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Abstract 

BBQ, Budget-Based QoS management infrastructure, is 
designed to offer end-to-end QoS assurance for All-IP 
networks. BBQ takes pre-planning approach to forecast 
incoming traffic based on historic statistics and 
allocates link resources accordingly. We designed an 
overbooking mechanism to compensate forecasting 
errors and to reduce performance degradation 
accordingly. We also propose an over-admission 
method to compensate resource under-utilization when 
some traffics such as telephony are not persistently 
active during its life time. Simulations show both 
methods can enhance resource utilization effectively.  

Index Terms: All-IP Network, QoS.  

1. Introduction  

1.1 All-IP Networks  

An All-IP Network uses a single IP based packet-
switched network to carry all types of network traffics 
[1,8]. This revolutionary All-IP network not only 
reduces network deployment and management costs, 
but also offers a great opportunity opening for various 
new services that are not possible on the conventional 
separated networks. However, running time-sensitive 
services such as VoIP on packet-switched networks 
may suffer from poor quality problem due to long 
delay time, large jitter, and high packet loss rate. To 
make All-IP networks possible, QoS is a critical 
problem yet to be solved.  

1.2. Related Work  

The two most popular QoS technologies are 
Differentiated Services (DiffServ) and Integrated 
Services (IntServ) [2,4,5]. The heart of IntServ is 
RSVP (Resource Reservation Protocol) [4,5]. Before 
admitting a service request, IntServ first reserves 
demanded resources along the path selected for the 
request. It can provide end-to-end QoS with higher 
confidence, but it suffers from scalability due to 
tremendous management overhead. On the other hand, 
DiffServ can avoid scalability problem. DiffServ is a 

mechanism for specifying and controlling network 
traffics by their classes so that certain types of traffics, 
such as telephony, get precedence [2]. The major 
advantage of DiffServ is its simplicity and easy to 
implement. However, it can only control class-based 
per-hop behavior. Extra mechanisms are needed to 
guarantee per-flow end-to-end QoS.  

The two most famous large-scale efforts that are trying 
to provide end-to-end QoS for All-IP Networks are 
TEQUILA and AQUILA [1,8]. TEQUILA (Traffic 
Engineering for Quality of Service in the Internet, at 
Large Scale) is a project partially funding by the 
European Commission [8]. The objective of the project 
is to study, specify, implement and validate a set of 
service definitions and traffic engineering tools to 
obtain quantitative end-to-end QoS guarantees. 
AQUILA (Adaptive Resource Control for QoS Using 
an IP-based Layered Architecture) is another European 
project aiming to similar objectives [1].  

1.3. BBQ  

To support end-to-end QoS for All-IP Networks, we 
propose Budget-Based End-to-end QoS management 
infrastructure, BBQ, in which the quality bound of each 
component network is controlled based on a calculated 
budget plan. End-to-end QoS will be assured by a 
global QoS management agent. The objective of this 
infrastructure is to facilitate network operators to tune 
their networks with a great flexibility and scalability to 
achieve their own operational objectives [6].  

BBQ takes resource reservation approach to ensure the 
demanded QoS. One of the problems associated with 
the reservation approach is the impairment of resource 
utilization due to some factors such as "no show" effect 
and bursty nature of some services. Thus, one of our 
design challenges is to maximize the resource 
utilization without incurring too much real-time 
overhead. The details of BBQ design can be found in 
[6,7,8].  

1.4. Over Commitment  

In order to reduce real-time response time, many of the 
management mechanisms in BBQ, such as resource 
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allocation and reservation, take pre-planning approach, 
instead of real-time on-demand approach. Using pre-
planning approach, a network planner uses historical 
traffic statistics to forecast incoming traffics in the 
future. In this approach, inevitable forecasting errors 
caused by traffic fluctuation and imperfect forecasting 
methods may hurt management objectives resulting in 
lower resource utilization. To correct this inefficiency, 
we propose an innovative mechanism, overbooking, in 
which a bandwidth broker can commit more resources 
to the requesters than what it actually possesses.  

Furthermore, some traffics such as telephony may not 
be persistently active during its life time leaving part of 
reserved resource unused. To enhance resource 
utilization, we propose an over-admission method, in 
which admission controllers may admit more traffics 
than the resources they controlled.  

1.5 Paper Organization  

Section 2 and 3 show various resource allocation 
methods that use over commitment methods. Section 4 
shows the performance evaluation for the designed 
methods.  

2. Overbooking  

Under BBQ, the Bandwidth Broker (BB) of a core 
network allocates the link resources (bandwidth) to 
edge routers based on traffic forecast. Each edge router 
composes the allocated link resources into short-paths 
and then allocates them to incoming requests.  

Traffic forecast may not be perfectly accurate due to 
traffic fluctuation and imperfect forecasting methods. 
Forecasting errors may lead to poor resource allocation 
such that a network may reject some service requests 
while it actually has sufficient resources held unused. 
We have designed several mechanisms that can correct 
the inefficiency caused by forecasting errors and thus 
may reduce performance degradation accordingly. The 
objective is to maximize resource utilization in terms of 
operational objectives [6,7].  

Two straightforward approaches are central pool and 
distributed reallocation. The central pool approach is 
to keep a small portion of link bandwidth at the BB for 
real-time on-demand allocation and to have edge 
routers make on-demand reservation when the 
reallocated bandwidth of any link is exhausted (or 
below a certain threshold). This approach has some 
drawbacks: first, on-demand resource allocation is 
expensive; secondly, it is not easy to determine the 
right amount of bandwidth to be reserved in the central 
pool.  

On the other hand, in the distributed reallocation 
approach, edge routers perform bandwidth reallocation 
by themselves. Whenever the bandwidth of a link 
allocated to an edge router is exhausted, that router will 
negotiate with other edge routers for bandwidth 
reallocation. This greedy approach has less 
computation overhead. However, its reallocation 
efficiency is not predictable at all while it can't avoid 
the expensive real-time on-demand management 
overhead.  

As previously mentioned, we designed an innovative 
mechanism, overbooking, in which a BB can commit 
more resources to the requesters than what it actually 
possesses. Because of possible imperfect resource 
allocation, some edge routers may have some unused 
link bandwidth due to over-estimation. This unused 
resource becomes an allowance for other edge routers 
to use without notification. If we can control the level 
of over-commitment properly, the total actual 
bandwidth consumption for a link will not likely 
exceed its capacity. The challenge is to determine the 
right level of over-commitment such that bandwidth 
demands can be better fulfilled and the probability of 
traffic overflow is minimized. We have designed an 
optimization model with good solutions provided. The 
notations are defined as follows:  

τ   total committed bandwidth  
N   maximum possible incoming traffic  
m1  per unit profit earned by overbooked bandwidth 
m2  per unit packet loss penalty due to overflow  
R   net profit  
p(b)  probability of actual traffic demand of b units  
h(b)  loss rate on the committed bandwidth of b units 
C   link capacity  

Assuming the probability distribution of total 
bandwidth demand is known and applicable, we can 
derive the formula to maximize the expected profit as a 
function of the committed total bandwidth τ and 
capacity C as shown in Eq. 1.  
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The derivation of Eq. 1 can be found in [7].  

3. Over Admission  

In BBQ, each edge router controls some short-paths 
which will be used by incoming traffics on reservation 
basis. It executes admission control to allocate and 
deallocate short-paths to incoming traffics. 
Unfortunately, some traffics such as telephony may not 
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be persistently active during its life time leaving part of 
reserved resource unused. In the conversations over a 
normal phone call, users usually talk alternatively 
instead of simultaneously. Therefore, the resource 
utilization of telephony services is usually lower than 
50%.  

We propose to take this advantage to enhance resource 
utilization by over admission, which allows edge 
routers admit more traffics than the resources they have. 
The challenge is to find the maximum level of over 
admission without incurring too much traffic overflow.  

Because telephony services will continue to be the 
most popular traffics in the near future, our study 
assumes all traffics are telephony traffics for simplicity. 
We assume that each telephony session is on-off 
exponentially distributed. Followings are the notations 
used in our analytic model:  

Z    number of admitted telephony sessions  
y    number of active telephony sessions  
p    probability that a telephony session is active  

C1   
per unit time profit of an admitted telephony 
session  

C2   
per unit time penalty of an overflowed telephony 
session  

T    
active time of a telephony session, an 
exponentially distributed random variable with a 
mean value of 1/λ  

T'    
inactive time of a telephony session, an 
exponentially distributed random variable with a 
mean value of 1/λ'  

Given the parameter shown above, the net profit can be 
calculated using Eq. 2.  
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The optimal number of sessions to be admitted can be 
easily calculated in linear time.  

4. Performance Evaluation  

The proposed overbooking and over-admission 
methods were evaluated by simulation on the UCB 
NS2 network simulator. Although the evaluation model 
is simple, it is good enough to demonstrate the merit of 
both methods. The evaluation metrics are the total 
profit and the admission ratio, which is the ratio of the 
admitted traffic to the total incoming traffic.  

4.1. Experimental Environment for 
Overbooking  

Fig. 1 shows the basic topology used in the simulation. 
To simplify the simulation, we use CBR traffic and the 
capacity of the link between Ingress and Egress is 50 
units. Although we use CBR traffic only, the results 
should be applicable to other types of traffic. Each of 
the traffic source nodes has an access link to the 
Ingress. Each access link has a designated flow 
capacity. The traffic is randomly generated and is fed 
into these access links.  

Fig. 1.   Basic Topology in Simulation for Overbooking  

The forecasted traffic demand of each of 5 traffic 
sources is 10 flow units. The traffic is generated using 
shifted normal distribution with a mean of 10 flow 
units and in the range between 0 and 20. The deviations 
of traffic volume are controlling parameters in the 
experiments.  

4.2. Experiment Results of Overbooking  

The traffic is generated with a deviation varying from 1 
to 5, increased by 1 each step. The ratio of overbooked 
bandwidth varies from 10% to 50%, increased by 10% 
each step. The ratio of m1 to m2 is set to 1:6. The 
evaluation results are shown in Fig. 2.  
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Fig. 2.   Increased Admission by Ratio of Overbooking  

As we can see, overbooking performs extremely well 
when forecasting errors (traffic variation) are high.  
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4.3. Experimental Environment for Over-
admission  

Two experiments were conducted in the simulation 
study to verify the accuracy of analytic model and to 
evaluate the performance under various conditions. The 
basic topology used in the simulation is similar to Fig 1.  

Experiment parameters are listed in Table 1.  

Table 1.   Parameters for Over-admission Simulation 
 

Parameter Value Range 
Active Ratio 0.1-0.9  
Mean Holding Time 2,5 min  
Capacity 10-30  
C1:C2 1:2, 1:3, 1:4  
Admitted Amount 20-150  

4.4. Experiment Results of Over-admission  

In our simulation, the discrepancy between Eq. 
2 and simulation results is less than 10% in 
most of the cases. The discrepancy will be 
larger at long mean-holding time because the 
inaccuracy of overflow probability estimation 
incurs some error in Eq. 2. The performance 
by active ratio is shown in Fig. 3. 
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Fig. 3.   Performance of Over-admission by Active 
Ratio  (HT is holding time) 

As we can see from Fig. 3, the over-admission can 
increase profit by 100% when active ratio is 50%.  

5. Summary  

This paper discusses some resource allocation methods 
that can tolerate forecasting errors under the BBQ 
infrastructure. BBQ takes pre-planning approach to 
forecast incoming traffic based on historic statistics and 
allocates link resources accordingly. However, 
forecasting errors may lead to poor resource allocation. 
We have designed some mechanisms that can 
compensate forecasting errors, namely, central pool, 
distributed reallocation, and overbooking. We also 
derived some optimization models to determine the 
right amount of resources to keep in the central pool for 
on-demand allocation and right level for overbooking 
that can maximize resource utilization without causing 
any real-time on-demand allocation overhead.  

Furthermore, some traffic such as telephony traffic may 
not be persistently active during its life time leaving 
part of reserved resource unused. We propose an over-
admission method to enhance resource utilization. The 
simulation results based on the UCB NS2 shows that 
both overbooking and over-admission can improve 
resource utilization effectively.  
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