Your problem?

What does it mean to keep sustained performance reasonably high?
* You understand reasons why you achieve this level of performance,
* You know reasons why you can't make the performance much higher.




Supercomputer Centers Today
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Huge potential,
Very high cost,
Technological complexity,

Difficult support and maintenance,
Diversity of architectures,
Complexity of architectures.




Supercomputer Centers Today

(MSU Supercomputer “Lomonaosov” as an example)

What does “efficiency of supercomputers” mean? | need to know (control) everything...

Py
Peak Performance 1.7 Pflops

Linpack Performance 901.9 Tflops
Efficiency 53 %

@

RAM 92 TBytes

Footprint (supercomputer) 252 m?
Power Consumption 2.7 MW
Launch Year (Last Upgrade) 2009 (2012)

Software Deep
stack memory
components || hierarchy
Users || Projects

MSU Supercom

puting Center today:

Users: 2955

Proj

ects: 880

MSU Faculties / Institutes : 21
Institutes of RAS : 95

Russian U

niversities: 102

Interconnect__QDR 4x Infiniband / 10 G
Data Storage Systeni__1.75 Pbytes, Lustre, NFS, >

Operating Syste Clustrx T-Platfor@

Ny =

oy

Wy,

¥

a

<— special actions are desperately needed to prevent almost-zero speed/efficiency !



How to make Supercomputers Smart
(not just powerful )

We must control everything what is necessary to control
efficiency permanently and exactly

We need guarantee of coincidence between our
expectations and reality

We must describe everything that needs to be controlled

MSU experience: smart software and analytical
techniques

Octoshell for users/projects management, support, etc.
DiMMon for monitoring

Octotron to control the components state
Analytical tools



Octoshell: Overcoming Complexity of Supercomputing Centers
(to describe everything that needs to be controlled)

i 100 Softwar@ . [0
.| 400 Licenses components Organizations
Projects
s | 10 I . .. | 600
Partitions A / Applications
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Statuses 30
Hardwar 2% Users Quotas
components




DiMMon: Total Monitoring of MSU Supercomputers

(to control efficiency permanently and exactly)

Requirements for the supercomputer monitoring:

* we need to know: what, where, when,

* scalability: thousands computing nodes, dozens sensors per node,
* high frequency: a few seconds and less,

* active and passive modes,

A smart approach to monitoring:

- on-the-fly analysis: all relevant information should be extracted from the monitoring

data before it’s stored in a database;

- on-site analysis: monitoring data must be processed where the data were obtained (process first,
move data (if necessary) later);

- dynamic reconfiguration of monitoring systems: the monitoring system must be capable to
change dynamically its configuration, depending on the current load on the supercomputer and the
specific analysis objectives.

There is no problem with monitoring of the Lomonosov/Lomonosov-2 supercomputers...



Octotron: Supercomputer’s Configuration and Control
(coincidence between our expectations and reality)

Large numbers in supercomputers: processors, nodes, other HW&SW components

Every component may fail at any time

The Octotron is aimed to eliminate the

after-effects of failures by
1

automated reactions Z 2‘{! ‘ ;. o
g IRINT8 (00 W.u;u 4"1 G T T
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The main Octotron
idea is the total supercomputer
description — the model of supercomputer

T~

The model represents our expectation.
Monitoring data shows reality.



Analytics: Two Main Targets

We have full information on all applications executed on MSU
supercomputers...

Two main targets are:

1. To help users to find problems with efficiency of their
application and to improve the efficiency if possible

2. To help administration to estimate overall supercomputer
efficiency



Analytics: Efficiency of Applications

We need to help users to find problems with efficiency of their
application and to improve the efficiency if possible

 Examine all applications
* On-the-fly analysis

* Input data for analysis include:
* Performance monitoring (DiMMon)
e Task manager (Slurm)
e Used libraries (XALT)
e Other analytic tools
* Machine learning based tools to find applications with low efficiency



Analytics: Efficiency of Applications

Octoshell Pabounii kabMHET  KaOWHET aaMuHMCTpatopa  Cnpaska vadim@parallel.ru Bbixoa  rus  eng

Mpoguns MNopaepxka MpoexTsbl MNepeperncTpaymnn o NakeTwl CraTucTuka S(PPEeKTUBHOCTb KoMmeHTapuu

MHopmaums o 3aBepLUeHHbIX 3agadax

Ha 1aHHON CTPaHWULIE Bbl MOKETE NOCMOTPETH MH(POPMALIMIO O BALLMX 33/1a4aX, 4 TAKKE OLIEHNTb 3MMEKTUBHOCTH UX BLINONHEHNA. [INA OTODPAKEHNA TONBKO MHTEPECYIOLMX
/ 3a/1ay YKaKUTE HIKe TpeGyemble MUNsTpLL.

. L l MokasaHbl 3agaymn: 0..19 u3 19

HeT cKpbITbix NpoBnem ¢ NPOM3BOANTENBHOCTBIO.

Pazmep
Bpema 3afaqum Mony4yexo MNepenaxo
HaWgennsie 1D % Hayano ¥ Kowey s ¥ Yucno ¥ cverta * (UNY- ¥ 3arpyska ~ 3arpy3ka * Load A % BaWtno % GawtnoMPl ¥
npobnemsl 3ana4m cyeta cyeta Craryc yanoe (4acwl) Yachkl) uny my average IPC MPI (MB/c) (MBic)
= | 697858 2018-07-25  2018-07-25 cancelled 1 04 o0l 86.7 254
13:12:09 13:36:56
58
= 697859 2018-07-25  2018-07-25 cancelled 1 0.4 ol 839 247
13:12:09 13:36:56
58
= 697857 2018-07-25  2018-07-25 cancelled 1 0.4 a0l 552 187
13:12:06 13:36:56
58
= % 697867 2018-07-25  2018-07-25 completed 1 07 a0l 347 10.7
13:40:02 14:23:28
[ 3ameTHbIi gncBanaHc BHYTPW YIN0E NO MCNONBIOBAHWUN NAMATH, | 101

Efficiency tab in Octoshell shows analysis results for all user applications
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Analytics: Efficiency of Applications

Two similar runs:

e All input parameters are the same.
e Run time and MPI data transfers intensity are different.
o Root cause: weak network locality (6 switches instead of 3)

Pasmep
. . . . . Bpems . 3apauu . . . . . MonyyeHo .
HangeHHusle ID Havano KoHey Yucno c4yeTa, B (uny- 3arpyska 3arpyska Load BanT no MPI,
npoGnemsl 3agauu cyeTa cyeTa Cratyc y3nos yacax Yacsl) uy my average IPC B MB
s [cEnsoreD| 2018-10-20 2018-10-21 completed 24 al 471 0.0 14.0 1.68
07:37:52 11:46:24
94558
2% [cEnsoreD| 2018-10-20 2018-10-21 completed 24 al 469 0.0 14.0 1.71
=103 17:18:01
10114.3

= Janaua aktueHo pabortaeT ¢ MP| CeTwbio, HO CETEBAA NOKANLHOCTL Nnoxad (y3ans! CK pacnonoxeHs! ganexko Apyr ot apyra).

| 23 3anaua 3anylleHa B pasfene anA GPU 3a1a4y, oflHaKo NPaKTUUECKM He UCTONbL3YeT rpatuueckie NpoLeccopsl.
] _ _
| t CNULLIKOM ManeHskne cpeaHue pasmeps ®C |B nakeTos npy OCTATOYHO BLICOKOA WHTEHCMBHOCTH UCNOMNL30BAHWA KOMMYHUKALMOHHOA CETW.



Analytics: Abnormal Application Behavior

O6was vHdopmauns [Npon3BoanTEnbHOGCTL basoBble cBoMCTBa
CynepkoMnsTED lomonosov-2 MeTpuka 3HavyeHne Ob6wan B 3agaye mano MP| KoMMyHUKaLuia
oLeHKa
ID 3anauu i CrWLLKOM HW3KaA 3arpy3ka npoueccopa npu
CpenHAs 3arpyaka 98.57 good NaHHOM ypoeHe loadavg
Norux [ cCENSORED | LMY (%)
3afava aKTMBHO paboTaeT C NaMATLIO
CTatyc 3aBeplUeHA COMPLETED Average LoadAVG 181940
3agaun 3afaua UMeeT HN3KYH NOKankHOCTh
Cpeptee IPC 115 obpaleHui B NamsaTb

Paznen cynepkoMnetoTepa  compute
CpepgHag 3arpy3ka I'T1Y  0.00

Yucno anep 336 (%)
piuchclysnas 24 WHTEHCHBHOCTB 0.00
[NocTaHoBKa B ouepeab 1011118 MEpEenadl AaHHLIX No
180215 MPI (MB/c) EXTREMELY HIGH!
Hauano cueta 10/11/18 MHTEHC“BHDG,'] . 0.00
19:3517 yTeHWA u3 aiinoeoi
o cuctemsl (MB/c)
KoHel cueta 10/12/18
4 . WHTEHCHBHOCTB 0.00
05:20:15 -
3anucwy B hainoey
BpeMa cueTa (uack!) 97 cuctemy (Mbic)

B E ER censorep | censoren | censorenl| censorenl| censoren|

HaiigeHHble noTeHUMansHesle Npobneme! ¢ 3eKTBHOCTLIO

B AaHHOM pa3fene NpUBeaeH CNMCOK NPoGnem ¢ 3MEKTMBHOCTBIO, KOTOPbIE GINM HAMLEHE! ANA AAHHON 3afa4n. ANA kawaod npoGnemel NPUBEAEHO E€ ONMCAHWE (KAKO NpU3HaK
BO3HUKHOBEHWA NpOGNeMbl Gbin 0GHapYKeH), NPEANONOKEHUE (B YEM, HA HaLI BIMMAL, MOKET 3aKNi4aTLCA NPUYMHA BOSHUKHOBEHUA NPOGNEMEl) M PEKOMEHAALNA (4TO Mbl
COBETYEM CAENATh ANA €€ YCTPaHeHWA). BO MHOMMX CNy4asX B PEKOMEHAALIMN YKA3aHO, KaKOA TN AanbHEALLEro aHanN3a CTOMT NPOBOAMTL, PEAnM3aLi0 3TOro (YHKUMOHANA
NNaHUPYETCA BLINONHHTE B By4yLieM.

BO3MOKHOCTE OLIEHKN KOPPEKTHOCTH MIMNK M3MEHEHA ODHAPYKEHHSIX Npobnem ¢ 3deKTUBHOCTBIO TAKKE NNaHUPYETCA N00aBHTL B Oniskaiem Dyayuem. Cedvac ata
BOIMOMKHOCTE pEANM3IDBaHa ToMbKo Ha ofljei cTpaHnLEe Co CAMCKOM 3ajay.

Tun OnucaHne MpennonoxeHue PekomeHgaums
3anava 3anywexa e pazgene ana GPU HenpaeunsHo BoiOpad pazaen ona PekomeHOyeTCA CMEHWTL pasaen
3a4ay, OAHaKO NPaKTUUECKW He 3a0aum.

UCNOMb3yeT rpadhuyeckne NpoLECCOPLI.

3anaua BLINOMHAETCA AHOMANLHO 3anava paboTaeT HeKOpPPEKTHO MK PexomeH/1yeTCA NPOBEPUTHL KOPPEKTHOCTL 3aNYCKa U Npu
HeaMEKTUBHO. 3aBucna. HeoBX0LUMOCTU OTMEHUTL Ero.

HEB e | EER S




Analytics: Overall Supercomputer Efficiency

We need to help administration to estimate overall supercomputer efficiency
e Slices as main type of data presentation
* Warnings about critical events

* Input data for analysis include:
* Performance monitoring (DiMMon)
* Task manager (Slurm)
* Used libraries (XALT)
e  Other analytic tools
* Machine learning based tools to find applications with low efficiency
* Projects, organizations, subject areas (Octoshell)
 Compilers and linked libraries
 Hardware and software failures (Octotron)
* File system performance



Usage of Lomonosov-2 Compute Nodes

o
L

Analytics

We have full information on hardware components of MSU supercomputers...

Fraction of compute nodes with low CPULoad

4

L 4

80

70

60 -

50 -

40 -

30

20

10

Period of time: 01.oct.18 — 18.dec.18.
Fraction of Lomonosov-2 compute nodes with CPULoad below 10%.

There are several points per each day since data are collected every hour.



Analytics: Application Sizes by Subject Areas

Chemistry

Engineering sciences

I e
Physics and Astronomy M SN IIININI GRS ) o 0o —
Earth Sciences NI mmmmmmme = 4-15 nodes
ermatics =/ 16-63 nodes
L
Mathematics H « 64+ nodes
IT e e "
Biology and Medical m
Sciences | |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%
v

Core-hours for different subject areas (Lomonosov-2, 15 half of 2019)



Analytics: GPU Usage by Software Packages
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GPU load for software packages (Lomonosov-2, 1% half of 2019)



Analytics: Software Packages Efficiency
(using XALT software)

We have full information on software components at MSU supercomputers
(also on users, projects, organizations, etc.) ...

I

Lomonosov-2: October,9 — December,20 (2018):

120 100000000
PacnpegeneHue no naketam (A4po-4acbl)

- 10000000
100 +

- 1000000

80 -
- 100000

%507

- 10000

Core-hours

- 1000
40 -

- 100

20
- 10

mm Normal, % mm Anomaly, % mm Suspicious, % —— Core-hours, abs.value




Overall Supercomputer Efficiency???

Do you know your Top5 applications with Do you use any tools for regular efficiency
the lowest CPU load? reports?

® [a
@ Her

® na
® Her

Do you know the fractions of compute-
intensive, data-intensive and
communication-intensive applications?

Do you collect statistics of software
packages used?

® Ja
® Her

® fa
@ Her

4

Administrators survey results (RuSCDays’19)

/ -4
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