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The AP Revenue Maximiza'on Problem  

The op'mum avg. profit can be obtained with exact steady state dist. Info. for M(t) and S(t) 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AP:   price data (profit) & transmit data (cost) 
        Obj: Maximum avg. revenue 

Larger Net 

Users:   send 
data via AP 

Q(t) 

M(t) 
S(t) 

Model: (1) SloYed 'me  t = {0, 1, 2, ….} 
              (2) Dynamic demand state M(t): models “aggregate willingness to pay” 
              (3) Demand func'on F(M(t),p(t))E{R(t)}=E{# Arrivals in reac'on to p(t),M(t)} 
              (4) Channel state S(t) and  rate cost func'on Φ(cost(t), S(t)) = μ(t) (bits/slot)  

System Model:   

Assump'ons: (1) M(t), S(t): finite state space, ergodic, Markovian, distribu'on not known 
                         (2) AP knows current value of M(t), S(t) on each slot t, and F(m,p) 
                         (3) R(t): random arrivals,  E{R(t)} = F(M(t), p(t)) , R(t) < Rmax,  
                               condi'onally independent of past M(t), p(t) 
                         (4) F(m,p) con'nuous over p for all M, F(m,p) < Rmax,  else arbitrary 

Theorem: (Max Profit with Stability)  
The max average profit  Profit* is the solu'on to the max problem 

Note:  
‐ Theorem Proved by using Caratheodory’s Theorem.    
‐ Immediate corollary: A sta'onary randomized STAT* algorithm achieves the op'mum   
 avg. profit. 

The Op'mality of Two Prices Theorem 

Theorem: 
   λ*= avg. rate of STAT*, Income*=avg. income of STAT* 
   For each M(t)=m, exists 2 business‐price points (Z1(m), p1(m)), (Z2(m), p2(m)),   
   and probabili'es q1(m) & q2(m) s.t.  

                          λ*= Em[q1(m) F(m, p1(m)) + q2(m) F(m, p2(m))] 
                Income*=Em[q1(m) p1(m) F(m, p1(m)) + q2(m) p2(m) F(m, p2(m))] 

Proof : Caratheodory’s thm + its extension 
+ Con'nuity of F(m,p)  

For any F(m,p) demand func'on, AP can 
maximize its revenue by using two prices per 
M(t) 

This example shows that using a single price does NOT always lead to op'mal average profit, thus 
the number Two is (ght 

Q(t) 

Constant  
µ=2.28 

A=(5,50/17) B=(1.2867,2.9285) C=(1.2867,2.28) 

Single price with constant Z(t)=1 
P*=5 at A=(5,50/17) 
ProfitSingle= 50/17≈2.9412 
λA = 10/17 ≈0.5882<<2.28 !! 

Single price with varying Z(t) 
               Profitsingle≤3.42 
But: use p1=31/30 & p2=5, each with 
prob. 0.5 
Profit = 3.4339>Profitsingle 
    λ     = 2.1941<2.28 

Example 1: 

Our dynamic Pricing and Transmission Scheduling Algorithm PTSA achieves the op'mum average 
profit 

PTSA: For a control parameter V  (affects a delay tradeoff)… 
Admission Control: Observe M(t) & Q(t), choose: 
                                  P(t)=argmax p in P [ VpF(M(t),p)‐2Q(t)F(M(t),p) ] 
Whenever the maximum is posi've, Z(t)=1,announce P(t); 
Else Z(t)=0,send “CLOSED”. 

Cost/Transmission: Observe S(t) & Q(t), choose: 
                                 Cost(t)=argmax cost in C [2Q(t)Φ(cost,S(t)) ‐ Vcost(t)] 

Performance Result: 
Backlog Bound:                    Q(t) ≤Qmax = VPmax+Rmax 
Achieved Average Profit:          ProfitPTSA≥ Profit*‐ O(logV/V)  

Note: For F(m,p)=mF(p), the AP 
can choose p(t) without info of M(t) 

Demand‐Blind Pricing!   

Simula'on results of PTSA on Example 1 

Avg. Backlog  Avg. Profit 

Determinis;c:   
           R(t) = F(M(t),p(t)) 
Random: 
           R(t) = 2F(M(t),p(t)) w. prob. ½ 
                      0 w. prob. ½ 

More simula'on results of PTSA 

Dynamic Demand states, {High, Low} 
Constant service rate 2.28 with zero cost 

0.4 

0.4 

0.6 0.6 
Low  High 

Price chosen at ‘Low’ 

Price chosen at ‘High’ 

Conclusion & References 

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

offers a revenue maximizing algorithm PTSA. 
New in our work: 
        (1) Stochas'c Wireless Net. Environment 

        (2) General (non‐concave) Demand Func'on 
        (3) Queueing Effect 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(0,0) 

pF(m,p) 

F(m,p) 

Z(t)R(t)  Φ(cost(t),S(t)) 

Par'ally controlled Arrival  Rate  Controlled Departure Rate  

Q(t) 

Opera'on: Every Time slot, the AP queues the data (Q(t) = backlog). 
                    ‐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)   
                    ‐Makes Resource Alloca'on decision cost(t). 
                    ‐Accepts packets R(t) & Transmits at rate µ(t) = Φ(cost(t), S(t)) 

Goal: Max Time Avg. Profit, i.e., Avg. Z(t)R(t)p(t)‐cost(t) s.t. stability 


