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B mnepiuomMy po3ziii mpoaHasizoBaHO OCHOBHI acriektu oprasisarii GRID-
cucteM. B mepiily yepry po3misHyTO NPUHLMNM (DyHKIIOHYBaHHSI Ta CTaHAApPTH
1oOyZ0BHM apXiTeKTypu Takux cucteM. OcHoBHUM 3aBaaHHsIM GRID e 3abe3meueHHs
JOCTYIly /10 pecypciB, a OCKUIbKM peCypCH pO3MOAieHi, TO (yHKLIOHyBaHHS
3a0e3reuyeThCs Crielia/lbHAM TTPOrpaMHUM 3a0e3redueHHsIM — cny>kOamu. Ha BiamiHy
BiJj MOJie/li «K/Ti€eHT-cepBep», Habip Cay)KO BCTaHOBMIOETHCS Ha KOXKHOMY peCypCi.
[TpoBeneHuWi aHasli3 3aBAaHb MJlaHyBaHHS po3nofiny pecypciB B GRID-cucremax.

B apyromy pos3fiii po3miSsHYTO apXiTeKTypy Ta MPUHLIMIIA MOZJE/FOBaHHSA B
naketi GridSim. 3a pgonomoroto GridSim MoXHa NpPOBOJWUTH BiJTBOPIHOBaHi
eKCTIePUMEHTH, 5Ki Oy 60 HEMOXK/IMBi B I[bOMY OTOUeHHi At AuHamiuanx GRID-
cucteM. OCHOBHI MOXX/IMBOCTI: MOZE/JFOBAHHA PI3HUX XapakKTepUCTUK peCcypciB
GRID; mopentoBaHHs pi3HUX TIOMITHK TUIAaHYBaHHS 3aBAaHb Ha OOUMCITIOBAILHOMY
ksactepi, sk Bxke peasnizoBanux (FCFS, EasyBackfill, Earliest Suitable Gap), Tak i
BUKOPUCTAHHS p0o3p0b/ieHrX KOPUCTyBaueM aiTOPUTMIB TIaHyBaHHSI; BUKOPHUCTaHHS
JJaHUX TIPO 3aBaHTa)XKeHHSI peaslbHUX CYIEepKOMITHOTepiB [/l TPOBEJEeHHS
eKCIIepUMEHTIB; MIATPUMKA MeXaHi3My ayKLUiOHy /[Jii T[JlaHyBaHHS 3aB[aHb;
MO/Ie/TFOBaHHS pi3HUX KoHdirypailii obuncmoBanbHoi Mepexxi GRID cucremu 3
Pi3HMX TOIIO/OTiN; MO/ie/IFoBaHHS perioHasbHUX KoMroHeHTiB GRID indopmariitinux

cepBiciB MozemoBaHHs DataGrid.



Po3po0OsieHO MeToxi BUPpIllleHHST 3afadi TPO MiHiMajibHe TIOKPUTTS ISl
IJIaHYBaHHA 3aBaHTa)KeHHs Kjacrepa.

Po3po6sieHo MofudiKallito iCHyIOUMX aArOpUTMIB T/IaHYBaHHS 3aBaHTa)KeHHS
K/IaCTepa, a TaKOXKE aJrOpPUTM IIJIaHyBaHHS, SKAW 3aCHOBAaHWM Ha 3HAXO[ KEHHI
MiHIMa/IbHOTO TTOKPUTTS.

B TpeTbOMy pO03[isi MPOBeEHO eKCllepUMEeHTaslbHI AOC/IIKeHHS B PO3pisi
3aBaHTa)XKeHHS pecypcCiB (K1acTepiB).

Meta: po3pobka MeTO[iB TUIaHYBAaHHSI 3aBaHTaKeHHs OOUMC/TIOBATBHUX
pecypciB GRID-cuctemu ajist ix mogentoBaHHs B nmakeTi GridSim.

OO6'ekT JOCTiIKeHHS: MPOIeCH TUIaHyBaHHS 3aBaHTaKeHHs1 pecypciB GRID-
CUCTeMHU.

[Ipenmer [OCHiIpKeHHSI — MeTOAW IUIaHYBaHHS 3aBaHTAXKeHHSI peCcypCiB
GRIDcucremu 151 ix MopentoBaHHs B Tlaketi GridSim.

MeTtogu JOC/IIKEHHS: aHasli3, JUCKPETHO-TIO/i€EBe MOZe/F0BaHHS, MeTOAU
CTaTUCTUYHOTO aHaJIi3y.

st po3poOKy Mozeni TlaHyBaJbHMKA BHKOPHCTAaHA MOBAa BHCOKOTO PiBHS
Java Ta naket GridSim.

OCHOBHI  pe3y/ibTaTyh: M[POAHAa/Ni30BaHO ICHYKOUI MeTOAU I[JIaHyBaHHS
3aBaHTakeHHs kiactepiB GRID. IlpoBefeHuii aHami3 apXiTeKTypyd Ta NPUHLUIIIB
MofemoBaHHs B makeTi GridSim. Po3pobneHo Ta iHTerpoBaHo Ao makety GridSim
rporpamMHy peasiizaiito Moaudikaiivi metogy FCFS Ta MeTomy Ha 0CHOBI BUpIillIeHHS
33/laui MpO MiHiMasnbHe TOKPUTTA. 37iliCHeHa Ol[iHKa e(eKTUBHOCTI OTPUMAaHUX
pe3y/nbTaTiB 3a pi3Hi Iepiofy uvacy Ha peanbHMX AaHux pobotu GRID Ha ocHOBi
3arporoOHOBaHUX MeTpHUK. [IporpamMHul KOMIJIEKC peasizye€ MeTOoAu IjlaHyBaHHS

3aBaHTa)XeHHs K/lacTepiB, peasizoBaHa po3lMpeHHsM nakeTy GridSim Ha moBi Java.
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The first section analyzes the main aspects of GRID-systems. First of all
Principles of operation and construction standards architecture of such systems.
GRID is the main objective of providing access to resources, and as resources are
distributed, then the operation is provided by special software - services. Unlike the
model of "client-server", a set of services installed on each resource. The analysis
task planning resource allocation in GRID-systems.

The second section examines the architecture and principles simulation
package GridSim. With the help of GridSim can be made reproducible experiments
that would be impossible in this environment for dynamic GRID-systems. Key
features: simulation of different characteristics of resources GRID; modeling of
various scheduling policies on a computing cluster, as already implemented (FCFS,
EasyBackfill, Earliest Suitable Gap), and the use of algorithms developed by
planning; Data about downloading real supercomputers to conduct experiments;
support mechanism for scheduling the auction; simulation of different configurations
GRID computing network system with different topologies; regional modeling
components GRID information services modeling DataGrid.

The method of solving the problem of the minimum coverage for planning
boot cluster.

A modification of the existing algorithms for scheduling loading cluster, as
well as scheduling algorithm, which is based on finding the minimum coverage.

In the third section, experimental studies conducted in the context of loading

resources (clusters).



Objective: To develop planning methods download computing resources
GRID-systems for modeling package GridSim.

Implementation of the objectives of the study necessitated the definition and
the following tasks:

1) to analyze the principles of operation and construction standards
architecture GRID-systems;

2) analyze the existing planning methods download GRID-computing
resources system;

3) justify the choice of development environment for modeling work
scheduler GRID-system;

4) develop a modification of the existing planning methods download
GRID-computing resources systems used in the package GridSim;

5) develop metrics to assess the effectiveness of the planning methods
download GRID-computing resources system;

6) develop a software implementation planners downloading GRID-
computing resources system and integrate it into the package GridSim;

7) to study and analyze the results on the effectiveness of the proposed
methods of computational resources planning download GRID-system on the data of
the French GRID-system AuverGrid package GridSim.

Object of study: the planning download resources GRID-system.

Purpose of the study - methods of planning GRIDsystem download resources
for their modeling package GridSim.

Methods: analysis, discrete Event simulation and statistical analysis.

Main results: The existing planning methods download cluster GRID. The
analysis of the architecture and principles simulation package GridSim. Developed
and integrated into GridSim package software implementation of modifications FCFS
method and the method based on the solution of the problem of minimum coverage.
The estimation of the effectiveness of the results obtained for different periods of
time on real data of GRID based on the proposed metrics. The software implements a
set of methods for planning boot cluster expansion pack GridSim is implemented in

Java.



Thus, the results of the simulation are as follows:

1 Experimental studies in terms of average download resources (clusters)
for the entire simulation period for each mode queuing (scheduling algorithm)
showed that increasing the number of computing resources GRID-system methods
for FCFS and Easy Backfill increases uneven distribution of loading between
computing resources - these methods load more resources that are closer to the top of
the list of all resources and less - those who are near the end of the list; on the other
hand - modifying «FCFS + Ring», «FCFS + RoundRobin» and planning method
based on finding the minimum coverage, increasing the number of computing
resources GRID-systems remain uniform distribution of loading resources.

2 Experimental studies in the context cluster factor loading for each mode
of service for the entire period of simulation (scheduling algorithm) showed that
increasing the number of computing resources GRID-system methods for FCFS and
Easy Backfill reduced rate cluster download, indicating that the low performance of
GRID-systems using techniques FCFS and Easy Backfill; on the other hand -
modifying «FCFS + Ring», «FCFS + RoundRobin», method Earliest Suitable Gap
and planning method based on finding the minimum coverage, increasing the number
of computing resources GRID-systems remain coefficient cluster download about
0.9, indicating that high level loading balancing between resources.

3 Experimental research in terms of average download resources (clusters)
and cut cluster factor loading for each mode of service per week simulation has
shown that the methods of FCFS and Easy Backfill not adapt to changes in the input
stream tasks, on the other hand - modified methods «FCFS + Ring »,« FCFS +
RoundRobin »and planning method based on finding the minimum coverage adapt to

dynamic changes in the input stream and do not lose their effectiveness.

Keywords: CLUSTER, DISTRIBUTED COMPUTING, GRID, GRIDSIM,
METRIC, MINIMAL COVER, RESOURCES, SHEDULLING METHODS.



