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ABSTRACT
Road Side Units (RSUs), which enable the vehicles to infrastructure communication, are deployed along the roadside to
handle the growing communication demands as the number
of vehicles increases. How to eﬃciently use these RSUs to
enhance the vehicular network performance becomes an important problem after the optimal RSU placement schemes
were proposed. In this poster, we investigate this problems
by considering the application of vehicular mobile content
dissemination. By collecting and analyzing the vehicular
mobility traces from about 27,000 operational taxis during
one month in Beijing city, we ﬁnd that the contact patterns
between the RSUs and vehicles obey exponential distribution. Based on this fact, We formulate the optimal mobile content dissemination problem with heterogeneous data
items and limited storage as an integer linear programming,
which can be solved by widely existing optimization suites
like CPLEX and YALMIP.

Recent works focused on how to deployed RSU infrastructure to handle the growing communication demands as the
number of vehicles increases and proposed optimal RSU
placement schemes with the consideration of the vehicular
traﬃc and city structures[1]. With the optimal RSU deployment,the left problem is that how to eﬃciently use the
RSU to improve the network performance. In this poster,
we investigate such problems by considering the application
of vehicular mobile content dissemination. More speciﬁcally, we study the problem that how the system buﬀers the
mobile content in the RSU aided mobile content sharing to
enhance the dissemination eﬃciency. Our novel contribution
is threefold which can be summarized as follows:
• We collect real mobility traces from about 27,000 operational taxis during one month in Beijing city, which
records the key contact patterns between the RSU and
vehicles of mobility in a large city, and enable us to
analysis the problem in a realistic consideration.
• We consider the RSU-aided vehicular mobile content
dissemination problem with the realistic heterogeneous
settings that 1) the network contains heterogeneous
vehicles in terms of data preference, 2) the mobile data items are multi-types of diﬀerent delay sensitivity
and size, and 3) the RSU’ storages for content sharing
are limited in size. These realistic conditions were not
taken into account in the previous works for simplicity
reasons.
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• We formulate this optimal heterogeneous mobile content dissemination problem as a Integer Linear Programming (ILP) problem, which can be solved by widely existing optimization suites like CPLEX and YALMIP.

1. INTRODUCTION
Recently, as more and more vehicles are equipped with
devices to provide wireless communication capacities, interests on vehicular communications and networks have grown
signiﬁcantly [2]. Many consortia and standardization bodies
are actively develop technologies and protocols for information transmission among vehicles and between the vehicles
and infrastructure equipments, where exists ﬁxed devices,
i.e., Road Side Units (RSUs) deployed along the roadside.
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2.

TRACE COLLECTION AND CONTACT
PATTERNS

In collecting Beijing trace, we used the mobility track
logs obtained from 27,000 participating Beijing taxis carrying GPS receivers during the whole month of May in 2010.
Speciﬁcally, we utilized the GPS devices to collect the taxis
locations and timestamps and GPRS modules to report the
records every 15 seconds for moving taxis. The speciﬁc information contained in such a report includes: the taxi’s ID,
the longitude and latitude coordinates of the taxi’s location,
timestamps, instant speed and heading. Beijing trace is the
largest vehicular data trace available.
After obtaining the traces, we assume the RSUs are placed
in intersections of the main road, which is usually obtained

by the current optimal placement algorithms, and investigate the patterns that how often the vehicles will enter into
the communication coverage areas, deﬁned as contact interval, and how long the vehicles will stay in the coverage
areas, deﬁned as contact duration. We extract the contacts
from the trace, and investigate the complementary cumulative distribution function (CCDF) of the contact interval
and duration and ﬁnd that both the contact interval and
duration obey exponential distribution.

3. SYSTEM MODEL AND PROBLEM FORMULATION
In the investigated system, there are R + U nodes, where
there are R RSUs buﬀering the data and U vehicles requesting the data. we use R and U to denote the set of RSUs
and vehicles respectively, where |R| = R and |U| = U . For
any RSU r ∈ R, let Lr be the size of its buﬀer. Vehicles can communicate with the RSU only when they move
into its coverage area, which is referred to as a communication contact. During the communication contact, nodes
can transmit the mobile data in the rate of v Bytes per
second. Following the observation in the Beijing vehicular
trace, we assume that the communication contact interval
between RSU r and vehicle u obeys the Poisson process with
contact rate θur , and the duration of their contact follows
an exponential distribution with rate parameter λur . During the contact, the transmitting rate remains η. Since in
reality there are many diﬀerent types of mobile data, for
example, multimedia newspapers, weather forecasts, movie
trailers, etc., we model the mobile traﬃcs of C diﬀerent data items, labelled as C. For any c ∈ C, its data length is lc .
Using digital fountain codes, we generate nc = lcgξ chunks
from the message c, where g is the size of each chunk and
ξ > 1. The original message c can be reconstructed using
c
any vc = (1+ε)l
of the chunks, where ε > 0. The lifetime
g
for data c is Tc . Finally, the interest probability of vehicles
u ∈ U in mobile data c ∈ C, deﬁned by ωu,c . For any vehicles
u ∈ U, let ωu = [ωu,1 ,ωu,2 , . . . , ωu,C ] to be its aﬀection to
each of the data, whose sum is 1.
For any r ∈ R and u ∈ U, denote the number of chunks
for data c that u receive from r with πurc , where 0 ≤ πurc ≤
vc . Assume in c’s lifetime Tc , there are Nurc times of meet
between u and r during which chunks of c are transmitted.
Then we have
P (Nurc = j) =

e−θur ωuc Tc (θur ωuc Tc )j
, (0 ≤ j < +∞).
j!

Let τurc (m)(1 ≤ m ≤ Nurc ) be the duration of each transmission of c. We have τurc (m) ∼ exp(λur ), which can also be
1
written as τurc (m) ∼ Γ(1, λur
). Deﬁne the total duration of
N∑
urc
Nurc times of transmission as T (Nurc ) =
τurc (m). By
m=1

the property of Gamma distribution, we have T (Nurc ) ∼
1
Γ(Nurc , λur
). Then for 0 ≤ i ≤ vc − 1,
P (πurc = i|Nurc = j)

=

γ(j,

λur (i+1)g
)
η

− γ(j,

Γ(j)

λur ig
)
η

,

where γ(j, λx) is the incomplete gamma function. For i =

vc ,
P (πurc = vc |Nurc = j) = P (T (Nurc ) ≥
= 1 − FΓ (

vc g
|Nurc = j)
η

Γ(j) − γ(j, λurηvc g )
vc g
1
; j,
)=
,
η
λur
Γ(j)

From the law of total probability, we have
+∞
∑
P (Nurc = j)P (πurc = i|Nurc = j)
P (πurc = i) =
j=0
 +∞
ig
∑ e−θur ωuc Tc (θur ωuc Tc )j γ(j, λur (i+1)g
)−γ(j, λur
)

η
η

,

j!
Γ(j)


j=0


f or 0 ≤ i ≤ vc − 1
=
+∞
∑ e−θur ωuc Tc (θur ωuc Tc )j Γ(j)−γ(j, λurηvc g )


,


j!
Γ(j)

j=0


f or i = vc
Let Φuc = (πu1c , πu2c , . . . , πuR|c ), where 0 ≤ πurc ≤ vc .
For any ϕuc ∈ Φuc where ϕuc = (i∏
1 , i2 , . . . , iR ), the probability of observing it is P (ϕuc ) =
P (πurc = ir )
r∈R

Deﬁne xrc as the number of chunks of message c on r,
xrc ∈ {0, 1, 2, . . . , vc }. For each ϕuc ∈ Φuc , deﬁne yurcϕ =
R
∑
min(ϕuc (r), xrc ), where 1 ≤ r ≤ R. Deﬁne hucϕ = I(
yurcϕ ≥
r=1

vc ). The utility function can be written as
∑∑ ∑
U=
P (ϕuc )hucϕ
u∈U c∈C ϕuc ∈Φuc

Further, the problem can be deﬁned as an integer linear
programming problem
Maximize
s.t.
yurcϕ ≤ ϕuc (r), yurcϕ ≤ xrc ,

vc hucϕ −
∑
c∈C

R
∑

U

yurcϕuc ≤ 0,

r=1

xrc ≤ Lr ,

∑

xrc ≤ nc ,

r∈R

hucϕ ≤ 1, xrc ≤ vc , hucϕ , yurcϕ , xrc ≥ 0.

4.

SOLUTION AND DISCUSSION

As stated above, we formulate our problem into a integer
linear programming problem, which can be solved by widely
existing optimization suite like CPLEX and YALMIP. As
the solution space for this problems is large, it is relatively
hard to deploy this method in real-time storage allocation.
However, the solution of our linear programming problem is
the optimal storage allocation and the value of the utility
function can be seen as a theoretical upper bound, which
is useful when we evaluate applicable algorithms such as
greedy and heuristic ones.
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