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General Summary Fluid Scaling and Nash Equilibrium

e Dynamic allocation of resources. Examples:

e With n a large scaling factor, let the arrival rate
of class s be n\g, the system resources nZz,.
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SIS HOW IT WORKS «Possible applications:
* Each (price-taker) user solves a simple i e A class-homogeneous Nash equilibrium is
] ] optimization problem, accounting for a delay- Sl sl 9 9
The Allocation Mechanism

pri ce tradeoff wireless networks )

 We employ a fluid-scale approximation of
the stochastic service system.

» Under the approximation, queue sizes
“freeze”, giving rise to a fixed steady-state
price.

characterized by the following equations:

o ldeal scheme: z;(t) = Zy;g5- w5
i jeJ_;(t) I

where J_;(t) is the set of other jobs that are
active at time ¢. Allocation mechanism should be

simple; users should have a clear
notion of price.

) 4 Qs =AT,,  P=— Y Qsws,

+Efficiency loss bounds for
different delay functions.

*Dynamic stability properties Where JS (”LUZ) — (CS —+ UJZ)TS(%) and
Ws € arg maxy,,>o Js(w; )

ASSUMPTIONS AND LIMITATIONS:

While the proposed fluid model is motivated
by the stochastic system, we do not provide
here a formal convergence result that relates
the two.

Higher-level goals:

*Comparisons with other resource
allocation mechanisms.

-General network architectures Summary Of Results

A fluid-Scale approximation is used to gain insights on the equilibrium of a dynamic resource Theorem 1. Under Assumptions 1 and 2, there ex-
allocation mechanism

*Natural candidate: Proportional
fair mechanism, where the

| allocated capacity remains

- constant and is proportional to
the bid.

NEXT-PHASE GOALS

' B terminates

ists a unique class-homogeneous Nash equilibrium.

e Implementable scheme: z; = . The price P
IS determined according to
P = 23 .cJ. ) Wi, where J,(i) is the set of

Delay, User-Cost and Demand CASE STUDY: Let T(zs) = as + 2=. Consider
demand functions of threshold type: Users of
class s join if J,(Ts,ws) = csTs + w1y < vy,
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other active jobs at job :'s arrival moment. o Assu.mptlon.1 [Marginal effectiveness of adolllng r.esourc.es IS degreasmg]. Let 1;(2;) = Ti(e) be ’Fhe where v, is a ‘value of service’ parameter. Then:
effective service rate. We assume that u;(z;) is a differentiable, strictly concave and strictly increasing
function of z; > 0, with 1;(0) = 0 and p;(0c0) < co. Consequently, the delay T;(z;) is convex-decreasing Theorem 2.
in z,. (i) The equilibrium decision of whether to join the
system or not is a simple iIndex-rule:
— Example: Tz(zz) = Q; + l;: :
Vg — +/QsCg
e Assume a finite-set of user (or job) classes. The cost function J, for a class-s is given by VP 2 Vs J/D. :
e The implementable scheme approximates the Js(wi) = (s +wi)Ts (), (i) For as — 0, the equilibrium delays are zero for
ideal scheme under plausible conditions. where c;, IS the delay-disutility parameter. all classes (1, =0); additionally, the equilibrium co-

incides with the socially optimal working point, i.e.,

o Total monetary trapsfer: w;T;(z), where T; is e Assumption 2 [Effective arrival rates decrease with price|: For every service class s, the arrival rate no efficiency loss.
the delay (completion time,). \s(P) is continuous and strictly decreasing in P > 0, and \,(P) — 0 as P — oo.



