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Heterogeneous Distributed Computing Environment (3)
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Heterogeneous Distributed Computing Environment (2)
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Orlando Tools (1)
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Orlando Tools (2)

The conceptual model of applications:

(Z,F,M,Pr,N,Rin, Royt, Rfm, Rinn, S),

where:

O Z and F are sets of parameters and operations of a subject domain,
O M is a set of program modules that implement operations,

J Pris a set of productions that define an operation usage,

A N is a set of nodes for a module execution,

4 R;, and R,,; are relations that define the input and output parameters of
operations,

Q Rf,y, is a relation between operations and modules,

O R, is a relation between modules and nodes,

O S is a set of problem-solving schemes (workflows).
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Orlando Tools (3)
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Orlando Tools (4)
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Orlando Tools (6)

CPU Temperature

node020
node042
node074
node011

77°C
76°C
73°C
69°C

CPU load AVG
node009 103,33
node045 77,23
node039 32,57
node016 31,01

node097
node052
node034

Storage problems

HDD I/O error
NFS error
disk is FULL

node015 PANFS sync error

Memory problems

node046
node063
node083
node006

56 GB
56 GB
56 GB
64 GB

Fig. 8. Visualized data of the meta-monitoring system.

Russian Supercomputer
Days 2018



Orlando Tools (5)
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Application for Energy Security Research (1)
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Application for Energy Security Research (2)

Table 1. Node types. Table 2. Arc capacity. 2
Node Type Arc Capacity 3

1 Source 2-4 6 1

2 Compressor station 2-3 5 Fig. 11.

3 Consumer 1-3 2 Example of the

4 Consumer 1-2 3 gas pipeline

3-2 5 network. @
Table 3. Criticality of the arcs taking account the different criteria.
ae | ong [ony ] ony [ ong [ oans o
2-4 0.25 0.166667 0.425 0.166667 0.100347 0.5
2-3 0.166667 | 0.0833333 0.2 0.0833333 | 0.0266667 | 0.166667
1-3 0.25 0.25 0.15 0.25 0.0375 0.166667
1-2 0.25 0.25 0.225 0.25 0.05625 0.333333
3-2 0.333333 | 0.0833333 0.45 0.0833333 | 0.084375 0.333333
Table 4. Criticality of the nodes taking account the different criteria.
Node Cp, C, C. C; C;

2 0.666667 | 0.666667 | 0.666667 | 0.333333 0.625

1 0 0.666667 0.75 0 0.375

4 0.333333 0 0 0 :

3 0.666667 | 0.333333 | 0.444444 0 0.45




Application for Energy Security Research (4)

HIC ®arin Cepeuc PewwuM PacdeT OkHo MMoMowb - &8 x

_RO\ZSHXF

MpaoTokon pacuéra

.-.%a:_ e - = =
e - VEDLAHNAHAMA

= : 4
= : o e
= . o s
o D o - TR
P QL s ~?“‘—-S:§?=V CariT-TeTepBypr
= P2 1

a
SCTOHWA Nob6 ¥p

SHLMA

HMranua

i
Crambyn 2 S
SEyPUmA

AHKapa

<> | < >

40.94B.4. 63.34 ..

Fig. 12. Model of a gas pipeline network. Russian Supercomputer

Days 2018



Application for Energy Security Research (3)

The number k of possible combinations of failed elements to investigate is defined
by the following formula:

f— m!

- (m—-n)!n!

where
O nis the size of the failure set (n < 4),
U mis the total number of system elements to fail.

A failure set is a specific combination of failed elements.

It is characterized by a size, which is equal the number of elements that fail
simultaneously.
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Application for Energy Security Research (5)
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Computational Experiments (1)

The modern gas supply system of Russia model consists of 378 nodes (elements),
including:

O 28 natural gas sources,

O 64 consumers (Russian Federation regions),
O 24 underground gas storages,

0 266 main compressor stations,

0 486 arcs which represent main transmission pipelines segments and outlets to
distribution networks.

In the experiment 415 arcs were chosen as elements to fail and the failure sets of
size 2 and 3 were considered.
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Computational Experiments (2)

Table 5. The criticality of main natural gas pipelines segments

Element v,% hy,—» hp,_3 Element v,% hy,—» hypu_s
A 21 0.0739 0.0756 K 8 0.0313  0.0386
B 21 0.0752 0.0784 L 6 0.0218  0.0263
< C 21 0.0763 0.0807 >M 3 0.0237  0.0318
D 15 0.0573 0.0614 N 4 0.0255 0.0348
E 15 0.0573 0.0614 O 4 0.0303  0.0411
F 9 0.0352  0.0424 P 4 0.0302  0.0410
G 9 0.0351  0.0423 Q 4 0.0161 0.0211
H 8 0.0327  0.0401 R 4 0.0161 0.0211
I 8 0.0354  0.0418 S 3 0.0226  0.0325
] 8 0.0369  0.0444 T 3 0.0227 0.0324
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Computational Experiments (3)

The heterogeneous distributed computing environment includes the following node
pools:

1) 10 nodes with 2 processors Intel Xeon 5345 EM64T (4 core, 2.3 GHz, 8 GB of
RAM) for each (non-dedicated resources),

2) 10 nodes with 2 processors AMD Opteron 6276 (16 core, 2.3 GHz, 64 GB of
RAM) for each (dedicated resources),

3) 10 nodes with 2 processors Intel Xeon CPU X5670 (18 core, 2.1 GHz, 128 GB of
RAM) for each (dedicated and non-dedicated resources).

Russian Supercomputer
Days 2018




Experimental Analysis (1)

Table 6. Problem-solving time

n [ bg=1 k=400 Lk=760
2 85905 16 67 70

3 11826255 656640 7200 2730

4 1218104265 31536000 1555200 622080
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Experimental Analysis (2)

. 10 ,
@ 750 - —n=3, k=760 E 8 —n=3, k=760
s Vv —n=3,k=400 P, —n=3, k=400
= 600 5
- 0 4
2 450 £
= — 52
Z 300 . 0 ~ .
0 10 20 30 40 50 60 70 80 90 100110120 0 10 20 30 40 50 60 70 80 90 100110120130
Minutes Minutes
a) b)

Fig. 15. Number of the used cores (a) and slots (b)
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Non-dedicated

Experimental Analysis (3)
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Experimental Analysis (4)
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Experimental Analysis (5)
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Contributions

O We propose a new approach to the development and use of scalable

applications and create the special framework named Orlando Tools to
support it.

Orlando Tools provides the opportunity to not only develop applications, but
also include various computational infrastructures (individual nodes,
clusters, Grids and clouds) in the heterogeneous distributed computing
environment and share their possibilities and advantages in the problem-
solving process.

U We demonstrate the benefits of the proposed approach by example of an

application for solving important large-scale problems of research on energy
security.

O The experimental analysis shows the advantages and drawback in the use

of different infrastructures, and improvement of distributed computing
efficiency under the multi-agent management.
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CepBUC UMUTALIMOHHOIO MOAENUPOBAaHUSA CKITaACKOWM JTOrMCTUKN

= SERVICES TASKS RESULTS RESOURCES

[Modeling of loading and unloading works l Task name

Model runs number for transition to the operating mode
Model runs number in the operating mode

Files of source data variants:

Load file...
Browse loaded ﬁles...l

Choice of observed parameters:

[ STORAGE MIN. ]| Add

SAVEVALUE VALUE
STORAGE ENTRIES

Delete choosen

Statistics analysis method:

[ lexicographical - ]

Sorting order:

to max v




[Tony4eHHble pe3ynbsraThl

100 , YsenuyeH doxod om cdayu 8
apeHOy 0ororHuUMeribHbIX

75 06bEKMO8 KOMMepPYeCKoU

Hedsuxxumocmu 1o

50 | cpasHeHuto ¢ Mpedbidyuum
2000M.

100 , ¥ lcxogHbIi TOBapoobopoT

= KoHeYHbI ToBapoobopoT

TOHHBI

25

YnyJiweHne 0oxonos 3a
MeCSL, B NPpOLEeHTax

1 2 3 4 5 6 7 8 9 10 11 12
Yacbl AHEBHOW CMeHb! Mecsau
YeernuyeH u cbanaHcuposaH cymo4Hbiti mogapoobopom.

1 2 3 4 5 6 7 8 9 1011 12

~
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YnyduweHne B NpoLeHTax

C, C, C3 C Cg Cq C; Cg Cg
Kputepuu
Yny4weHa cmpykmypa KrueHmos (Cyu,ecmeeHHO CHUXeHa 00J1si

mernkux kinueHmos D, yeenuyeHa dors knueHmos A, B u C, a
makxe rosblweHa peHmaberibHoCMb flo2ucmuyecKux onepauyud.




YckopeHue

O PeKTUBHOCTb

YckopeHune n adpdpekTMBHOCTb BbIYUCITEHUN

A T 3apava 1
1000 ——-3apava 2
800 ——3apavya 3
JInHenHoe yckopeHwue
600 P
400 B
200
0 .
1 128 256 384 512 640 768 896 1024
Uucno aneo
1 4 T I T T L = —
0.9
o { 3apgava 1
——-3apgava 2
0.7 ——3apaya 3
O dheKTUBHOCTL paBHas 1
0.6 >
1 128 256 384 512 640 768 896 1024

Uncno agep

NmMmutaumnoHHble mogenu
Ha 3blke GPSS nof
ynpasneHnem OC
Windows

Bpemsa cyeta Ha 1 agpe:
3agaya 1: 8.3 u.
3agava 2: 2.5 v.
3agaya 3: 20.7 u.

T-Blade V205S (2x16
cores CPU AMD
Opteron 6276, 2.3

GHz, 16 MB L3 cache, 4
FLOP/cycle, 64 GB RAM
DDR3-1600)



OnTumMmn3saums
MHOTIO3KCTpPEeMasbHbIX PYyHKLNN




[locTaHOBKa 3agayu

MeTton MynpTHCTApTa OCHOBBIBAETCS HA CBEACHHM II0OMCKA IM00ANIBHOTO MHHHMYMA
(h)YHKIHMH K CIy4aiiHOMY MOHCKY €€ JIOKAIBHLIX MUHUMYMOB. JI1I8 HX NMOMCKA B JJAHHOM METO/IE

HCMMIB3YHOTCH PA3IIHYHBIC AJINOPHTMBI CIYCKA, OCYLICCTB/IACMONO H3 HCKOTOPOr0 MHOMCCTBA

X., BEKIHYAKWIETO M HAaYaJlbHBIX TOYCK, B €€ JIOKAJIbHBIC MHHHMYMGI H],HE,.“,H

m "

® -
Haumensiiee 3HaueHHe o =minu, ¢yHKuud BelOMpaeTcs B KadecTBe ee r/100anbHOrO

i=l.m
MHHHMYME.
B EIEJII_IJ,E&M BHJC, CXCMA PCHICHHA 3a0da9H BKIHOYACT TPH OCHOBHBIX 3Tarla:
— NOCTPOCHHE MHOMKECTBA X HAYANBHBIX TOYEK;

— NAPA1NIENbHOE BBINOMHEHHE CIYCKA M3 HAYAIbLHBIX TOYEK U1 MOHCKA JIOKAILHBIX
MUHHUMYMOB U, Uy, .., U

m?®

— BBIDOP r0DATBHOrO MHHHMYMA 1 |



OnuncaHue npeamMeTHOW obracTu

[TapameTpsr:

Z1 — YMCJIO 3K3EMIUISIPOB OIEpalyi,

Z, — nHGOpMaIMs O BBIACICHHBIX pecypcax U HX
MIPOU3BOAUTEIILHOCTH,

Z3 — pecypchl, Ha KOTOPBIX OYIyT 3amyIIeHbI
AK3EMILISIPBI OTIEPAIUH,

Z, — MUHIMHU3HAPYEMasi MHOTOOKCTpEeMaTbHast (DyHKITHS
B TEKCTOBOM BHJIE,

Zs — pa3MepHOCTh (PYHKIIHH,

Zs — MMapaMeTpbl MUHUMH3AIINH,

Z; — 001acTh reHepani Ha4aJIbHBIX TOYEK,

Zg — YMCJIO HaYaJIbHBIX TOUYCK,

Zg — YWCJIO TPYIIN C HAYaAJIbHBIMU TOYKAMH,

Z10 — TTapaJUICIBHBIA CIIUCOK TPYINT HAYaJIbHBIX TOYCK,
Zy; — TTapajuIeIbHBIA CITUCOK JIOKAJTbHBIX MUHUMYMOB H
WX KOOPJAMHAT,

Z,, — MUHAMAaJIbHOE 3HAYE€HUE MHOTOOKCTPEM alTbHOMN
(OYHKIMH ¥ KOOPJIMHATHI TOYKH, B KOTOPOU OHO
HalaeHo.

Omnepanuu:

f1(z,— z,) — pe3epBUpOBaHKe PECypPCOB,
1:2(22,24,25,26,27,28_> Z3,Zg,210) — réeacpanunsda Ha4aJdbHbIX
TOYEK,

f3(z10— Z11) — ocyllleCTBIICHHE CITyCKa M3 HaYaJIbHOM
TOYKH METOJIOM I'paUucHTA,

f4(29,211— 217) — HAXOXKAEHUE MUHHUMAJIbHOTO 3HAYCHU S

dbyHKIMU.




OnucaHue npegmeTHon obnactu B Orlando Tools

<l-- Parameter specification section -->
<parameters>
<parameter name='list"' type='filelist'
filepattern='list %1l.txt'/>
<parameter name='result' type="'filelist'
filepattern="result %l.txt'/>
</parameters:>
<!-- Module Specification section -->
<modules>
<module name='solver'>
<commands os='Linux'>
<start>./start.sh</start>
<gtop>./stop.sh</stop>
</ commands>
<parameters>
<input>
<parameter name='list'/>
</input>
<output>
<parameter name='result'/>
</output>
</parameters>
</module>
</modules>

<scheme>
<stage>
<listmodule name='solver'
onFinish="'checkResult ($el num)"'/>
</stage>
</scheme>
<control><! [CDATA[

function checkListResult (element num) {

// Get output element value of the parameter
// “result” with the number “el num”
var res = DiscompAPI.getLPV({'result',
el num);
// 1f element value contain substring
// "RESULT FQUND", then stop all
// modules on current stage and go next
if ( res.match(/RESULT FOUND/) ) {
DiscompAPI.stopStageModules () } 1}
]]></control>

Puc. KoHuenTtyaneHada mogens Ha a3bike XML

Home page Package editor Servers Tasks Project gradient

» Projects

» Parameters
» Operations

» Problems

» Graph

Dimensions

Params

Function Limits ResourceConfig
PointCount GetResources
Resources
}
Generate
/ StartPoints
RescircesForG rad [ArrayCount_0.s]

Gradient[ArrayCount_0_s]

I

EndPoints

[ArrayCount_0_s] ArrayCount
Complete
I Puc. KoHuenTyanbHas
Result Moaernb B rpadouyeckom
BMae



CpaBHeHme Pa3JiNyHbIX TAaKTUK pacnpeneneHnd Ha4dyalibHbIX TOYEK

d;
J(x )—— COS T = [max (E:-I—a-fh —)] — min
L k
_28<x <28, i=Ln. Y di=m.
1=1
[MokasaTenb Taktmka 1| Taktmka 2| Taktuka 3
Bpewms, ¢ 1580 1381 843
YckopeHue 4.54 5.20 8.51
O PEKTUBHOCTb 0.45 0.52 0.85




CpaBHeHme Pa3JiNyHbIX TAaKTUK pacnpeneneHnd Ha4dyalibHbIX TOYEK
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CpaBHeHMe ¢ TpaaAuLUUOHHLIMX MeTanaHnpoBLmMkamum (1)

25.00%

®" Ny -4uUcno 3agaHunn c HyJieBbIM BpeMEeHEM OXNaaHunA B o4epean

21.34% " t, - CPeAHee BpeMsi OXWUAaHNA B O4epean B CeKyHaax
20.00% = Kk - cpegHee BpeMms 3arpysku npoueccopa

= t, - oOLlee Bpems BbIMONHEHUS 3aaHuA
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Yucno oTtkasoB

CpaBHeHue ¢ TpaauLUMOHHLIMX MeTanIaHUPOBLUMKaAMUM (2)

250

200

150

100

50

A

241241241 = GridWay 250 , 232236241 = GridWay
® Condor DAGMan § 200 ® Condor DAGMan
©
= MAC c'E) 150 = MAC
2
¢ 100
51 53 42 T
50
0O 0 O
0
YcnewHo OTkassbl, HeycTtpaHeHHble YeneLwHo OTka3sbl, HeycTtpaHeHHble
yCTPaHEHHble npuBeALlne K OTKasbl yCTPaHEHHbIe npveeaLune K OTKasbl
OTKa3bl pectapty oTKasbl pectapTty
moaynem moayneu

a) 6)

Puc. Cmamucmuka ro ebIrnoniHeHuro 3adaHul rpu omkase y3r08 (a) u
arieMeHmos8 cucmem yrpasrneHus (6)



