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COMPOSITE APPLICATION DISTRIBUTION METHODS MODELING

The subject of consideration are algorithms for optimal distribution of existing pool of computing resources between
composite applications and algorithm of utilization of resources on computing blocks. The purpose of the article is to
analyze the results of simulation and mathematical modeling of the resource allocation process between composite
applications, depending on the distribution option. Results The efficiency of existing dynamic planning algorithms that are
related to the greedy algorithm class is considered. They find a locally optimal solution at each step. The boundary of
effective planning of algorithms based on clustering approach is revealed. The efficiency of using ant colony optimization
algorithm and algorithms of cluster approach using ant colony optimization algorithm is shown. The simulation of the
distribution of the composite application is carried out, depending on the complexity of the graph construction. The
dependence of the execution time of the composite application on utilization of resources on the calculated blocks is
obtained. Using the resource utilization function, the quality of the distribution of composite application resources is
analyzed, depending on the amount of data transferred to the calculations. Conclusions. Data on the quality of resource
allocation is obtained, depending on such parameters as the time of implementation of the composite application, the
volume of transmitted data, the complexity of the graph construction. A method for choosing the optimal resource
allocation algorithm between composite applications depending on the listed parameters is proposed. This will allow you to
quickly dispose of distributed computing blocks that are occupied by calculating a distributed task, which will speed up the
computation of distributed tasks on an existing pool of computing blocks.

Keywords: composite application, utilization of resources, greedy algorithm, resource allocation, ant colony
optimization algorithm, clusterization, ant clustering algorithm.

Introduction

We will evaluate the quality of the distribution of
heterogeneous cloud environment resources between
composite applications (CAs). To do this, using the
methods and techniques of mathematical and simulation
modeling, we will compare the results of the
distribution of resources between the CAs.

During the experiment, it is necessary to take into
account such parameters as the amount of transmitted
CAs, the computational complexity, the construction of
the CPs graph (the time of waiting for the tasks of the
predecessors and their number). The presented
parameters give an opportunity to clearly present the
possibilities of developed methods for distributing
resources of cloud environments between composite
examples.

By comparison, methods for distributing resources
are presented using the following algorithms: greedy,
ant colony optimization, cluster and ant-cluster [1].

Greedy algorithm is a heuristic algorithm that
takes the best decision, based on the available data at
the current stage [9]. The essence of the greedy
algorithm is locally optimal choice at each step.

The algorithm based on the clustering of
computational tasks consists in partitioning the set of
computational problems into a subset. These subsets are
allocated to the computing resource, depending on the
distribution requirements [11].

Ant colony optimization algorithm is one of the
effective polynomial algorithms for finding approximate
solutions of the salesman problem, as well as similar
tasks for finding routes in graphs. The essence of the
approach is to analyze and use the behavior model of
ants who are looking for road from colony to food.

The ant clustering approach is an extended
clustered algorithm using an ant. It means that a cluster

of computational tasks, which are subject to allocation,
will be considered as an ant.

Analysis of literature. The articles [2-10]
discusses different approaches for allocating resources
in infocommunication systems. In this case, a number of
optimization algorithms are used, in particular, each of
the proposed approaches is usually oriented to only one
of the methods. The article [1] describes the possibility
of a dynamic choice of optimization algorithm, which is
oriented on the quality of distribution by a certain
parameter. Therefore, there is a need to find out the
quality of distribution of composite applications
depending on optimization of the algorithm.

The purpose of the article is to analyze the results
of simulation and mathematical modeling of the
resource allocation process between composite
applications, depending on the distribution option.

Research results

1. Comparison of the methods of distribution of
resources of the CAs on time characteristics. One of
the main characteristics of the implementation of a CAs
on a plurality of computing blocks is the time at which
the calculation of the task that was distributed is
completed. Therefore, it is necessary to trace the
dynamics of the time of execution of composite
applications depending on the volume of transmitted
data using the presented algorithms of distribution (Fig.
1-4). The simulation was carried out with a CA having
14-15 computing blocks.

In Fig. 1, we see the execution time of typical
composite applications that have a data volume of 0 to
10 MB. It is clear the preference has the greedy
algorithm at the small volumes of transmitted data. This
is because the presented algorithm makes the optimal
choice at each step of the allocation of resources,
despite the rationality of the subsequent allocation.
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for the CAs with an increase in its volume.
Improvement of allocation using an ant colony
AAAAA -1 optimization algorithm is due to its ability to adapt to
allocation conditions. But the complexity of its
calculation did not give priority results on small
volumes.

Fig. 3 represents the beginning of an efficient
allocation of the resources of CAs with the help of
cluster algorithm. This is facilitated by the possibility of
grouping the tasks of CAs in terms of their parameters
in the computing blocks.

Fig. 2. Dependence of the time of execution of CAs
from the allocation algorithm

Fig. 2 represents loss of efficiency of greedy
algorithm at the mark of 40 MB. This is due to an
increase in the complexity of the allocation of resources
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Fig. 4 shows how the execution rate of a high data
array, distributed by cluster-ant algorithm, prevails over
others.

Thanks to the presented figures, we can conclude
which algorithm is more suitable for a typical model.
This makes it possible to accelerate the execution of a
CA on an existing pool of computing units.
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2. Comparison of methods of distribution of
resources of CAs, depending on the complexity of the
graph. Each CA consists of a number of computational
tasks DS,,,, which are represented by an acyclic graph
[10]. Therefore, there is a need to take into account the
influence of the complexity of the graph and its number
of tasks for the implementation of the CA. To evaluate
the quality of resource allocation, we use the resource
utilization function. The dynamics of the distribution of
resources is presented in Fig. 5, a.

With the presented data, we can conclude that the
distribution efficiency varies depending on the

80 T

complexity of the graph. Starting with 15 computing
blocks, priority is given to such algorithms as cluster
and ant-clustering.

3. Dependence of the level of utilization of CA
resources depending on their volume. We will carry
out demonstration the dynamics of change in the level
of utilization of resources, depending on the volume of
data of the breakaway data that are allocated. To do this,
it was decided to monitor the change of utilization at the
stages of changing the efficiency of the presented
allocation algorithms in Fig. 5, b, c, d.
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Fig. 5. The value of utilization of resources depending on:
a — the complexity of the graph of the Cas, b, ¢, d — the volume of the CA

On Fig. 5, b, ¢, d the value of utilization of
resources varies on the boundaries of the change in the
distribution of resources by different algorithms. This
allows you to track the quality of resource allocation
using the resource utilization feature.

Conclusions

The efficiency of existing dynamic planning
algorithms that are related to the class of greedy
algorithms is considered. The boundary of effective
planning of algorithms based on clustering approach is
revealed.

The efficiency of using ant colony optimization
algorithm and algorithms of cluster approach using ant
colony optimization algorithm is shown.

The simulation of the distribution of the composite
application is carried out, depending on the complexity
of the graph of its construction. The quality of the
distribution of the resources of the CA is analyzed,
depending on the amount of data transmitted using the
resource utilization function.

Further research will be aimed at the
development of a method for choosing the distribution
algorithm of the CA based on its efficiency.
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MoperoBaHHSI METOIIB PO3NOAITY KOMIIO3HTHOIO 3aCTOCYHKY
C. C. Byns0a

IIpeameTroM po3IJIsIAY BHUCTYNAIOTH aITOPUTMH ONTHUMAIBHOTO PO3IOIUTY iCHYIOUOTO ITyJdy OOYHCITIOBAIBHHX PECYpCiB
MDK KOMIIO3UTHHMH 3aCTOCYHKAMH Ta alIrOPUTM yTHIi3awii pecypciB Ha oOuucioBaiIbHHX Oilokax. MeToro crarTi € aHai3
pe3yabTaTiB IMITaliifHOro Ta MaTeMaTHYHOI'0 MOJIEITIOBAHHS ITPOLIECY PO3NOALTY pecypciB MiXk KOMIO3UTHHMH 3aCTOCYHKAaMH B
3aJISKHOCTI Bijl Bapianty posnoziny. Pe3yiabraTn. Po3risHyTo eheKTUBHICTD iICHYIOUMX aJITOPUTMIB AMHAMIYHOIO IUIaHYBaHHS,
SIKI BITHOCSATBCS JI0 KJIAcy JaaiOHMX aJropuTMiB. BOHM 3HaXomsiTh Ha KO)KHOMY KpOL JIOKaJbHO ONTHMAJbHE PIIICHHS.
BusBnena Meka e(QeKTHBHOrO IUIaHYBaHHS QITOpUTMIB Ha 0a3i KiacrepmsaumidHro migxoxmy. I[lokaszaHo egeKTHBHICTH
BHUKOPUCTAHHSI MYpPAIIMHOI'O ITOPUTMY Ta ITOPUTMIB KJIACTEPHOTO IiJXOAY 3 BHKOPHCTaHHSIM MYPALIMHOTO aJTrOpPUTMY.
[IpoBeneHO MopeIOBaHHS PO3NOALTY KOMIIO3UTHOTO 3aCTOCYHKY B 3aJIeKHOCTI Bif CkiamHocTi rpady iforo moOymoBu.
OTpyMaHO 3aJeKHICTh Yacy BHUKOHAHHS KOMITO3MTHOI'O 3aCTOCYHKY Bif yTwiizamii pecypciB Ha oOducieHux Onokax. 3a
JIOIIOMOror0 (yHKIIT yTHITi3allii pecypciB, poaHali3oBaHO SKICTh PO3IOIUTY PECypCiB KOMIIO3UTHHX 3aCTOCYHKIB B 3aJIE)KHOCTI
Bi 00’eMy JaHMX IO NepelaloThcss Ha oOuucieHHs. BucHoBkM. OTpuMaHi JaHi, IOAO SKOCTI PO3IOALTY pecypciB, B
3aJIXKHOCTI BiJl TaKUX NapaMeTpiB sSK: 4yac BHUKOHAHHS KOMITO3UTHOTI'O 3aCTOCYHKY, 00’€M IepenaBacMHX NaHHX, CKIIaJHICTh
rpady noOynoBu. 3amporOHOBAaHO CTBOPEHHS METOHY Il BHOOPY ONTHMAJbHOTO AITOPUTMY PO3IOIIY pPecypciB Mix
KOMIIO3UTHUMH JIOIATKaMH, B 3aJI€)KHOCTI BiJI IepepaxoBaHKX IapameTpiB, Ha 0a3i pyHkuii yrwizaunii pecypcis. Lle macts 3mory
OIEPaTHBHO 3BUIBHATH O0UMCIIOBAIBHI OJIOKH IeTepOreHHOr0 CepeIOBUINa, SIKi 3alHATI O0YHCICHHIM PO3IOIUICHOT 3a1adi, o
MIPUIIBHUIIUTE 00YMCIEHHS PO3MOAIICHUX 3a/1a4 Ha ICHYIOUOMY ITyJIi O0YHCITIOBAIHAX OJIOKIB.

KirouoBi cj1oBa: KOMIO3UTHHUI 3aCTOCYHOK; YTHIIi3allisl PeCypCiB; *aaiOHUI aJrOpUTM; PO3HOJLT PECypCiB; MypallMHUI
ITOPUTM; KIIaCTepPH3allis; KJIaCTepPHO-MYPAIIHHIN aJrOPHTM.

MopnenupoBaHne MeTOI0B pacinpeae/ieHusi KOMIIO3UTHOTO MPUJIOKEHHSI
C. C. Byns0a

IIpeqmerom paccMOTpeHHsi  BBICTYNAIOT — alNlOPUTMbl  ONTHMAIBHOIO  Pacpelie]ieHHusl CYILIECTBYIOLIEro  Iyna
BBIYHCIIUTENIBHBIX PECYPCOB MEXKIY KOMIIO3UTHBIMH HNPHIOKEHHUSAMH U aJTOPUTM YTHIM3AlMH PECYpPCOB Ha BBIYUCIUTENIBHBIX
6nokax. llespro craThM SBISIETCS aHANIW3 PE3YJIbTaTOB MMUTALMOHHOIO M MAaTeMaTHYECKOro MOAENUPOBAHMSA Ipolecca
pacnpenesIeHUs pecypcoB MeX/y KOMIIO3UTHBIMU IIPUIOKCHUAMM B 3aBUCUMOCTU OT BapUaHTa pacnpenelicHus. Pe3yabTarsl.
Paccmorpena 3((eKTHBHOCTD CYIIECTBYIOIIMX aIrOPUTMOB AMHAMUYECKOTO IUIAHUPOBAHMS, KOTOpbIE OTHOCATCS K KIIACCY
KaJHBIX AJIrOPUTMOB, KOTOPbIE HAXOAAT Ha KaXKIOM IlIary JIOKaJbHO ONTHMalbHOe perienue. OOHapyxeH npejen eheKTHBHOrO
IUIAHUPOBAHMS AJTOPUTMOB Ha 0asze KiacTepu3aloHHOro noxaxona. Ilokazana 3¢ QeKTHBHOCTb HCIONIb30BaHUS MYPaBBUHOIO
JIrOpUTMa U AITOPUTMOB KJIACTEPHOr'O IOAXOJA C HCIOIB30BAHHEM MYpPaBbUHOIrO ayroputma. IIpoBeneHO MonenupoBaHue
pacnpenesieHus: KOMIIO3UTHOTO NPUIIOKEHHS B 3aBUCHMOCTH OT CJIIOXHOCTH Tpady ero nocrpoenus. IlonydeHa 3aBUCHMOCTb
BPEMEHH BBINOJIHEHNS! KOMIIO3UTHOTO TNPWIOKEHUsI OT YTHIM3alUM PECYpCOB HAa BBIYUCIUTENbHBIX Oyiokax. C IOMOLIBIO
GYHKIMY yTHIM3aLUM DPECypCOB, NMPOAHAIM3UPOBAHO KauyeCTBO PACIPENECNICHHS PECYpCOB KOMIIO3UTHBIX IPHIOKEHHH B
3aBHCHMOCTH OT 00beMa Iepe/laBacMbIX JaHHBIX Ha BeIYMCIEHUS. BoiBoabl. [TomydeHHbIC TaHHBIE 110 KAUECTBY paclpeielIeHus
pECypcoB, B 3aBHCHMOCTH OT TaKHMX [apaMETPOB KaK: BPEMsl BBINOJHEHUSI KOMIIO3UTHOI'O NPUIIOKEHUsI, 00bEM IepesaBacMbIX
JIAHHBIX, CII0XKHOCTb rpady nocrpoenus. IIpeanoxeHo co3naHue MeToa JUls BbIOOpa ONTHMAIBHOTO aJrOpPUTMa paclpeelieHus
pPECYPCOB MEX[y KOMIIO3UTHBIMU INPWIOKECHUAMM, B 3aBHCHMOCTH OT II€PEUHMCIICHHBIX HapamerpoB, Ha Oasze (QyHKIMH
YTHIM3aLUKM PECYPCOB. DTO IMO3BOJIMUT ONEPATUBHO OCBOOOXKIATH BBIYMCIMTENbHBIC OJOKH I'€TEPOreHHON Cpelbl, KOTOpbIe
3aHATHl BBIUMCICHHEM PACIIPE/ICNICHHON 3a/lauM, YTO YCKOPUT BBIYMCIEHHS PACHpEEICHHbIX 3a/ad Ha CYILECTBYIOILEM ITyie
BBIYHCIIUTENIBHBIX OJIOKOB.

KiroueBbie c10Ba: KOMIIO3UTHOE IPUIIOKEHUE; YTHIM3ALUS PECYpCOB; JKaJHBIH alrOpUTM; paclpesielieHHe PecypcoB;
MYPaBbHHBIH aJIrOPUTM; KJIACTEPU3ALHS; KIaCTEPHO-MYPABbUHBII aJIrOPUTM.
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