Optimal buffer partition for provisioning QoS of wireless network
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Abstract: Next generation wireless network is evolving toward IP-based network that can various provide
multimedia services. A challenge in wireless mobile Internet is support of quality of service over wireless access
networks. DiffServ architecture is proposed for evolving wireless mobile Internet. In this paper we propose an
algorithm for optimal buffer partitioning which requires the minimal channel capacity to satisfy the QoS
requirements of input traffic. We used a partitioned buffer with size B to serve a layered traffic at each DiffServ

router. We consider a traffic model with a single source generates traffic having J (J 2 2) quality of service ((oS)

classes. QoS in this case is described by loss probability € for QoS class j. Traffic is admitted or rejected based on

the buffer occupancy and its service class. Traffic is generated by heterogeneous Markov-modulated fluid source

(MMFS).

L. Introduce

Provision of various real-time multimedia services to
mobile users is main object of the next-generation
wireless network, which will be IP-based and
interwork with the Internet backbone. The major task
is provision of QoS guarantee over IP-based wireless
access network. There are two main architectures for
QoS provisioning in IP network, the intergrated
(IntServ) and differentiated
(DiffServ). In IntServ architecture uses Resource

services services
Reservation Protocol (RSVP) to explicitly signal and
dynamically allocate resources at each intermediate
node along the path for each traffic flow, which the
heavy signal overhead reduces the utilization
efficiency of the wireless bandwidth. DiffServ
approach uses a much coarser differentiation model to
obviate the above disadvantages, where packets are
classified into a small number of service classes at the
network edge [1]. The DiffServ services has been
proposed as an efficient and scalable traffic
management mechanism to ensure Internet QoS
without using per-flow resource reservation and per-
flow signaling.

A simple and efficient approach to differentiate
services is to use the priority structure. There are two
kind of priority structure. One is priority queue, each
class of traffic with certain QoS requirement enters a
separate queue granted a certain priority, and the
traffic in buffer with higher priority is served before
traffic in buffer with lower priority. Elwalid and Mitra
[2] analyzed a two-priority queuing system supplied
with Markov-modulated fluid source. Berger and
Whitt [3] consider the case of network nodes that use a
priority-service discipline to support multiple classes
of service, and determine an appropriate notion of
effective bandwidths. But in this structure, it has some
drawbacks: the buffer utilization is inferior, the cell of

different priority emanate from a single source, then
having separate buffers for QoS requirement forces
resequencing at the destination.

The other priority structure is to serve traffic with a
partitioned buffer [4], which can provide difference
loss-priorities while keeping the order of packets from
the same microflow. Kulkarni, Gun and Chimento’s
earlier study gave valuable insights into the bufer
partitioning problem. In [4] and [7], they have
calculated optimal partitioned buffer. However, it is
too complicated and has not been addressed in
heterogeneous system. In this paper we propose a
general algorithm to determine the optimal buffer
thresholds for a partitioned queue, similar to [4].

The paper is organized as follows. Session II describes
the system model. Session III describes fluid model
analysis, Session IV presents algorithm for calculating
optimal partitioned buffer. Session V shows an
approach to adaptively adjust the threshold vector for a
high resource utilization in a heterogenecus
multiplexing system.

I1. The system model

Consider a system with a partitioned buffer of size B,
where input traffic is from Markov modulated fluid
source and output traffic is served by a channel of
constant capacity ¢. Let S be the state space and M the
generator matrix of the Markov chain. At stete

I (i €S ), the source generates traffic of class
J (1 <js<J ) fluid at rate /. Admission policy is
based on a space reservation scheme, using threshold
{B_i,l SjSJ}. Let X(t) be the amount of fluid
of all classes in the buffer at time t. When
Bj_, < X(t) < Bj (l <Jj< J), only fluid of classss

{j,j+l,...,J} is admitted into the buffer. In this
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case the diagonal rate matrix is termed as A’, where
Al = r:jki' . Let G(BJ.) be the long-run
probability tlhat the buffer content is equal to or above
the threshold B, , ie, G(B;)0 Pr(X =B;). we

consider this probability to be the loss rate of class j
fluid. The QoS is satisfied for all the traffic class if

G(Bj)Ssj _ Vje{l,Z,...,J} where
€, >€,>..>¢,>0

The Markov-modulated fluid source can be a single
source or the aggregate K (K>1) statistically
independently Markov-modulated fluid sources. For
simplicity of discussion, we consider the case of single
Markov-modulated fluid source, however the results
also apply to the aggregate of K independent sources.

HI. Fluid model analysis

Let £ and X denote the stationary of state of the
Markovian source and the buffer occupancy. Let

14 (x) denote the steady-state distribution of the
buffer occupancy, where T (x) = {Trs (x)|ses }
and 7 (x)0Pr(X<x,Z=5)

1<j<J, use

(x=20). For

notation n’(x)=mn(x)

(B;., S£x<B;). According to [4], the governing

-1 =

differential equations of buffer sharing system is
d . . .

—n/(x)D’ =n’ (x)M

dx

(B <x<B,1</<J) (1)

Jj-1 =

where the drift matrix D0 A’ —cI and I is identity
matrix. The spectral solution to (1) is given by

()= aldle (1<j<J), where
(Z‘f 0 r‘i ) is an eigenvalue/eigenvector pair. Such pairs
are solutions to. the eigenvalue problem
20D =pM (1<j<J) )
After solving all the coefficients a'ri , the loss rate of
class j fluid can be calculated by
G(B,))=1~) n (B})

se§ - ' / (3)

=1-Ya/(§/,1)e™ (1<j<J)

The symbol <,> denotes the inner product of vectors

and 1 is vector in which all elements are unity.
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Where the size of the state space S is large and the
number of loss priorities is more than 2 (J>2), the

calculation of coefficients {a;,’. } from boundary
conditions becomes quite complex. If we have

B, >w,andg;, 50 (1<;<)) (4)
we can use only the dominant eigenvalue item to
approximate the loss function G(.) [5]. Let Z]j denote

the main eigenvalue solved from (2). In [4] proves that
in case of (4) we have

G(B,)~]explz(B,~B,,)] (1<j<J) )

r=1

IV. Optimal buffer partitioning

For simplicity, when a Markov-modulated source
generates J class fluids and is served by a buffer
partition by J-1 thresholds, the fluid loss rate of each
class can be approximately calculated by:

G(B,) = Jexplzl (cXB.~B_)) (1<j<J) (©6)

z; (¢) emphasizes that QoS is directly affected by the

channel capacity c¢. In this equation, when other
parameters are fixed, the choice of
B =(B.B,,..B,.)
capacity required to guarantee the QoS for all J classes.
Let B: = (B;,B;,...,B;_l) be the optimal threshold
vector that minimizes the required capacity c.

Let ¢; be the solution to G(B,)=¢, (I1<j<J),

determines the channel

for the QoS satisfaction, it is required that

chax{c,,cz,...,cJ}

[ Texolz{ (e XB, ~B..)]=s, (1<j<])

In [6], we have an approach to find the optimal
threshold vector B: . Under the QoS constraint, the

required channel capacity c achieves its minimal value

*

¢, if B, is adjusted to B such that

t
.

c=c,=..=c,lUc

A.  Two loss priorities

Consider a Markov-modulate fluid source generates
two classes (J=2) of fluid at each state, with

M,A,A,,€,,e, (M: generator matrix, A;: diagonal
rate matrix, € loss probability). The buffer begins

from B, (Bo) and ends at B¢ (B,), which is divided
into two parts by threshold B,. From (7), we have:

le(cl)(Bl -8B =lIng,

start / T



Zl‘ (CZ )(Bl - Bsran) + le (CZ )(BZ - Bend) = 11’182

With the optimal threshold B, ,¢, =c, =c  and (8),
(9) we have
— Ing,

1, * +Bxlan}—[Bcnd_ln8|2~lmn82‘ =0 (10)
_z(c) z (c)

From [7] we know that, the dominant eigenvalue for

any j is monotonic, strictly decreasing function of ¢
with value between the mean and peak rates of source.
We can solve ¢ from (10) by using standard iterative
root-finding techniques. After that we can calculate

B’ from (3).

B. Multiple loss priorities (calculation goes forward
Sfrom level | to level J-1)

We consider how to optimally partition a buffer with
J-1 threshold to provide J loss probabilities. At

B = B: , we have J equations:
i, * * €,
explz(c )(B;-By, )]:8—’— 1<j<J) (1

it

that are satisfied simultaneously with the solution pair
(c*,B:) , where BJ = O,B; =Band g,=1. We
extend B: :(B;,B]*,...,B;_I,B;) and define the
QoS vector € = (l,€,,€,,...,€ ) . Estimate of B:.

Step 1: Consider a virtual system, buffer B is divided

into two parts by BS]* with QoS vector € = (g,,€,).

Use approach in section A, we obtain (5‘* , Bl*)

Because QoS of traffic from class 2, 3,..., J-1 is the
seme QoS of traffic from class J, for the satisfaction of

=% * .
QoS requirements ¢, >c¢ . Because of monotonic

decreasing characteristic z,(1), z, (51*) <z/(c). In

case the input rate of virtual system is exactly the same
as that of the

exp[z/ (¢ ).B, ] = exp[z!(c').B ] =¢,. With

original system, we have

. . :* *
negative eigenvalues, we have B, < B,

Step j (2<j<J—1): partition the high-end of

j=1?

buffer in the previous step, [E B], by threshold

B; . Look at (11) and use approach in section A with

£, z .
parameters M,A/,_;,AM,&,,B;_I’B. And like
. €.

J-l J-

step 1, we have B: < B;.

We find B,* , the calculation g@és from level 1 to level

J-1.

C. Multiple loss priorities  (calculation  goes
backward from level J-1 to level 1)

Step 1: Consider a virtual system, buffer B is divided

into two parts by B;_, with QoS vector € = (€,,€ ).

Use approach in section A, we obtain (5;_] , B;_I)
Because QoS of traffic from class 1, 2,...,J-2 is ‘e
same QoS of traffic class 1 and less stringent QoS

% B R
requirement, thus ¢, , <c . z (') has monotonic

. por ) *
decreasing characteristic, z,(¢,)>z,(c ). In case

the input rate of virtual system is exactly the same as

that of the original system, we have

explz™ (¢;.).B 1= exp[z] " (¢).B]]=¢, .

With negative eigenvalues, we have Bl, >B,

Step j (1<j<J~2): partition the low-end of

buffer in the previous step, [0,5",,], by threshcld

j+l

E: Look at (11) and use approach in section A w:th

€
parameters M, A i,———-' A And
e ,

J+1 J+1

like step 1, we have B; > B;.

We find é: , the calculation goes from level J-1 to

level 1.
D. Optimal algorithm

We have calculated forward B: and backward B'k.
The estimation initial value is g: = (E: +B:)/ Z.

. * .
For each estimate B,, a capacity vector

Pt -1

¢ = (¢ ,Cz,...,é;) is calculated. Then the

estimation B,* is valuated by checking the associated
~% gt * .
capacity vector ¢ that B, reaches B, when it

oL ) ~
results in that ¢, =¢, =...=¢;.

V. Heterogeneous multiplexing

In homogeneous multiplexing system, the optimal
threshold vector B: can bi found. Given the buffer
size B, the channel capacity ¢ and QoS vectcr
(€,,€,,..,E,], the optimal threshold vector ‘s
vector

determined by the main eigenvalue

59



(z/(c), ZIZ(C),...,ZIJ (c)). When K homogeneous

sources enter the system, the main eigenvalue vector

c c c
b Iculat z (— ,22 — ,...,Z" —)).
can be calculate as ( l(K) ,(K) ,(K))

But the linear relation does not exit with
heterogeneous multiplexing system.
We suppose that there are K sources characterized by

(M 0% (k=1,2,..,K). Assume that for every

k, source k has N states and the generator M™ is
irreducible.

Let A% =diagg(L¥).8® ={1,2,..., N is the

state space of source k.

The aggregate source is a continuous-time Markov
chain with state space

S={s|s=(s",s%,..,59),sP e SP 1<k <K}.
The states of the sources are statistically independent,
and consequently the infinitesimal generator of the
aggregate source is M

M=M"®I®. .QI+IOMIRIR.®I+.+I0/®.QMX

® denotes the Kronecker product. The standard
compact representation of the form M is a K-fold
Kronecker sum:

M=MYoMP®. . ®&M (13)
The system rate matrix A is
ADAY@AP @ . . @AN (14)

The system drift matrix is D0 A —cf

Then the buffer can be optimally partitioned to serve
this aggregate source. But the difficulty is the large
dimension of the aggregate source makes the
calculation very complex.

We propose an approximation approach. When each
source arrives, it is classified into a traffic type m
according to its statistical parameters and QoS, the
number of sources in each traffic type is recorded and
denoted by N,. Each optimal threshold vector

E,im can be calculated for each traffic type m. The

overall B,‘ can be determined by averaging those

vectors .
. N, .
B, = ;—]\-]—B' (15)

where N = ZNm is total traffic sources. The basic

m
idea is to adaptively adjust the threshold vector for a
heterogeneous

high resource utilization in a

multiplexing system.
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VI. Conclusions

We have presented an approach for adaptively
adjusting the threshold vector for a high resource
utilizatjon in a heterogeneous multiplexing system. An
algorithm to find the optimal partitioned buffer, which
provides multiple loss priorities to a Markov-
modulated fluid source. This approach is simple way
to calculate optimal partitioned buffer.
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