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Abstract. The rapid growth of wireless technology has led to increasing demand
for spectrum. In the past, spectrum is statically allocated. As a result, many wire-
less applications cannot use idle spectrum even though it is left unused by the
owner for a long period of time. The low utilization of already scarce spectrum
resource requires us to dynamically reallocate the idle spectrum to achieve better
spectrum usage. In this paper, we model the problem of spectrum reallocation as a
sealed-bid reserve auction, and propose SAFE, which is a Strategy-proof Auction
mechanism For multi-radio, multi-channel spEctrum allocation. We prove the
strategy-proofness of SAFE theoretically, and evaluate its performance exten-
sively. Evaluation results show that SAFE achieve good performance, in terms
of spectrum utilization and buyer satisfaction ratio.

1 Introduction

Radio spectrum is under great demand due to the latest development of wireless technol-
ogy. The static allocation of radio spectrum can no longer meet the growth of wireless
applications since it not only leaves lots of radio spectrum unused in some geographic
areas, but also makes the idle radio spectrum unavailable to new wireless applications
that do not have licensed spectrum bands. Consequently, dynamic radio spectrum real-
location is highly needed to solve or alleviate the problem of spectrum shortage.

A feasible way to reallocate radio spectrum is to perform auction. The Federal Com-
munications Commission (FCC) has adopted this method for approximately two decades
[3]. In contrast to FCC, which only holds auctions for large buyers, we concentrate on
small buyers like private wireless networks and mobile wireless applications.

However, there are two major difficulties in designing efficient mechanisms for ra-
dio spectrum auction. One difficulty, coming from the auction theory itself, is strategy-
proofness (see Section 3.2 for the definition of strategy-proofness). Generally speaking,
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strategy-proofness means that any buyer cannot get higher payoff by bidding a value
other than her true valuation for the goods. In the radio spectrum auction, the buyers
are rational and always try their best to maximize their own payoffs. The buyers may
manipulate the auction to seek for more benefit, and thus lower the spectrum utilization
and hurt the other buyers’ interests. As a result, designing a strategy-proof mechanism
for the spectrum auction is of undoubted importance. The other difficulty comes from
the reusability of the radio spectrum. The reusability of the radio spectrum can allow
two buyers to use the same spectrum simultaneously as long as they have enough dis-
tance (out of the interference range) between each other geographically. What’s more,
the optimal solution for the problem of spectrum allocation is NP-complete [1, 19] in
multi-hop wireless networks.

In the past, several works on strategy-proof auction mechanisms for spectrum allo-
cation have been proposed [12], For example, Zhou et al.’s VERITAS [20] and TRUST
[21], Wu and Vaidya’s SMALL [15]. VERITAS uses the method of critical neighbor to
solve a single side radio spectrum auction. However, it does not take the valuation of
the sellers into account and the seller’s utility might be negative. TRUST uses McAfee
mechanism to perform a double side auction and it could guarantee the profit of the sell-
ers, but it has to waste a channel and sacrifice a lot of good buyers. SMALL introduces
the concept of reserve price to guarantee the profit of seller, and would only sacrifice a
bounded number of buyers. However, when applied to multi-radio, multi-channel spec-
trum auction, SMALL can only work under a very strong assumption that the channels
must be sold out.

The existing problems of the previous mechanisms prompt us to design an auction
mechanism which can allocate spectrum efficiently in general situations and protect the
interests of the seller. In this paper, we present a Strategy-proof Auction mechanism
For multi-radio, multi-channel spEctrum allocation (SAFE). In SAFE, there is a seller
with multiple radio spectrum channels and has a reserve price for each of the channel.
All buyers submit their sealed bids at the beginning of the auction so that they do not
have any information about the others’ bids. The channel can be reused and each buyer
can get more than one channel. The auction mechanism selects the winning buyers and
allocates channels to them iteratively. The seller may not sell a channel if the bid for
this channel is lower than the reserve price. The major advantages of SAFE are listed
as follow:

– SAFE enables a multi-radio, multi-channel spectrum auction, in which all the buy-
ers can bid for more than one channel and get more than one channel as well.

– When compared with VERITAS, SAFE has higher spectrum utilization and buyer
satisfaction ratio, which are two commonly used metrics for evaluating channel
auction mechanisms. Spectrum utilization is the sum of the number of channels
that the buyers get divided by the number of channels; and the buyer satisfaction
ratio is the proportion of the buyers who gets at least a given ratio of their requested
channels.

– When compared with TRUST, the seller can possibly sell all the channels; while
in TRUST, the seller always has to waste one channel. SAFE sacrifices much less
buyers than TRUST, and the number of sacrificed buyers by SAFE is bounded by
the number of channels.



SAFE: A Strategy-Proof Auction Mechanism 123

– When compared with SMALL, SAFE does not depend on the very strong assump-
tion that the channels must be sold out.

The major contributions in this paper are as follows: We propose a strategy-proof auc-
tion mechanism for multi-radio, multi-channel spectrum auction, namely SAFE, and
prove its strategy-proofness. We also implement SAFE, and numerically evaluate its
performance. We list our detailed contributions as follows:

– Strategy-Proofness: We prove that SAFE can achieve both incentive-compatibility
and individual rationality. When SAFE is applied, the dominant strategy of each
buyer is to bid her true valuation, and none of them is charged higher than her true
valuation for a channel when bidding truthfully.

– Seller Incentives: SAFE adopts the concept of reserve price, and thus guarantees
that the seller is profitable by selling her channels.

– Extensive Evaluation: We conduct extensive simulations to evaluate SAFE’s per-
formance. The results verify that SAFE does guarantee strategy-proofness, and
achieves good performance in terms of spectrum utilization and buyer satisfaction
ratio.

The rest of this paper is organized as follows. In Section 2, we review related works.
In Section 3, we present technical preliminaries. In Section 4, we introduce the multi-
radio, multi-channel spectrum auction mechanism— SAFE, and prove that it is a strategy-
proof mechanism. In Section 5, we give the evaluation results of SAFE. In Section 6,
we draw conclusions and point out possible future work directions.

2 Related Works

In this section, we briefly review existing works on radio spectrum auctions.
Zhou et al. proposed VERITAS [20], which uses critical price to determine the

charges for the channel winners. Although VERITAS can be applied to multi-radio,
multi-channel auction, it suffers from low spectrum utilization due to the nature of the
greedy channel allocation. Later, they proposed TRUST [21], which is an elegant dou-
ble side mechanism adopting the thoughts from McAfee mechanism. Wu and Vaidya
have proposed SMALL [15], which incorporates the concept of reserve price to protect
the benefit of the channel seller, and achieves superior performance to TRUST. Al-
though SMALL is the closest work to ours, it cannot be applied to general multi-radio,
multi-channel auction, because it relies on the assumption that the channels are scarce
compared with the users. In contrast to the above works, SAFE can guarantee strategy-
proofness for multi-radio, multi-channel auction in the general case, and achieve high
spectrum utilization and buyer satisfaction ratio.

Online spectrum auction is also an important topic of spectrum allocation. Haji-
aghayi et al. [8] studied the supply-limited online auction model and proposed a
value- and time-strategy-proof mechanism, which can achieve constant efficiency and
revenue-competitiveness. Hajiaghayi et al. [7] also provided a characterization for truth-
ful online auction rules. Later, Xu et al. [17] proposed an efficient online spectrum
auction mechanism that can decide whether to permit each user’s exclusive usage of



124 R. Zhu, F. Wu, and G. Chen

spectrum and calculate their corresponding charges. Deek et al. [2] presented Topaz
that can allocate spectrum efficiently and achieve strategy-proofness.

There are also some existing game theory based works on spectrum allocation that
are not based on auction [6, 18]. Felegyhazi et al. [4] studied Nash equilibria in a static
multi-radio, multi-channel allocation game, and proposed two algorithms to converge
the system to the Nash equilibria. Later, Wu et al. [16] presented a stronger mechanism
for the above problem to make the system converge to a stable state in a single step.

3 Technical Preliminaries

In this section, we present our auction model for multi-radio, multi-channel spectrum
allocation, and briefly review some important solution concepts from mechanism de-
sign.

3.1 Auction Model of Spectrum Allocation

We consider a secondary spectrum market. There is a “seller”, who is a wireless com-
munication infrastructure provider. She has a number of channels, and wants to sell her
idle channels to wireless service providers who do not have official licences on radio
spectrum from the government. The wireless service providers are called the “buyers”,
and want to buy the licenses of the idle channels from the seller to provide services to
their customers. We model the problem as a sealed-bid reserve auction. The seller sets
a reserve price for each channel for sale. The reserve price of a channel can be regarded
as the maintaining cost of the channel. The buyers submit their sealed bids simultane-
ously, such that the buyers cannot know each other’s bid. If the bid (or the group bid
from a group of buyers) for a channel is less than the channel’s reserve price, the seller
can refuse to sell this channel.

In the auction, the seller can acts as the auctioneer, if she is trustworthy; otherwise, a
trusted central authority is required to perform as the auctioneer. The seller has a set of
orthogonal channels for sale, denoted by C = {c1, c2, . . . , cm}. As we mentioned, the
seller has a reserve price sk for each channel ck ∈ C. We denote the profile of reserve
prices by

s = (s1, s2, . . . , sm).

Each channel can be used by more than one buyers, if they are out of the interference
range of each other.

We denote the set of buyers by N = {1, 2, . . . , n}. We assume that the buyers do not
have preference over the channels. Each buyer i ∈ N has a per-channel valuation vi,
which is private information of the buyer. This is commonly known as type in the liter-
atures. The valuation for a channel can be the revenue gained from providing wireless
services using the channel. In the auction, the buyers choose their bids, denoted by

b = (b1, b2, . . . , bn),

which are based on their types, and simultaneously submit the sealed bids to the auc-
tioneer. If a buyer i ∈ N is equipped with multiple radio interfaces, she can also claim
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to request up to ri channels. In contrast to the per-channel valuation, we assume that the
buyers do not cheat about the maximal number of channels they want. This assumption
is based on the fact that the buyers do not have the incentives to cheat the maximal num-
ber of requested channels. On one hand, if a buyer requests more than enough channels,
she may need to pay for extra channels that are not needed at all. On the other hand,
if a buyer under claims the number, she definitely cannot win the expected number of
channels in the auction. We denote the profile of channel requests by

r = (r1, r2, . . . , rn).

The buyers also submit their channel requests together with the bids to the auctioneer.
The auction mechanism determines the set of winning buyers, channel allocation,

and charges for the winners. Let’s denote the set of channels won by buyer i ∈ N by
Ai ⊆ C, and the charge for buyer i on each channel ck ∈ Ai by pki . We can denote the
channel allocation by

A = (A1, A2, . . . , An),

where ∀i ∈ N, 0 ≤ |Ai| ≤ ri. We now can define the utility ui of each buyer i ∈ N to
be the difference between her total valuation and total charge on the channels won:

ui = vi|Ai| −
∑

k∈Ai

pki .

Clearly, if a buyer does not win any channel in the auction, then both her charge and
utility are zero.

We assume that the buyers are rational, and their objectives are to maximize their
own utilities. We also assume that the auction is collusion-free.

In contrast, the objective of the auction mechanism is to increase spectrum utilization
and buyer satisfaction ratio. Here, spectrum utilization is the sum of channels the win-
ning buyers get diveded by the number of channels

∑n
k=1 |Ak|
m ; buyer satisfaction ratio

is the proportion of buyers who get at least a given ratio of their requested channels in
the auction.

3.2 Solution Concepts

In this section, we introduce the solution concepts used in this paper from mechanism
design.

A strong solution concept from mechanism design is dominant strategy.

Definition 1 (Dominant Strategy [5,10]). Strategy ai is a player i’s dominant strategy,
if for any a′i �= ai and any strategy profile of the other players a−i,

ui(ai, a−i) ≥ ui(a
′
i, a−i).

Intuitively, a dominant strategy of a player is one that maximizes her utility, regard-
less of what strategies the other players choose. In our sealed-bid reserve auction for
spectrum allocation, the strategy of a buyer i ∈ N is her bid bi = ai(vi).
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The concept of dominant strategy is the basis of incentive-compatibility, which means
that there is no incentive for any player to lie about her private information, and thus
revealing truthful information is the dominant strategy for every player. A company
concept is individual-rationality, which means that for every player who faithfully par-
ticipate the game/auction is expected to gain no less utility than staying outside. We
now can introduce the definition of Strategy-Proof Mechanism.

Definition 2 (Strategy-Proof Mechanism [9] [11]). A mechanism is strategy-proof
when it satisfies both incentive-compatibility and individual-rationality.

4 SAFE

In this section, we present the design of SAFE, and prove its strategy-proofness.

4.1 Design of SAFE

When designing SAFE, we follow the design rational of SMALL, but with significant
differences. SAFE contains three algorithms: buyer grouping, winner selection, and
charge determination.

(1) Buyer Grouping
SAFE first constructs a conflict graph of the buyers. In the conflict graph, each node
represents a buyer. Any pair of buyers who lie within the interference range of each
other are connected by an edge in the conflict graph. SAFE then groups the buyers using
an existing graph coloring algorithm (e.g., [14]), so that no buyer can be assigned to
more than one group and the buyers who are connected are not in the same group. Since
the grouping algorithm is bid-independent, no buyer can manipulate this process. We
denote the buyer groups by

G = {g1, g2, . . . , gq},
where

gj ∩ gl = ∅, ∀gj, gl ∈ G,

and
⋃

gj∈G

gj = N.

We regard each group as a super buyer, and define a group bid for each group gj ∈ G
as:

Bj = (|gj | − 1) ·min{bi|i ∈ gj}.
If more than one buyer report the smallest bid in the group, we regard the one with the
smallest alphabetical order as the smallest-bid bidder. We denote the smallest-bid buyer
in group gj by SMALLEST (gj). We now get a profile of group bids:

B = (B1, B2, . . . , Bq).
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(2) Winner Determination
SAFE determines the winners and channel allocation iteratively. In each iteration, SAFE
sorts the remaining channels by the reserve price in a non-decreasing order, and sorts
the remaining buyer groups by the group bids in a non-increasing order:

Ct : ct1, c
t
2, . . . , c

t
mt , s.t., st1 ≤ st2 ≤ . . . ≤ stmt ,

Gt : gt1, g
t
2, . . . , g

t
q, s.t., Bt

1 ≥ Bt
2 ≥ . . . ≥ Bt

q.

Here, t indicates that this is in the tth iteration, and mt denotes the current number of
remaining channels. Since the number of groups does not change in different iterations,
we can use the same q in all the iterations. If two channels have the same reserve price
or two groups have the same group bid, the order between them is determined following
the alphabetical order.

Next, SAFE finds the maximal possible number of trades lt in the tth iteration, s.t.

lt∑

i=1

sti ≤
lt∑

i=1

Bt
i . (1)

Finally, SAFE selects the first lt groups in list Gt as winning buyer groups, and assigns
the first lt channels in list Ct to the corresponding winner groups. In each winning
group, the buyer(s), except the one who bids the smallest in the group, are winning
buyers and can get the channel assigned to the group. We denote the set of winning
buyers in the tth iteration by

W t =

lt⋃

j=1

{
i|i ∈ gtj ∧ i �= SMALLEST

(
gtj
) }

.

For each winning buyer i ∈ W t, SAFE decreases its number of requested channels ri
by 1. If ri = 0, then buyer i’s demand is fully filled, and SAFE removes buyer i from
the buyer group gj she belongs to and updates group gj’s group bid:

gj = gj \ {i},
Bj = (|gj| − 1) ·min {bi|i ∈ gj} .

SAFE also deletes the channels, which have already been sold, from the set of channels.
SAFE repeats the above procedure until no more winner can be generated (i.e., lt=0).
The pseudo-code of above winner selection and channel allocation is shown by Algo-

rithm 1. In Algorithm 1, functionGROUPING(N) is a graph coloring based grouping
algorithm, and returns the buyer grouping result.

We note that in each trade, only one buyer, who bids the smallest in her buyer group,
is sacrificed. As a result, the number of buyers sacrificed does not exceed m, which is
the number of channels for sale.

Let d denote the largest degree in the conflict graph of the buyers. The compu-
tational complexity of the greedy graph coloring based buyer grouping algorithm is
O(n+ |E|), and the number of groups is at most (d+1). In each iteration, SAFE takes
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Algorithm 1. Winner Determination and Channel Allocation Algorithm
Require: A set of channels C, a profile of reserve prices s, the number of channels m, a set of

buyers N, a profile of bids b, and a profile of channel requests r.
Ensure: A set of winning buyers W and a profile of channel allocation A.
1: W← ∅; A← ∅

n; t← 1; mt ← m.
2: (G, q)← GROUPING(N).
3: repeat
4: for all gj ∈ G do
5: Bj = (|gj | − 1) ·min{bi|i ∈ gj}.
6: end for
7: Sort the channels C by reserve price s in non-decreasing order: ct1, c

t
2, . . . , c

t
mt , s.t., st1 ≤

st2 ≤ . . . ≤ stmt .
8: Sort buyer groups G by group bid B in non-increasing order: gt1, g

t
2, . . . , g

t
q , s.t., Bt

1 ≥
Bt

2 ≥ . . . ≥ Bt
q .

9: lt ← argmax
lt≤min{mt,q}

(∑lt

i=1 s
t
i ≤

∑lt

i=1 B
t
i

)
.

10: W t ← ⋃lt

j=1

{
i|i ∈ gtj ∧ i �= SMALLEST

(
gtj
) }

.
11: W←W ∪W t.
12: for j ← 1 to lt do
13: for all i ∈ gtj \ {SMALLEST

(
gtj
)} do

14: Ai ← Ai ∪ {ctj}; ri ← ri − 1.
15: if ri = 0 then
16: gtj ← gtj \ {i}.
17: end if
18: end for
19: C← C \ {ctj}.
20: end for
21: mt+1 ← mt − lt; t← t+ 1.
22: until lt = 0.
23: return W and A.

max{O(m logm,O(d log d))} time to sort the bids and reserve price and O(m) time
to determine the number of good trades. What’s more, SAFE can run at most m iter-
ations. Therefore, the overall computational complexity of SAFE is O(n + |E| + m ·
max{m logm, d log d}).
(3) Charging
For each channel k ∈ Ai a buyer i ∈ gj wins, the charge pki is equal to the smallest bid
in gj . So the total charge for a buyer i ∈ gj is:

pi =
∑

k∈Ai

pki = |Ai| ·min{bk|k ∈ gj}.

We note that the charge for each buyer is independent of her bid.
The seller receives all the charges from the winning buyers. We assume that Algo-

rithm 1 iterates for η times. Then the total revenue of the seller is:
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Revenue =

η∑

t=1

lt∑

j=1

(|gtj| − 1) ·min{bi|i ∈ gtj}

=

η∑

t=1

lt∑

j=1

Bt
j . (2)

From Inequation (1) and Equation (2), we get that the seller’s profit is always non-
negative in the auction:

Profit = Revenue−
η∑

t=1

lt∑

j=1

stj

=

η∑

t=1

lt∑

j=1

Bt
j −

η∑

t=1

lt∑

j=1

stj

≥ 0.

4.2 Strategy-Proofness

In order to show that SAFE is a strategy-proof auction mechanism for multi-radio,
multi-channel spectrum allocation, we prove the following lemma first.

Lemma 1. If SAFE is used, each buyer’s dominant strategy is reporting her per-channel
valuation as a bid.

Proof. We prove this by showing that by bidding untruthfully, any buyer cannot get a
higher utility in any iteration. We consider a buyer i ∈ gj with per-channel valuation
vi. Let bmin

j = min{bi|i ∈ gj}. Since the smallest-bidding buyer in group gj cannot
win any channel, bmin

j remains the same in all the iterations. Consequently, buyer i’s
utility ut

i in the tth iteration is either vi − bmin
j or 0, depending on whether she wins a

channel or not in this iteration. Let ût
i be the utility got by buyer i in the tth iteration,

when she bids truthfully. We next prove that buyer i cannot increase her utility got in
any iteration, by distinguishing two cases:

1. Buyer i is the smallest-bidding buyer in group gj , when bidding truthfully (i.e.,
bi = vi). Then, her utility ût

i = 0, ∀t. We further distinguish two cases:
– If she increases her bid to b′i > vi, then the smallest bid in group gj becomes
b′min
j ≥ bmin

j = vi. If she still does not win a channel, her utility remains 0:

u′t
i = 0 = ût

i.

If she wins a channel in the tth iteration, then her utility for this iteration be-
comes non-positive:

u′t
i = vi − b′min

j ≤ vi − vi = 0.
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– If she decreases her bid to b′i < vi, then she is still the smallest-bidding buyer
in group gj , and her utility remains 0.

2. Buyer i is not the smallest-bidding buyer in group gj , when bidding truthfully. We
further distinguish three cases:

– If she increases her bid to b′i > vi, then the smallest bid in group gj remains
unchanged. Consequently, her utility also remains unchanged, no matter she
wins a channel or not in this iteration.

– If she decreases her bid to b′i < vi and becomes the smallest-bidding buyer
in the group gj , then she definitely cannot win a channel and her utility is
u′t
i = 0 ≤ ût

i.

– If she decreases her bid to b′i < vi but is still not the smallest-bidding buyer in
the group gj , then the group bid of gj remains unchanged. No matter the group
gj is a winning group in the tth iteration or not, the buyer i’s utility remains
unchanged:

{
u′t
i = vi − bmin

j = ût
i, gj is a winning group;

u′t
i = 0 = ût

i, otherwise.

Since buyer i maximizes her utility gain in each iteration by bidding truthfully (i.e.,
bi = vi), and the total utility of buyer i is the sum of her utilities gained in all the
iterations, we can conclude that buyer i maximizes her utility by bidding truthfully.
This completes our proof.

Lemma 2. SAFE guarantees the individual rationality.

Proof. By the charging scheme, for each channel won, a buyer i ∈ gj is not charged
more than her bid. If the buyer i bids truthfully, then the per-channel charge is also no
larger than her per-channel valuation:

ûi = vi|Ai| −
∑

k∈Ai

pki

= |Ai|(vi −min{bk|k ∈ gj})
≥ 0.

Since SAFE satisfies both incentive compatibility and individual rationality, we have
the following theorem.

Theorem 1. SAFE is a strategy-proof auction mechanism multi-radio, multi-channel
spectrum allocation.

5 Numerical Results

We implement SAFE and evaluate its performance in terms of buyer utility, spectrum
utilization and buyer satisfaction ratio.
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5.1 Methodology

We run SAFE for over 1000 times to evaluate its performance. The terrain area is 1800
meters × 1800 meters, and the buyers are randomly distributed in this area. The number
of buyers varies from 50 to 800 with step of 50. The number of channels is 12 or 24,
and each buyer can request up to 5 channels. The interference range of the buyers is
425 meters. The reserve prices of the channels lie in the range of (0, 1], and the buyers’
per-channel valuations also lie in the same range (0, 1].1 We group the buyers using a
greedy graph coloring algorithm [13].

5.2 Metrics

We use three metrics to measure SAFE’s performance:

– Buyer Utility: For each buyer, her utility is the difference between her total val-
uation and total charge on the channels won. We distinguish two kinds of buyer
behaviors that may result in different buyer utilities.
• Bidding Truthfully: Bidding truthfully means that the bid submitted by a buyer

is her true per-channel valuation.
• Misreporting: Misreporting means that a buyer submits a bid other than her

true per-channel valuation. In the evaluation, we assume that a misreported bid
also lies in (0, 1].

– Spectrum Utilization: Spectrum utilization is the sum of the number of channels
that the buyers get divided by the number of channels.

– Buyer Satisfaction Ratio: Buyer satisfaction ratio is defined as the proportion of the
buyers who get at least a given ratio of their requested channels.

Since TRUST and SMALL cannot guarantee strategy-proofness for multi-radio, multi-
channel spectrum auction in general cases, we only compare the performance of SAFE
with VERITAS.

5.3 Buyer Utility

We numerically verify the strategy-proofness of SAFE with 500 buyers and 24 chan-
nels. We randomly choose a buyer and investigate her utilities with different behaviors.
We run SAFE for over 1000 times. In each run, we fix the other buyers’ bids, and eval-
uate the chosen buyer’s utilities of truthfully bidding and misreporting. After that, we
randomly choose 50 records to show. We note that the rest records lead to the same
conclusion.

Fig. 1 shows the utilities of buyer 178 with different node behaviors. According to the
figure, we can find that buyer 178’s utility of bidding truthfully is always at least as high
as that of misreporting in each run. Furthermore, her utilities of bidding truthfully are
always nonnegative, while misreporting can even lead to negative utilities (e.g., utility
of misreporting is negative in the 20th, 33rd and 46th run).

1 The ranges of buyers’ per-channel valuations and seller’s reserve prices can be chosen differ-
ently from the ones used here. However, the evaluation results of using different ranges are
similar to each other. As a result, we only show the results for the above ranges in this paper.
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Fig. 1. Utilities of buyer 178 when bidding truthfully and misreporting

5.4 Spectrum Utilization

In this subsection, we show the comparison results on spectrum utilization between
SAFE and VERITAS.
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Fig. 2. Spectrum utilization of SAFE and VERITAS

Fig. 2(a) and Fig. 2(b) show the comparison results on spectrum utilization of SAFE
and VERITAS with 12 and 24 channels, respectively. The results show that SAFE out-
performs VERITAS in terms of spectrum utilization in most of the situations. The only
exception is when there are 24 channels and the number of buyers is small (i.e., less
than 200). This is because when the total number of channels requested by the buyers
is relatively small compared with the number of channels, VERITAS can possibly fill
large proportion of the buyers’ request. The results also prove that SAFE is suitable for
the situations in which spectrum is a scarce resource.
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5.5 Buyer Satisfaction Ratio

Finally, we compare the buyer satisfaction ratios of SAFE and VERITAS. Here, for fair
comparison, we set the threshold ratio to be 0.5, which means that a buyer in SAFE is
satisfied if she gets at least 50% of her requested channels.
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Fig. 3. Buyer satisfaction ratio of SAFE and VERITAS

Fig. 3(a) and Fig. 3(b) show the comparison results on buyer satisfaction ratios of
SAFE and VERITAS with 12 and 24 channels, respectively. From the figures, the results
show that SAFE outperforms VERITAS in terms of buyer satisfaction ratio in most of
the cases. The only exception is when the number of buyers is small (i.e., less than
100 buyers for 12 channels and less than 150 buyers for 24 channels), VERITAS has
a higher buyer satisfaction ratio. This is because SAFE has to sacrifice the buyers who
bid the least in the buyer groups to guarantee strategy-proofness.

From the above results, we can draw the conclusion that SAFE is an efficient strategy-
proof auction mechanism for multi-radio, multi-channel spectrum allocation.

6 Conclusions and Future Work

In this paper, we have modeled the problem of multi-radio, multi-channel spectrum allo-
cation as a sealed-bid auction. We have proposed SAFE, which achieves both strategy-
proofness and high system performance, in terms of spectrum utilization and buyer sat-
isfaction radio. As for future work, we are going to design collusion-resistant auction
mechanisms for the multi-radio, multi-channel spectrum allocation.
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