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ABSTRACT

In multiuser rate allocation in a wireless netwastcategic users can bias the rate allocation ksrepresenting their
bandwidth demands to a base station, leading tonair allocation. Game-theoretical approaches teeen proposed to
address the unfair allocation problems caused bysthategic users. However, existing approachas aela time-

consuming iterative negotiation process. Besidésy tcannot completely prevent unfair allocationsisea by

inconsistent strategic behaviors. To address thed#gems, we propose a Search Based Pricing Mesimatoi reduce the
communication time and to capture a user's strateghavior. Our simulation results show that theppsed method
significantly reduce the communication time as vasliconverges stably to an optimal allocation.
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1. INTRODUCTION

With the popularity of streaming applications ie timternet, the demand for streaming device ovezlegs networks is
increasing. Such demands are being addressed ieyyvaf wireless access technologies such as,laellwireless
LANSs (e.g., IEEE 802.11), and wireless MANs (elBEE 802.16, a.k.a. WiMAX) [1]. A WIMAX system hawo
essential elements: BS (base station) and SS (#odsstation). A BS controls and manages all reutvorks in the
network, including bandwidth resource allocatiorptovide QoS guarantees as well as fairness amserg.u

There are several technical challenges to supgatttime video transmission over WiMAX. The mostpiontant
problem is the system capacity. The large serviea af a WiMAX cell can cover lots of users. Thhew to serve the
real-time transmissions of these users without agtwongestion is a challenging problem. For teigson, we need a
scheduling algorithm to manage users’ requestadease network capacity [2][3]. For doing resowaltecation, a BS
needs to collect the utility functions of SSs, whiepresents the video characteristics of usergeheral, the BS does
not know such private information unless thesesusetively transmit it to the BS. But the users may be willing to
reveal their private information. Such informatibypalecentralized nature becomes a challenge ilgde® multiuser
rate allocation. To address this problem, priciagdnl resources allocation approaches were deve[dpetihe SSs
share limited network resources for data delivéganwhile, the resource usage accompanies the, pricieh is
decided according to the current resource condiBBaih these approaches assume that the usersrsthio reveal their
true resource demands and will accept the pricéadn there can exist strategic users who woylddrmanipulate the
resource allocation by misrepresenting their rexquents to increase their own benefits. In suchs;dbe performance
of the entire wireless network will be degradedsiderably because of the strategic behaviors [5].

In [5], a communication based pricing mechanism PEB was proposed to tackle the problems of inforomaly
decentralized nature and strategic users. In CBR&MCentral Spectrum Moderator (CSM) continuousighanges the
messages about the pricing and the system resaomseges with each user until that every user agedbe final
resource allocation/pricing which no user wantghange. Then, the CSM allocates the system res@aamdingly.
CBPM can approach an optimal allocation for mu#tiSISs without requesting the SSs to reveal thiiaterinformation.
It also takes the strategic behavior into consititanao gain fairness.

Although CBPM can reduce the bandwidth overheadeamding private information while still reachingtbptimal
solution. It, however, still has some problemsstibecause CBPM relies on an iterative commumigagirocess, it
typically takes several iterations of communicasidn converge to an optimal solution. Accordingota simulation



results, CBPM takes about 20~30 OFDMA frames (Q€L;-0.15 sec) to reach a stable solution. In sext@me cases,
the CBPM needs more than ten thousand iteratiogsrgerge. This unpredictable property is undefgralecause SSs
may not have so much time to wait for the convecgenMoreover although CBPM can reduce the utilité strategic
users, it cannot completely prevent a user frondisgnfake requests to mislead the final allocatiéspecially, it may
not converge when these strategic users use ansistent strategy to request bandwidth.

This work aims to develop a pricing mechanism ttuce the iteration count, detect the strategic Wiehas well as
mitigate the influence of selfish behavior. We pye@ a Search-Based Pricing Mechanism (SBPM) fot jgblink and
downlink resource allocation to better tackle tlehpems caused by the informationally decentralinature and the
strategic behavior.

2. RELATED WORK

We first summarize the CBPM approach [5], whicltaigame-theoretic mechanism for resource allocatiomireless
multimedia. In CBPM, given rate allocati@nand pricez, the price of bandwidth usages is introduced théoutility of
useri as follows:

Ui(@,5)=Q%(a)+7 (1)

whereU;(-,-) stands for the utility function ang°()) represents the received video quality.

The objective of CBPM is to allocate resources ghehthe overall utility is maximized, that is
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Suppose useris a strategic user who tries to increase itsivedevideo quality by sending a bombast requesthWi
CBPM, the actual utility obtained by useis Q"°(¢,) +r,, which can be lower than a normal value since ghéi

negative tax; will be imposed on useéiif the user does not truthfully reveal real bandWwidemands.
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Fig. 1. Mechanism framework of CBPM [4].

Fig. 1 illustrates the flow of parameters exchabgiveen users and BS with CBPM, which can be divideo three
steps. First, usdérsend a message; ;) to the BS. Second, after receiving the messages &ll users, the BS sends
back the messagg ;,d,, ) to usern. The parameterg, and d, are calculated by
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wherep; represents the unit price of bandwidth for useqr; represents the average unit price of bandwidthotber
users, andl is the excessive demand of the other users.

The tax in CBPM is defined aga, p)=-7 that is
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wherey. (a,y) prevents thag; can be infinite whep. = 0, therefore we Sl (a,7)= max[ O[ZN:a- _ 1] /},J
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In each iteration, given the message, d ,y), user searches#,p;) that maximizes the following utility:
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This is equivalent to
max{Q* @ )- @ —a°)x p, | (6)
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Finally, after the messages are stable, icgp) (converges, thew =[a,,a,,....2,, ] Will be the bandwidth allocated to
each user.

3. PROPOSED SEARCH-BASED PRICING MECHANISM

This work aims to develop a new pricing mechanismetluce the iteration count, detect the stratbgltaviors, as
well as mitigate the influence of strategic behesiid@o do so, we propose a Search-Based Pricindhéhéem (SBPM)
by redesigning the message exchange process of CiePtiat the new mechanism converges to the opsolation
more stably and efficiently. Fig. 2 shows the blat&igram of SBPM. In the first phase, SSs and tBecBmmunicate
with each other to bargain the price/tax of bandwiteratively to reach the Nash equilibrium. I tsecond phase, the
BS uses the price/tax derived in the first phaseatiocate bandwidth for each downlink flow. lAetienote the set of all
the allowable bandwidth request messages thatarsnitted in the system, that is

A={a |a €[0,1],i=12,..N} (8)

fa denotes the proposed allocation function to negmthe price/tax of bandwidth andrepresents the bandwidth
request message of useandf,: A — ([0,1]",R") maps the request messages to possible allodatigrwith ¢ [0,1"
andteR".
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Fig. 2. Block diagram of SBPM in a WiMAX network.
The proposed SBPM is divided into five stages:

Endowment stage

At this stage, each user is given an initial altmoaof bandwidthy?, Whereiavozl. This initial value does not
i=1
affect the final result of allocation but it wilffact the amount of tax on each user. The BS canplyi allocate equal
initial bandwidth to each SS, i.Qxi? =1/N for all i, if the BS does not know any information about titiéty functions

of SSs.
Communication and Compensation stage

At this stage, the BS offers each SS a price, hed &ll SSs send their bandwidth request messagel lwa this price
to maximize their utilities. Meanwhile, the BS wéllipervise each SS’s request and check whetheretiigst is true or
bombast. The BS and SSs communicate with each bthegpeating the following two steps until theatademand of
bandwidth equals to the channel capacity.

Step 1:

The Request Generator in each SS generates a lithdwiuest message based on the price parameter
provided by the BS to maximize the utilities of SSs

Step 2:

After receiving requests from SSs, the Selfish NDagector and Compensator in the BS will check Wweethe
request of each SS is true or bombast and thenhsetliscount value for each request message aogtydi
Subsequently, the Message Generator in the BS shebkther the total bandwidth demand meet the totdbet
based on these requests and discount values amditleea new price to each user accordingly.

The components of SBPM are elaborated below. Depaae limit, the convergence analysis of SBPMbmafound
in [8].

Strategic Node Detector and Compensator:

Although CBPM can reach the optimal solution withoaquesting users to transmit their private infation,
strategic users may send bombast demands to iectieaeis bandwidth and corrode other users’ bendfiesides, the
strategic users usually behave inconsistently wiheells to the slow convergence or even divergefdeBirM. A
guestionnaire often contains several similar qoestso that if one answers different answers ogetsamilar questions,
the analysts will recognize that the answers maybedrustable. Based on this concept, we propmskesign a pricing
mechanism that will make the strategic users flagtbetween factualness and falseness so that weleatify the
strategic users by detecting the inconsistencyeqfiests. To do so, we can graft the tax of a usen {5) onto a cost
that the user needs to pay for. We propose to raftaxes onto the downlink quality of the usetttsat if a strategic
node intends to increase its uplink video qualiynteans of sending bombast requests, more tabwilinposed on the
user as well, thereby sacrificing its downlink \asguality. This can ensure that a user will nahgey benefits from



telling lies. Since the mechanism makes strateg@aufluctuate between factualness and falsenessaw capture the
strategic behavior accordingly.
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Fig. 3. Block diagram of strategic node detector and corsaiem.

Because the channel condition and video data yaieally do not fluctuate significantly in one gmof-pictures
(GOP) time, the resource allocation results showoldchange too much as well. This means that eaetisubandwidth
request in an iteration time should be close tsehio recent iterations. The bandwidth requestevéilam a strategic
user, however, may vary significantly. In other d&rwhen these users intend to request more batidttidn they
actually need, their bandwidth request value witldenly become significantly larger than previoakies.

Our method records from each SS the bandwidth sgge a sliding time window, as shown in Fig.V8hen a user
sends a new bandwidth demand, the BS comparesdhis with the minimal value in the time window base this
minimal value is usually a factual demand. If tlhevgth rate of this new value is greater than asihodd, it is likely that
the user who sent this demand is a strategic uskthas demand is bombast. In this paper, we usglibbal threshold
method [9] to adjust the threshold dynamically #meh classify the demands. The threshold can bgechoy:

initialize: select a initial threshold valde

repeat:
1. Separate each user’'s demand into two gréupsdG, by using threshold
G;: the grow rate of demang T
G,: the grow rate of demand T

2. Calculate the mean values,(u,) of G; andG,
3. Theu=tatte
2

until; Thexr T< & whereg — 0°

Meanwhile, the growth rate can be used as a nevoulig value to scale down the user’'s demand so astigate
the unfairness caused by the strategic behavior.

Request Generator:
At each iteration, userchooses the bandwidth demandhat maximizes its own utiliti;(e;,t;) as follows:

maxU, @ § )= maQ & )t @ b= maxQ @ )- p (@ ~¢") ©



whereQ;(e;) denotes the user’s own rate-distortion functtgn;) represent a tax function given bye ) = p- (o, - &°) -

It is easy to derive from (9) that if SSvants to maximize its own utility, it should cheotheq; at which point the
slope of R-D curve equals pp that is

EQ.(OQ): p (10)

where the unit pricep is given by the Message Generator.
M essage Gener ator:

The message generator chooses a proper ficand send it to each node at each iteration. Afieeiving the
bandwidth demand;, the message generator will calculate the sunfi deanands, i.e.,

d=>a (11)

If d = 1, the message generator will find a new smadjestherwise, it will find a new largegp using the bisection
search algorithm.

Algorithm: Bisection Search

Initialize : the final price of last allocatiop;,_; ¢=0

lower boundmin = p,,;—10 ; upper bounthax = p,;+10
repeat

1. setp = (max+mir)/2 and send it to each user

2. receiveg; from useli’s request generator and calculdte

3. ifd=10->max=p

elseifd = 1.0 > min=p

4. if max-min<ke& d # 1 — max=512, min=0

untild =1.0

Note thatp,_; is the unit price for the final allocation. Sindeetprices of recent allocations should be closecave
choose a previous price as an initial guess aralskarch around it. When the algorithm convergeamdtax(t;) of user
i are sent to the Downlink Bandwidth Manager.

Grafting taxes on downlink quality

The Downlink Bandwidth Manager reallocates each’sisdownlink flow bandwidth. The Downlink Bandwidth
Manager will graft the taxes that were generatefitage 2 on each user’'s downlink quality. Useidownlink flow is
from nodei. That is, after receiving the, andtax (tj) of each node, the Downlink Bandwidth Managewill re-
calculates; of nodei.

Operational Flow of Downlink Bandwidth Manager

1. receiveq; andtax (t;) of virtual nodei
2. newqualityq=Q («) -t
3. new bandwidthe; =Q™(q)

Note thate; , t, Q(-) are bandwidth demand, tax and rate-distortion foncof nodei, respectively. Step 4 is to
prevent that the sum of allocated bandwidth becgmeater or less than the total available bandwafthr the re-
allocation.



Allocation stage

At this stage, the BS will send the finglande; to each SS and virtual node, respectively.

Video transmission stage

After receiving they or ; from the BS, the SSs transmit their video streaco@lting to the bandwidth allocations.

The comparison between SBPM and CBPM

The SBPM and CBPM are both designed for distribgtestems. The BS will communicate with each SSthad find
out the optimum solution. However, when there &r@&agic users in the system, the SBPM can firgraif solution and
converge more quickly than CBPM.

We compare the differences between SBPM and CBRNh# application of video transport in the rtP&ssl of

WiMAX network.

1.

Convergence

In CBPM, each user calculates the price per resounit from (7) and sendsg; @) to BS. BS will send back the
corresponding average price announced by the &Beo each user. We can analyze (7) as a fixed pperation
function. A fixed point functiorg(x) can converge in a interval if there exists a fesiconstank <lsuch that
lo’(¥)|=k<1 [10]. To simplify the analysis, we re-write (A a

g(p) = p(l"_%]-’_;ﬁr(q'ai 7) (12)

and

lg'(p) |1+ AT

(13)

where (li+a;) is the exceeding bandwidth after last iteratiand y is the update rates. When there exists the
exceeding bandwidthdgta;) is negative and the new price decreases to eageyeers request more bandwidth;
when the bandwidth is insufficient€e;) is positive and the price increases to discouthgdandwidth demands.
From (13), the update ragds an important factor to affect convergence. $mairns out that (13) may more than
1 and the iteration function cannot converge; Largan guarantee (13) to converge but with slowly tedgor

the convergence, it is difficult to choose a propesthout any initial information, such as video aend available
bandwidth.

In SBPM, the convergent rate of bisection seargbrg¢ghm is bound to 1/2 [10] without the controlrganeter,
for exampley. Furthermore, by using the property that videesato not abruptly change in a short period, the ne
price is around the last price. Therefore, thedeasnge can be limited in a small interval, analitBration count
can be further reduced. For those reasons, SBPMecge more quickly than CBPM.

Strategic users prevention

In CBPM, the strategic user sends the bombast stqiignasito acquire extra bandwidth and that causes the rais
of (di+anombag With (7). The high pricg@p.mnastgenerated by the strategic user is merged intakeage pric@, in

BS and distributed to other non-strategic userghémext iteration, thp, of strategic user does not include his/her
high priceprombast Which generated in the last iteration. The stiiateiser calculates the new price from the lower
p. and pays less tax in the same time. In contdastpon-strategic users receive the gland increase the tax at
the same demand level with (6). In order to redbeetax, the non-strategic users reduce their battdwiemand,

so that the overall bandwidth demand decrease$eand the price; to fall. Finally, the non-strategic users lower
their bandwidth demands but the strategic userimbtaore bandwidth with a lower price. CBPM is rofair
resource allocation when the strategic users f@ratlocation process.



In SBPM, the bombast requestgmnasican de detected and scaled down by the growth. rait€11), the increment
caused byi,ompbastiS diminished and the average prices of non-gratesers are less affected by the strategic user.
The non-strategic users need not lower their demémdeduce their taxes. Therefore, the strateggc cannot take
advantages from SBPM, in addition the resourceoofstrategic users are sustained. Hence, SBPM &@am flir
resource allocation results even if there areesgiatusers.

4. SIMULATION RESULTS

We used simulator ns2 with the WiMAX module modifirom 6. All CIF (352x288) test sequences wereoded
using the SVC JSVM7.0 coder 7 with a frame rat8®fps. The rate allocation is performed per GOt @wiGOP size
of 8 frames. We evaluate the impact of strategicab®r on the performances of CBPM and SBPM, indgdhe
iteration count, bandwidth usage, and receivedoviglgality. The simulation configuration is listad TABLE |I.

TABLE I. CONFIGURATION OFSS5 USED IN OUR EXPERIMENTS
SS Upload to | Download | SS Upload to | Download
Node | BS from BS Node | BS from BS
ss Coastguard Foreman | SS Crew Coastguard

(flow 1) (flow 12) (flow 7) (flow 18)
ss Crew Coastguard SS Foreman | Mobile
(flow 2) (flow 13) (flow 8) (flow 19)
ss Foreman | Mobile SS Mobile Crew
(flow 3) (flow 14) (flow 9) (flow 20)
ss Mobile Crew SSo | News News
(flow 4) (flow 15) (flow10) (flow 21)
News News Coastguard Foreman
S$ S§;
(flow 5) (flow 16) (flow 11) (flow 22)
Coastguard Foreman
SS
(flow 6) (flow 17)

Fig. 4 compares the iteration counts required BPW® and SBPM for different numbers of strategic emdn this
experiment, each strategic node exaggerates itamkriy 100%~200% randomly. Fig. 4(a) shows thataberage
iteration count required for CBPM with no strategiede is 16.4, whereas it grows to 18.2 if thera &rategic node.
The more the number of strategic nodes, the lotlgerconvergence time to a stable solution. Howether,average
iteration count of SBPM with a strategic node i$yaabout 3.5, almost as few as that of SBPM withstrategic node.
Even though more strategic nodes are involved,ctierergence speed of SBPM still remains stablekthdao the
compensation mechanism of SBPM that can mitigageeffects caused by strategic nodes. The stratesgic starts to
send the bombast request at GOP 9 and beforentkethiere is only one group of messages (normaksjjin systems.
The bombast messagg,mhastiS NOt discounted and largely increases the vafukin bisection search algorithm. As the
step 4 in the bisection search algorithm, the fprade is not located in the initial interval, whidepends on the price of
last iteration. Hence, the search range is reset 0 to a large value, such as 512, and then th&ewu of iterations
suddenly increases to 25. Once the group of bormbassages is established, the bombast messagks detected and
discounted to a reasonable value. The bisectiarlsedgorithm can find the final price in a fewitdrations.

In another case, the strategic user{®3aggerates its bandwidth demands by differeit na each iteration rather
than in every GOP. This means that the strategic inghis case is much more inconsistent tharabiere case. Fig. 4(b)
shows the average iteration count required for CBRiveases to 638. If the number of strategic usergases, CBPM
will even never converge to a stable solution. CBRM collapse when the inconsistency level of eatdgic user



increases too much. The average iteration countined)for of SBPM, however, still remains about.B®cause the
exaggerative bandwidth demands are classified ashast messages and the demands are recounted rtapagie

levels. Consequently, the bombast messages donfioenice the allocation process and the iterationnt is still

consistent.

We also compare the performance of the bandwidtitation (Fig. 5(a)) to each video flow and the FS§uality
(Fig. 5(b)) of received video. Joint uplink and ddiwk allocation is achieved by grafting the ta)@s each user's
downlink quality. Note that flow indices 1~11 anglink flows and indices 12~22 are downlink flown.Fig. 5(a), S§
SS, and S$are strategic nodes. With the strategic behawercan find that the bandwidths allocated to fldw$, and
7 by CBPM are significantly higher than the normmase with no strategic node. As a result, the badttiw/allocated to
other honest flows are lower than the normal cake. allocation using SBPM is not biased by thetsgia behavior,
since the SBPM can detect and adequately scale tt@umombast demands of the strategic users. AsrshroFig. 5(b),
since CBPM allocates higher rates to strategic siothe strategic nodes receive better quality vidempared to the
normal ones. The proposed SBPM avoids such unfsraed achieves better average PSNR quality.
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Fig. 4.Comparison of iteration counts using CBPM and SBFM a strategic node changing its bombast levelvaty
(a) GOP, and (b) iteration.
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Comparison of PSNR performance of video flows
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