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This paper is devoted to investigation of a SIP congestion behavior under overload. The
hysteretic overload control mechanism is considered to avoid SIP server collapse and also
server working vacations was taken into account. In the paper a queuing model is introduced.
The algorithm for computing steady-state probabilities is derived.
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1. Introduction

With growth of deployment of IP based services and increasing use of SIP signaling
in NGN, necessitates providing mechanisms handling extreme traffic surges. Overload
occurs when the incoming request rate to a SIP server is beyond its processing ca-
pacity. If a SIP server becomes overloaded transaction delay increases. SIP requests
are retransmitted when adequate responses are not received in a predetermined in-
terval, in order to keep high reliable transmissions of SIP messages over UDP. The
retransmission further increases load and it can causes performance degradation of a
SIP server, that is, a significant reduce the server throughput, which causes the ma-
jority of calls to fail leading to a congestion collapse. At present, the SIP protocol
provides a basic limited mechanism for overload control through its 503 (Service Un-
available) response code, which stops the current session request. Unfortunately, this
mechanism is not effective and has numerous problems in actual deployment [1].

Various overload control mechanisms based on the basic one, which has different
rejection policies and metrics to predict overload condition are introduced in papers [2—
5]. For example, in the papers [2,3] queue length based algorithm using two thresholds
to detect server states was proposed. For the first time this mechanism was described
in [6]. It provides congestion control at the application layer.

The paper deals with a queuing model of the SIP server with working vacations and
hysteretic overload control mechanism. Major performance measures of the system can
be expressed in terms of the steady-state probabilities. To calculate the probabilities
the recursive algorithm is derived.

2. SIP Server Queuing Model

Let us consider a single-server queuing system, depicted in Fig. 1, with working va-
cations and hysteretic congestion control and denote it as M|Mz|1|0 < L < R < oco|WV
according to the modified Kendall classification. A Poisson customer flow arrives at
the system. Customers are queued and take service in accordance with congestion con-
trol algorithm. The server operates in two modes: normal and congestion. To detect
an overload we introduce two thresholds. When the queue becomes full the system
recognizes detecting a congestion and new arrived customers are discarded. So, when
the queue length becomes to be less than L, the system recognizes that the conges-
tion is removed and starts putting new customers into the queue. The server takes a
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working vacation at the times when the system is empty. During the vacation period
new arrived customers are stored in the buffer. The server takes another new vacation
if only there is no any new customer in the queue.
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Figure 1. Queuing Model

We denote nq (t) € {1,2} as the server state in the instant ¢, where state “1” means
the server is busy serving a customer and state “2” the server takes a working vacation.
We need also to specify whether control is on or not. Thus we let ny () € {0, 1} equals
0 or 1 to indicate the control is off or on respectively. The occupancy of the queue is

denoted by ns (t) = 0, R. Therefore the Markov process N (¢) = (n1,ng,n3) describes
completely the system over the state space

N=NoUN;, No={n:n1=1,2,n=0;0<ng<R—-1},
le{l’li (n1:1,2;n2:0;0<n3<R—1)\/(n2:1;nng)}.

The dependence of the intensity of customer arrivals on the system states is spec-
ified by the following relation

Am)=A-u((l—n2)-(R—n3)), nen, (1)

where w (+) is the Heaviside function. The qualitative interpretation of the dependence
is presented in Fig. 2.
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Figure 2. Hysteretic Congestion Control Mechanism

We assume the customer service time and the vacation durations to be exponen-
tially distributed with parameters u; and po respectively. We consider that station-
ary probabilities p,,non, = tlim P{N (t) = n}, n € N exist, and satisfy the system of

— 00

equilibrium equations
AP200 = H1P100, (2)

(A + p2) p20i = Ap20i—1, t=1,R—1, (3)
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H2P21R = AP20R—-1, (4)

(A + p1) proi = Au(4) proi—1 + paproi+1 + pep2oit1, i =0, L — 1, i=L+1,R -2, (5)
(A + p1) pror = Apror—1 + f1pron+1 + H2P20L+1 + H1DP11L+1, (6)

(A =+ 11) Pror—1 = AP10R—2) (7)

M1P11R = AP10R-1, (8)

piii = puig1, i=L+1,R-2, (9)

H1P11R—1 = H1P11R + H2P21R- (10)

In the next section we derive a recursive algorithm for efficient calculation of the
probabilities p,, nans.

3. Algorithm for Computation of Steady-State Probabilities

In the real situation the number of states is so large that problem of performance
evaluation becomes intractable. Therefore we propose a method for calculation of the
state probabilities. We express ppn n,n, i terms of pago, i-€., Pninans = TnynansP200-
The coefficients x,,,n,n, fulfill conditions formulated in the lemma bellow. In order to
find probability psgg, we make use of the normalization condition Z Dninans = L.

neN

Lemma 1. The coefficients Ty, n,n, obey the following relations

i R—1
A L — A A
Ta00 = 1, CCQOi—()\er) , t=1,R-1, leR_M.(/\JF/LZ) ,(11)

LA
100 — ul? (12)
T10i1 = py L [N+ p1) 2100 — M (1) 210i-1 — paTo0ir1], 4=0,L — 1,
. AMRe_r—2 + p2x21r A S > S SR
m:l:I.L—‘y-’L - /1/1 + )\BR7L72 b 1= 1’ R - L - 1’ (13)
Ti0r4+i = Aic1 — Biciziipy1, 1=1, R—L -1, (14)
A
T11R = 7 T10R-1; (15)
p1

where A; and B; are given by

Ag = pi" (Azaor, + Ax10L — p2T20n41) (16)
A = pi !t Moaor i + Aio1 — porortiv1), i=1,R—L—2,

B():l7 Bi:1+%Bi,1, izl,R—L—Q. (17)
1

Proof. We can clearly see that expressions (11) and (12) are derived from equa-
tions (2)-(5). Let us consider the way of formulas derivation for the remaining coef-

ficients 114, 1 = L+ 1, R and z19;, e = L + 1, R — 1. At first we obtain the auxiliary
equation by summing up the first L equations from (5)

L—-1

H1P10L — AD10L—1 = H1P100 — M2 Z D20i+1- (18)
i=0
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Dividing both sides of (18) by u; and substituting (11) we find

L
A A A A
- — 1= — . = — . 19
PioL NIPIOL 1 " <)\+M2> D200 MPQOL ( )

We rewrite equation (6) as

A A
P1oL+1 = T —P1oL + P1loL — 5 PloL—1 — &p20L+1 — P11L+1, (20)
31 M1 H1
and in view of (19) equation (20) takes the form

Prorse1 = py - (Az10r + Moo — HoTooL 1) P200 — PL1L 41 (21)

Then we rewrite expression (21) using formulas (16) and (17)

Pror+1 = Aop200 — Bopiir+1- (22)

Applying (22) into equation (5) when i = L + 1 yields
_ A
Prorte = Hy - (Aopaoo + 1 Aop200 — AProL — HaPaor+2) — PiiL+1 <Bo + Ml) . (23)

Then substituting the expression (16) for Ag in place of the coefficient of p; in (23)
we find

_ A
Pron+2 = My (Aopaoo + AP2or, — H2P20L+1 — [2P20L+2) — PI1L+1 <1 + m) . (24)

In view of the expression for paog and peog+1 given by (11) equation (24) takes form

_ A
Pron+2 = fy - (AMoZa0o + AT20L41 — H2T20L+2) P200 — P11L+1 (1 + Ml) . (25)

Continuing this procedure, we finally arrive at recursive expressions

PioL+i = Ai_1p200 — Bi71p11L+1, i=1, R—L—1 (26)

Thereby, the probability pior+: depends on psgo and piir+1 only, so the aim is to
express p11r+1 in terms of pagg. Combining the equations (8)—(10) yields the following
formula

A
P41 = - = PLIR-1 = —PloR—1 T —Do1r. (27)
H1 H1
Substituting the expression for pjgr—1 from (26) into (27) we obtain
A M2
PuL+1 = =PuR-1= o (Ar—rL—2p200 — BR—L—2p11L+1) + iy P21R- (28)

From equation (28) the probability piiz+1 obeys the formula

AR-L—2 + p2x21Rr )
p1+ ABr_r—2

PiiL+1 = 200-

Consequently, we have derived formulas (13)—(15), and the lemma is proved.
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4. Conclusion

In this paper the queuing model with the hysteretic overload control mechanism
is considered. The model also takes into account server working vacations. To make
the computation of the probability more simple the recursive algorithm was proposed.
The subject of future study is to specify SIP server model taking into account the
peculiarity of the arrival streams of SIP messages, service rates depending of the
message types and the hysteretic overload control.
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Aaropurm pacdera crammoHapHbIX BepoaTHocTeit CMO c

TUCTEePEe3NCHBIM yIpaBJIeHHEeM M HPOryJKaMu npubdopa
II. O. AGaesn

Kagedpa cucmem merexommyrukauyu
Poccutickuti yrnusepcumem dpyotcbv. Hapodos
ya. Muxayzro-Maxnaaa, 6, e. Mocksa, Poccua, 117198

B crarbe uccnemayercs momens dyukmumonupoBanus SIP cepBepa B yCI0BHSIX meperpy3Ku.
JJ1si KOHTPOJISI IePerpy3Ku cepBepa MPUMEHSIETCsl MEeXaHU3M T'HCTEPE3UCHOrO yIIPABJIEHUsI
Harpyskoit. Pazpaborana momens dpyuknuonuposanus SIP cepBepa B yCIOBUSAX MEPErpy3KH
C TIPOTYJKaMHU IpubOopa M TUCTEPE3UCHBIM yIpaB/ieHreM Harpyskoit. [Ipemoxken aaropurm
pacuera CTAIMOHAPHBIX BEPOSATHOCTEN (DYHKIMOHUPOBAHUS CHCTEMBI.

KuaroueBsie ciioBa: SIP cepBep, rucTeps3ucHOe yIIpaBJIeHHe, IIPOryJIKa Mpudopa.





