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Abstract
Infotainment services will become a basic necessity for future automobiles especially to enable autonomous driving
and providing entertainment to its passengers. However, getting infotainment contents from a centralized data center will
incur high delays and can hinder the performance in terms of required quality. Installation of Multi-access Edge Computing
(MEC) servers as road side unit (RSU) can be considered as an alternative promising solution that can reduce the access
delays and achieve the required performance by offering computation and caching services right next to smarts cars.
However, MECs have limited caching and computation capacities. In this work, we aim to minimize the access delays for
these infotainment services subject to the limited communication, caching and computation resources.
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I NTRODUCTION

S YSTEM MODEL AND P ROBLEM F ORMULA -

TION

The rise of autonomous car have revolutionized
automobile industries. Recently, great interest is
shown both by the academic and automobile industry to realize a network of smart cars due to
massive advances in the sensing, computation and
communication technologies [1], [2]. The goal of
a network not only provide basic service: trafﬁc
condition, weather, road safety, etc., also provide
an infotainment service. The infotainment service
can be considered like: video, games, social media,
augmented reality, etc,. However, delaying is one
of the most challenges in this ﬁeld. Basically, this
service requires getting content from RSU to smart
cars, or DC to RSU. Therefore, to address this
problem, we consider a 3C model(Communication,
Caching, Computation) show in Fig. 1. In which,
the RSU decides to cache the content, upgrade from
local quality to meet the requested format of smart
cars, or download directly from DC.

Let N = {1, . . . , N } be the set of N smart cars
in the coverage range of RSU, and a set of M
contents M = {1, 2, . . . , M }, where each content has
K different formats based on the quality. We assume
K = {1, 2, 3, 4} which represents four different
formats of a content, i.e., 240p, 360p, 720p, 1040p, and
s(m,k) denoted the size of content in megabits. In
the other hand, we assume RSU enabled MEC has
both caching and computational capabilities. Let
S denoted the cache capacity, and P denote the
computational capacity of the MEC, respectively.
2.1

Communication Model

Communication is required in order to download
the contents in both case: from Data Center(DC) to
the RSU enabled MEC, and from RSU to the smart
cars. Firstly, in the case of contents are downloaded
from DC to RSU. Contents are downloaded from
DC via a ﬁber backhaul link ω0 . Therefore, the
transmission delay between RSU and DC can be
calculated as follow:
(m,k)

τ0

=

s(m,k)
,
ω0

(1)

Secondly, the delay to download a content from
RSU by smart car deﬁne by
(m,k)

τi

=

s(m,k)
.
ωi

(2)

where ωi is the data rate for a wireless link between
a smart car i ∈ N and RSU


ωi = ζi B log2 1 + ϕ|Gi |2 ,
(3)
and ζi is the authorized bandwidth, B is the fraction
of the RSU owned bandwidth , Gi is the channel
gain between RSU and smart car i, and ϕ is the

Fig. 1. Illustration of our system model.
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transmission power of RSU. On the other hand, ti
is the time for a smart car i to exit the coverage
radius γ of an RSU j as follows:
2γ
ti =
,
(4)
μi
where μi represents the velocity of a smart car i.
2.2

y

1,
0

=

M 
K


x(m,k) s(m,k) ≤ C,

M 
K


(5)

m=1 k=1

where x(m,k) is the caching decision indicator
variable which deﬁned as follows:

1, if RSU caches content (m, k),
(m,k)
x
=
(6)
0, otherwise.
Furthermore, we assume that the base layer of all
contents are available at the RSUs, i.e., a base layer
of content m is represented as (m, 0).

(7)

(m,k)

where πj
number CPU cycles per bit required
for converting content, y (m,k) represents the computation decision variable, which is expressed as:
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h(m,k) y (m,k) ≤ P,

(9)

Then, the computational delay to convert cached
content (m, 0) into desired content (m, k) at an RSU
j is given by
l(m,k) =

(s(m,k) )2
h(m,k)

(10)

Note that, if the RSU does not have enough resource
to cache, or process the content, it forwards the
request to the DC.
2.4

Problem formulation

The delay of smart i downloading a content (m, k)
is deﬁne as follow:


(m,k)
(m,k)
Ti
= x(m,k) τi
+ 1 − x(m,k)

 



(m,k)
(m,k)
(m,k)
+ lm,k + 1 − y m,k τi
+ τ0
.
y (m,k) τi
(11)
Then, the total delay of a given smart car i with the
set of contents M deﬁne by

Computation Model

h(m,k) = π (m,k) s(m,k) ,

(8)

m=1 k=1

Φi =

In this subsection, we will discussed the computation model for the cached contents. In this case, we
assume that, the content m is cached in different format with the requested format by smart car. Therefore, the RSU need to tranfrom the quality of current
available content to the specify requested content.
This method can be done by: Transcoding[3], SuperResolution[4] [5], Low-Resolution[6].
In our model, converting a cached content (m, k  )
to content (m, k) will consumed an amount of resources h(m,k) of MEC enabled RSUs, where computational resource allocation h(m,k) is deﬁned as

if (m,k) is converted,
otherwise,

Therefore, the computation capacity contrains can
be expressed as

Caching Model

The objective of caching contents is minimize the
access delay and reduce the backhaul bandwidth
as much as possible. In this model, we assume
that RSU has limited cache capacity C . Therefore,
the RSU need to cache a content with have high
probability requested by smart cars. Let pm , q k
represent the probabilities of a request content m
in representation k , and distribution of p, and q are
independent with each other. Therefore, the request
of content (m, k) is formulated as p(m,k) = pm q k .
Then, the RSU need to follow the caching contrains
which can be expressed as:

2.3


(m,k)

M 
K

m=1 k=1

(m,k)

p(m,k) Ti

(12)

Due to the binary variables x, and y the optimization problem is a large-scale multi-dimensional
Knapsack problem which falls in the NP-hard category. We then proposal a relaxation methods aims to
reduce the complexity, and yield a novel idea is that:
x fraction of content is cache, the other y fraction
is upgrade from local quality, and the remaining
fraction of content can be downloaded from DC. We
introduce a new variable z represent for the fraction
of content can be dowloaded from DC. Threfore,
the delay of a given smart car i when download a
content (m, k) deﬁne by
(m,k)

Ti



(m,k)
+ y (m,k) τi
+ l(m,k)


(m,k)
(m,k)
+ τ0
, (13)
+ z (m,k) τi

(m,k)

= x(m,k) τi
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And the relax problem as follows:
min

N


Φi
i=1
(m,k)
s.t.Ti
≤ ti , ∀i ∈ N,
M
K

(m,k) (m,k)

(14a)

x,y,z

≤C

(14c)

h(m,k) y (m,k) ≤ P,

(14d)

x

m=1 k=1
M 
K


(14b)

s

m=1 k=1
(m,k)

x

+ y (m,k) + z (m,k) = 1, ∀m ∈ M, ∀k ∈ K
(14e)

0 ≤ x(m,k) , y (m,k) , z (m,k) ≤ 1, ∀m ∈ M, ∀k ∈ K,
(14f)

The objective function is convex, the constraints are
an either linear, afﬁne or closed convex set. Therefore, our problem becomes a convex optimization
problem. We then use the Convex.jl [7] to solve the
problem and numerical analysis by Julia language.
Due to the limit of space, we could not present the
detail solutions here.

3

S IMULATION

In our model, We use the Julia language 0.6.2 as
our simulation tool to evaluate our problem. We numerically evaluate the results on a single computer
with the following speciﬁcations: Intel(R) Core(TM)
i5-4690 CPU 3.50 (GHz), RAM 28.0(GB), GPU GTX
1060 3(GB). For the simulation setup, number of
smart cars N = 50, |M| = 50, K = 4 contents, cache
capacity ranging from C = {10 ∼ 40}, computational capacity ranging from P = {300 ∼ 1000},
ω0 = 50(M bps), ωi = {1 ∼ 5}(M bps).
We observe that the proposed approach outperforms all other approaches: Greedy, and Random in
in Fig. 2. Moreover, we can infer that the average
total delay decreases proportionally with the cache
size.

4

Fig. 2. Total delay vs. cache size.
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