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Abstract—IT services are getting increasingly complicated, and 
require IT support organization to manage them. IT support 
organization are in charge of the incident management process 
and represent mission-critical structures whose performance 
needs to be frequently assessed and optimized. State-of-the-art 
research in the performance optimization of IT support 
organization proposes user-driven performance assessment and 
optimization processes based on what-if scenario analysis tools 
that implement sophisticated IT support organization models. 
This manuscript instead represents a preliminary study of a 
different kind of optimization processes, of the closed-loop type, 
that try to autonomously identify optimal IT support 
organization configurations according to inputs provided by the 
user. This paper discusses the development challenges in realizing 
decision support tools for closed-loop optimization processes and 
presents a prototype system. The preliminary evaluation of our 
tool demonstrates that closed-loop processes might be impractical 
as reference tools but can effectively complement and extend 
human-driven ones. 

Decision support, Information Technology Infrastructure 
Library (ITIL), IT service management, incident management. 

I. INTRODUCTION 
IT services are getting more and more complicated, and 

their management represents a major challenge. IT support 
organizations are the entities in charge of the incident 
management process, as defined by ITIL [1] [2], and their 
optimization is of critical importance. 

While implementing a relatively simple business process, 
IT support organizations are complex systems composed of 
support groups that cooperate, often through tightly coupled 
interactions, to restore normal service operations after a 
disruption. The performance optimization of IT support 
organization is therefore a considerably challenging task. 

In our previous works, we proposed and advocated an 
interactive and user-guided optimization process for IT support 
organizations [3] [4]. Expert human decision makers are in 
charge of guiding the optimization process towards the desired 
performance objectives, which are organization-specific and 
defined by the business management. 

The present work, instead, takes an exploratory approach in 
the opposite direction and attempts to study the potential 

benefits that an automated, closed-loop optimization process 
would bring, as well as the fundamental challenges that its 
development would pose. Closed-loop optimization processes 
try to identify the optimal IT support organization 
configuration according to inputs provided by the user: an IT 
support organization model, a series of constraints on possible 
reconfigurations, and a performance evaluation criterion. 

This paper discusses the challenges in the development of 
closed-loop optimization processes. To evaluate the potential 
benefits that closed-loop optimization processes could bring, 
we have realized a prototype decision support tool that 
leverages on what-if scenario analysis and extensive user-
provided input to identify an IT support organization 
configuration with an optimal business impact. 

While it builds on extensive research work that the authors 
have dedicated to IT support organization modeling, this paper 
presents 2 important original contributions: a method to 
rigorously define the space of possible IT support organization 
configurations and an extended business-impact model that 
enables the performance assessment of the IT support 
organization according. 

Preliminary evaluations of our tool demonstrate that, while 
the adoption of closed-loop performance optimization as a 
reference decision support tool might be impractical, these 
processes can complement and extend interactive, human-
driven optimization processes. 

II. IT SUPPORT ORGANIZATIONS 
IT support organizations are composed of a possibly large 

number of operators, with different specialization, skills and 
work shift schedules. Operators are organized in support 
groups of different levels (usually three to five), with lower 
level groups managing generic issues and higher level ones 
handling mundane and time-consuming tasks. The Help Desk 
is the lowest support group that interfaces with customers 
reporting an IT service disruption, and consequently “opens” 
an incident, sometimes also called trouble-ticket or simply 
ticket. The incident is then “assigned” to a specific support 
group for its solution, and can possibly escalates to a higher 
level group in case of a technically deeper support needed. 

During its lifetime, an incident moves through different 
states and is possibly managed by several groups of different 



levels. In each state, the incident record is updated with 
pertinent information, such as state name and related service 
restoration activity. If the customer request the organization to 
stop working on the incident, the incident is placed in a 
“suspended” state to avoid incurring into Service Level 
Objective penalties. The ticket is placed in the “closed” state 
when the disruption is repaired, and it is “resolved” when the 
customer confirms that the service has been fully restored. 

In some ways, IT support organizations resembles 
telephone call centers [5] [6] and can thus be modeled as open 
queuing networks [7]. However, notice that IT support 
organizations have some peculiar characteristics that 
distinguish them from telephone call centers. In fact IT support 
organizations do not need to consider call blockings, 
abandonments, or redials, but should instead consider the 
routing of incidents through the system as well as complex 
incident prioritization policies, since IT support organizations 
might serve many customers with different profiles, each one 
with a specific SLA. 

III. AUTOMATED PERFORMANCE OPTIMIZATION OF IT 
SUPPORT ORGANIZATIONS 

When dealing with the performance optimization of IT 
support organization, the state-of-the-art of research is 
represented by decision support tools that enable a user-driven 
process based on purposely developed models of IT support 
organizations and what-if scenario analysis [3]. These tools 
reenact the behavior of real-life IT support organizations 
through simulation techniques and enable an iterative 
performance optimization process. As depicted in Fig. 1, users 
can optimize the performance of their IT support organizations 
by incrementally specifying the set of changes to apply to the 
current organization configuration in order to define an 
alternative configuration that will be tested on a set of 
performance metrics. 

The inclusion of a human expert in the optimization loop 
presents significant benefits, mostly because putting a human 
in charge of decision making enables him to develop a deeper 
knowledge of the system as well as of the optimization 
objectives through an interactive learning process. In fact, a 
human decision maker might improve the quality of his 
decisions by analyzing the impact that past decisions had on the 
IT support organization performance, and possibly changing 
his decision making criteria and/or his target optimization 
objectives along the optimization process. (This essentially 
warrants that the optimization process stops only when it leads 
to acceptable results.)  

In addition, humans can also consider other factors in their 
decision making that would be difficult to model by what-if 
scenario tools, such as outsourcing or other reorganization 
opportunities. 

Finally, as decision making is taken care of by a human, 
there is no need to develop sophisticated multiple-criteria 
decision making software systems to comparatively evaluate 
the performance of different IT support organization 
configurations [8]. 

 

Figure 1.  Workflow for the user-driven performance optimization processes. 

However, human-driven performance optimization 
processes specifically require the inclusion of an expert IT 
manager (possibly with an in-depth knowledge of the IT 
support organization modeled by the tool) in the optimization 
loop and can be very time-consuming and. In addition, human-
driven processes, that typically consist of a series of small 
performance improvement steps, might converge to local 
optima, thus precluding further potential performance 
optimization opportunities. Finally, human decision makers are 
often irrational and error prone, thus requiring specifically 
developed decision support systems in order to mitigate the 
likelihood of achieving sub-optimal results in performance 
optimization [9] [10]. 

These considerations suggest to consider automated, 
closed-loop performance optimization processes to support and 
complement human-driven ones. By leveraging on the same IT 
support organization models and what-if scenario analysis 
techniques discussed above, automated performance 
optimization processes have the benefit of autonomously 
exploring the space of possible configurations. Automated tools 
can be instructed to explore many avenues of optimization, thus 
minimizing the risk of terminating the optimization process 
when a local optimum is reached.  

However, the realization of automated processes for the 
performance optimization of IT support organization presents 
several challenges. First, it requires a mechanism that enables 
the user to define a set of constraints that delimit the space of 
alternative configurations to consider, as well as to develop 
procedures that explores the space within the above mentioned 
constraints. In addition, the process must be capable of 
reenacting IT support organizations’ behavior with an 
alternative configurations. Finally, the process needs a 
procedure that measures the performance of the IT support 
organization with the new configuration, enabling to compare it 
with that of other configurations. 

Evaluating the performance of an IT support organization 
configuration is a very difficult task. In fact, the full extent of 
alternative configurations of IT support organizations cannot be 
captured through IT-level metrics alone. In addition, IT-level 
metrics are plenty and the use of automated performance 
optimization process would force to consider multi-criteria 
decision making methods. 



Instead, business impact analysis represents a significantly 
better criterion to adopt for the performance optimization of IT 
support organizations. Business impact-driven optimization 
aims at minimizing the adverse impact of service disruptions 
on the business, by considering all the costs attached to critical 
incident occurrences. In addition, business impact represents a 
single measure, that therefore significantly simplifies the 
comparison process, as there is no need to consider multi-
objective optimization methods. 

From a theoretical perspective, the performance 
optimization procedure thus becomes a nonlinear programming 
problem, of the following kind: 

PCSxtosubject
xBI

∈
)(min

    (1) 

where the variable x represents the IT support organization 
configuration; the set SPC represents the space of possible IT 
support organization configurations to explore; and the 
function BI represents the performance of the IT support 
organization with configuration x, i.e., its business impact. The 
optimization process starts from x0, the IT support organization 
configuration currently in place. 

To study the challenges involved in the development of 
closed-loop performance optimization process in practice, as 
well as their potential benefits, we have realized a prototype 
decision support tool. Our system leverages on what-if scenario 
analysis and extensive user-provided input to identify an IT 
support organization configuration with an optimal business 
impact. The workflow for the automated optimization process 
implemented in our prototype tool is depicted in Fig. 2. 

 

Figure 2. Workflow for the automated performance optimization processes. 

IV. MODELING IT SUPPORT ORGANIZATIONS 
With regards to the modeling of IT support organizations 

and to the evaluation of alternative configurations for the 
organization modeled, the procedure presented in this paper 
leverages on the extensive experience and tools that the authors 
developed in the Symian research project. 

Symian is a decision support tool that allows to create 
realistic models of real-life IT support organizations and to 
reenact them, as well as modified versions, to fully understand 
the impact of IT processes, strategies and tactics on the 
organizations’ performance.  

Symian enables to play what-if scenario analysis by 
exploiting a discrete event simulator to reproduce in detail the 
behavior of IT support organizations and to evaluate their 
performance in managing incidents. The simulation approach is 
particularly appropriate, given that the scale and the complexity 
of real life organizations make it extremely difficult to devise 
an analytical model. 

Symian proposes a model of IT support organizations based 
on open queuing networks [3]. More specifically, Symian 
models IT support organizations as a set of interconnected 
support groups that exchange tickets according to a Markovian 
routing process defined by a stochastic transition matrix. In 
turn, support groups are modeled as multi-server first-come-
first-served (FCFS) queues. (The authors recently developed a 
significantly more sophisticated model of support groups based 
on multiple-priority queues, that will not be considered in this 
paper for the sake of simplicity. The interested reader is 
referred to [11].) 

Open queuing networks are particularly attractive for the 
reenactment of IT support organizations, as they represent a 
very good tradeoff between model complexity and model 
accuracy. In fact, they can easily measure IT support 
organization dynamics in terms of throughput, queue lengths, 
response times, and utilization, both at the system level and at 
the single support group level. Our model proved capable of 
reenacting the behavior of real-life enterprise-class IT support 
organizations very well, both at the system-wide and at the 
single support group level. 

To accurately capture a wide range of possible behaviors, 
our model reenacts the behavior of a support group according 
to a large set of model parameters, such as a service time 
distribution, a set of operators, and configurations such as a 
priority assignment policy, an operator assignment policy, and 
the operators’ attributes (workflow, skill set, etc.). 

Fig. 3 provides pictorial representations of how our FCFS 
and multiple-priority model works. When an incident arrives to 
a support group, it is attached a service time, randomly sampled 
from the service time distribution associated with the 
corresponding support group. Service time is an attribute that 
represents the amount of time that operators have to spend on 
the incident to finish the portion of work that competes to the 
current support group. Once assigned a service time, the 
incident is then inserted at the end of the corresponding queue. 

As one or more operators become available to start 
servicing new incidents from the queue, our model starts 
assigning them the tickets from the beginning of the queue. The 
incident-operator association procedure is performed according 
to the configured operator assignment policy, which specifies 
the set of rules to use for selecting which incident an operator 
should start working on when he becomes idle. The operator 
assignment policy is probably the most important configuration 
parameter of our model, as it can have a very large impact on 
the support group behavior. The simplest supported operator 
assignment policy assigns incidents to idle operators of the 
corresponding group in a round-robin fashion. However, it is 
also possible to reenact more sophisticated behaviors. For 
instance, for a multiple-priority support group model one could 
configure an operator assignment policy that at the arrival of 



incidents of a specific type, .e.g., with higher priority, preempts 
operators servicing lower priority ones, or that enforces the 
servicing of some particularly complicated incidents only by 
highly skilled and/or experienced operators. 

Our model allows for very sophisticated operator 
management. In fact, the model provides support for operator 
work shift configuration, enabling an extremely realistic 
representation of the support group behavior. More 
specifically, the implementation of our model leverages on a 
simulated clock that reenacts the flow of simulation-time in a 
very similar way to what happens in real life. If an operator’s 
work shift ends before the incident service time is expired, 
incidents can either be handed over to another operator for 
around-the-clock servicing or simply wait until the operator’s 
next work shift. In addition, as in real life IT support 
organizations it is not uncommon for operators to work on 
multiple tickets at the same time, our model also supports 
operators that simultaneously work on more than one incident. 
Finally, our model can be configured to consider specific 
operator skills that skew their ability to deal with incidents of a 
particular category. An operator with a 2.0 skill parameter in a 
specific incident category will take twice as less time to resolve 
an incident of that category than a normal operator. 

When its associated service time is exhausted, the incident 
can leave the support group. In case further work is required to 
resolve the related service disruption, the incident will be 
escalated to a different support group. Else, the incident is 
considered resolved and its lifecycle ends. 

 

Figure 3. FCFS queuing model for IT support groups. 

V. DEFINING AND EXPLORING A SPACE OF POSSIBLE 
CONFIGURATIONS FOR AN IT SUPPORT ORGANIZATION 

The first step of a closed-loop automated IT support 
organization performance optimization process would be the 
definition of a space SPC of alternative configurations to 
consider as well as a strategy to explore the space within the 
above mentioned constraints. 

Notice that SPC is a subspace of S, the multidimensional 
space of all physically possible IT support organization 
configurations. Therefore, the definition of SPC requires to 

apply constraint to S. However, users cannot be expected to 
express these constraints as hyperplanes or convex functions in 
S. Instead, we need to consider rules such as “can decrease 
service time up to 5% in all support groups” and “can transfer 
up to 50% of the operators from support X to support group 
Y”. This complicates optimization problem (1) and requires 
explicit support for domain-specific solutions that enable the 
definition of constraints in S. 

To support these steps, we have designed a system that 
enables users to express constraints for the exploration of the 
IT support organization configuration space to consider by 
specifying easily understandable rules. Our system proposes 2 
basic types of rules: the explore parameter range rule and the 
add/remove/transfer asset rule. We have also developed a 
domain-specific language that enables users to define 
constraints through the above mentioned rules. Fig. 4 shows an 
example of the constraints that our tool enables to specify. 

Through rules of the explore parameter range type, the user 
defines its interest to explore a given area of the parameter 
space. Rules of the asset type instead enable the use to state his 
interests in exploring what would happen by adding some 
assets, e.g., operators, to a support group, or removing them, or 
transferring them to another group. For instance, rule #1 in Fig. 
4 states the user’s intention to explore alternative configuration 
with a different mean service time parameter up to a 5% 
relative change. 

Instead, through rules of the move asset type, a user states 
his intention of exploring different configurations that transfer 
an asset from a support group to another. Rule #2 in Fig. 4 
states the user’s intention to explore alternative configuration 
where a number of operators from support group SG1 are 
transferred, possibly in retraining, to support group SG2.  

Finally, let us point out that from a mathematical point of 
view, an explore parameter range rule translates into a 
hyperbox-type constraint within the space S of all possible IT 
support organization alternative configurations. Asset type 
rules, instead, translate into a hyperline-type constraint in S. 
The combination of these rules allows to define highly non-
linear spaces SPC’s, thus forcing to consider very robust space 
exploration methods. 

After the definition of the space constraints, a proper space 
exploration strategy needs to be selected. Since the function 
that the tool needs to optimize is highly non-linear and there 
are no information about its derivatives, we cannot leverage on 
gradient-descent based optimization techniques such as the 
Broyden–Fletcher–Goldfarb–Shanno (BFGS) [12] and related 
methods. Instead, metaheuristics represent better suited 
solutions. In addition, since the space to explore is typically 
wide, we need to consider metaheuristics designed for large-
scale optimization. 

In addition, for rules of the add/remove asset or transfer 
types there is the problem of limiting the number of 
configuration changes to consider. This forces to use space 
exploration strategies that consider paths of limited length 
when exploring the configuration space, possibly keeping a 
memory of past changes to improve the exploration. 



To address these issues, there is the need to develop tools 
that supports several exploration strategies. So far, we have 
mostly experimented with metaheuristics based on stochastic 
algorithms, such as random search, adaptive random search, 
and Tabu search, and implemented them in our tool. Genetic 
algorithms also represent very promising exploration strategies. 
explore_range :mean_service_time, 

:upto => 5.percent 

move_asset :operators, :up_to => 10, 

:from => “SG01”, :to => “SG22” 

exploration_strategy :random 

Figure 4. Example of constraint definition on the multidimensional space of 
possible IT support organization configuration parameters. 

VI. BUSINESS-IMPACT EVALUATION OF ALTERNATIVE IT 
SUPPORT ORGANIZATION CONFIGURATIONS 

This section presents a business impact model, an extended 
version of the one proposed in [13]. In the Business Impact 
Analysis phase, our tool evaluates the performance of the IT 
support organization configuration according to business 
impact criteria. 

To this end, the tool leverages on user-provided business 
management preferences. More specifically our automated 
optimization process computes the business impact on the 
given IT support configuration x by estimating its alignment 
with the user-provided business objectives.  

Business objectives, defined at the business management 
level, are the targets of the incident management process. Our 
tool models business objectives as a target region (usually a 
range of values) over a KPI (Key Performance Indicator). If a 
KPI value lies within the corresponding target region at the end 
of the evaluation period, then the business objective is met. 

Leveraging from the Balanced Scorecard methodology 
[14], we group business objectives in perspectives and 
associates to each perspective a weight, which captures the 
importance of the objective and is defined by the user. Within 
every perspective, each single business objective is also 
assigned an importance weight. 

TABLE I.  EXAMPLE OF BUSINESS OBJECTIVES. 

Business 
objective 

KPI Target 
region 

Obj. 
Wt. 

Final 
Wt. 

Financial Perspective – Importance weight: 0.6 
Reorganization 
costs 

Total cost of 
implementing new 
organization 

lower than 
15,000 $ per 
month 

0.7 0.42 

Costs for SLO 
penalties 

Total Cost of SLO 
penalties 

lower than 
10,000 $ per 
month 

0.3 0.18 

External Perspective – Importance weight: 0.4 
Customer 
Satisfaction 

Number of SLO 
violations 

5 or less 1.0 0.40 

 

To evaluate financial objectives, our tool leverages on a 
dedicated component that calculates financial costs. This 

procedure is divided in 3 steps or phases: reorganization cost 
estimation, Service Level Objective (SLO) penalty estimation, 
and operational cost changes estimation. 

The reorganization cost estimation phase calculates the cost 
of implementing the given IT support organization 
configuration x with respect to the configuration x0 currently in 
place. The reorganization costs directly related to the strategies 
implementation depend from the specific configuration x to 
consider. For instance, the cost of adding new operators to a 
specific support group must consider the costs for operator 
training, equipment, and salary. The cost of implementing 
software/hardware replacement and/or upgrades, instead, must 
consider the cost for buying new software/hardware and the 
cost for installation, configuration, and training. As a result, our 
tools requires the user to provide specific implementation costs 
for each strategy to be evaluated. 

The second phase estimates SLO violation penalties due to 
strategies implementation. To this end, our tool requires users 
to define the conditions in which SLO violations occur and 
their penalty amount. The tool then uses the values of service 
level indicators obtained from the previous phase to find 
whether SLO violations occur in the context of the strategies 
under evaluation, and calculates their costs. 

In the last phase, the tool considers the drift in operation 
efficiency as a cost to the business. In fact, if a different IT 
support organization configuration changes the throughput of 
ticket resolutions, that has an impact on the business. To take 
this into account, the model leverages on a monetization 
function that links the MICD (Mean Incidents Closed Daily) 
metric with additional efficiency-related costs. The 
monetization function, that must be provided by the user, will 
typically have an arctg or sigmoidal shape. This operation is 
depicted in Fig. 5. 

 

Figure 5. Calculating additional costs of the incident management process 
related to changes in the IT support organization performance. 

VII. EXPERIMENTAL EVALUATION 
To evaluate the closed-loop process, we applied it on a 

model of real-life IT support organization that we build by 
analyzing transactional log data provided to us by the 
Outsourcing Services Division of Hewlett-Packard. HP 
Outsourcing manages, among other IT services, the Help Desk 
function on behalf of various enterprise customers. The data 
used for this experiment comes from the subset of the 
organization serving a single enterprise customer from the 
financial services industry, whose name will be disguised as 
BailUsOut in the remainder of the paper. 



The BailUsOut IT support organization is run by the 
Outsourcing Services Division of HP. Having a global 24/7 
presence, HP Outsourcing faces the daily challenge of 
supporting multiple environments for multiple customers in 
disparate geographies. Hundreds of support groups employing 
thousands of engineers provide support to clients all around the 
world. In particular, 34 support groups are dedicated to 
BailUsOut, and 38 more groups have shared responsibilities 
across multiple enterprise customers and deal with tickets 
generated by BailUsOut. These support groups are 
geographically distributed and each work in their own local 
time-zone. 

We present an illustrative example that demonstrates the 
potential that the autonomous exploration of the configuration 
space performed by closed-loop processes has. To this end, we 
adopted a very simple business impact model, that considers 
only costs of implementing new IT support organization, and a 
simple exploration strategy depicted in Fig. 6. 
explore_range :mean_service_time, 

:upto => 100.percent 

exploration_strategy :random, :runs => 30 

Figure 6. Exploration rules for the BailUsOut IT support organization model. 

The results presented in Fig. 7, which compares business 
impact and IT level metrics obtained from the application of 
the closed-loop optimization process to the BailUsOut IT 
support organization, demonstrates that the autonomous 
exploration of the configuration space might hint to interesting 
optimization avenues that could be further explored in user-
driven processes. 

 

Figure 7. Comparison of business impact and IT level metrics from the 
closed-loop optimization of the BailUsOut IT support organization model. 

VIII. RELATED WORK 
The present work belongs to the business operation analysis 

research area. More specifically, it falls within research 
approaches that aim at improving business processes through 
the collection of metrics on business processes and the 
inferences over the acquired data [15] or the exploitation of 
simulation methods [16]. However, most research studies in 
business operation analysis propose techniques tailored to 
complex process descriptions, consisting of many quite well 
defined steps with a limited number of alternative paths. 
Instead, incident management is a relatively simple process 
taking place in a complex organization, and can by 
characterized by a few simple steps with a huge fan-out of 
alternative possibilities. These peculiarities make common 
business process management techniques either overkill or 
unapplicable to the incident management process. 

Other research efforts have focused on optimization of IT-
specific business process. Among these, a particularly 
interesting series of studies is Diao et al.’s, which focuses on 
the estimation of labor cost and business value of IT services 
from the analysis of process complexity [17] [18]. The present 
work represents a significantly different approach from Diao et 
al.’s, because Symian-Web aims at improving IT support 
organizations’ performance through decision support and 
simulation techniques. 

Among other research efforts modeling IT support 
organizations , a particularly interesting one is Shao et al.’s 
[19] [20]. Their EasyTicket system aims at optimizing the 
ticket routing in IT support organizations through machine 
learning techniques, and is based on a queuing network-based 
model similar to the one adopted by Symian-Web’s. 
EasyTicket is based on the assumption that each type of 
incident has a specific resolver support group, and that 
therefore by facilitating routing incidents to their resolver 
support group as quickly as possible the IT support 
organization performance could be improved. In our 
experience, this assumption does not always hold in practice, as 
usually in real-life IT support organizations several support 
group need to cooperate in order to restore major service 
disruptions. The Symian-Web approach, instead, does not rely 
on any restrictive assumption about the incident resolution 
process, thus enabling a comprehensive analysis of the 
organization performance which considers both incident 
routing effectiveness and efficiency within each individual 
support group. 

IX. CONCLUSIONS AND FUTURE WORK 
The present work represents a first study of closed-loop 

optimization processes for IT support organization. Compared 
with the interactive/user-driven ones, closed-loop performance 
optimization processes require a substantially larger initial 
input from the user. This might make closed-loop processes 
impractical. 

However, they presents the benefit of autonomously 
exploring the space of possibility. Hence, automated processes 
are probably more suited to complement user-driven interactive 
optimization processes, instead of replacing them. 



REFERENCES 
[1] Office of Government Commerce, “Service Strategy Book”, The 

Stationery Office, Norwich , 2007. 
[2] Office of Government Commerce, “Service Operation Book”, The 

Stationery Office, Norwich, 2007. 
[3] C. Bartolini, C.Stefanelli, M. Tortonesi, “SYMIAN: Analysis and 

Performance Improvement of the IT Incident Management Process”, 
IEEE Transactions on Network and Service Management, Vol. 7, No. 3, 
pp. 132-144, September 2010. 

[4] C. Bartolini, C. Stefanelli, M. Tortonesi, “Modeling IT Support 
Organizations Using Multiple-Priority Queues”, accepted for publication 
in Proceedings of the 13th IEEE/IFIP Network Operations and 
Management Symposium (NOMS 2012) - Main track, 16-20 April 2012, 
Maui, Hawaii, USA. 

[5] G. Koole, A. Mandelbaum, “Queueing Models of Call Centers: An 
Introduction”, Ann. of Oper. Res., Vol. 113, No. 1-4, pp. 41-59, July 
2002. 

[6] G. Koole, “Call Center Mathematics”, VU University of Amsterdam, 
Department of Mathematics Website. http://www.gerkoole.com/CCO/. 
Accessed 9th January 2012. 

[7] G. Bolch, S. Greiner, H. de Meer, K. Trivedi, “Queuing Networks and 
Markov Chains: Modeling and Performance Evaluation with Computer 
Science Applications’’, 2nd Edition, Wiley 2006. 

[8] J. Branke, K. Deb, K. Miettinen, R. Slowinski, “Multiobjective 
optimization: interactive and evolutionary approaches”, Springer, 2008. 

[9] D. Kahneman, P. Slovic, A. Tversky (Eds.), “Judgment Under 
Uncertainty: Heuristics and Biases”, Cambridge University Press, 1982. 

[10] T. Gilovich, D. Griffin, D. Kahneman (Eds.), “Heuristics and Biases: 
The Psychology of Intuitive Judgment”, Cambridge University Press, 
2002. 

[11] C. Bartolini, C. Stefanelli, M. Tortonesi, “Modeling IT Support 
Organizations Using Multiple-Priority Queues”, accepted for publication 
in Proceedings of the 13th IEEE/IFIP Network Operations and 

Management Symposium (NOMS 2012) - Main track, 16-20 April 2012, 
Maui, Hawaii, USA. 

[12] J. Nocedal, S. Wright, “Numerical Optimization”, 2nd Ed., Springer, 
2008. 

[13] C. Bartolini, C. Stefanelli, M. Tortonesi, “Business-impact analysis and 
simulation of critical incidents in IT service management”, in 
Proceedings of the 11th IFIP/IEEE International Symposium on 
Integrated Network Management (IM 2009), pp. 9-16, 1-5 June 2009, 
New York, NY, USA. 

[14] R. S. Kaplan, D. P. Norton, “The Balanced Scorecard: Translating 
Strategy into Action”, Harvard Business School Press, 1996. 

[15] F. Casati, M. Castellanos, U. Dayal, M.C. Shan, “A Metric Definition, 
Computation, and Reporting Model for Business Operation Analysis”, in 
Proc. of Advances in Database Technology - EDBT 2006, 10th 
International Conference on Extending Database Technology, Munich, 
Germany, March 26-31, 2006. 

[16] K. Tumay, “Business process simulation”, in Proc. Winter Simulation 
Conference 1995, 3-6 December 1995. 

[17] Y. Diao, A. Keller, S. Parekh, V. Marinov, “Predicting Labor Cost 
through IT Management Complexity Metrics” in Proceedings of the 
10th IEEE/IFIP Symposium on Integrated Management (IM 2007), 
Munich. Germany. 

[18] Y. Diao, K. Bhattacharya, “Estimating Business Value of IT Services 
through Process Complexity Analysis”, in Proceedings of the 11th 
IEEE/IFIP Network Operation and Management Symposium (NOMS 
2008), Salvador de Bahia, Brazil. 

[19] Q. Shao, Y. Chen, S. Tao, X. Yan, N. Anerousis, “Efficient Ticket 
Routing by Resolution Sequence Mining”, in Proceedings of 14th ACM 
SIGKDD International Conference on Knowledge Discovery and Data 
Mining (KDD’08), Las Vegas, NV, USA, 24-27 August 2008. 

[20] Q. Shao, Y. Chen, S. Tao, X. Yan, N. Anerousis, “EasyTicket: A Ticket 
Routing Recommendation Engine for Enterprise Problem Resolution”, 
in Proceedings of 34th International Conference on Very Large Data 
Bases (VLDB’08), Auckland, New Zealand, 23-28 August 2008. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


