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Abstract. The review considers the issues of further development of the princi-
ples of creating adaptive infrastructures of cloud computing, capable of dynami-
cally adapting to user requirements and current features and changes in operating
conditions. Methods and analytical conditions for adapting the provision of re-
sources to users of cloud computing have been developed. These conditions pro-
vide an opportunity to develop technology (mechanisms and algorithms) for the
use of adaptive discipline (order) of providing computing resources to users. In
turn, this allows you to meet the time requirements of different users to obtain
timely computational results or make the most efficient use of available cloud
computing resources. . This is relevant for real-time systems and, above all, for
special information systems built using private clouds, and can be critical with
limited computing resources of cloud computing.

Analytical (formulaic) conditions of adaptation are developed on the basis of
the corresponding indicators of efficiency and mathematical models of cloud cal-
culations. The stochastic nature of the main factors and the need to quantify mass
processes based on probability theory determines the use of the analytical model
of cloud computing as a multi-threaded and multi-priority queuing system with
queues with mixed service discipline. The model takes into account probable fail-
ures and various features and has arbitrary distribution laws for some probable
processes. The model allows to calculate the time characteristic - the response
time of the system in terms of features of operation and failures of cloud compu-
ting.

Keywords: cloud computing, mathematical model, discipline of computing re-
sources provision, mixed service discipline, absolute and relative priorities,
time characteristics, response time, efficiency of cloud computing.

1 Introduction

Creating adaptive infrastructures that are able to adapt to changing operating conditions
and maintain systems in optimal, and sometimes just in working order, is an important
direction in the development of modern global information and analytical systems using
cloud computing (CC) technologies. For such adaptation, a dynamic adaptive mixed
discipline of providing computing resources to users of CC is proposed [1,3].

Copyright © 2020 for this paper by its authors. Use permitted under Creative Commons
License Attribution 4.0 International (CC BY 4.0).
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Consider two practical problems of dynamic adaptation of a mixed discipline of re-
source provision with relative-absolute priorities. One of the main indicators of the ef-
fectiveness of CC are indicators based on the assessment of the temporal characteristics
of these systems and which must be maintained at a given level. Such indicators can be
set by agreement between the supplier and user of CC and are especially important for
systems primarily for special information systems based on private clouds. Due to the
random nature of the computational process, there are additional delays in information
processing, the permissible limitations for the time of its stay in the CC are violated,
which negatively affects the effectiveness of solving target tasks of users.

To ensure the required efficiency of CC in such situations, it is necessary to maintain
the time characteristics of the system at a given level. Given the shortage of computing
resources, this is possible only by increasing the efficiency of the computing process,
in particular, by adapting the discipline of service.

Along with this, there is the problem of the most efficient use of available computing
resources at any time during the operation of the management of CC. This problem can
also be solved by adapting the discipline of service.

2 Indicators of resource efficiency for users of cloud computing

The aim of the work is to develop methods and analytical conditions, adaptation of the
provision of computing resources to users of CC to ensure the time characteristics of
information and analytical systems and optimize the use of resources of CC.

As an indicator of the effectiveness of CC we take the average total cost (fine) of re-
sponse time CC, time delay in the queue, waiting time in queues and time to provide
resources, ie stay in the CC as in the queuing system (QMS)) on applications (require-
ments) of users. To do this, use the known functionality [3]:
C(S) = ZOCilivi(s)
i=

>

fi hatwe have, N
romwcgl(\é;e) ivez z a(m,n)/i(m,n)v((”)(m,n)

m=1n=1 , (1)

where
Zi _cost (fine) per unit of response time of CC (delays, stay in CC) of applications

of the i-th stream;
2 - intensity of the i-th stream of applications;
2 . L .
! - the average response time of CC applications of the i-th stream;
n - is the number of types of applications;
s - is a parameter that characterizes the method of organizing the computational
process;
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(p) 1M -
Vo m=LM, n=1N,) the average response time of CC applications

(m, n) -th stream,;
& (m, n) - the unit cost of response time CC (delay in HO) applications (m, n) -th
stream;
(m, n) - intensity (m, n) -flow.

This efficiency indicator is based on the assumption that the results of the use of
resources by the user are depreciated in proportion to the time of their delay in the CC,
ie stay in the CC as in the QMS. Then the purposes of adaptation of the mixed discipline
of service will be either satisfaction of requirements of timely stay (m, n) of applications
in the system set by admissible values of this time, or minimization of functional (1).
These goals are achieved by finding the appropriate optimal breakdowns into relative
and absolute priorities, ie the problems of adaptation of a mixed service discipline with
arelative-absolute priority are optimization problems, the general formulation of which
is discussed above.

Since the above objectives of adapting a mixed service discipline can be achieved
with several different breakdowns of application flows into groups of absolute priority,
it is necessary to introduce an additional restriction on the choice of breakdown.

The presence of absolute priority in HO requires some technological losses of re-
sources, which are proportional to the number of groups (levels) of absolute priority. In
this regard, it is necessary to consider the optimal breakdown, which ensures the
achievement of adaptation goals with a minimum number of groups of absolute priority
M

Then thggonsidered problems ofmdaptation of the mixed discipline of service can
be formall‘gl (:Bngénijz)ﬂgxgﬁ =P

ped
c® —>min:>g00
ped
M =min ) 3)

It is not possible to solve the problems of finding the optimal breakdown (2) and (3)
using known analytical optimization methods. The only way to solve these problems is
a heuristic approach, which has no formal justification, but is based only on the specif-
ics of problems (mathematical models) and related understandings.

From expressions (1) - (3) it follows that the achievement of the goals of adaptation
of the mixed service discipline is associated with the need to assess the value of the
average response time of CC (stay in CC) applications (m, n) -type v (m, n) on re-
sources. Therefore, there is a need to synthesize a mathematical model of CC with a
mixed discipline of providing computing resources (maintenance).
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3 Cloud infrastructure model class

Development of mathematical models of cloud computing or information systems
created using clouds is an important area for identifying and improving their character-
istics [2...10]. Cloud computing is an object with a high level of uncertainty in the
operation process. Here, the external uncertainty of the flow of requests for computing
resources (CR) (environment) is complemented by the internal uncertainty of the CC
(object), which is associated with the presence or absence of the necessary CR, acci-
dental failures of the CC system, as well as the need to provide certain time character-
istics for many clients. . This determines the need for the introduction of adaptation into
the functioning of the CC.

In addition, the introduction of adaptation into the process of functioning of CC is
associated with the need to maintain the system in optimal and sometimes simply op-
erational condition, regardless of the many external and internal factors that remove CC
from the required target state.

Cloud computing (CC) is an object with a high level of uncertainty in the functioning
process, the main factors of which are [1]:

-probability of the flow of requests for computing resources (CR);

-the presence of the necessary PR and the randomness of the time of their use by
customers;

-accidental failures of the infrastructure of CC and the time of their elimination;

-the need to provide certain time characteristics for a number of customers, for ex-
ample, the response time of CC;

-the need for optimal use of CR depending on the cost of delay time ordered by
customers, the results of calculations and operating conditions;

-the need to introduce adaptation into the process of operation of the CC in order to
provide certain time characteristics for a number of customers and the optimal use of
CR.

The stochastic nature of the main factors and the need to quantify mass processes
based on probability theory determines the use of queuing theory. Then it is possible
and expedient to use the technology of dynamic adaptive mixed discipline of providing
PR (service) to users of CC as mechanisms of adaptation of CC [1].

Analytical models for subtraction of time characteristics in the conditions of features
of functioning of CC with use of mixed discipline of service with absolutely - relative
priorities and the account of failures are offered. Models are based on works [2, 3].

4 Mathematical description of multi-threaded and multi-
priority model of cloud infrastructure operation with queues
with mixed service discipline and failure adaptation.

Let the input of the CC system, in which the discipline of service with a relatively

absolute priority_is implemented, arrive N Poisson flows of applications of intensity

Mm,n) - (m=LM,  n=LNp,) . These flows are aligned with N priorities [2].
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The duration of the maintenanlge of agog;lications of priority (m, n) is a random vari-
. Y . t
able with a distribution function =™ """, the first b (m, n) and the second b (m.m)

start point.

Alrlj application of priority (m, n) whose service is interrupted by applications from
groups with Lm =1, yumbers is returned to the queue. Updating its service is possible
either after servicing all interrupted applications (maintenance discipline A), or after
servicing allinterrupted applications and all applications for accumulated flows, the m

h (m,1),(m,n—1)

group wit numbers (discipline of service upgrade B) .

The serving device (CC) fails in accordance with the Poisson law with the %pa—
rameter. The period of recovery of the device is a raildom variable that has an arbitrary
distribution law B,(#) with the first b0 and second 0 initial moments.

During the restoration of the service device, requests of some streams in the queue
are accepted, while others are not accepted. This condition is given by the matrix-row

i=1L,N

of coefficients i , » and in the case if requests of the ni =1 stream are accepted

in the queue, and if requests n =0 are denied.

Adaptation to bounce will be that in the period of recovery device incoming appli-
cations can either accumulate in the queue (discipline replenishment queue 1), or re-
ceive a refusal and leave the system (discipline replenishment queue II).

Failure of the servicing device can occur both during its free state and during service
of the application. In the latter case, the renewal of the service is carried out either from
the interrupted application, if there are no applications interrupting its service, (the dis-
cipline of the renewal of service C), or from applications of the senior relative priority
of the corresponding group, if any (discipline of renewal of service D).

In case of repeated receipt of the servicing device, the interrupted application shall
be maintained from the place where it was interrupted. Within one priority, applications
are served in the order of receipt.

The combination of service updating disciplines and queue replenishment allows
you to consider independent models of different types of systems that have the proper
designation. Different features of functioning consist of various combinations of disci-
plines A, B, C, D, I and II.

Let CC be in stationary mode, which Ry <K, Mcamdition is for systems of type I,

Ry = 2.3 p(m,n)

Ryt <1 Here m=In=1 - total loading of the

and for systems of type II -
device applications (('D (m,m) = A(m,m)b(m.n)
tions), and Ky =10+ P0) _he system readiness coefficient ( (o = Aobo _ loading the

device with refusals).
It is necessary to determine the average v(m.n) time spent in the system of applica-

- loading of the device (m, n) - applica-

tions of each (m, n) -priority, ie, the response time of the system CC.
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5 Definition of time characteristics of a model of a system of
type AS-L.

To determine the average time of applications in the system (time response systems)
type AS-I use the known direct method [3].

Let some application (j, k) be a priority in the system. The average duration of this
application in the system v (j, k) consists of the average waiting time in the queue w (j,
k) and the average service time b (j, k):

v(J, k) =w(j,k)+b(j.k)

The average waiting time in the queue w (j, k) consists of the average waiting time

before service and the aver_a%e standby time in the interrupted state u (j, k):
W(]’k) = WH(]’k)-'_u(J’ ) .

The last term in this formula is due to the interruptions in the maintenance of the

application (j, k) -priority of applications from groups Li-1 and denials, that is:

u(]ak) :u3(j’k)+u0(jsk) .

Average time from the beginning of service (j, k) - application to completion is the
average full time of service:
Let's start with the calculation u (j, k), for which we apply the approach described in

2 o . b(j, KAy .
During the servjcgyj, k) -supply on average will occur interruptions

A= Z Z/l(m,n)

where m=In=1 the intensity of the total flow of interrupted applica-

tions.
As aresult of these interruptions (j, k), the application returns to g]ee %gﬁ;e and waits
. . . . . . . . Js j-1
for the termination of service interruptions that will continue in average

units of time JoINy,
Ry =3 > Am.n)b(m,n)
where m=In=1 . (5)

During this time, applications from groups Lj-1 will be receiv2ed, which will lead

b .7k R j— oy
to an increase in waiting time (j, k) - applications for value (BRj . In addition, the
service of these applications will be accompanied by additional accumulation of appli-
cations of the same priorities, requiring service before (j, k) -payment. This process is
endless, with supplements to the waiij;,i\,ng tiglle (J, k) -positions form a declining geomet-
ric progression with a denominator ~ 7 ~' ™" The sum of members of such geometric

progression is the mean time of all service interruptions (j, k) -request:
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R
T =b(j k=22
= ©

. 1 R L) o
In the mean time T’ ( ), the device will fail ™ , resulting in it will be restored

M M
within 7 4020 =T""P0 ypits of time. Since in the system type AS-I during the period
of recovery the device again receives applications that continue to accumulate in the
queue, then after the device is restored, the2 average waiting time (j, k) -supply in the
interpgpted stgte wilk increase by R
T T o 2R b o —

During this time there may be a refusal of the device, the restoration of which will
be accompanied by the accumulation of new applications served before (j, k) -pay-
ments, etc.

The total time of all applications service interruptions (j, k) -priority of Li-1 ap-

iy =7D L7 ()
plication groups, taking into account device refusals us(R) =T+ +. .+ T

. This expression represents the sum of two infinitely decreasing geometric progres-
sions. After calculating the sum of the members of each of them and compiling the

results (e%‘e} b(J’k)K R

®)

Similarly, the average waiting time (j, k) is determined in the interrupted state due
to device refusals “0'/>®) The only difference is the beginning of reasoning. During

the service (j, k) -supply, the device will fail on b(7. k)4 average, which will result in
its restoration within b(j.k)po units of time. Taking into account the possibility of
accumulation in the pen.o.d_af device renewal and priority service of applications with
absolute prlorltg frole j group, the average waiting time (j, k) -payments will in-

01— R;_
crease by

During this time, the device can a%a(m }(Jf (iem@gl twhich additionally increases the

1-R;_
waiting time (j, k) - request for value etc.

In the final analysis,,y(&)/e 885 = b(J, k)M
Kr =By ©)

Then the total avera%e Wg%tm}g)tﬁylel(f K)rl?equest in the interrupted state:
“Re (10)

and the total average service time (j, k) -request:
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1
©(j.k)=b(j, k) —+—
Ky =Rjm an

Now calculate ""H (k) . Before (j, k) -request entered the system for the first time,

the following should be done:
1) the device is restored

2) an application has been served from LJj or groups of submissions of the served

J+LM )
groups;
-1

application from the

3) service requests from 2,7 groups interrupted by applications from LJj
groups;
4) service requests from 1’] groups interrupted by denials of the device;

5) existing requests for streams with numbers (LD.(/.6) are served,;

6) service iequiégsts oﬂowgfl l%t)h+W]7\§)r§r 7(7101)1’(] k=1) received during the waiting

time (j, k) TEApgst, taking into accounf device refusals.

+ (m,m)p(m,n)+ 2 wy (j,m)p(j,n)+
For the ay,ze;:q@%p (ﬁratlon of these e,%nts we write the equation:

R
+loo+2p (],k)]—+zH (uk)—RrPo
K, —Rj, K, —Rj4 12)

Here
oo =K, ppAg _ average time for updating the device iIl( 2'[%16 presence (j, k) -position:
Kvpo probapility of recovery of the device [2], Ag=by/ 2bo;

o(j.k)= 2. 2 p(m,n)A(m,n)

m=ln+] - average time for the maintenance of the applica-

e
tion by the deyic¥,in tl)@ presence (, k) -request: A(m,n) = b= (m, n)/ 2b(m, n) ;

nG.K)= 22— X R p(m n)A(m,n)
m=2n=1 - average time to receive applications
— LT et
from 2.J groups interrupted by applications from groups Ky =Ry, -

probability of staying in queue (m, n) - applications, interrupted by applications from

Lm—1 groups. This probability is determined by the formula (8), taking into account

the intensity 1) of the flow (m, n) -payments;
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MGk = 3 D =20 pm. mA(m. )
m=ln=1 Zr— Fm=l - average time of subscription of appli-

cation;(l;rl%n L j( groglps interrupted by device refusals
—L—=—p(m,n
r =Rt - the probability that the queue has (m, n)-applications, inter-

rupted by the gzenial)of the device. This probability is determined on the basis of (9)
with account V™" ;

2 (k) average waiting time (j, k) - application, equal to the sum of the consid-
ered components, without aceeunting %0 ;

Rijor= 2.2, p(mm)+ > p(j.n)

m=In=1 n=1

Note that in each queue here can be noymore tlhan one application interrupted by
applioafidys @iehme-{dé}mbg deald ———x
After simple tewsTofations from equabizehI&ZJ {re-dbtain the following recurrence
relation: J=IN,,
x p(m,n)A(m,n)+ Z Z wy (m,n)p(m,n)+
m=In=l1

k-1
+ > wy (om)p(jsm)]
n=l (13)

Jj-1N,, k
Rij= X3 pmm+ 3 p(jn)

where m=In=1 n=1

To obtain a formula for explicit determination, we analyze the relation (13) for
"pure" service disciplines with a relative and absolute priority.

For the discipline of service with a relatik priority we receive:
K} poAg + Y, p(1,n)A(1,n)

wgr (L1) = n=l
- for the first flow K,[K, - p(1,D)]
Ny
K3 poho + Y. p(Lm)A(Ln)
wy(1,2) = n=l
- for the second flow. [K) = p(LDIX[K, = p(L) = p(1,2)]

These formulas allow us to assume a general solution in the form:
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Nl
K3 poAg + > p(L,m)A(1,n)
wy (1,k) = n=l
(K = Ry j (K, — Ry )
k-1 k ’
R =2, p(Ln), Ry=3 p(n)
Where n=l n=1

(14)

(M=N, N, =1

For the discipline of service with absolute priority for all

Mm=LM) of the expression (13) we obtain:

iy Py e
Chae Kr[Kr_p(l’l)]

" or the flor ARG RIS AP+ p2DAC.D
271K, = pUDIIK, - p(L) = p(2.)]

Then on the basis of these eqyalities wg get the ieneral expression:
» Pl + ) p(mDA(m,])

m=1

(K, =R (K, —R; )

wy (j,1) =
(15)

where S J
Rioi1=2 p(ml), R;;=> p(m]l)
m=1 m=1

Analyzing the expression %1_42)and (15), it is easy to assume the general form of the
Js

formula for determining WH 3 for ajmixed discipline of service:
K poAg + Z Zp(m,n)A(m,n)

m=In=1

(K =R 1)K =R 1)

wi (J,k) =
(16)

Substituting formula (16) in (13) and making simple transformations, we can verify
the validity of this assumption.

By expressions (11) and (16) we calculate the required average time of stay (j, k) -
request v (j, k) in the AS-I system

Similarly, as for the system type AC-I, formulas can be derived for determining the
temporal characteristics for the remaining systems type AC-II, BD-I, BD-II.
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6 Methods and analytical conditions for adapting the provision
of resources to users of CC

Adaptation of the mixed service discipline with the CC model is to ﬁn((i) the optimal

breakdown of application flows by groups (levels) of absolute priority (@) ,ie such a

Npym=1,M)

set of numbers at which the temporal characteristics of the CC model

would prov1d<6 equality accordmg/ Y lgroblem 2):
1%

= < !
Opt{]vlaN29 (m,n) Vﬂ(l’l’l,l’l) ¢)€@M mln (17)
and in accordance with problem (3% %quahty:
goo—apt{Nl,Nz, NM/C =min,p € ®,M =min} (18)

Since the nurnboer of application streams N is finite, the problem of finding the opti-
mal breakdown #  can be solved by a complete search of all possible breakdowns and

choosing from them one that satisfies equations (17) and (18). However, this path for
real-time CC is unacceptable, because the number of all possible breakdowns

®»=2"" at large N is large and the implementation of the method of complete search
requires significant time. Therefore, there is a need to develop such methods of adap-
tation that allow to obtain the optimal breakdown as a result of considering a limited
number of grouping options. 0

To find the breakdown %  that provides equality (17), a method is proposed, the

essence of which is to alternate the requirements for the time of stay of applications in
the system, starting with the first stream, by sequentially forming first the first, then the
second, etc. groups of absolute priority. The adaptation process begins with a break-
down that corresponds to the discipline of service with a "pure" relative priority (M =
1, NI = N). In this regard, the first of the breakdowns, in which the purpose of adapta-
tion is fulfilled, is characterized by the minimum possible number of groups of absolute
priority M, ie is optimal.

To find a breakdown #  that satisfies equality (18), a method of adaptation is pro-

posed, the essence of which is the purposeful formation of groups of absolute priority,
starting with the latter, based on the analysis of the sign of increment of the average

total cost of applications in the system AC? . When forming the next group, the flow
requests of the formed groups are excluded from consideration, because they do not
affect the average time spent in the flow request system of the previous groups of ab-
solute priority. The process of adaptation in this case begins with a breakdown that
corresponds to the discipline of service with a "pure" absolute priority (M = N, Nm =
1), which also provides a minimum number of groups M in fulfilling the goal of adap-
tation.

Letﬁ deﬁne /}&sume Nthat Pthc} [irewous g-breakdown has the form

Niwy = 2= where P is the number of application

streams considered at the stage of formation of the next group with number j. When
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j-1
P=N-3'N,

numbering groups from the latter m=l The following P~ breakdown dif-

fers from the g-breakdowp in that the application strgams gf the last two groups are
rom the g-bregdowgy in that the application strgams pf th group
combined into one .

When AC1?) the transition from g-breakdown to ?~ breakdown is defined as fol-

' N
lows: Ac@®) — c(@) _ c(a) =zai,1iAvl.(‘1"/’)
i=1 (19)
AVED) — @) _ @ TN
where — ! ! b T

From formula (19) it follows that the ?~ breakdown is considered better compared

to the g-breakdown, if ACUH?) <0 1 this case ACT?) >0 , the g-breakdown is pre-

ferred. The expression ACT?) =0 means that the ¥ ~ breakdown by the criterion of
the average total cost of applications in the system is not worse than the g-breakdown,
but provides fewer groups of absqluge priority J4.
, AC%?) %L?PQIAO ¥ 2, Py . ,
Let's calculate ;on an example of sysfem of type AC-I f(ir—whlch on the basis
£ ions (17Xand [@6) it isgossibk g yde dogmy -~ 0
0 eXpref/sf%‘s:( na RO IUISPOFSIOR;1q Y RLE CORTY

P
3
b Krp0A0+zprAr

i 4 r=1 . i=1+1,P.
K,-R; (K,—-Ri_1)(K,-R;)

(20)

In the transitio| frgm g-brgakdown to P blrélﬁ’({éwn, the increase in the average

(g:9)
residence time of pplication/zi tﬁ%rsystem Avi
Av{T9) = r=l+? i=l+1
1 > El
(K, - Rl)(Kr - Rl+1)
bipi1 i=1+2,P.

(K, - R)(K, —Rpyp)
@1

Then write the increase AC@?) in the form
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AC(‘M’) = 0!1+1ﬂ,1+1A Vl(zi(p) + Z al-/ll-A Vi(q’(p) =
i=l+2
- Pr+1 3 4b)| Ll 2
1 s
2K, = R)K,=Ri1) il b 1+9f b
(22)
where V7~ Dl ]/ b - is the coefficient of variation of the service time of the ap-

plications of the i-th stream (D[ti 1. variance of the service time). At indicative law

service of applications of the i-th stream vi=1 , and at deterministic service - Vi = 0

Analys(/i)s of expression (22) shows that the feasibility of the transition from g-break-
downto ¥ breakdown is datermi the sign of, the ipput::
AC =Y /”Ll-b?g(;{b—&”l g o the &'j

i=l+2 b 1+l//i2 b; (23)

It follows from this equality:

1) if AG <0 for all [=0.N _2, the optimal is the discipline of service with a
"pure" relative priority;

2)when =/ > Y forall/ the optimal is the discipline of service with "pure" absolute
priority;

3) in the case of AC; <0or AG >0

not all / optimal is a mixed discipline of
service. B
Thus, to determine the feasibility of the transition from g-breakdown to P~ break-

down, it is sufficient by formula (23) to calculate AC and analyze the result. Changing

the breakdown is appropriate if ACG <0 .

Conclusions

1. Further development of the principles of creating adaptive infrastructures of cloud
computing, able to dynamically adapt to user requirements and current features and
changes in operating conditions. This scientific direction remains relevant and requires
further research.

2. Cloud data centers are objects with a high level of randomness of the operation
process, the main factors of which are: the probability of the flow of requests for com-
puting resources; availability of necessary resources and randomness of time of their
use by consumers; randomness of infrastructure failures and time of their elimination.

Due to the random nature of the computational process there are additional delays in
processing information, violate the permissible restrictions on the time of its stay in the
system (at the time of system response), which negatively affects the effectiveness of
solving target tasks of users. This is relevant for real-time systems and, above all, for
special information systems built using private clouds, and can be critical with limited
computing resources.
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3. It is possible to get rid of or reduce the impact of favorable phenomena on the
functioning by introducing adaptation into the process of functioning of the infrastruc-
ture. In addition, the introduction of adaptation is associated with the need to maintain
the CC in the optimal (efficient use of resources), and sometimes just a working condi-
tion, regardless of the many factors that bring the data center infrastructure out of the
required target state. The purpose of adaptation can be to maximize revenue from cus-
tomer service, eliminate system overload and maintain it in a stationary mode of oper-
ation.

4. The problem of adaptation can be solved by using the adaptive discipline (order)
of providing computing resources to users. Unforeseen and uncontrolled changes in the
environment and system inevitably change the optimal setting of the discipline, if such
was implemented in the system. Therefore, systematic adjustments (adaptation) of the
discipline are inevitable if you want to maintain the system in the optimal mode, re-
gardless of changes in the environment and system. For adaptation, a dynamic adaptive
mixed discipline with absolute relative priorities of providing computing resources to
users of cloud computing was used, one of the options for creating the technology of
which was considered by the author in [1,4]. The adaptation of the discipline consists
of an optimal change in the number and position of the boundaries that divide the flow
of user requests for resources into groups of absolute priority, within which the relative
priority, ie in changing the number of groups and the number of flows in groups.

5. The development of analytical conditions for the adaptation of the provision of
resources to users of cloud computing is performed on the basis of the analytical model.
Analytical conditions allow to develop mechanisms and algorithms of adaptation of
CC. These mechanisms and algorithms take into account the physical properties of CC,
such as instantaneous elasticity (dynamic migration, allocation and release of resources
for rapid scaling according to needs) and measurement services (management and op-
timization of resources using measurement tools). The moment of activation of the ad-
aptation algorithm is determined by the control system of the CC in case of violation of
acceptable limits on response time, change of controlled parameters of the system (for
example, its total load) or system efficiency indicator above the limit values.

6. The stochastic nature of the main factors and the need to quantify mass processes
based on probability theory determines the use of the analytical model of cloud com-
puting as a multi-threaded and multi-priority queuing system with a mixed service dis-
cipline. The model takes into account probable failures and various features and has
arbitrary distribution laws for some probable processes. Then as a mechanism of adap-
tation of CC it is possible and expedient to use the technology of dynamic adaptive
mixed discipline of providing resources to users of CC.
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