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Abstract. The paper presents a study of three queuing systems with a threshold
renovation mechanism and an inverse service discipline. In the model of the first type,
the threshold value is only responsible for activating the renovation mechanism (the
mechanism for probabilistic reset of claims). In the second model, the threshold value
not only turns on the renovation mechanism, but also determines the boundaries of
the area in the queue from which claims that have entered the system cannot be
dropped. In the model of the third type (generalizing the previous two models), two
threshold values are used: one to activate the mechanism for dropping requests, the
second — to set a safe zone in the queue. Based on the results obtained earlier, the
main time-probabilistic characteristics of these models are presented. With the help
of simulation modeling, the analysis and comparison of the behavior of the considered
models were carried out.
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1. Introduction

According to [1] the problem of congestion avoidance for communication
networks does not have a satisfying solution, so the development and the
analysis of new active queue management (AQM) algorithms appears to be
the actual task for researches [2]-[13| and practitioners [14]-[24].

In this paper we will consider queuing systems with probabilistic renovation
mechanism, which allows to adjust the number of packets in the system
by dropping (resetting) them from the queue depending on the ratio of
a certain control parameter with specified thresholds [25], [26] at the moment
of the end of service on the device (server) [27]-[29] in contrast to standard
RED algorithm, when a possible reset occurs at the time of the next packet
arrival and the control parameter is an exponentially weighted average queue
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length [30]—[34]. In our models the renovation mechanism uses one or two
thresholds (which determine as the place in the buffer from which the packets
are dropped, but also the place to which the reset of packets occurs).

The previous works devoted to the analysis of queuing systems with thresh-
old based renovation are [35]-[38]. In [35], [36] some aspects of using the
renovation mechanism (different types of renovation, definitions and brief
overview were also given) with one or several thresholds as the mathematical
models of active queue management mechanisms were considered. Some re-
sults of comparing classic RED algorithm with renovation mechanism were
presented. In [37] two queuing models with threshold based renovation mecha-
nism were presented: in the first model the threshold value is only responsible
for activating the renovation mechanism (the mechanism for probabilistic re-
set of claims), in the second model the threshold value not only turns on the
renovation mechanism, but also determines the boundaries of the area in the
queue from which claims that have entered the system cannot be dropped.
In [38] the queuing system with two threshold values (one to activate the
mechanism for dropping requests, the second — to set a safe zone in the
queue) for renovation mechanism was investigated. All three queuing systems
have been studied for the service discipline FCFS (First Come First Served),
and in this article we will present some results for the discipline LCFS (Last
Come First Served). The study will again be carried out using embedded
Markov chains. We will not consider in detail the derivation of the stationary
distribution of the number of customers (which does not depend on the ser-
vice discipline and presented in [37], [38]) and will focus only on the service
(reset) probabilities and on time characteristics.

The structure of the article is following. In the section 2 the results for the
queuing model, where the threshold value is only responsible for activating
the renovation mechanism, are presented; the section 3 is devoted to the
queuing model, in which the threshold value not only turns on the renovation
mechanism, but also determines the boundaries of the area in the queue from
which claims that have entered the system cannot be dropped. In section 4
the characteristics for the queuing system with two threshold values (one to
activate the mechanism for dropping requests, the second — to set a safe
zone in the queue) for renovation mechanism are presented. In section 5 the
results of GPSS simulation are considered. The last section 6 concludes the
paper with the short discussion.

2. The first model

Consider the GI/M /1/00 queuing system, shown in the figure 1, with
the implemented renovation mechanism and a threshold value @);, which
determines the boundary in the queue, starting from which the dropping of
customers begins. If the current number of packets in the system i < Q; + 1
(the threshold value @, is not been overcome), then none of the packets will
be dropped from the queue. If the current number of packets in the system
1 > @1 + 1, then with probability ¢ the packet finishing the service can drop
all packets from the queue and leave the system, or with probability p =1—¢
the serviced packet simply leaves the system.
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Figure 1. Queuing system model

2.1. The service probability and the loss probability for a received
packet

Let p{°) be the probability that the packet received in the system will

be dropped by renovation mechanism and let pSOSS) be the probability that
a packet arriving and finding in the system exactly ¢ packets will be dropped.

(loss)

Let p; "’ (x) be the probability that in a time less than x a packet that

finds other i packets in the system will be dropped. Then:

o0

pz(loss) _ /‘pggss)(ilf)dl',

0

where pg(;-ss)(:c) is the probability that in time less than x the packet, before

which there are ¢ other packets in the queue and after which there are other j
packets, will be dropped, 7,7 > 0.

Let T(IOSS)( ) be the probability density functions and let ,0( OSS)( ) be the
Laplace— StleltJes transforms. Then:

/

loss loss loss loss
@ = G @) el = [ @
a) If i + j+ 1 < @, the threshold is not crossed, then:

loss (loss)
/Z k' € MydA( ) ’L] k+1( y)

b)) Ifi+j+1>Q;,i+1<Q, then:

min(j,i+j+1-Q1) . p_q

loss u-x —ur — _
iy (@) = Z E—1)° hrepth g Ale)t

+/ Hy o—HY . pmm(k,z'+1+j—Q dA() 1053)(x_y).
0
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b2)Ifi+j+1>Q,i+1>Q,, then:

J
(My loss
+/kz e pRAA(y) T (2 — ).

Then for the Laplace—Stieltjes transforms pg(;.ss) (s) we have:
a) Ifi+j+ 1< @, then:

J
loss <_1) % loss
Pl (s) = Y ral(ut 5) - o (s).

b.1)Ifi+j+1>Q,i+1<Q,, then:

min(j,i+14+5-Q)

loss <_1)k_1'uk
A= Y '7?r5““1Mu+@ pFl gt
k=1
J
I Z mm (kyi+j+1— Q1) (k )('u + S) . pgl’?s_S)]f+1(s>
=0

b.2)Ifi+j+1>Q,i+1>Q, then:

J k-1, k
0SS _1 —(k— _
pig” (s) :Z((l@l'l)ﬁb () pE gt

J
loss
+ Z o (p+5) - p%) L (s).
=0

2.2. Time characteristics of the system

Let W) (2) and W) (2) be the distribution functions of the time spent
in the queue by the served and dropped packets.

2.2.1. Time characteristics for a served packet

Wi(’?-erv) () — the intermediary distribution function of the time spent by

the served packet in the queue, if there are ¢ other packets in the queue before
the considered one and there are j others after it. Then

serv serv) 1
(Z WZ ,0 > ' p(scrv) ’
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where steady-state probabilities 7, (i > 0f) are defined in [37], [38]. For

SeT v / . .
densities wgbj v) (z) = (WZ(ZG )(:E)) , we will consider several cases.

a) Consider the case when i+ j+ 1> Q, 0 <i < @,

j+1
:UJJ J

—6 Mxp(serV)A(x)—}—

wis () = i+1,5

i?j

/J’y min(k.j+i+1— serv
_|_/ k] e Hyp (k,j+i+1 Ql)dA(y)w’(L’Jili+1(x_y)’

=0

prin(k,jHi+1-Q1) — FkE<j+it+1— Q15
p]+1+17Q1,k>j+zfQ1 )

b) Let’s move on to the case when i > Q)

serv J+1x.7 SeI'V
wiV @) = E e A / Z 9 ot Al @ ).

If i +j+ 1> @, the threshold is not crossed, then:

Mj+1x]

) = e A / S il e )

The Laplase—Stieltjes transforms for derived densities.

Ifi4+75741<@Q,, then:

v ( 1) Iu]+1 ) 3 Serv
wig () = a0 (u+5) +Z B (i + ) (9),
—0
oo
W) / w(g’erv Je **dx — Laplace—Stieltjes transform.
0

If0<2<Q1,butl+j+1>Q1,then

(sem) () (=1t 0)
2,7 j!

J
n Z )+ s) - prinlkodtit1-Qy) -wgf‘;?iv,lﬂ(s).
k=0

(n+s) - p =y
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Ifi > @, then:

serv —1)/ ]+1 i

—1)*p"
) (serv)
fe i D (p+s) p3+; oW pts) pt w0 ().

2.2.2. Time characteristics for a dropped packet

WZ(I;SS) (x) — the intermediary distribution function of the time spent by

the dropped packet in the queue, if there are i other packets in the queue
before the considered one and there are j others after it. Then

1059 loss 1
(Z @ WZ ,0 ) ' p(loss) ’

For densities wgl’(;-ss) (z) = (WZ(IJO%) (a:)) , we also will consider several cases.

a) The first case is when i+1+j < @), so the selected packet can be dropped

only due to the reception of new packets in the system and overcoming the
threshold value

Y
loz,s / Z
k=0

b) for the second case, when i +1+j > @, (i + 1 < @), several subcases
should be considered:

e MdA(y)w! T (x —y).

z] k+1

b.1)

s min(4,i4+14+j—Q;) kak—l

0SS _ “Hr L phllg A
wy o (z) = ; Tk HELpth g A(m)+

[< (ny)" —py  min(k,it14j-Q;) (loss)
T Z k! € P 7 dA( ) zy k+1<x_y)‘
0

My loss
—l—/ o e MY . pEd A(y)w Ejfzﬂﬂ(x—y).
0

The Laplase—Stieltjes transforms for derived densities.
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a) For the case when i 4+ j + 1 < ), we have

J
loss loss
=3 EVE a0+ )9 (9)

k=0

b) For the case when i +j+1 > @, i + 1 < @; we obtain:
b.1)

min(j,i+1+5—Q1) k-1 k

loss (-1) v
Wg,j )(5): ; W a* Y(u+s) ph g+

j
+ Z ﬂ min(k,i+5+1-Q1) (k) (1) 4 5) . oloss) (s)
2 i p H i,j—k+1\9)

b.2)

k-1, k

J
(loss) . (_1) K —(k—1) k1,

J
loss
+§: o+ 5) - wlT L (s).
=0

3. The second model

The second queuing model is also GI/M /1/c0 queuing system, shown in
the figure 2, with the implemented renovation mechanism, but the threshold
value (); determines the boundary in the queue, starting from which the
dropping of customers begins and also determines the safe zone from where
packets cannot be dropped.

—_ ] O
Queue | Safe  Service
LIFO ' Zone device
o1

Figure 2. Queuing system model 2

If the current number of packets in the system 7 is less or equal to Q; + 1
(the threshold value @, has not been overcome), then none of the packets will
be dropped from the queue. If the current number of packets in the system
1 is greater then ), + 1, then with probability ¢ the packet, finishing the
service and leaving the system, will drop all packets from the queue (outside
the safe zone), or with probability p = 1 — ¢ the serviced packet simply leaves
the system.
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Let 7, be the steady-state probability distribution of the embedded Markov
chain that the packet comming into the system will find in it ¢ other packets
(1 >0) [37], [38].

Let p°) and pt™) be the probability that the received packet in the
system will be dropped from the queue or will be transferred to service device.

The pgserv) is the auxiliary probability that the packet will be served if it
finds other i packets in the system.

(serv) __ - (serv) -1 . q
P = D; T, = T, .
zz:(; U (1-g)(1—pg)

(loss) 1— (serv) _— 1—1(1—= . q
g g ( e =g (1—pg) )’
p(loss) -7 L q )
G (1—g)(1—pg)

3.1. Time characteristics of the system

3.1.1. Time characteristics for serviced packets

Weev) (z) is the cumulative waiting time distribution function for the

accepted into the system packet, Wi(serv) () is the cumulative waiting time

distribution function for the accepted into the system packet, if at the moment
of its arrival there were i other packets in the system. Then:

1 = serv
W(serv)(x) _ Z Wz( )(.CC) -,
i—0

p(serv)

/

W(sorv) (il?) _ <W£scrv) (l’))

(2 (2

— probability density function.
/

The auxiliary functions WZ.(Z‘?W) (z) and WS;W) (x) = (W;f;rv)(m)) (1,5 > 0)
are the distribution functions and the densities of distribution functions of
the time spent by the served packet in the queue, if there were 7 other packets
in the queue before the considered one and j others after it.

a) If + = 0, then the cumulative distribution functions Wi(serv)(a:) =1,(x=

0). b) If 0 < i < @, — (the safe zone is not completely filled) then the

received in the system packet will be in the safe zone (cannot be dropped).
Then

W) = e Ale) + [ ea(y) -l @ =)
0

b.1) 0 < i+j < Qq, 7 > 0 (taking into account the packets that came after
ours), the threshold value ); has not been overcome in the queue, that is,
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the renovation mechanism has not turned on. Then

H‘H_I.IJ

ngerv)(x) i eHT . (m)+/z ¢ A A(y) - w ZserkH(ac Y).
0

b.2) Q; < j+1 (j > 0) the renovation mechanism was activated, but our
packet is in a safe zone. Then

I+l

(serv) ¢y — J—(Q1—1)+1 . 4 —px A
w,. () = P x)+ qe Ax)+
) =y @+ 5= (x)
1+(j—(Q,—4)-1) k+Qq—i k+Q,—i—1
- . . ,u 1 x 1 o _
+ — —2)—=k)- y BT A(x)+
+ [emaaw wisle -+
0
Ti—(Q—1i)—1 (My)
s [3 BEe praat) W e )+
0 k=1
r 7 (,Uy) —py | i—Qy—i (serv)
[ e @A) W —y),
o k=1-(Q:—1)
ey J—(Q1-1) uHQﬁimel%fl .
wir™ (@) = Foli = (Qu—1)— k) e Al)
J o k 1 <k§+Q1_Z—1)'
[T ()t (serv)
k serv
+/ ; T MY pPdA(y) - w Ufkﬂ(x—y)Jr
] -

:U’y) i— i serv
e p AT dAy) Wi (e — ).

_I_
D\
B

c) i > @, +1 — at the time of receipt of our packet, the safe zone is filled
and there are packets outside the safe zone — the renovation mechanism is
enabled. Then

x

w57 = ey A+ [ i) wiTe -

i J
serv T e G1Tr Y (serv
W) = B ey ) [ Y Ve o)
0
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3.1.2. Time characteristics for dropped packets

Let W) (z) be the cumulative distribution functions of the time spent
by the packet in the queue before dropping.

0SS 1 G loss
w )<x> = o) . Z Wi( )<aj)7ri.
1=0

o) (x) is the conditional probability that in a time less than = the packet

7

that has found exactly ¢ of other packets in the system will be dropped from
- “q “q /
the queue. The auxiliary functions Wi(};-m) (x) and wg’;sb)(x) = (Wi(};sb) (:1:))
(i,j > 0) are the distribution functions and the densities of distribution
functions of the time spent by the dropped packet in the system, if there were
1 other packets in the queue before the considered one and j others after it.
a) 0 < i < @ (that is, the system was either empty, or at least there was
one free space in the safe zone)

b) Q) <i (1> Q) +1)

w9 (2) = pe g - A(z) + / e MdA®) - W (z — ),

0
(loss) A ,LLkCL'kil —
@3 e A+ = Q= kA
g k Jj—k
(Ny) — loss
b S e om0 W )

4. The third model
Consider the GI/M /1/oo queuing system, shown in the figure 3.

A O L
Queue | Service
LIFO | ! device
Q1 @

Figure 3. Queuing system model 3

In this section, a single-server queueing system with an infinite queue
capacity and two threshold values is considered. Threshold values:
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— () — the threshold value in the queue, when overcoming which by the
queue length packets (from @, + 1) will be dropped from the queue with
a probability q.

— ()5 — the threshold value in the queue to which packets are dropped (i.e.
packets standing in the queue up to the @, threshold are not dropped).

4.1. The service probability and loss probability of the received
packet

Let’s introduce the probability p®*) that the packet, entering the system,

will be served, auxiliary probabilities pgsm) (# > 0) of incoming packet to

be served if there were other i (i > 0) packets in the system, and auxiliary
(serv)

probabilities p; ; () that during the time z the packet, which found exactly

i other packets in the system at the moment of arrival and behind which
there are 7 more packets, will be served

p(serv) — EberV)Trz’?
=0
where m; — the stationary probabilities [37], [38].
Let’s consider several cases

a) The first one, when the System is empty: p(serv) = 1.

b) The second case is when 1 <17 < @5, sop Se”) =1.
c) The third case @, <@ < Q) 1ncludes two subcases:

c.1) the first subcase, @, +1 < i+ 147 < @, +1 — the @, threshold in
the queue has not been overcome (taking into account the packets after the
considered one), that is, the renovation mechanism has not turned on

SeTV 3 ]+1 Serv
) = Aa) - (B e / Z U Ay) ).

c.2) the second subcase, i + 1+ j > @Q; + 1 — the @); threshold in the
queue has been overcome, so the renovation mechanism has been activated

j+1
(serv) <JJ> _ Z(JJ) . (/’Lz)j e HT pi+j+1—(Q1+1>+

,uy)k —uy de (serv) .
+ Z k! € b ( ) ng k—&-l(m y>+

/ D) mspi-aaa(y) - p). e~ )
k_

k! p; ,j—k+1
0 72+]7Q1+1
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d) the fourth case is when the @), threshold in the queue has been overcome
at the moment of the arrival of the considered packet, (i > @) so the
renovation mechanism has been already activated

xT

(serv) I . (Mx)j+1 —px,j+1 / ! (My)k
Py (@) = A) e P ,; Kl
o k=

e MprdA(y) - pi iz —y),

oo

e = o

0
Loss probability of the received packet

p(loss) — ipz('lOSS)ﬂ-iy

=0

where pgloss) — the probability that the incoming packet will be dropped if

at the moment of its arrival there were i, ¢ > 0 other packets in the system,

and pg(;ss) (x) is the probability that in time less than x the packet, before
which there are ¢ other packets in the queue and after which there are other j
packets, will be dropped, 7,7 > 0.

(loss) . .
a)pl _071_07Q27
b) @, <t < @, the threshold value of ), has not been reached at the time
of receipt;
b.1) i + 1+ j < Q; +1 — (the threshold has not been crossed even taking
into account the application that came later)

y .
J k
loss (:uy) _ loss
pgﬁj )(:I)) - /Z k! e MdA(y) 'pz(‘,j—zwl(x —y).
0
b.2) i+1+j > Q,+1 — (the @, threshold was overcome due to applications

after the incoming one)

it j+1—(Qq+1) (i)

(@) =A@ Y e et

k=1 '

[ (py)* (loss)

+ Z Teiuypde(y)pi;bijrl(x o y)+
k=0 '
0

[ - (:Uly>k — i+i—Q (loss)

- > e A dAW)p; T (- ).

k=i+j—Q,+1 ’

0
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k
wy — loss
) ”yp’“dA(y)pE,ij(x —y);

4.2. Time characteristics of the system

Let W) () and W) (z) be the cumulative distribution functions of

the time spent in the system by the packet before being dropped or served.
. . (serv (serv) serv) / (loss

The auxiliary functions Wi,;r )(m) and wfjr (x) = (I/VZ-(;-eI (a:)) ) WZ;S )(m)
and WEIE%)(:I:) = (Wi(;‘?rv) (x)> (7,7 = 0) are the distribution functions and the
densities of distribution functions of the time spent by the served (lossed)
packet in the queue, if there were ¢ other packets in the queue before the
considered one and j others after it. Then

Serv 1 G Serv
we )(x>:p(serv)zwi(,j )(@'%
=0

0SS 1 = loss
Wloss) () = s Z Wi(,j )(x) T

=0

a) If a packet enters the empty system (i = 0), it immediately starts to be

served.
serv 0, x<0,
Wg,o )(x) = {
1, x>0,

W (s) = / e Wl (2)d(x) = 1,
0

loss
Wé,o )(l’) = 0.

b) If the total number of packets in the system has not overcome the
threshold @, (0 < i< @y, 71+ j+ 1< @), then the considered packet will
be in the safe area and the renovation mechanism is not enabled.

x

wio (z) = A(x) - pe e + / e MdA(y) - Wi (@ — y).
0
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W(serv)(m) . Z(I)Mj+1xj e—HT 4 i (My)k _“ydA< ) . W(serv) (l‘ . )
i,J - 4 Ll Y iy j—k+1 Y)
o k=0
serv <_1)j,uj+1— i d <_/J’>k serv
wg,j )(S) = Ta(])(s + :U’> + kzg X X Oé(k)(S + /L) : w;j_,iH (S),
(loss) .
i (x) =0.

c¢) The case, when at the moment of arrival of the considered packet there
were 0 < i < ), other packets in the system (our packet was in the safe
area), but currently the total number of packets in the system is equal to
i+ j+ 1> Q@ (so the renovation mechanism is enabled)

serv wtigd o =
5 @) = Ee e A )+
Fiti1-Qy k Qi1
= (1y) (wlx—y)=™"
+ Az / e MpFgudy e HEy) 4
+/ Z Teilmpkilqu(y)WSgZ)_i_1+1(5’3 —y)+
k=0 '
0

Y i+j+1— serv
s W srncaaagwiT),
o k=it+j+1-Q,—1 ’

d) The case, when at the moment of arrival of the considered packet there
were (0, < i < ; other packets in the system (our packet was out of the safe
area), includes several subcases.

d.1) The first subcase — currently the total number of packets in the system
is @y < i+ 7+ 1< @ (the renovation mechanism is not enabled)

(serv) - A /J/j+137j —px . (:uy>k “mydA (serv)
Wi () = A(z) 41 € + Z Ll x e MdA(y) - Wi,j—kﬂ(x —Y),
0 k=0
Ti+i+1-Q, 1y
loss _ loss
WE’j )(x) = / kz ﬁe HYd Ay - W;j_)kﬂ(x —y).
—0 :

0

d.2) The second subcase, when currently the total number of packets in
the system has overcome the threshold @, (i +j+1 > @), so the renovation
mechanism is activated
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1Y) serv
+ / S e Ay W =)t

LS
+ Z —; P te MdA(y) - Wi,j_k+1<x —Y),
k=itjt1-Q,+1

B e R
w3 (@) = Ala) e

2,7

'pkflqefum_i_

1+J+1 Ql k;

[LU, _ loss
/ VR phemmvdA(y) - %)y (o — )

N / Z (py)* pi+j+1—Q1@—ﬂydA(y)-W&{(;Sj)]g+1(1'_y)~

ok
k=it+j+1-Q,+1

e) The last case, when the threshold @), was overcome (i > @) at the
moment of our packet arrival

j+1
Mj J

T g

serv Y T (:uy
wi™ (z) = A(z) Tc H pﬂ“+/2}
=

e pFdA(y)-wi™),  (z—y),

(loss) _ AR Hkmk_l
iy ( ):A(x)z(k;—l)'e e ph=t g4
k=1

5. GPSS simulation results

Below (see table 1) is presented a table with GPSS simulation results that
was performed with the following initial parameters: threshold value ; = 30,
arrival rate — 14 task per 1 unit of time, service rate — 16 task per 1 unit
of time, and the simulation time is 100000 units of time) for different drop
probabilities.

The table 2 shows the results of GPSS simulation that was performed with
the following initial parameters: arrival rate — 14 task per 1 unit of time,
service rate — 16 task per 1 unit of time, ¢ = 0.01, and the simulation time
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is 100000 units of time) for different threshold values. For the third model
the threshold value @, = 10.

Table 1
Simulation results for different drop probabilities
q propability 0.0025| 0.005 | 0.01 | 0.025 | 0.05 0.1 0.15
sys.1{1401525|1401566|1401134(1400127{1400915|1399127|1398795
Generated
. sys.2(1400992|1401374|1401547{1400816(1401421|1400971|1401135
tasks
sys.3(1401647|1401379(1400564(1400333({1400889|1400251|1399581
Serviced sys.1{1400084|1398863|1396791(1394210(1393457|1389597|1389540
ervice
. sys.2(1400752|1400843|1400879(1399692(1399428|1399166/1399030
tasks

sys.3|1400537|1399411{1397201|1395975|1395643(1393555|1393104
Serviced tasks |sys.1{1379233|1381969|1385859|1388162|1388647|1386899|1387651
without calling |sys.2|1378347|1381669|1385318|1388493|1387780|1391338|1391897
the renv. mech.|sys.3|1379887|1382616|1385828|1389605|1390628|1390814/1391166
sys.1| 1436 | 2698 | 4332 | 5917 | 7456 | 9530 | 9249

Dropped
sk sys.2| 240 527 663 1117 | 1984 | 1803 | 2104
asks
sys.3| 1091 1967 | 3357 | 4357 | 5240 | 6696 | 6472
Sorvi sys.1| 0.9990 | 0.9981 | 0.9969 | 0.9958 | 0.9947 | 0.9932 | 0.9934
ervice
sys.2| 0.9998 | 0.9996 | 0.9995 | 0.9992 | 0.9986 | 0.9987 | 0.9985
Probability
sys.3| 0.9992 | 0.9986 | 0.9976 | 0.9969 | 0.9963 | 0.9952 | 0.9954
- sys.1| 0.0010 | 0.0019 | 0.0031 | 0.0042 | 0.0053 | 0.0068 | 0.0066
ro
P sys.2| 0.0002 | 0.0004 | 0.0005 | 0.0008 | 0.0014 | 0.0013 | 0.0015
Probability
sys.3| 0.0008 | 0.0014 | 0.0024 | 0.0031 | 0.0037 | 0.0048 | 0.0046
sys.1| 6.0930 | 5.9230 | 5.7090 | 5.5240 | 5.4820 | 5.3080 | 5.2360
Average

sys.2| 6.1800 | 6.0780 | 6.0220 | 5.8580 | 5.9530 | 5.7980 | 5.8550
sys.3| 6.1230 | 5.9360 | 5.7330 | 5.5720 | 5.5560 | 5.4120 | 5.3290

queue length

sys.1| 92 71 63 67 54 46 43
Maximum

sys.2| 92 64 61 65 60 51 49
queue length

sys.3| 92 71 71 67 54 46 43

sys.1| 0.497 | 0.483 | 0.467 | 0.453 | 0.449 | 0.437 | 0.431
sys.2| 0.503 | 0.495 | 0.491 | 0.478 | 0.485 | 0.473 | 0.478
sys.3| 0.499 | 0.484 | 0.469 | 0.456 | 0.454 | 0.444 | 0.438

Average

waiting time
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Table 2
Simulation results for different threshold values
Threshold 10 20 25 30 40 50 75
value @),
o 1 sys.1/1399202|1401573|1401188(1401134|1399645(1400335{1400451
enerate
. 8ys.2/1399603|1400523|1399393|1401547|1402003|1400032(1399596
tasks
sys.3/1399603|1400753|1400647|1400564|1399680({1400321(1400448
Sorviced sys.1/1368353/1389618|1393927|1396791|1398462(1399917|1400367
ervice
. sys.2|1387180(1397457|1397721|1400879|1401813(1399986(1399562
tasks
sys.3|1387180(1393344(1395743(1397201|1398764(1399969(1400374
Serviced tasks [sys.1/1166280|1343186|1370099(1385859|1394747/1398969|1400319
without calling |sys.2|1145456|1336931(1365038|1385318(1396545|1398819(1399341
the renv. mech.|sys.3|1145456|1346681(1372422|1385828/1395050(1399021|1400326
sys.1| 30833 | 11955 | 7261 4332 1176 407 83
Dropped
. sys.2| 12423 | 3065 1672 663 190 42 33
tasks
sys.3| 12423 | 7409 4902 3357 916 337 73
Sorvi sys.1| 0.9780 | 0.9915 | 0.9948 | 0.9969 | 0.9992 | 0.9997 | 0.9999
ervice
sys.2| 0.9911 | 0.9978 | 0.9988 | 0.9995 | 0.9999 | 1.0000 | 1.0000
Probability
sys.3| 0.9911 | 0.9947 | 0.9965 | 0.9976 | 0.9993 | 0.9997 | 0.9999
D sys.1| 0.0220 | 0.0085 | 0.0052 | 0.0031 | 0.0008 | 0.0003 | 0.0001
ro
P sys.2| 0.0089 | 0.0022 | 0.0012 | 0.0005 | 0.0001 | 0.0000 | 0.0000
Probability
sys.3| 0.0089 | 0.0053 | 0.0035 | 0.0024 | 0.0007 | 0.0002 | 0.0001
sys.1| 4.564 | 5.273 | 5.5330 | 5.7090 | 5.9110 | 5.934 | 6.158
Average
sys.2| 5.069 5.7 5.8540 | 6.0220 | 6.0780 | 6.014 | 6.089
queue length
sys.3| 5.069 5.37 |5.5630 | 5.7330 | 5.9210 | 5.933 | 6.158
sys.1| 67 64 71 63 80 76 &9
Maximum
sys.2| 67 75 62 61 64 76 102
queue length
sys.3| 67 75 59 71 80 76 89
sys.1| 0.381 | 0.433 | 0.454 | 0.467 | 0.484 | 0.485 | 0.502
Average
sys.2| 0.418 | 0.466 | 0.479 | 0.491 | 0.496 | 0.491 | 0.497
waiting time
sys.3| 0.418 | 0.441 | 0.456 | 0.469 | 0.485 | 0.485 | 0.502
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6. Conclusion

Based on the simulation results 1, the following conclusions can be drawn.
The largest number of dropped packets, as expected, is observed in the first
model, the smallest — in the second model (due to the safe zone). The third
model shows an average result compared to the first and the second models.
The largest number of serviced packets is in the second model, then — in the
third model. The smallest number of serviced packets is in the first model.

The probability of a packet to be dropped is about five times greater for
the first model than for the second model, and 20-30 percent more than for
the third model.

The average waiting time for the second model is about 5-10 percent greater
than the same characteristic for the first and third models.

As the value of the renovation probability g increases, the drop probability
increases for all three models, and the service probability decreases accordingly.
Also, with an increase of the renovation probability ¢, both the average and
maximum queue lengths decrease, and the average waiting time also decreases.

Based on the simulation results 2, the following conclusions can be drawn.
With an increase of the threshold value (), responsible for switching on the
renovation mechanism, the number of dropped packets decreases for all three
models (the second model is characterized by the smallest number of dropped
packets), the service probability increases to unity (the second model), and
the drop probability decreases almost to zero. The average and maximum
queue lengths increase, and the values for the first and third models become
approximately the same. The average waiting time also increases, and again
for the first and third models, the values become approximately the same.

The third model, which generalizes the first and the second models, shows
average results compared to the above models, and is more preferable for use
as a queue length management model.
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Ananu3 cucteM MaccoBOro OOCJIY>KWBaHUSI C TOPOTOBBIM
MeXaHU3MOM OOHOBJIEHUS Y MHBEPCUOHHOM IUCIATIIIMHOMN
0o0CITy>KBaHUST

. C. 3apsmos' ?, Makmam K. K. Buana!, T. A. Musosanosa'

L Poccutickuti yrusepcumem dpyoicvs napodos,
ya. Muxayzo-Maxaas, 0. 6, Mocxsa, 117198, Poccus
2 Huemumym npobaem undopmamuru,
Dedeparvroli uccaedosamenverutlt uenmp «Urnpopmamura u ynpasserues PAH,
ya. Basuaosa, 0. 44, xop. 2, Mockea, 119333, Poccus

Awnnoramnusa. B pabore mpencTaBiIeHO HCCIEI0OBAHNE TPEX CUCTEM MACCOBOTO OOCITY-
JKUBAHUsS C ITOPOTOBBIM MEXaHU3MOM OOHOBJIEHWS W WHBEPCUOHHON IUCITUILIUHOMN
obciykuBaHus. B Momem epBoro TUia IMOporoBoe 3HAYEHNE OTBEYAET TOJIBKO 32 aK-
TUBAIUIO MeXaHN3Ma OOHOBJIEHUSI — MEXaHU3Ma BEPOSITHOCTHOTO cOpoca 3assBOK. Bo
BTOPO# MOJIE/IA TIOPOTOBOE 3HAYEHNE HE TOJHKO BKJIIOYAET MEXaHU3M OOHOBJIEHU, HO
U OTIpejieidgeT B HAKOIMTE e TPAHUIBI 00IaCTH, U3 KOTOPOH IMOCTYIUBINNE B CUCTEMY
3asBKHU HE MOTYT ObITH COpOIlEHbl. B Moe i TpeTbero Tuma, 0600IIaoIeil Ipebl-
JYIIUe JIBE MOJIEJIH, UCIIOJIB3YIOTCH JIBA MOPOTOBBIX 3HAYCHUS: OIHO JJId aKTUBAIIUN
MexaHu3Ma cOpoca 3asdBOK, BTOPOE — JIJId 3aaHus 0€30MMaCHON 30HBI B HAKOIIUTE/TE.
Ha ocHOBe moJiydeHHBIX paHee pe3ybTaTOB IPEJICTABIEHBI OCHOBHBIE BEPOSTHOCTHO-
BpPEMEHHBIE XapaKTEPUCTUKU PACCMOTPEHHBIX Mojeseil. C MoMOIIbI0 KMUATAIMOHHOIO
MOJIETUPOBAHUS MTPOBEJIEH AHAJIM3 U CPABHEHUE MTOBEJIEHNS U3YUYEHHBIX MOJIEIEN.

KiroueBble cjioBa: CUCTEMa MaCCOBOIO O6Cﬂy}KI/IBaHI/IH, AKTHUBHOE yIIpaBJIEHUE OYe-
Peabo, MEXaHU3M O6HOBJI€HI/IH, IIOPOroBoe 3Ha4YeHNEe, BpEMEHHbIEC XapaKTECPUCTUKU,
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