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Supercomputer Centerscloday
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A Huge potential

AHigh demand,

A Technological complexity
A Difficult support and maintenange
AHigh cost

A Diversity of architectures,

A Complexity of architectures.
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2,9 Pflops

MSU Supercomputing Centeday.
Users 2955
Projects880

MSU FacultiesInstitutes: 21
Institutes of RAS95
Russian Universitie§02

Very serious technological and
1,7 PHOES AyaSttsSolda t LI




Potential of SupercomputerCenters
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A Efficiency of applications
A Efficiency of supercomputers
A Efficiency of supercomputer cente
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Efficiency-of Supereamputer,Centers
(publications /bibliometric parameters)
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Efficiency-of Supereamputer,Centers
(socially important.:and/or nationvide visible projects)
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Efficiency-of Supereamputer,Centers
(partnershipwith industry)




Efficiency-of Supereamputer,Centers
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A Efficiency of applications
A Efficiency of supercomputers
A Efficiency of supercomputer cente
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Complexity-of Supereomputing Centers

Is it difficult to controlfew components 7A few 2..
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Currentitrend:.all these numbers .grow extremely fast !




Efficiency-of Supereamputers

We must control everything
what is necessary to
control efficiency
permanently.

Total Control

Immediate Reaction

Supercomputer behaves like
we expect it should behave;
Guarantee of coincidence
between theory

and practice.

Full Guarantee

We must know about everything and react immediately.



DiMMon: Total Monitoring oPetascalé&Supercomputers
(Supercomputing GDesigniTechnologies and-T9gols

==> \We need the total control over HW&SW components of supercomputers, where
total monitoring is a key issue. Why is the total monitoring really hard ?

Many different HW&SW components operating simultaneously

Many different applications running simultaneously, CPU usage:

alye RAFTFSNBYyG 3I321rta 27 YZW?@"USESM(;W?XWG
p

(summary, and per-core)
Monitoring system, requirements: Performance counters;
Awe need to know: what, where, when. Swap usage;
Ascalability: thousands computing nodes, Memory usage;
dozens sensors per node, S noci B
Ahigh frequency: a few seconds and less, Ng‘;fz(szr 4 Z( v
Aactive and passive modes, Filesystem [?sége;

AX Network filesystem usage;

- : Hardware alarms (ECC, SMART, etc);
A traditional approach (store all data first, CPU and motherboard temperatures:

process necessary data later) for Network switches erors:
( K Bomdnoso¢ & dzLIS ND 2 Y Lidzii S NJ. R2 S &ciofdélsunS)@ehhbiath:

initial monitoring data rateg 120 MB/c Power subsystem data;
3+Pbytex & S BigDataO 2 Y S & X FAN speeds;
A simple analysis of the monitoring data required Voltages;

YAYydziSarX K2dzNES RI é&ax
Too many possible reasons of performance degrada
but we need to collect and keep all this informatio




DiMMon: Total Monitoring oPetascalé&Supercomputers
(Supercomputing GDesigniTechnologies and-T9gols

Good questions:
52 6S NBI YSSR (2
u

tte 1SSLI Lttt 0KS RIOI
2 KSNBE Aa UKS o0Sau LRAYyG |

2 LINROSaa R

A smart approach to monitoring:

- on-the-fly analysis allrelevant informationshould beextracted from the monitoring
RIOF 0 SoradNda dataiaS:

- on-site analysismonitoringdata must be processed whetiee data were obtained
(process first, move data (if necessary) later);

- dynamicreconfiguration of monitoringsystems the monitoring system must be
capableto change dynamically its configuratiattepending orthe currentload on the
supercomputerandthe specific analysis objectives

b2 LINRPOEtSY 6A0K Y2Lh6rhanddh yaHzLISTNIOR KIS IdA KA
(estimations up to x1081000)

Two interesting statements inspired by the practice:

Awnhat isBigData characteristic of a certain problem or lack of our understandin
OYylFOdzNE 2F RFEGFXEX adNHzOGdzZNBE 2F REGF Z| 2
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Efficiency-of Supereamputers

We must control everything
what is necessary to
control efficiency
permanently.

Supercomputer behaves like
we expect it should behave;
Guarantee of coincidence
between theory
and practice.

ediate Reac

We must know about everything and react immediately.



OctoTron predictability/forssupercomputers
(Supercomputing GDesign/Technologies and-Tgols

Large numbers in supercomputersores, processors, accelerators, nodes, HW&SW
components, files, indexes, users, projects,
processes, threads, running

YR 1jdzSdzSR 2204 X

What is nowWe hope that a component works
until we get an evidence that

it has failed. Ul 5% »— e ,-Z ““’“‘ " "Ti
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Our expectations = Reallty

We need a guarantee
If something goes wrong inside a ‘
supercomputer we shall be notified |mmed|ately

We want a system behaves in a way we expect it should behave.



OctoTron predictability/forssupercomputers
(Supercomputing GDesign/Technologies and-T9ols

Our expectations Reality
l Monitoring ljata DiMMon)
Formal modeobf a supercomputer Supercomputer

Supercomputers should be autonomous in-ceittrol.
(They become more dynamic, more sophisticated, more and more parallel)
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OctoTron predictability/forssupercomputers
(Supercomputing GDesign/Technologies and-T9ols

A guarantee of Nnour expectations = r
A aformal model of supercomputers (model is a graph),
A a set of formal rules,
A a set of reactions,
Autonomous life and control of MSU supercomputers:
-IChebyshevo supercomputer, 60 Tflops, 625 CPUs:
10 228 nodes, 24 698 edges, 205 044 attributes, 160 rules, 100 reactions;

- ALomonosovo supercomputer, 1.7 Pflops, 12 000 CPUs, 2 000 GPU:
116 000 nodes, 332 000 edges, 2 400 000 attributes,...

Initial deployment, Detection of faults, critical and emergency situations, Turning off minimum amount of hardware, Self
diagnostics, Previous accidents, etc. are done according to a model and rules.

Current trend: many decisions about control over HW&SW of supercomputers
must be taken automatically.




OctoTron predictability/forssupercomputers
(Supercomputing GDesign/Technologies and-T9ols

OctolTrormodel of supercomputers: targets;triggers;-rules, reactions
(on Python):

"sensor" : { "const" : {
"ping" : Boolean(timeout), "mountpoint’ : mountpoint,
1 "type" : "mountpoint’
h
"trigger"” : { "static" : {
"ping_failed : Match("ping", False) "threshold_percent_freé: pct_threshold
1 "threshold_bytes free: threshold
h
"react" : { "sensor" : {
"notify_ping_failed : Reaction() "percent_freé : Long(timeout),
.On('ping_failed, 3, 0) "bytes_freé : Long(timeout)
.Begin(status("tag", "NETWORKI3g"loc", "{" + key + "}") it
Msqg"desct, "{type}: ping failed three times") "trigger" : {
Msg("'msg' , "{type}[{" + key + "}]: ping failed three times")) "low_percent_freé : LTArg"'percent_fre¢, “threshold_percent_fre®),
.End(statuq"tag", "NETWORKMIsg"loc", "{" + key + "}") "low_bytes freé : LTArg'bytes fre€, "threshold_bytes fre®,
.Msq("desct, "{type}: ping ok") "low_space : StrictLogicalQflow_percent_freé, "low_bytes_freé)
Msg"msg' , "{type}[{" + key + "}]: ping 0k")), h
} "react" : {

"notify_low_spacé: Reaction()
.On('low_spacé)
.Begin(reaction("tag", "DISKVsq("loc", loc)
.Msg"desct, loc_s+ "free space is low")
Msg"msd' , loc_I+ "free space is lowpgrcent_freg% / pytes fregB"))
.EndGenRStatuseaction)("tag”, "DISK'Msg"loc", loc)
.Msqg"desct, loc_s+ "free space is ok")
Msg"msd' , loc_|+ "free space is okpércent_freg% / pytes_fregB")),



OctoTTron predictability/forssupercomputers
(Supercomputing GDesign/Technologies and-T9ols

*** reported events ***
X
7, CRITICAL, "ups: type 2 errors growing"
7, CRITICAL, "ups: type 1 errors growing"
1, CRITICAL, "critical balance on modem"

nNoageo ESol & BREER
5, DANGER, "partition: too many blocked nodes" €[] MommaTomawocca ¢,
. (€00 | ULDIES], 15y,
3, DANGERc¢OId_sensarvery high temperature on cold sensor" ireusnen et
2, DANGER, "emu: ping failed three times" mdt©)

1, DANGER, "partition: the queue has lost some nodes"

1, DANGERgpttotron on statl.lom.parallel.ru:4448 failed one check Gt
1, DANGER, "low balance on modem" O Saled AxMD)
62, WARNINGpig_eth_switchport: is down" ja2 mobies e
29, WARNING/Kp: high fluid temperature" vt syt
12, WARNINGcbld_sensarhigh temperature on cold sensor”

8, WARNING fKp: high air temperature" (263 rubbles}: msg:
5, WARNING hibt_sensor high temperature on hot sensor” foled oot faled.

mdt(1)

X
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488 cores

Efficiency of supercomputing applications

(Potential of supercomputer centers)

s ¢ Level of CPU load

488cores: WASTED time for 22 hours !

LoadAVG

What could be a reason of this si;uatjon?

- Hardware failure? ,Saz AU O2dA R 0o
- Software failure? ,Saz AU O2dxA R 0
- Error in the code? ,Saz AU O2dxA R 0
- Algorithmic problem? .Sax AU O2dad R 0o
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