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ABSTRACT
High speed networks are highly dynamical systems. Large deviation techniques have been employed to characterize their loss
probability. Large deviation is also used to calculate shadow prices of quality of service of a scalable network queue with respect
to buffer size B, capacity C and arrival rate N.In this paper we prove that these shadow prices are independent of (B,C,N)
parameters. Gibbs Duhem law of thermodynamics is described. Equivalent Gibbs Duhem type law in scalable network queue is
derived. Application of equivalent network Gibbs Duhem law is discussed.
Index Terms— Quality of Service, Macroscopic parameter, Microscopic Parameter, Gibbs Duhem law

I. INTRODUCTION
Quality of service of a network queue is defined as negative logarithm of its loss probability. Loss probability in
high speed network is usually defined in large deviation regime. Hui[1] proves the linear scalability of quality of
service(Q) of a network queue with respect to capacity(C), number of connections(N) and buffer size(B).Hui[1]
defines microscopic and macroscopic entities in a scalable queue equivalent to microscopic and macroscopic
parameters in a thermodynamic system. Buffer B, Capacity C, arrival rate N and quality of service Q are defined as
macroscopic properties of queue whereas rate of change of one macroscopic parameters with other is defined as
microscopic parameter.
In this paper we prove that microscopic parameters of a scalable network queue are related to each other
independent of macroscopic parameters of network queue. We describe Gibbs Duhem law in thermodynamics and
present equivalent Gibbs Duhem law in a scalable network queue. Gibbs Duhem law relates microscopic entities of
a network queue in differential form.
Section II presents a brief introduction to Hui[1]. Section III presents relationship between microscopic entities.
Section IV discusses Gibbs Duhem law of thermodynamics and present equivalent law in scalable network queue.
Section V presents the conclusion and future work.

II. THEORY OF SCALABILITY
Quality of service of a network system is a scalable function of the macroscopic parameters [1]. Hui proves the
linear scalability of quality of service (Q) of a network queue with respect to capacity(C), arrival rate (N) and buffer
size (B) that is, if all the macroscopic parameters of the network queue are scaled by a constant α, quality of service
gets multiplied by the same constant. We pose this scalability property as a postulate.
Q (α C, α N, α B)= αQ(C, N, B) .

(1)

The manifold of (Q, C, N, B) can be described by the marginals, namely taking partial derivatives using two of
the four quantities while keeping the remaining two quantities constant. We study the differential form of
Q=Q(C, N, B).
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Where

θ , δ , µ are called microscopic/intensive parameters [1]. Hence
dQ=θ dC+δ dB− µ dN .

(7)
(8)

Since Q is scalable in B, C, N

Q = θ C +δ B − µ N .

III. RELATION BETWEEN MICROSCOPIC PARAMETERS
Microscopic parameters represent the shadow price of quality of service with respect to macroscopic parameters
[1]. They reflect the effect on quality of service in case the buffer size, capacity or number of sources of the system
changes.
We propose that for a scalable system it is possible to derive a relation among the intrinsic quantities independent
of extensive parameters. As example we take the M/M/1/B and M/M/C/C+B queues to illustrate these relationships.
A. M/M/1/B Queue
Quality of service of M/M/1/B [1] is

Q M / M / 1 / B =B log (

C .
)
N

(9)

Where B is the buffer size, N the total number of connections and C is server capacity.
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From equation (10), (11) and (12)
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(12)

µ =θ eδ .

(13)

log ( µ ) =log( θ ) + δ .

(14)

Equation (14) presents relation between microscopic quantities independent of extrinsic quantities.
B. M/M/C/C+B Queue
Quality of service for M/M/C/C+B queue [1] is
Q M / M / C / C + B =[C (1- N ) + (C+B) log ρ ]=(C+B) log (
C

C
) +N-C .
N

(15)

The M/M/C/C+B queue has B waiting room and C number of servers. Quality of service in case of a M/M/C/C+B
queue is
Q=(B+C) log (
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) + N- C .
N
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From equations (17), (18) and (19) we have

µ +1=e δ ( θ − δ + 1) .
log( µ +1) =

δ

+ log( θ

(20)

− δ + 1) .

(21)

Equation (21) presents relation between the three microscopic quantities in M/M/C/C+B queue. Hence we prove that
microscopic parameters of a scalable network queue are related to each other independent of individual macroscopic
parameters.

IV. GIBBS-DUHEM TYPE LAW IN NETWORKS
In thermodynamics there is a relation among the intensive parameters. For a single component system
potential is a function of T temperature and P pressure.

µ

chemical

The existence of a relationship among the various microscopic parameters is consequence of the homogenous
first-order property of the fundamental relation of thermodynamics. For a single component system this property
permits the fundamental relation to be written in the form u=u(s,v) where u is the energy per mole, s is the
entropy per mole and v is the volume per mole; each of the three intensive parameters is then also a function of s and
v. A differential form of the relation among the intensive parameters can be obtained directly from the Euler relation
and is known as the Gibbs Duhem relation proved in [2].

dµ = − s dT + v dP .

(22)

The variation in chemical potential is not independent of the variation of temperature and pressure, but the
variation of any one of them can be computed in the terms of the variations of the other two. Corresponding to the
Gibbs Duham relation in thermodynamics we derive a Gibbs Duham type relation in scalable network queues.
Microscopic quantities in a scalable system are not all independent. There is a relation among the intensive
parameters and for a single component system µ is a function of θ and δ . The existence of a relationship among

the microscopic parameters is a consequence of homogenous first-order property of the fundamental relation. The
Gibbs-Duhem relation presents relation between microscopic quantities in thermodynamics. We find the Gibbs
Duhem type relation in a network queue
Q= θ C

+δ B − µ N .

(23)

Differentiating

d Q= θ dC + δ dB − µ dN + C dθ + B dδ - N dµ .

(24)

dQ = θ dC+ δ dB− µ dN .

(25)

N dµ = C dθ + B dδ .

(26)

dµ = c dθ + b dδ .

(27)

From equation (7)

Subtracting equation (25) from (24)
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Equation (27) represents Gibbs Duhem type of relation in scalable network queue. The variation in
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∂µ
=c.
∂θ
∂µ
=b
∂δ
.
∂δ
c
=−
∂θ
b.

(28)
(29)
(30)

Gibbs Duhem law presents relation among the microscopic parameters of the queue in the differential form. We
verify these differential relationships for both the universal queues M/M/1/B and M/M/C/C+B.

VI.CONCLUSION AND FUTURE WORK
We prove that microscopic parameters of scalable network queue are related to each other independent of
macroscopic parameters of the queue. We derive equivalent Gibbs Duham law in scalable network queue. Our
future work will be developing the techniques for calculating microscopic parameters and finding equivalent thermo
dynamical laws applicable to any network queue.
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