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The AP Revenue Maximization Problem The Optimality of Two Prices Theorem Simulation results of PTSA on Example 1
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Model: (1) Slotted time t={0, 1,2, ...}
(2) Dynamic demand state M(t): models “aggregate willingness to pay” - - B [BriceRandem B (BriceDetermimetic
(3) Demand function F(MI(t),p(t))>E{R(t)}=E{# Arrivals in reaction to p(t),M(t)} Proof : Caratheodory’s thm + its extension | 5 5
(4) Channel state S(t) and rate cost function ®(cost(t), S(t)) = u(t) (bits/slot) + Continuity of F(m,p) cand
4 4 ndom:
R(t) = 2F(M(t),p(t)) w. prob. %
Assumptions: (1) M(t), S(t): finite state space, ergodic, Markovian, distribution not known For any F(m,p) demand function, AP can 3 3 Ow. prob. %
(2) AP knows current value of M(t), S(t) on each slot t, and F(m,p) maximize its revenue by using two prices per 2 2
(3) R(t): random arrivals, E{R(t)} = F(M(t), p(t)), R(t) < Rmax, M(t) 1 | |
conditionally independent of past M(t), p(t) (0,0) F(m,p) 20 40 6ot 20 40 B0t
(4) F(m,p) continuous over p for all M, F(m,p) < Rmax, else arbitrary This example shows that using a single price does NOT always lead to optimal average profit, thus
the number Two is tight
Operation: Every Time slot, the AP queues the data (Q(t) = backlog). More simulation results of PTSA
-Observes demand & channel state M(t), S(t).
-Decides whether or not to accept new data, i.e., Z(t)=1/0 & Picks Price p(t) Constant 4 0=p=1 0.4
-Makes Resource Allocation decision cost(t). 2 F(p)=1 -6p+10 l<psl5 Dynamic Demand states, {High, Low}
-Accepts packets R(t) & Transmits at rate u(t) = ®(cost(t), S(t)) —_— _%p 4.% 1.5<p=10 Constant service rate 2.28 with zero cost
Goal: Max Time Avg. Profit, i.e., Avg. Z(t)R(t)p(t)-cost(t) s.t. stability ] 4 O0=sp=1 0.4
Low _
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The optimum avg. profit can be obtained with exact steady state dist. Ini r M(t) and S(t) A=(5,50/17) B=(1.2867,2.9285) C=(1.2867,2.28) A 19412.28 & I8 o
Deo 7 u
Theorem: (Max Profit with Stability) Ew 285, ,
The max average profit Profit* is the solution to the max problem Our dynamic Pricing and Transmission Scheduling Algorithm PTSA achieves the optimum average ;"m 6 N
profit 58 .
max  Profit = Income,, - Cost o v oo v 3
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D o o PTSA: For a control parameter V (affects a delay tradeoff)...
st Income, =E, ¢ 2% F(m,p"")p} Admission Control: Observe M(t) & Q(t), choose:
P [ PltI=argmax ., [ VoF(M(1)p}-2Q0FM,p)] | Conclusion & References
Cost,, = E Eﬁ;‘n costL” Whenever the m“aximum j's positive, Z(t)=1,announce P(t);
ot Else Z(t)=0,send “CLOSED”.

This work characterizes the max avg. profit of APs in wireless mesh nets and

(m) N\ (m) (m < (5), (5)
A= E,,,{q) Ea{ F(m,py ,)} =M = ES{Eﬁk (costy ,S)} —— offers a revenue maximizing algorithm PTSA.
= et Demand-Blind Pricing!

0=¢™ <1 Cost/Transmission: Observe S(t) & Q(t), choose: New in our work:
Cost(t)=argmax [2Qt)®(cost,S{t)) - Vcost(t)] ic Wil i
0= p™ = po im0z cosi =C,o Vhs BMAX costin | (1) Stochastic Wireless Net. Envwonment-
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o () R
E“k =1¥m Eﬁk =1¥s (3) Queueing Effect
e b Performance Result:
References:

Note: Backlog Bound: Q(t) <Qmax = VPmax+Rmax 1. L. Huang and M. J. Neely, "The Optimality of Two Prices: Maximizing Revenue in a Stochastic Network," Proc.
—— ) § ; it y Lk of 45th Annual Allerton Conference on Communication,Control, and Computing (invited paper), Sept. 2007
“Theorem Proved by using Caratheodorys Theorem. Achieved Average Profit:  Profityrs,> Profit*- O(logV/V) 2. L Georgadis, M. J. Neely, L Tasiula, "Resource Allocafion and Cross-Laver Control n Wirless Networks,"
-Immediate corollary: A stationary randomized STAT* algorithm achieves the optimum Foundations and Trends in Networking, Vol. 1, no. 1, pp. 1-144, 2006.
avg. profit.

d Annual N




