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Abstract - In this paper, we propose an improved video
traffic modeling scheme, Delay-Tolerant Multi-Leaky-
Bucket (DTMLB), for video streaming applications over
Internet. Based on the original Multi-Leaky-Bucket
modeling method (MLB), DTMLB parameterizes the actual
traffic cumulative function instead of the empirical envelope
function used by MLB. Moreover, DTMLB incorporates
different delay tolerance characteristics among I-frames,
P-frames, and B-frames of video to improve the overall
bandwidth utilization. Simulation results show that DTMLB
provides higher modeling accuracy and higher bandwidth
utilization than the MLB and the peak rate modeling
methods do. Furthermore, in our simulations, DTMLB
generates the least burst traffic into the subsequent nodes of
networks among all three methods tested.
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1. INTRODUCTION

With the development of network technologies, it is now
possible to transmit high quality video applications over
Internet. Up to now, most of these video applications usually
use unicast method to transmit the video packets. A
unimaginable mass of video streaming flows can easily
congest the core network. For resolving the problems and
storing the contents more effectively, Content Delivery
Networks (CDN) is introduced, and video server farms are
distributed to the metro networks [1]. Consequently, the
possible congestion bottleneck caused by transmitting video
applications over Internet is also shifted to the border
switch/router of metro server farms. Fig. | shows the CDN
architectures with broadband access networks and metro
networks.

To manage the available bandwidth more effectively, the
border switch/routers need the accurate traffic descriptions
and parameters provided by video sources. To date, a rich
set of literatures have proposed various video traffic
modeling methods to describe the characteristics of video
sotirces, such as token-bucket model [2], self-similar model
[3], Markov-modulated model [4], multi-leaky-bucket
(MLB) meodel [5], and Deterministic Bounding [nterval
length Dependent {D-BIND) Model [6]. Basically, these
schemes can be classified to twe classes, the stochastic
traftic modeling class and the deterministic traffic modeling
class.
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Stochastic approaches have the merit that they may be
used to achieve higher bandwidth utilization by exploiting
the statistical propertics of video source. However, the
implementation complexity that enforces the stochastic
traffic characteristics into consideration is high. In contrast,
developed under the worst-case concept and description,
deterministic modeling methods can promise that no packet
is discarded or delayed bevond the guaranteed delay bound.
In addition, deterministic models can be parameterized
easily such that the implementation is more practical than
the stochastic approaches.

To date, however, all related deterministic and stochastic
modeling literatures mentioned above have not included the
fact that the I- and P-frames can tolerate extra frame delay
as compared to B-frames. With these motivations. in this
paper we try to re-design the deterministic traffic modeling
schemes for improving its modeling accuracy.

The rest of this paper is structured as follows. In section I,
we briefly review some related work on the video traffic
modeling approaches. In section IIi, the proposed video
traffic modeling scheme, delay-tolerant multi-leaky-bucket
(DTMLB). is presented in detail. Section [V presents the
simulation environment and results. Finally, section V
concludes this paper.

[. RELATED WORK

[n case of Integrated Services (Inteserv) of Internet,
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Server [arm

£ Metro Video
Server farm

Huorder
switch/ronter

Fig. 1. CDN architectures with broadband access
networks and metro networks.
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Resource reSerVation Protocol (RSVP) [7] utilizes the token
bucket algorithm to describe traffic parameters
corresponding to a specific flow of IP packets. The
token-bucket model only uses one parameter pair to describe
the [P flow. The parameter pair contains the average rate
denoted as p and the bucket depth denoted as o [2]. However,
token bucket algorithm is not suitable for VBR video traffic.
When the network resource is reserved according to the
single (@. p) pair, unacceptable delay or loss may occur
because of unpredictable traffic burst.

To describe the video traffic characteristics more
accurately, Wrege et al. proposed the MLB model which
uses a set of parameter pairs {{o, p)| i = 1, 2..... n} to
characterize the video traffic [5]. Because the MLB model
belongs to deterministic traffic modeling class, it uses
worst-case description to get the empirical envelope E*
which is a time-invariant function, then it captures the set of
parameter pairs from £* in terms of piece-wise linear
concave upper approximation. The concept of worst-case
description is presented as follows. [f the actual traffic given
by a video source is described by an arrival cumulative
function 4 such that A{ ¢, t +¢] denotes the traffic arvives
in the time interval [z, v +¢ ], an upper bound on A can be
given by a traffic constraint function A* if for all times ¢
20 and ali interval lengths ¢ = 0, the following condition
holds [3]:

Alv, T+] = A*@. (1}

However, using the parameter pairs given by MLB, the
traffic shaper of edge switch/router may need a deeper depth
of token pool for the whole VBR video traffic. A deeper
token pool may cause large and fong traffic burst.

Peak rate description method is the most intitive method
that can provide the guarantee of the lowest transmission
delay and no packet loss. However, its low bandwidth
utilization also makes it impracticable to be implemented.

[I{. DELAY-TOLERANT MULTI-LEAKY-BUCKET
MODEL

>

Cuulative Bits
Cumulative Bits

In this paper, an improved video traffic modeling method
DTMLB that refines the original MLB model is proposed.
The major differences between the proposed DTMLB and
MLB are described as follows. 1) Toe describe the traffic
more accurately, we determine and update the traffic
parameters every GOP. 2) Because we focus on the video
streaming applications, DTMLB determines the set of
parameter pairs {(g., p) { = 1, 2,.., n} according to the
arrival cumulative function 4 directly, not the empirical
envelope E* 3} The realistic situation that the delay
tolerance characteristics are different among [-frame,
P-frame, and B-frame is considered in DTMLB. With these
properties, DTMLB can reduce the bandwidth requirement
of each flow. We present in detail the DTMLB modeling
scheme in the next two sub.sections.

A. Delay-Tolerant Arrival Cumulative Function

Fig. 2 shows the property that the delay tolerance is
different among video frames. It presents the case where
compressed video frames are transmitted in bit-stream order
with arrows mapping frames in bit-stream order io the
instants they are first needed in display order. The difference
between display order and bit-stream order of video traffic
shows that I- and P-frames can tolerate one extra frame
delay as compared to B-frames during the transmission [8].
Hence, the video display at the receiver is still sustained
even if some of the packets that belong to the I- or P-frame
are transmitted in the next frame time of B-frame.

Using the delay tolerance properties mentioned above, the

Bit-stream Order

| Bl Bz P; B3 B4 Pz Bs Br; p3 B? BK
Seb NN N
B, B, I By B; P Bs By P, By By Py

Display Order

Fig. 2. The difference between display order and
bit-stream order of video tratfic.
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Fig. 3. An example of DTMLB modeling scheme; (a) The original arrival cumulative
function A; (b) The proposed delay-tolerant arrival cumulative function A (¢} The
plece-wise linear concave approximation for A,
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improved arrival cumulative function denoted as Ay is
proposed where Ajt;, 1] means the traffic arrives in the
time interval [f;,, #] with additional delay tolerant
considerations. To describe the function in detail, Fig. 3
discusses a modeling example with one GOP which consists
of nine frames. Fig. 3(a) depicts an arrival cumulative
function A[f;, 1] where [#,. #2] is the duration of GOP in this
example, Fig. 3(b} depicts the improved arrival cumulative
function AJe;, £} Since the I-frames and P-frames can
tolerate one extra frame time than B-frames, some of the I-
or P-frame packets are permitted to transmit in the duration
of the subsequent B-frame. Therefore, if the bit stream of
any [-frame or P-frame with frame number & arrives up to
time k x J where [ is the reciprocal of frame rate, we can

obtain 4,[t;, k x f] by means of

Al (k=1 x f1+ Al (k+ D x f]

5 &)

Asltkx f1=

B. Piece-Wise Linear Concave Approximation

After obtaining the improved arrival cumulative function,
we approximate A [¢;, ¢;] by means of the piece-wise liner
concave upper bound called traffic censtraint function
At t:]. The A4, t:] is described in terms of a set of
parameter pairs {{g, g} § = 1, 2, ..., n} where the traffic
constraint in an interval ¢ is restricted to min {o;+ p;t}. The
approximation algorithm used by DTMLB is presented in
detail in Fig. 4.

In Fig. 4, ¥ is defined as the total number of frames in a
GOP. Moreover, though the required bandwidth of the Jast
B-frame of a GOP is small, it sometimes needs an additional
(o, p) pair to describe the concave appeared at the last two
B-frames. For reducing the unnecessary parameter pairs, we
omit the last one frame time and get ¢ in the operations of
piece-wise  lincar  concave  approximation.  The
approximation is repeated until ¢ = 0. The final
approximation result of the example that we have discussed
early is shown in Fig. 3{c). We notice that the first parameter
{&,. £1) is only used by the last B-frame, therefore, the (o, p;}
can be saved if the computation of ¢ in Fig. 4 is introduced.
For explaining the algorithm, we continue the example
shown in Fig. 3{c}. Finally, we obtain two parameter pairs,
{05, p2) and (o3, py) in this example.

IV. SIMULATION RESULTS

With the trend of CDN architectures mentioned in Section
I, the remote video servers are built in the metro server farm
and connect to the same border switch/router. One of the
major congestion bottlenecks is at the border switch/router.
Theretore, We only focus on the border switch/router for the
performance evaluations of video traftics and assume that
the bandwidth of metrofaccess networks is enough such that
the defay and loss performances of video traffics are
satisfactory within the metro/access networks,
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In the border switch/router, we set up the traffic
management mechanisms which consist of token bucket
traffic shaper [2], dynamic deficit round-robin (DDRR)
scheduler {9], and video interleaving controller. According
to the traffic modeling parameters (o;, p;) provided by the
video sources, token bucket traffic shaper smoothes the
video traffics coming from video servers. DDRR is used to
provide a fair, fast, and effective scheduling to the mass and
independent video traffics. To avoid the situation that the
[-frames belenging to different video sources arrive at the
scheduler simultancously, we use a simple video
interleaving controller. The relationship among these tratfic
management ¢lements mentioned above is shown in Fig. 5.
fn our simulations the link bandwidth that connects the
border switch/router to the metro networks is assumed as 45
Mbps.

Find_A, function ()
FOR k=2TO V-]
IF I-frame or P-frame THEN

A0k ] = A[O.(k—l)xf]JZrA[().(kJr])xf]

ELSE A,[0kx f]=A[0.kx f}
NEXT 4
Return

Find_parameter_pairs ( GOP_duration)

t* =GOP_duration —t
frame _rate
i=0
While ¢* > 0 Do
i=i+!
e max{{t'AJ[O.a]-a A(,[o,:']}}
0sa<t” -
_ 4,[0.¢" -0,
i ——t'
£'= minlx|o, + p,a = 4,[0,e]}
End While
Return

Fig. 4. The algorithms of piece-wise linear concave
approximation

We utilize MoMuSys MPEG-4 VM 16 encoder to
compress video sequences. We use three video sources,
“foreman”, “news”., and a hybrid video sequence. which
consists of “children™, ~Claire™, "Miss America”, and
“salesman”, for testing various scene change situations.
However. all connections transmit the same sequence in



Video Traffic n -

Fig. 5 The simulation environments for proposed
DTMLB.

each simulation case. All video sequences are in CIF format
with512 kbps target rate and 30 frames per second frame
rate. All video sequences have 2 B-frames between the
1/P-frame and the subsequent P-/I-frame in a GOP. Foreman
and news sequences are 300 frames each in length, and the
hybrid sequence has a total of 750 frames.

For comparing the modeling accuracy, we introduce the
accuracy deviation factor as follow

Deviation

il . . ) ; (3
=Y MIG-Dx fix f1- A== flix [
i=1

where N is the total number of frames of one video
sequence, Aft,, #] is the arrival cumulative function
defined in Section L for a video source, and M[¢,, ]  is the
traffic constraint function defined in Section III-B for
DTMLB scheme and defined in Section [[ for MLB method,

respectively.

The bucket depth is first compared. Fig. 6 shows the
required maximum bucket depth for various video sources,
Foreman, News, and Hybrid sequences. It is apparent that
the MLB approach always needs a deepet bucket depth than
the DTMLB scheme in our simulations. The reason is that
the MLB is a deterministic model using worst-case
description. Therefore it needs deep bucket depth to
pre-store the tokens for later packets. Moreover, when the
trame complexity increases, e.g.. the hybrid video sequence,
the requirement of bucket depth for MLB increases
significantly more than the proposed DTMLB scheme. Deep
bucket depth may introduce serious traffic bursts to the
subsequent nodes of networks. [n our simulations, DTMLB
are always with stronger capability to avoid unnecessary
traftic burst into the networks,

To compare the modeling accuracy between DTMLB and
MLB, the accuracy deviations using different video sources,
Foreman. News, and Hybrid sequences are shown in Fig. 7.
Notice that DTMLB always has smaller accuracy deviation
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Fig. 6 The comparison of required maximum bucket depth
using two modeling methods and three video sources.

than MLB model in the three simulation cases. Furthermore,
when the frame complexity increases, DTMLB provides
even more descriptive accuracy than MLB model. Because
of the significantly large values. the accuracy deviations by
using the peak rate description scheme are shown separately
in Fig. 8. As expected, though Peak rate description method
can provide the lowest transmission delay and the guarantee
of no packet loss, the peak rate description model always
has the largest accuracy deviation than the other two
modeling approaches.

~
&
a
a

Accuracy Deviation (Kbdts)

DTMLB  MLB
Foreman

DTMLE MLB
News

DTMLB  MLB

Hybrid
Fig. 7 The comparison of accuracy deviation using
two modeling methods and three video sources.

The link utilization of various sequences by using the
three ditferent modeling schemes are shown in Fig. 9, Fig.
10, and Fig. 11, respectively. From Fig. 9 and Fig. 10, we
observe that the link utilization of DTMLB is higher than
MLB slightly. However, when the frame complexity
increases such as the hybrid sequence, as shown in Fig.11,
the link utilization of MLB decreases substantially. In
contrast, the link wiilization using proposed DTMLB is
always stable in the three simulation cases, Moreover, peak
rate description approach always has the lowest link
utilization.
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Fig. 8 Accuracy deviation for peak rate description with
different viden sonrees.

Link Utilization (%)
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Fig. 9 The comparison of link utilization using the
Foreman sequence and three modeling schemes.

V. CONCLUSION

In this paper, with the consideration of different delay
-tolerance characteristics among I-frames, P-frames, and
B-frames, we propose an improved video traffic modeling
scheme, DTMLB, for video streaming applications over
Content Delivery Networks. Simulation resuits show that
DTMLB provides better traffic descriptive accuracy and
higher bandwidth utilization. particularly for complex video
sources, than the MLB and peak rate description modeling
methods. Moreover, as shown in simulations, DTMLB
provides strong capability to avoid possible additional tratfic
bursts into the subsequent nodes of networks.
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