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Abstract— Searching for examples to encourage and motivate
students in a subject is not a trivial task. Future Computer
Science and Telecommunications Engineers tend to look at
Automatic Control reluctantly. They do not relate their working
life to it. But, if we blend examples from two areas:
telecommunications and control, maybe we can change their
minds. These engineers work with web servers: systems that deal
with a lot of requests and must give fast and reliable service to
users. CPU and memory usage could improve their performance
if automatic control techniques are applied. Apache is one of the
most well known web servers and it is at this point where Apache
can help us.

Web server; Apache; Automatic Control; Internet server; PID;
predictive control.

L.

Automatic control combines concepts and ideas from
Mathematics and Engineering. There are many different
techniques that allow real systems to be controlled. For
instance, we can apply control techniques to ensure that a
reactor does not reach a critical point, or we can control an
airplane velocity or altitude.

INTRODUCTION

Future Computer Science and Telecommunications
Engineers (in Spain) learn about Communications Networks
and Internet and they also learn automatic control techniques. It
is sometimes difficult to find systems that appeal to them from
both sides: communications and control. Most control books
present electrical or mechanical examples. Rerefence [1] is the
only textbook that gives examples of computing systems and
how control techniques can improve their performance.

Apache ([2]) is a web server developed and maintained by
the contributors to the Apache Software Foundation. There are
variables that are critical for the right performance. As
presented in [3], we can apply automatic control techniques to
achieve better server performance. It should be decided which
variables will act as inputs or manipulated variables and which
variables will be the outputs or controlled variables. The work
in [3] is used as reference. We aimed to design a tool that could
be used in the classroom and act as a pool of control techniques
to experiment and compare results.

CONAPA (CONTtrolling APAche) is the user’s tool. It has
been developed taking into account that it should be easy to
use. There are different working options:

e Monitoring tool: the user watches the system’s evolution.

e Simulation tool: the user can simulate the system under

different situations.

Real-time control: the wuser defines the controller
parameters and the real web server works following the
controller calculations.

It works both as an online and as a virtual laboratory. Data
can be saved and loaded in different programs to analyze
results. This application manages the data capture for
identification purposes, the simulation environment and the
control of the real system.
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Figure 1. Working environment

The following sections describe our work. We have
followed a top down approach, from general to particular. So
Section II describes the system’s architecture. Then the
relevant variables are explained as well as how they are read
and calculated from the server in Section III. Section IV
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describes the new module included in Apache. Then, a brief
description of the type of controllers that are implemented is
given in Section V. CONAPA is presented from the user’s
point of view (Section VI) and finally some conclusions and
future work are outlined.

II.  SYSTEM’S ARCHITECTURE

The working environment () consists of a server running
the modified Apache connected through a 100 Mbps LAN to a
machine running a synthetic workload generator. Thus, we can
work under different traffic conditions. The server is a Pentium
IV Mobile 1.8 MHz (2GB RAM memory). The benchmark
runs on an Intel dual core 2.24 MHz (4GB RAM memory).
Both machines run under Ubuntu (www.ubuntu.com).

The clients’ machines will connect to CONAPA’s web
page. From there, they could work with the different options
that will be explained in Section VI.

The benchmark is Curl-Loader ([4]). This tool is open-
source and written in C. It simulates the application load and
behavior of HTTP/HTTPS and FTP/FTPS clients. Information
about each virtual client can be statistically analyzed.
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Figure 2. MVC architecture

Our application has been developed using the LAMP
(Linux, Apache, Mysql and Php) architecture ([5]). The
software architecture, i.e., how the system is organized inside,
follows the Model-View-Controller (MVC, Figure 2)
architecture (first described in [6]).

III.  SYSTEM’S VARIABLES

Choosing manipulated and controlled variables is directly
related with how and what we want to do. It is advisable to
choose variables that have a real importance in the system and
that can be easily modified and interpreted. There are several
key variables in an Apache web server.

From the administrator’s point of view, it is very important
to keep the CPU and memory use within a desired band (from
now on, these variables will be denoted CPU and MEM). If
high values are reached, the system could overload or there
might be a slow response to bursts in workload. CPU and
MEM cannot be read directly and should be calculated (see
the following subsection). These two variables are our
system’s outputs.

The controlled variables change their value as the result of
a change in the manipulated variables. If we want CPU and
MEM to follow a reference, i.e., to reach and stay around a
value, we need to find which variables could affect them, and
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more importantly, we need these input variables to change
their value dynamically.

Apache’s KeepAliveTimeout (KA, [2]) directive is the
number of seconds the server will wait for a subsequent
request before closing a connection. The higher the value, the
more server processes will be kept occupied waiting for idle
clients. So, CPU and MEM are underused. If KA is very low,
connections could be terminated too early. So KA should be
given values that neither overload nor underload the server.

The maximum number of clients (MaxClients, MC for
short) that can connect to the Apache server directly
influences the use of the CPU and MEM. The more clients are
connected, the higher the usage.

MC and KA cannot be modified in standard Apache. If we
want to change their value dynamically, the Apache source
code has to be modified (Section I'V).

A. How to calculate MEM and CPU utilization on line

There are tools in Linux that calculate the use of MEM and
CPU, but they group consumptions together by processes and
not by application. So a script was written in Python ([10]).

The script in Figure 3 looks for information from each
process that has been created. Linux stores these records in the
directory /proc.

Cpu.py
#! /usr/bin/python
import sys
import time
import os
import pwd
import math
class PStat:
def _ init_ (self, pid):
fd = open("/proc/%d/stat" % pid)
1 = fd.readline() .split ()
fd.close()
self.pid = pid
self.comm = 1[1] [1:-1]
self.utime int (1[13])
self.stime int (1[14])
def get_time (self):
return self.utime + self.stime
class SStat:
def  init (self):
fd = open("/proc/stat™")
1 = fd.readline() .split ()
fd.close()
self.uptime = int(1[4])
def get pids():
r = []
for d in os.listdir("/proc"):
try:
r.append (int (d))
except ValueError:
pass
return r
def get pstats():
r={}
for pid in get_pids():
r[pid] = PStat(pid)
return r
def get_rss mem(pid) :
""rReturn the process RSS in MB"""
fd = open("/proc/%d/statm" % pid)
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1024

time
tabl

1 = fd.readline() .split () [1]

fd.close()

return int(l) * os.sysconf ('SC PAGE SIZE') /
.0 / 1024.0

total = 0

memoria = 0

tab = get_pstats()

sstat = SStat ()

.sleep (1)

sstatl = SStat()
for pid in tabl:
if tabl[pid].comm=="httpd":

#load = 100.0 * tabl[pid].get time() /
sstatl.uptime

load = 100.0 * (tabl[pid].get time() -
tab[pid] .get_time()) / \

total=('%5.3f' % total)
memoria= ('%5.3f' % memoria)
print str(total)

= get_pstats()

(sstatl.uptime - sstat.uptime)
memoria = memoria +get_rss_mem(pid)
total = total + load

o

+ '\t' + str(memoria)

This

Figure 3. Memory and CPU utilization

IV. APACHE WEB SERVER

section explains Apache’s architecture at a basic

level. Session flow and conceptual architecture are described
first. Then, the necessary changes in Apache and how to

program

them are explained.

A. Apache’s architecture: session flow
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Figure 4. Apache’s session flow

Although there are later versions, we are working with
Apache 1.3 on Linux. This version is structured as a pool of

‘worker’
process

processes, monitorized and controlled by a master
(Figure 4). Worker processes manage the

communication with the Web clients. At any time, a worker

process

can only deal with one connection and it is its

responsibility until the connection ends. Thus, the worker

process

is inactive between successive petitions during the

connection with the client.

MaxClients (MC, Section III) limits the size of the pool of
the worker processes. KeepALive Timeout (KA, Section III)
fixes the maximum time a worker process can be in the ‘user
think’ state before the client’s TCP connection is finished. If
KA is too big, CPU and memory are underused. Decreasing its
value, worker processes spend less time in the ‘user think’
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state and the CPU usage increases. But, if the value is very
small, TCP connections will finish before time and the
benefits of persistent connections are lost.

B.  Apache’s conceptual architecture

Apache has a modular architecture ([6], [7], [8]) that
makes it possible to increase its functionalities and customize
it to our own purposes. Apache’s core component defines the
basic operations of a web server. The modules implement how
to serve clients’ requests, but the core calls the handlers in
modules in a certain order that can be changed using the
adequate directives.

The conceptual architecture is summarized in Figure 5.
The PHP module is available to download, but it is not
included in the standard installation. The mod control.c is a
new module we have written. Its main purpose is to create a
socket that reads/writes KA and MC. Thus their values are
updated each sampling time. More details in subsections C
and D.

C. Changes in Apache source code

Configuration parameters are saved in the http.conf file.
When Apache is launched, these values are read and cannot be
modified until a restart of the server happens. So, MC and KA
have default values that will be active all the time and cannot
be changed during running time, i.e., dynamically every
sampling period (the controller will calculate new values at
certain time instants, sampling time and send to the Apache
web server).

Module

Modul
client CORE ‘//'[ ot
\ Module

———

-

Mod_control.c ]

€

PHP

Figure 5. Apache’s conceptual architecture

The first idea was to change the http.conf every sampling
time and then carry out a ‘graceful restart’. Thus, the parent
process tells the child processes to terminate once they finish
what they are doing. The new configuration file is read and the
new child processes follow the new configuration. However,
this approach is not very convenient because Apache is
restarted every sampling time (about every 2 seconds) and only
two parameters need new values. So, it was a computationally
demanding approach.

The approach followed was to modify Apache’s source
code. Thus, MC and KA are no longer parameters, but

April 14-16, 2010, Madrid, SPAIN

IEEE EDUCON Education Engineering 2010 — The Future of Global Learning Engineering Education

1541



variables. Two new modules were written. This new source
code manages the variables and the interaction with the user’s
interface. The following sub-sections describe these topics.

D. MC and KA as variables

MC is called ap daemons limit and KA is called
keep alive timeout in Apache’s source code. Their
declaration was changed from integer to integer pointers.
Thus, the process receiving the petitions could change their
value.

Changes regarding MC:

a. include/http conf global.h. The variable is declared
as a pointer: extern API VAR EXPORT int *
ap_daemons_limit;

b. main/http_conf.c. Shared memory is reserved:

Clave = ftok("/bin/ls",33);
if (Clave==-1)
exit (0) ;

Id Memoria = shmget
(Clave,sizeof(int),0777| IPC_CREAT) ;
if (Id _Memoria == -1)
exit (0) ;
ap_daemons_limit = (int
*) shmat (Id_Memoria, (char *)0,0);
if (ap_daemons_limit == NULL)
exit (0) ;

c. main/http main.c. The variable is declared as a
pointer:

d. Other files: the variable should be addressed as the
pointer’s content.

Changes regarding KA:

a. Include/http.h. Pointer declaration: int

*keep_alive timeout.
b. Main/http_config.c. Shared memory is reserved:

Clave = ftok("/bin/In",33);
if (Clave==-1)

exit(0);
Id_Memoria = shmget (Clave,sizeof(int),0777 |
IPC_CREAT);
if (Id_Memoria == -1)
exit(0);
s->keep_alive timeout = (int *)shmat(Id_Memoria,(char
*)0,0);
if (s->keep_alive timeout == NULL)
exit(0);

When the new MC was smaller than the old one, Apache
did not kill the excess of child processes once they had finished
their job. So we wrote a method in Apache that runs
periodically. It checks whether the MC (ap_daemons_limit) is
smaller than its previous value (ap_maxclients_ant). If it is, the
remaining processes are destroyed. This source code is in the
method static void perform idle maintenance(void) in
http_main.c (Figure 6).

if (*ap_daemons_limit<ap maxclients_ant)

{

for (j=*ap_daemons_limit;j<ap maxclients_ ant;j++)

{

int status;
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if (j>=max_daemons_limit)
break;
ss = &ap_scoreboard image-
>servers[j];
status = ss->status;
if (ss->timeout_len)
{
parent score *ps =
&ap_scoreboard_ image-s>parent [j];
kill (ps->pid, SIGKILL) ;

ap_update child status(j,SERVER DEAD, (request_ rec
*)NULL) ;
} }
ap_maxclients ant = *ap daemons limit;

else if (*ap_daemons_limit>ap maxclients_ant)
{ap maxclients ant = *ap daemons limit;}

Figure 6. static void perform_idle_maintenance(void)

E.  Apache new module

The changes explained in the previous sub-section allow
the two input variables to be modified dynamically, but we
need a way to send the information in and out of Apache.

A new Apache module (mod_control.c, see pseudocode in and
source code in http://www.isa.cie.uva.es/~tere/) has been
written. Basically, this code opens a socket on the server side
and ‘tells’ Apache which internal parameters can be modified
dynamically.

MODULE mod_control
include <libreries>
define CONSTANTS
var variables
PROC open_server
IF process_can_be created THEN
EXECUTE open_connection
END IF
END//open_server
PROC abrir conexion
IF socket cannot be created THEN
ERROR
EXIT
END IF
IF not_poss_to send inf kernel about socket
THEN
ERROR
EXIT
END IF
IF not_poss_link_socket connection_inf THEN
ERROR
EXIT
END IF
IF socket_doen’t_listen THEN
ERROR
EXIT
END IF
IF no_se puede_ tomar la_seflal_socket
ERROR
EXIT
END IF
WHILE module in execution
IF connection_cannot_be_ accepted
CONTINUE
EXIT
END IF
IF child process_can_be created THEN
IF data_received THEN
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*ap daemons_limit=datos;
ap_set_keep_alive_timeout (datos)
IF confirmation not_send TEHN
ERROR
EXIT
END IF
END IF
END IF
END WHILE
END//open_connection
/* procedure that Apache looks for to execute
the module */

PROC main
EXECUTE

END//main

END //mod_control

open_server

Figure 7. Simplified mod_control.c pseudocode

F. php module

The php module is installed as an Apache module, so when
Apache starts, php also starts. As it is installed as shared, all the
advantages of the dynamic linking/loading of Dynamic Shared
Objects (DSO) will be available. This mechanism provides a
way to build a piece of program code in a special format for
loading it at run-time into the address space of an executable

program ([11]).

The php application will be saved in Apache’s Atdocs
directory. It is composed of:

a. User’s interface. Html code that will be accessed via
the client’s web browser.

b. Simulation code. Scripts in php

c. Control of the web server. A collection of php scripts.
The client’s socket is programmed here (Figure 8 and
pseudocode). This part sends requests to mod_control.c
when KA and MC are needed to calculate the next
control signals.

d. Access to the mysql database: queries, save data,
retrieve information, ...

<HTML>
<BODY >
<FORM METHOD="post" ACTION="socket.php">
<p>MaxClientes <input type="text" name="mc"
size="30" value=""></p>
<p>KeepAlive <input type="text" name="ka"
size="30" value=""></p>
<p><input type="submit" value="Enviar datos"
name="enviar">
</FORM>
</BODY>
<HTML>
socket.php
<?php

// Create the socket

if (($sockd = @socket create (AF_INET,
SOCK_STREAM, SOL_TCP) ) <1)

die ("Unable to create
socket:"
socket_strerror (socket last error()));
if (esocket connect ($sockd, "127.0.0.1", 3490)
== FALSE)
die("Unable to connect:"

socket strerror (socket last error()));
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Sbuffer =
$ POST['mc'].";".$ POST['ka'];
if (esocket write ($sockd, $buffer) <
strlen(Sbuffer))
die("Unable to connect:"
socket_strerror (socket last _error()));
unset (Sbuffer) ;
if (($buffer = socket read($sockd,
100)) == FALSE)
die("Unable to read from
socket:"
socket strerror (socket last error()));
socket_close ($sockd) ;
echo Sbuffer;

?>

Figure 8. php socket

V. CONTROLLERS

This section briefly describes the controllers that students
can use to test their knowledge. We have included PIDs and a
predictive controller (GPC).

The system we propose here is a MIMO. There are two
inputs and two outputs, although the coupling between
variables is not very strong. The reasons for choosing these
two methods are: PID is the most widespread controller and
students of every Engineering degree learn it. Predictive
control is an advanced control methodology with a relatively
important influence in industry and the MIMO formulation is
inherent to the controllers. So, students can compare what
happens when working with a MIMO system, but considered
as two SISO ones or working with the MIMO system itself.

SOCKET . PHP

Create socket

If error then print(‘error’)
Connect

If error then print (‘error’)
Collect variables

Write variables in socket

If error then print(‘error’)
Read variables

If error then print (‘error’
Close socket

Figure 9. php pseudocode

A. PID

The PID [13] is the most common form of feedback. Its
continuous formulation can be described by (8):

ult) = K [ elt)+ - fe(ehaz + 7, 4) )
? T dt

The PID implemented in the computer follows the
guidelines in [13].

B. Predictive control

Model Based Predictive Control (MBPC) ([14]) is a
control strategy based on the explicit use of a model to predict
the process output over a long-range time period. A receding
control horizon technique is used: only the first control signal
is applied (so all the changes that take place between two
control signal calculations are considered). A cost function is
minimized at each sampling time. It is usually defined as a
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linear combination of the tracking error and the manipulated
variables (the most common formulation being a quadratic
cost function).

Although a non-linear model can be used for prediction,
computational and robustness considerations makes the use of
a linear model more adequate. Following the Generalized
Predictive Controller (GPC) described in [14], a MIMO
controller is described here. Considering a process with M
inputs, N outputs and R measurable disturbances represented
by the model:

A = Bl o)+ 2 0yfa” o+ 540
)= )=

(2)
where: i=1, .., M and A,, By, D;j and T; are polynomials in
the q' operator, A=1-q" and & is white noise. The predicted
future values of the controlled variables are:

A M j
yi(t +_]) = Z chgijkAuj(t— k+j)+pi(t+j),i =L...,N
j=lk=1

3
where gj; is the step response between y; and u; and p; is the
free response of y;. The coefficients ¢ and n take the value 1 if
the corresponding input is included in the predicted output and
0 if it is not.

The control algorithm objective is the calculation of the
sequence of (optimal) changes of the control variables in a
control horizon Nu: Auy(t+j), j=0,..., Nu;-1 so that the predicted

outputs )A/l. are as close as possible to the internal reference

ri(t+]). This is translated into an optimization problem where a
quadratic cost function of the tracking error and the
manipulated variables is minimized, taking into account
constraints on Au, u, y and any other constrained variable that
depends on Au. This optimization problem can be stated as:

N N2i A . . 2
1= ¥ n Yi(yi(tﬂ)—ri(tﬂ))
i=1j=N1i
4
M Nuy; -1 w2 ( )
+ 2 Y oBAu(t+])
i=1 j=0
Dy, < Auj(t+j) <Dy, j=0,..., Ny —1
J
Umi Slli(t +j)=1li(t— 1) + ZAui(H—j)SUMi
i=0
A
L, S¥;(t+]) <Ly, j=N3;,...,N4; (5)

where the coefficients y and 3 give the relative weight of every
prediction error or change in the control variables, while the
coefficients ¢ and 1 taking the value 1 or 0 allow a variable to
be included in the index or excluded from it. When no
constraints are considered, there exists an explicit solution of

(4).
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VI. CONAPA

Previous sections have described the architecture and the
internal description of the system. Now, the user’s interface is
presented.

The tool is open; everyone can use it, although there are
sections that require a password (Figure 10). There is only one
web server, so only one student at a time can change the
parameters of the controller that calculates MC and KA. The
data acquisition area is also protected because the real system
can only be accessed one user at a time.

The following subsections will describe CONAPA’s
capabilities and basic software engineering:

a. Data acquisition.

b. Simulation of the web server.

c. Control of the web server online.

d. Comparison of simulation and real system.

e. Setting the benchmark traffic generator parameters.

A. Data acquisition

4 Aplicaciones _ Lugares _istema @) 7 =8 a3 de0 mié 4denov, 1240 © jesu
] SOALAA W2 32U SONTOL < il Flgaing [=lEiEE]
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= [ ® root@jesu-laptop: /u... | @ CONAPAWEB SERVE... | © menu.phtmi - Bluefi. Uave defa conexo..

[ dos.odt - Openoifice... | @ POF - Navegadorde .. || @ JNLLL

Figure 10. CONAPA’s login screenshot

The user can collect data that allows the identification of a
model that reflects how the real system works. As we have
two inputs and two outputs, we keep constant one input and
the other changes between the max and minimum value where
the step duration decreases over time until O is reached. The
procedure is repeated for the input that remained constant.
This data can later be analyzed in other software such as
Matlab. The period and max/min values are introduced by the
user (Figure 11).
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Figure 11. Setting parameters for data acquisition

Figure 12 shows the input variables (upper graphs) and the
corresponding values for the outputs (lower graphs). A simple
sequence diagram showing the main steps involved in the
process is shown in Figure 13.

B. Web server’s simulation

This area is open to all users. The type of controller can be
selected and then the parameters (for instance, proportional,
derivative and integral terms of the PID) should be entered.
Each type of control has its own screen and parameters.

C. Web server’s control

The available controllers are the same as in the previous
sub-section. But, only one user can work with the real system.
Each sampling time, KA, MC, MEM and CPU are read (using
the socket described in Section V) and sent to the controller.
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Figure 12. Data to export for identification

New values for MC and KA are calculated and sent to the
server. Figure 14 shows the results of an experiment where the
reference for the CPU was 5% and MEM was 40%. The
controller was a PID.
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Apache webServe
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Figure 13. Sequence diagram, data acquisition
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Figure 14. Real control

D. Comparison of simulated and real system

When this option is chosen, the real system is controlled
and we apply the same tuning parameters to the simulation
model. Thus, we compare whether the model and the real
system have the same trends. This is quite useful if we are
teaching our students the differences between simulation and
the real world.
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Figure 15. Simulation versus real system

Figure 15 shows the sequence diagram for this case when
the controller is a PID.

E.  Setting the benchmark traffic generator parameters

Different traffic conditions cause the behavior of the
Apache web server to change. The tuning of the controller can
be good for a traffic situation but not so adequate for another.

If we can define different scenarios, we can check the
goodness of the controllers and the range they work in within
acceptable performance.

This option is rather interesting for students because they
can learn to think as a web administrator and deal with day to
day situations. So, if they work administering networks in the
future, they can be prepared to respond under pressure and
changing network traffic loads.

VII. WHY IS CONAPA USEFUL?

It cannot be argued that there are many tools that present
different components and characteristics of automatic control.
There are virtual laboratories, online laboratories, add-ons to
existing software: they are useful and have been developed for
certain students and requirements.

CONAPA was built for students who follow courses where
automatic control is not traditionally the main objective. But, if
they are going to be good engineers they need a basic
formation/knowledge and understanding of fundamental
control ideas. If anyone studies Telecommunications or
Computer Science, it is clear that they prefer networks and
computers to a conventional mechanical system. It is at this
point where problems arise. As stated in the introduction, most
control books and applications deal with classic examples:
electrical, mechanical, So, we thought it would be
interesting to present a system which these future engineers felt
close to and that the tool could provide them with notions and
knowledge in other valuable fields. CONAPA can be used for:

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

Learning basic identification methods.
Linear simulation.
Controlling the Apache web server in simulation.
Controlling the REAL Apache web server.
Setting different traffic conditions and visualizing results:
congestion, underutilization, overexploitation ...
It is also useful for understanding Apache itself, how it
works and how it can be modified to fulfill our necessities.

VIIL

The paper has presented a tool that works both as a virtual
and an online laboratory. The real system is a web server.
Students can freely work with the simulation area, check their
controllers and compare their tunings with the one that is being
applied to the real system. The control of the web server is
restricted because only one person at a time can change the
parameters: we only have one plant and many potential users.

CONCLUSIONS

CONAPA is useful for those students whose degrees are
not closely related to mechanical or traditional process control
environments. They can see that automatic control can be
applied to plants that have the same problems as these more
conventional systems, but they feel more related to them.

The paper has given details on how to modify Apache’s
source code because there is little information about it and this
was the hardest part of the work. In the future, we plan to
migrate to a Windows operating system and to a higher Apache
release.

REFERENCES

[1] J.L. Hellerstein, Y. Diao, S. Parekh and D.M. Tilbury, Feedback of
computing systems. John Wiley & Sons, 2004.

[2] Apache Web server, home page: http://www.apache.org, as of 2009.

[3] Y. Diao, N. Gandhi, J.L. Hellerstein, S.Parekh and D.M. Tibury,
“MIMO Control of an Apache Web Server: Modeling and Controller
Design”. American Control Conference 2002. Alaska, USA.

[4] R. Iakobashvili and M. Moser. “Welcome to
http://curlloader.sourceforge.net/, as of 2009.

[5]1 D. Dougherty, “LAMP: The Open Source Web Platform”, ONLamp,
2001.

[6] A. Goldberg and D. Robson, Smalltalk-80 The Language and its
Implementation. Addison-Wesley, 1983.

curl-loader”.

[71 O.A. Dragoi, “The conceptual architecture of the Apache web server”,
web page http://www.cs.ucsb.edu/~tve/cs290i-
sp01/papers/Concept_Apache Arch.htm , as of 2009 (published 1999).

[8] K. Coar, “Writing modules for Apache”, O’Reilly Open Source
Conference, California, USA, 1999.

[91 P. Kamthan, “Apache web server customization”, web page
http://www.irt.org/articles/js180/index.htm, as of 2009 (published 1999).

[10] Python Web page, http://www.python.org/, as of 2009.

[11] R.S. Engelschall, “Apache 1.3. Dyanmic Shared Object (DSO)”, web
page: http://httpd.apache.org/docs/1.3/dso.html, as of 2009 (published
1998).

[12] http:/www.cs.ucsb.edu/~tve/cs290iwi02/papers/Concept Apache Arch.
htm

[13] K.J. Astrom and T. Hagglund, Advanced PID control. ISA. NC, 2006.

[14] Clarke, D.W., Mohtadi, C., and Tuffs, P.S.: ‘Generalised predictive
control-Part I: The basic algorithm and Part II: Extensions and
Interpretations’, Automatica, 1987, 23, (2), pp. 137-160.

April 14-16, 2010, Madrid, SPAIN

IEEE EDUCON Education Engineering 2010 — The Future of Global Learning Engineering Education

1546




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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




