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THE GENERALIZED MODEL OF SITUATIONAL PRIORITIES
IN ACCESS SYSTEMS

Leonid O. Uryvsky, Hanna S. Hakhova
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Objective. Under conditions of limited resources queuing system (QS) with disciplines of different priorities are a
powerful conflict-resolving tool. The aim of the paper is to generalize the model of situational priority service based on QS
with two streams for one or two servicing devices, and to offer possible scenarios for implementation of situational priorities in

access systems.

Methods. The generalized analytical model of queuing system was realized according to the Markov chains theory.
This model substantiates the best scenarios that justify the situational priorities implementation.

Results. The result is an analytical description of the generalized model of QS with two streams for one or two
servicing devices and the quantitative analysis of scenarios implementation of service priority in access systems. The
performance analysis for each stream and overall QS performance was conducted. The recommendations for effective usage of
priority service disciplines based on the proposed scenarios were given.

Conclusions. One of the possible scenarios of situational priorities algorithm implementation was proposed based on
the mathematical resource access model. The points of priority change by the selected value of system productivity were

illustrated based on the quantitative data.
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Introduction

Queuing system (QS) with priority service is a
tool to resolve conflicts related to the request servicing
resource limitations due to different significance or
different nature of the messages [1-3].

For example, requests coming to establish a
voice communication session belong to higher (1%)
priority and requests coming to organize the data
channel belong to lower (2"%) priority. The attempt to
establish a connection to transfer the message of the
appropriate type is registered as request of QS service.

The different variants of the priority service
(absolute, relative, combined, re-servicing) have
distinct characteristics and mathematical models that
allow calculating the characteristics of the systems [2-
4]. If the functioning conditions are changing in the QS,
it is important for each case to be able to choose the
best option for request-selecting criteria.

Situational priorities (SP)

The situational priorities present a separate
group of QS with priorities, where the choice of priority
discipline in the current time depends on the current
state of QS (the current situation) [2].

The waiting state is characterized by vector

X = [xl’ X2y s Xy )’Where Xi_ the number of
requests i-type in the system. Set of these vectors with

integer components forms the system states space.

X = {x - (xl_,xZ_, wany XN)}'
Let us assume that all this space is divided into
disjoint sets

xk(k=DJ_N)Jx= Uf:u Xiy Xp N Xg = @J
k +s.

The control strategy is defined for each such

x={kak=ﬂJ_N}

division
X = {xk’ k= D’ N}. If the system is in state of
subsets ¥k in the moment of making the control

decision, the V= Vl:xﬁf) =k control is assumed.
Control moments restriction is set depending on the
system type. The system where control strategy is
decided in the stated way is called SP system.

The different service variants have their
independent mathematical models that allow the
systems’ characteristics to be calculated [1].

Therefore, let us analyze the mathematical
model of telecommunication system resource access
with SP models.
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Problem formulation

Let us consider the QS with one servicing
device and two input streams of same or different
priorities that have numeric characteristics of requests
input intensity (Al, A2) and request service intensity
(nl, p2).

The model that combines all known QS request
service types [4] is presented as a state graph in Fig.1.

If we exclude the «2-1» state from the graph,
we have the system without priorities.

The variables A12 , pu21 and p22 are the
instruments of the priority system situational control in
the state graph that shows the generalized QS (Fig.1):

1. The system with two streams without priorities
and with one servicing device:

ﬂlZzo;ﬂzlzl;/'lH:O‘ (1)
2. The system with the absolute priority (with

absolute servicing break by the higher request)
should fulfill these conditions:

/Lz=ﬂl;ﬂ21=°°;’u22=0- (2)

3. The system with the relative priority (with
servicing break by the lower request servicing
finish) should fulfill these conditions:

Ae=Ac =1, 1, =0 )
The system with the combined priority (with
current lower request servicing break by the Aty
time interval) should fulfill these conditions:

A=A = L-ﬂnzo. (4)

7Al olu

The re-servicing system (with the current lover
request servicing resumption after a break):

/Lzzﬂ,,;l[[n:O}lLln:lul- (3)

Generalized QS description

Let us find the possibility of servicing device
idleness p . To do this, let us create the equations

system:

Py A+ A)=P U+ Py U,
Pri,=Py A+ P U,
P, + ) =Py A, P, U,

PZ—I(;u21+luzz)=P2'ﬂl2
P+ P+ Pt Py =1

(6)

Fig.1 Generalized QS with two streams and one servicing
device

Let us convey the possibilities of generalized
state graph: P, P,. P,  through the possibility of

state P and we will get:

e (7
P.=Pyp+Py Aty A
W+ A bl =ML M,
ﬂlz
A, 3
P.=P,
/112',[1
( 2+ﬂ/12_722)
“ 7
. )
P..=Py ﬂ fnﬂ
( 7+/112_ 5 =) 12
He H, #
where /'[12:/'!214-1[122. (10)

Let us put the obtained values into the norming
condition:

Pyt P+ Pt P,,=1 1D
Therefore, the possibility of servicing device
idleness P in the case of generalized QS:
1

cpe Al A A, N
l (ll’lz ﬂlz 112 ﬂzl)/’ll (ltl2 ll’llz 2/12 ﬂzl

1

" lz'ﬂrlz
(ﬂz.ﬂlz-’—ﬁ'n.ﬂzl)

P.=

(12)

Let us make sure that this formula suits the

models of known QS types when different conditions
are considered.
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1. The system without priorities with two streams
and one servicing device:: /’le =0; U, = 1;

ﬂZZ - 0 )
When we put these conditions into (12), we will get
(13):

1 1 (13)

1+p]+& 1+p1+p2

M,
2. The system with the relative priority should
fulfill these conditions:

212:2'1; ﬂ21:ﬂ2; ﬂzzzo'
Then from (12) we will get (14):
1

P,=

P.= =
1+IOI+ ﬂz.ﬂz.ﬂ" + 12 + ﬂvz'ﬂn
(ﬂ2'+/ll)ﬂz'ﬂ1 /'lz+/11 (ﬂ2+ﬂ'1)/’lz
1
I+ p A+ A: )+ A: (1+/11)

ﬁvl+ﬂ 2 2*l-i_ltlz ﬂ 2
(14)
3. The system with the absolute priority should
fulfill these conditions:
212221; ﬂﬂzw; IL[22=0'
Then from (12) we will get (15):

1 1
P,= =
1+ p + Adi | A (+ p )i+ A )
l (ILI:+/11)ILI1 ll'lz+/1l 1 ﬂrl+ﬂ2
(15)

4. The system with the combined priority should
fulfill these conditions:

iy =M s o
212 /11 ﬂZI_l_e_AtUﬂz llez
Then from (12) we will get (16):
1
Pl): =
1+p]+ 12'ﬂ2'11 " ﬂ/z 4 ﬂ,z'ﬂ,l ;
Wy DM 1A+ A) i,
B 1
L+ p 1+ A A 1+ ﬂ“)

)+
Actl, Atl, u,
(16)
5. The re-servicing system:
ﬂlz:ﬂl; ﬂ21=0; ll'lzzzll'll'

Then from (12) we will get (17):

P.= =
I+p.+ A: + A A

ll-ﬂl
TN - W,
H, L

1 1

(lu2+/11_
_ 1

PP, PP,

(17)
Considering the designations used above, in
particular, (1) - (5), the generalized formulae (12) can
be simplified (18):
(18)
1

1+p1+(%2.{ﬂ12+/1[2.{1+l[;21}
ﬂ12+ﬂ ﬂzl) 1

2

Po:

Therefore, the formula (18) is a generalized QS
description with five independent request servicing

types, where the variables ﬂu, 'um and quz are the

instruments of priority system situational control.
Situational priorities realization scenario

Let us consider the QS with two servicing
devices and two input streams of same or different
priorities that have numeric characteristics of requests
input intensity (Al, A2) and request servicing intensity
(ul, pu2).

Let us write the basic scenario of SP realization
in the access system based on four servicing disciplines:
without priorities, relative priority, absolute priority and
re-servicing.

For SP the priority type selection depends on
the scenario (the intensivities ratio) and on the
superiority criterion (e.g. productivity, loss probability,
waiting time and so on).

Let us model the situation where there are two
input streams in the QS with two servicing devices.

I*' stream — high quantity of short messages (for
example, emergency messages);

2" stream — low quantity of long messages (for
example, video download, when the servicing speed is
not important).

Let us illustrate the aforementioned servicing
model, using four servicing disciplines, by the unified
QS (Fig.2), where the variables A5, J1,; and i, are the
instruments of priority system situational control.

1. Given App = 0, ppy; = 1, g = 0 we have the
system without priorities.

2. The system with the relative priority should
fulfill these conditions: Ay = A, b1 = [, P =0.
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3. The system with the absolute priority should Fig.4 illustrates how the total productivity
fulfill these conditions: depends on A, for 4 servicing disciplines.
M2 =Ap, Py = 00, ppp = 0.
4. The re-servicing system: Ajp = Aq, fo; = 0, Ppo = veemrzsum namesin
158 18

o

abComoTHI TpiopHTeT
Ge3 mpioprreTis
BinHOCHHH npiopHTeT

08
11006CITyTOBYBaHHS

M
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Fig.4 Total productivity for 4 servicing disciplines.

By analyzing Fig.3 we can conclude that, the
Fig.2 Unified QS with two streams and two servicing devices best discipline for servicing the 1% stream in this
scenario is the relative priority until A, = 2024

Let us illustrate the productivity for every requests/hour (breaking point), then re-servicing
discipline and find the better one to fulfill our scenarjo ~becomes the best discipline; the worst is discipline

(see Fig. 3, Fig. 4). without priorities.
In Fig. 3 we designate the productivity as Yxy The discipline without priorities is the best for
’ .. nd . .
where x is one of the four servicing disciplines (1 —  Servicing the 2™ stream, while the worst is absolute

without priorities, 2 — relative, 3 — absolute, 4 — re-  priority, which is anticipated, because the absolute
servicing), y is the stream (1 — of the first one, 2 —of the ~ Priority is the most harsh to the second stream which
second). The productivities for the second stream are has lower priority than the first stream.

shown in dashed lines. Fig.3 shows that the relative priority has the
leading value of total productivity, but after A, = 144,7
VILYIZYLN22 YT 12 1442 requests/hour (breaking point) the re-servicing becomes

more appropriate. The discipline with absolute priority
is the worst, despite that for the 1% stream absolute
priority works effectively, denying the requests from
the 2" priority for servicing only the 1* stream.

%, 6es mpiopuretie

BiIHOCHI IpiopHTeT

Conclusion

AOROmoTE o 1. The QS class was considered here, where the
priority servicing mechanism is a tool for solving
\ conflicts related to the requests servicing resource
----..::::j::j\----, __________ limitations due to the different significance or nature of

1000CIyTOBYBAHHA

| Gl Sinininne.., messages. The SP disciplines are the separate group of
| ' QSs — the real-time priority discipline choice in
J el b L e - depends on the current state of QS.

2. The generalized servicing model for two
streams and one or two servicing devices and the
possible SP servicing in access systems implementation
scenarios were proposed..

3. The productivities for every stream and the
total system productivity were analyzed.

Fig.3 The productivities of the 1** and 2™ streams for
the 4 servicing disciplines
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4. One of the possible SP algorithm
implementation scenarios was proposed based on the
analyzed mathematical model of telecommunication
system resource access. There are points of priority
change control by the given value — total QS
productivity, in particular, points A and B (Fig. 3) and
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Ypuecokuii JI. O., I'axoea I'.C.
¥Y3arajibHeHa Mo/leJIb BUKOPHCTAHHSI CUTYallilHUX NPiOPUTETIB B cucTEMaX AOCTYMy

Meta pocaizxeHb. B ymoBax oOMexeHUX pecypciB cucTeMu MacoBoro oociyroByBaHHs (CMO) o6ciayroByBaHHS 3
NUCLUIUTIHAMY  PI3HUX TPIOPUTETIB € TMOTYKHUM IHCTPYMEHTOM TMOJOJaHHA KOHQIIIKTiB. MeToro paHoi poboTu €
y3araJlbHeHHSI MOJIeJli CUTyaliifHOro npioputeTHoro o0ciayroByBaHHs Ha mnpukiaaai CMO 3 nBoMa NMOTOKamMu Ui BUIAIKIB
OJIHOTO i JBOX MpuWJIafiB 00CIIyrOByBaHHS, @ TAKOX MPOTO3HULisS MOXJIMBHUX CLIEHApilB peaizallil CUTyaliliHUX MPIOPUTETIB y
cUcTeMax JOCTyIy.

Metoauka peanizauii. Ha mninctaBi BukopucTaHHs Teopii MapKiBChKUX JIAHLIOTIB peali3oBaHa y3arajlbHEHa
aHAJTiTUYHA MOJENb CHUCTEMH MacoBOro o0OciyroByBaHHs. OTpumaHa MoJenb AO03BOJAE OOIPYHTyBaTH Kpauli creHapil
peaizaril cuTyaniifHuX npiopuTeTiB.

Pe3syabTaT nociigkeHb. PesynbraToM € aHanmiTUUHUN onuc y3aranbHeHoi mozeni CMO 3 nBoMa MOTOKaMH AJist
BUMNAJKIB OAHOrO 1 JBOX MpuiaiiB OOCIYyroByBaHHs, a TaKoX KilbKiCHMH aHaji3 cueHapiiB peamnizauii cutyauiiHUX
MPiopUTETIB OOCIyrOBYBaHHsA B CHCTeMax NOCTymy. [IpoBeieHO aHaji3 MPOLYKTUBHOCTI Ui KOKHOTO TOTOKY i cymapHOi
npoayktuBHocTi CMO. 3anponoHoBaHO pexkoMeHAalii i e(eKTUBHOro BHMKOPHCTaHHS JUCLUILIIH IMPiOPUTETHOTO
00CITyroBYBaHHS Ul PO3IITHYTHX CLIEHapiiB.

BucnHoBku. Ha ocHOBI mpoaHalizoBaHOi MaTeMaTU4HOI MoJeNi JOCTyMy A0 PecypciB TeleKOMyHikalilfHOT cucteMu
3alIPpONOHOBAHUIl OAMH 3 MOXJIMBUX CLEHapiiB peanizauii aaropuTMmiB cuTyauiiiHux npiopuretiB. Ha mimcTaBi KilbKicHUX
JaHUX TPOLTIOCTPOBAaHI TOUKM YMpaBJIiHHS 3MiHOIO BHIYy MPIOPUTETY Ha KOPUCTh OOpPaHOro MOKa3HUKA — MPOAYKTHBHOCTI
CHCTEMHU.

K.11040Bi cj10Ba: cucteMu J0CTYITy; CUCTEMU MacOBOI0 0OCIyrOBYBaHHs; CUTyaLiiiHi NPiOpUTETU; TPOLYKTUBHICTb.

Ypoieckuii /1. A., I'axoea A.C.
O06001IeHHAs1 MO/IeJIb UCTI0JIb30BAHHSI CHTYAlIMOHHBIX MPHOPUTETOB B CHCTEMAaX A0CTyNa

Leas wuccnenoBaHMid. B ycnoBusiX OrpaHUYeHHBIX pPECcypcoB cucteM MaccoBoro ob6cnyxuanus (CMO)
o0CITy)KMBaHHe C JUCHUIUIMHAMH Pa3IMIHBIX NPHOPUTETOB SBISIOTCS MOIIHBIM WHCTPYMEHTOM MPEOIONICHHsT KOH(MINKTOB.
Lenbto naHHOW paboThI ABIAETCS 0000LIEHNE MOAEIN CUTYAalOHHOIO INPUOPUTETHOrO 00cyxuBaHus Ha npumepe CMO c
JByMs MOTOKaMM AJIsl CIydaeB OJHOTO U JIBYX MpUOOPOB OOCITYKMBAHUS, a Takxke MpeNI0oKeHHE BO3MOXKHBIX CIEHapHeB
pean3aly CHTYalMOHHBIX IPHOPHUTETOB B CHCTEMax IOCTYTIA.

Mertoanka peagm3anuu. Ha OCHOBaHWM WCIIONB30BAaHMS TEOPUH MAapKOBCKHX IeTieif peann3oBaHa 000OMmIeHHas
aHaTWTHYecKas MOJeNb CHCTEMBI MacCoBOro oOcmyxwBaHWA. [lodydeHHas Monenb TO3BOJseT  0OOCHOBAaTh
MpeANOYTUTENNbHbIE CLIEHAPUH PeaTH3alliy CUTYaI[IOHHBIX TPHOPUTETOB.

PesynabTaThl HecllenoBaHuii. Pe3ynabTaToM sABIISETCS aHATUTUYECKOe omnucaHue 06odmmeHHoi Mogenn CMO ¢ aByms
TIOTOKAaMH JUTS CITyYaeB OJHOTO M IBYX MPUOOPOB 0OCITyKMBAaHUA, a TAaK)Ke KOJIMIECTBEHHBIN aHAIN3 CIIEHAPHEB peaH3allii
CUTYal[IOHHBIX MPUOPUTETOB OOCIYKMBaHMS B CHCTeMax IocTyma. [IpoBeneH aHamM3 NMPOM3BOAUTENBHOCTH AJSI KaXIOTO
MoToka M cymmapHoit mpomsBomuresnisHocTn CMO. [lpemmoxkeHsl pexkoMeHmAUWH Ui 3(P(EKTHBHOTO HCIIOIB30BAHHS
JUCLMILUTUH MPUOPUTETHOTO 0OCITYKUBaHUS JUI pACCMOTPEHHBIX CLIEHApHEB.

BeiBoabl. Ha ocHOBe TpoaHaNW3MpOBaHHOW MaTeMaTHIECKOW MO NOCTYyTa K pecypcaM TeleKOMMYHHKAIlMOHHON
CHUCTEMBI MPEII0KEH OWH U3 BOSMOXHBIX CHEHAPHEB peaM3aliy aITOPUTMOB CUTYAIlMOHHBIX MpuopuTeToB. Ha ocHOBaHMH
KOJIMYECTBEHHBIX JAHHBIX MPOMILTIOCTPUPOBAHbI TOUYKU YNPABIEHWs W3MEHEHHMEM BMIA MPUOPHUTETa B MOJIb3Y BbIOPAHHOrO
TOKa3aTes — IPONU3BOIUTEIILHOCTH CUCTEMBL.

KnrodeBble ciioBa: cuCTeMbl [OCTYMa;
TIPONU3BONTENLHOCTb.

CUCTEMBI MacCCOBOI'0 06CJ'[y)KI/IBaHI/IH; CUTYaUlMOHHBIE TNPHUOPUTETHI;





