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Abstract—Vaccination is an effective method for prevention of system to track users, network of drones connected to a central
infectious diseases, but when the number of available vaccines is  ynit, and wireless sensor networks to monitor individuals [2].
limited, it is not possible to vaccinate everyone in a society. In In order to disrupt the transmission chain of the disease, the

this paper, a two-step model is proposed to distribute a limited .. .
number of vaccines among the people of a society, in a way that authors of [3] prioritize the target group from the community

would disrupt the transmission chain of the infectious disease at large by dividing the community into smaller groups and
most efficiently. In the first step, the vaccines are allocated to analyzing them, without examining individuals. The method
different communities in the society (e.g. cities in a country), ysed in [4], [5] is based on the analysis of the eigenvalues
and in the second step, the individuals whose vaccination removes of the community graph matrix to vaccinate the nodes that

the greatest number of transmission routes for the infection are mize th : 1 Th h £161 h 1 d
identified in concordance with the regulations of international maximize these eigenvalues. The authors of [6] have collecte

health organizations. In the second step, contact data is obtained contacts between people using sensors and then modeled them
from cellular networks and Bluetooth signals, and a graph-based by a graph. Suitable nodes for vaccination are then selected

modeling scheme is utilized in conjunction with a combined ygsing the centrality metrics. It should be noted that calculating

susceptibility metric specifically designed for selection of these these metrics are not practical for graphs with a large number

individuals. The simulations indicate that a 30% drop in infection . .

rate compared to random vaccination could be achieved. O_f nodes. Workmg. on preventing the spread of computer
Index Terms—Targeted vaccination, Vaccine allocation, SIR ~ Virus and malware in computer networks, the authors of [7]

model, COVID-19 propose a model where users in a network are first divided
into clusters, and then either all users in each cluster receive
[. INTRODUCTION a security software pack to counter the effects of the virus,
The COVID-19 pandemic has been a major concern for or none of them does. It is also worth mentioning that in
the international community for a number of months now. this scenario, a software pack can both prevent a computer
This disease was first diagnosed in December 2019 in Wuhan, from getting infected, and remove infected software from a
China, and spread dramatically as a result of its high infection computer, whereas in the public health case, vaccines cannot
rate. The World Health Organization declared the COVID- cure infected people.
19 as a public health emergency of international concern on The objective of this paper is to find the target population to
January, 2020, and a global pandemic on March 2020 [1]. achieve the best results in preventing the spread of COVID-19.
Vaccination can prevent the spread of COVID-19, but due For this purpose, the problem is divided into two parts: vaccine
to the limited resources available, public vaccination is not allocation and targeted vaccination. In the first part, vaccines
possible in short term. Thus, a limited number of people should are distributed among different communities in a society (e.g.
be selected in such a way that vaccinating them would be most ~ different cities), and in the second part, the individuals to
effective in disrupting the transmission chain of the disease. =~ vaccinate in each community in order to best disrupt the
Wireless communications infrastructure and smartphone ap- transmission of the disease are determined and vaccinated.
plications could prove useful in gathering information for The rest of this paper is organized as follows: system and
managing the spread of the disease. Various methods could epidemiology model are defined in section II, the vaccine allo-
be employed to collect this information. These including cation problem is discussed in section III. Targeted vaccination
Bluetooth signals to detect proximity and duration of contacts, is analyzed in section IV. Simulation setup and the results are
base station antennas to determine the positions of users, GPS presented in section V. Section VI concludes the paper.
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II. SYSTEM AND EPIDEMIOLOGY MODEL
A. System Model

The proposed system model is shown in Fig. 1. It is
assumed that the supply of available vaccines is limited. Social
contacts are first extracted by triangulating the positions of the
people using wireless networks. Then a disease propagation
graph is formed using this data. The available vaccines are
then allocated among different communities according to the
spreading model of the disease. Finally, in each community,
the vaccines are assigned to the people in such a way that
would cut the greatest number of links between people.

B. SIR Model

The SIR model is a simple mathematical model where the
population is divided into three groups: Susceptible, Infected,
and Recovered. The recovered group contains people who
recover from the disease, are vaccinated, or die [8], [9].

Suppose that P is a set of populations, and s;(¢), ;(¢) and
7y (t) represent the fractions of the susceptible, infected, and
recovered people in population j € P at time ¢, respectively.
Denoting the number of people in population j by N; and
the number of susceptible, infected and recovered people at
time t by N, (t), Ni;(t) and N, (t) respectively, we have:

st(tj . N, (t) Nei(t) .
sj(t) = Tj,zj(t) = i) = N Since N, (t) +

N, (t) + Ny, (t) = Nj is valid for every ¢,
si(t)+ij(t) +r;t) =1 Vt>0YieP. (1)

The SIR model is described by the system of differential
equations in (2), where (; and 7; represent the disease
transmission rate and recovery rate, respectively [10].

dsit) _ _ g o (2)is

_d—t = —B;s;(t)i; (1)

B0 _ 5035 0) — 550 @
dréit) = 75i;(t)

In this system of equations, the first equation states that the
change of susceptible people is related to the population of
the susceptible group and the number of infected people. The
third equation expresses the relationship between changes in
recovered and infected people. The second equation can be
obtained from the first equations, third equation and (1).

Vaccination
allocation among ’
populations

V

Choice the adequate
criteria for
prioritizing people

Trace collection and >
[ construct graph ] ‘

Evaluate the method <— - <

Fig. 1: The Proposed System Model

ITII. VACCINE ALLOCATION

The problem of distributing a limited number of vaccines
among different populations is formulated as an optimization
problem in this section.

A. Vaccination, Immunity and Herd Effect

Vaccination decreases the number of susceptible people and
thus reduces the number of people who will eventually be
infected. In this problem, the objective function is defined
as the total number of people who do not get infected.
Vaccination increases these people in two ways. The first way
is for people who have been vaccinated, which is called the
direct method, and the second way is for people who are not
vaccinated but will be less exposed to the disease when other
people are vaccinated, which is called the indirect method.

Suppose a fraction of the population j is vaccinated at time
7. This fraction is denoted by f; that 0 < f; < s;(7). It
is also assumed that everyone is immune immediately after
vaccination. So at time 7, the (s;(7),i;(7),r;(7)) situation
changes to the (s;(7) — f;,%;(7),r;(7)+ f;) situation, that is,
at the time of vaccination, f; is subtracted from the susceptible
people fraction and added to the recovered people fraction [9].
Fig. 2 shows the solution of the SIR model with vaccination.
In this figure, the dashed lines are for the unvaccinated case
and the solid lines are for the vaccinated case. It is observed
that with vaccination, the i;(¢) curve is lower than in the case
without vaccination and has a smaller maximum.

To compare the performance of different methods of vaccine
allocation, the final state of the system is considered. Function
H; (f;, ) is defined as the final fraction of susceptible people
in the population j while an f; fraction of susceptible people
is vaccinated at time 7 [9]. Formally,

Hj(fj77):tli)1&8j(t7fj57)v (3)

where f; € [0,s;(7)] and 7 > 0.

The people in the susceptible group can achieve immunity in
several ways. Those who receive the vaccine or recover from
the disease will be immune. Those with contacts confined to
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Fig. 2: The three compartments of the SIR model, with vaccination occuring at
time 7 for population j. Solid lines represent the vaccinated case and dashed
lines represent the unvaccinated case. It is assumed that 8; = 4, v; = 2,
5;(0) =1—1078,i;(0) = 1078, r;(0) = 0, f; = 0.25 and vaccination
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vaccinated and/or recovered people are also immune to the
disease. This type of immunity is called herd immunity. The
portion of the population that not get the disease due to herd
immunity is called herd effect. H; (f;,7) measures the herd
effect on the population j, according to (3).

There is no explicit expression for the H;(f;,7) and the
general structure of this function is examined. To investigate
the structure of this function, the cases of fixed vaccination
time and fixed vaccination fraction are denoted by H;(f;)
and H;(7) respectively.

Fig. 3 presents H;(f;) and H;(7). As shown in Fig. 3a
and proven in [9], H;(f;) has one maximum point and an
inflection point. By evaluating the function H,(f;) in terms
of different 3; and -y;, it can be concluded that the overall
structure of the H;(f;) does not depend on these variables
and has a specific shape. In Fig. 3b, 7,4, is the time when the
fraction of vaccinated people equals the fraction of susceptible
people, in other words s(Tynq,) = f;. The maximum value of
H;(T) occurs at 7 = 0, and it is monotonically decreasing
with respect to 7. In fact, the best time for vaccination is
at the beginning of the outbreak, and if there is no vaccine
available at the beginning of the outbreak, vaccination should
be performed as soon as possible. Like H;(f;), The overall
structure of H,(7) is not dependent on 3; and ; values.

B. Vaccine Allocation Problem Formulation

Assuming that V' is the number of available vaccines, the
goal is to maximize the total number of people in different
populations who are never infected. The optimization problem
can be formulated as follows [9]

maximize ZNjfj + ZNjHj(fj) (4a)
f=[f1,f2,,f|p|] jep jeprP
subject to Z N;if; <V, (4b)

jeEP

0< f; <s;(r), VjeP.  (4c)

The first and second terms in (4a) represent the direct
and indirect (herd) effects of vaccination, respectively. (4b)
represents the constraint on the number of vaccines available.
It is also assumed in (4c¢) that the vaccinated fraction cannot be
negative or greater than the fraction of susceptible people at the
time of vaccination. It is noteworthy that constraint (4b) must
be active since if f; is chosen in such a way that N f; <V,
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Fig. 3: Herd effect function. (a) constant 7, H(f). (b) constant f;, H (7).
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increasing f; increases both the number of vaccinated people
and the herd immunity, which corresponds to an increase in
the objective function, i.e. objective function is monotonically
increasing with respect to f;.

The function F);(f;) is defined as the total effect of vacci-
nating a fraction f; of the population j. This effect consists
of the direct and indirect (herd effect) immunities discussed
earlier, and can be written as follows:

Fi(fy) = H;(f;) + [; 5)

It should be noted that the objective function in (4) is equal
to > ep N;jFj(f;). Fig. 4 shows the function Fj(f;). The
maximum value of the fraction of vaccinated people is equal
to the fraction of susceptible people at vaccination time,
i fjmaz = S(7). As observed, Fj(f;) is monotonically
increasing and reaches its peak at f; = f; maqq, i.€. it is better
to administer as many vaccines as possible to the population.

C. Solution of the Vaccine Allocation Problem

So far, we have only examined the objective function,
and concluded that the objective function is monotonically
increasing with respect to fi and fs. In this subsection, we
focus on the constraints of the optimization problem.

By assuming the existence of two populations, constraint
(4b) represents the half-plane at the bottom of N7 f1 + Ny fo =
V line. This line intersects the axes f1 and f> at points NLI and
le’ respectively. Also, constraint (4c) represents a rectangle
with two vertices (0,0) and (s1(7),s2(7)). By assuming
s1(r) > Nll and sa(7) > NLQ (if any of these two relations
does not hold, the feasible set will be smaller) The contour
plots of the objective function and the feasible set are plotted
in Fig. 5 for Ny = Ny = 100. 3, -y, and the initial values of
the two populations are assumed to be the identical.

As already mentioned, constraint (4b) must be active, hence
in Fig. 5 the feasible points must reside on the line passing
through the points (NLI,O) and (071\%)’ in fact the two-
dimensional feasible set is reduced to a line segment (to a
|P| — 1 dimensional hyperplane in general). To solve the
optimization problem with regard to the concave structure of
the objective function, an algorithm inspired by the gradient
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Fig. 4: The Total Effect of Vaccination
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Fig. 5: Contour Plots of the Objective Function and the Feasible Set

descent method can be utilized. An arbitrary point on the
N1 f1+ Nofs =V line is selected, and is iteratively moved on
the Ny f1 + Nafs = V line in the direction that the value of
the objective function increases to reach the maximum point.
To solve a problem with larger dimensions, could proceed
like a two-variable problem, except that the feasible points
have higher dimensions (one less than the dimensions of
the problem variable). The alternative method is to find the
vaccination fraction ratio for each two populations and finally
distribute the vaccines based on these ratios.

IV. TARGETED VACCINATION

In this section, we first introduce the disease propagation
graph and its parameters, and then present a targeted vaccina-
tion algorithm to control the pandemic.

A. Disease Propagation Graph

Since the disease can spread via physical contact between
infected and susceptible people, we could utilize a graph to
model the transmission of the disease, where nodes represent
individuals and the edges represent the existence of contact
between two people. This graph is called the disease propa-
gation graph [6], and it is defined as G = (V, E, W) where
V = {v1,v2,...,vn, } is the set of nodes (individuals) in the
graph, and E = {ej,e9,...,en,} C (‘2/) is the set of the
edges of the graph, with weights W : E — R assigned to
the edges. Ny and Ng represent the number of individuals
in the study population and the number of contacts between
them, respectively. The elements of set &/ are ordered pairs; In
other words, for u,v € V, there exists an edge ¢ = (u,v) € F
if and only if there is a contact between u and v. Since the
disease can be transmitted in both directions, this graph is
undirected. The weight of each edge in the disease propagation
graph indicates the disease transmission probability between
the two individuals. These weights depend on the duration
and frequency of contacts between the people, the distance
between them, and their locations.

B. Centrality Metrics

The importance of each node in the spread of the disease
can be measured by standard centrality metrics [6], [11], [12].
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A new metric called connectivity centrality that measures how
much an infected node can infect the rest of the nodes and is
defined as follows [6]:

Ceon = Z c(u,v),

v=u,veV

(6)

where c(u,v) is equal to ;LU((ZS)) if w and v are connected and

zero if u and v are not connected, w(u,v) is weight of the
edge between u and v; and h(u;v) represents the number of
paths from w to v. It should be noted that after calculating
the values of each centrality metric for nodes in the graph,
the nodes that have the highest value for each metric are not
necessarily candidates for vaccination, since some nodes might
be infected and it is pointless to vaccinate infected people.

C. Infecting Ability and Infection Susceptibility

To find the best vaccination candidates, the susceptibility of
nodes to infection by other nodes should be considered. For
this, two metrics should be defined for each node: infecting
ability, and infection susceptibility. Infecting ability is defined
as the ability of each individual to infect other people in
the community, and infection susceptibility is defined as the
probability of getting infected for each node.

The set of all infected nodes is denoted by I. To calculate
the infecting ability metric, it should be noted that, no one can
infect a node that is already infected , and the impact of any
given node on other nodes that are close to infected nodes is
negligible [6]. Infecting ability is then defined as:

o(u,v) = Z c(u, v). (7)
v£U,vEV
Infection susceptibility is defined as follows:
1 ifuel
U(u,I) = > Y, s ifugl  ®)
vEN (u) wev

where Cy is degree centrality. (8) is a recursive model, and
the linear equations system should be solved in order to obtain
infection susceptibilities.

To more accurately assess the eligibility of the nodes for
vaccination, both infecting ability and infection susceptibility
should be taken into account. To do this, we define combined
susceptibility as follows:

p(u, 1) Y(u, 1)
aI = ' ) 9
0 e ey

where V\ I = {vjv € Vv & I}.

In the targeted vaccination algorithm, the candidate nodes
for vaccination are selected and vaccinated based on an
appropriate metric. After calculating the appropriate metric for
all nodes, the node with the highest value is vaccinated if it is
susceptible to the disease. The selected node is then removed
from the graph, and the graph is updated. This process is then
repeated until all available vaccines are administered.
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Fig. 6: Fraction of susceptible, infected and recovered people, with o = 0.2
and f = 0.2.

V. SIMULATION AND NUMERICAL RESULTS

The proposed method has been simulated using the Pri-
mary school - cumulated networks dataset [13], which is a
contact tracing network in an elementary school, representing
a weighted graph of daily face-to-face contacts among 236
individuals. The SIR model has been utilized in simulating
the spread of the disease. On the first day, 1% of the nodes
are randomly infected, and the rest of the nodes are considered
susceptible to infection, and the infection spreads among the
population. After the number of infected nodes exceeds aNy/,
(where « controls the vaccination time), f Ny vaccines are
administered to the nodes obtained from the proposed method
(where f is the fraction of the population that is vaccinated).
The disease continues to spread after vaccination, until no
infected nodes remain, and the disease is eradicated.

The fractions of susceptible, infected, and recovered people
are plotted in Fig. 6. It can be seen that the overall structure
of the figure is similar to that of Fig. 2 but the susceptible
and infected fractions suddenly change by a value equal to
the vaccination fraction. Vaccination is performed randomly
in Fig. 6a, whereas the degree centrality metric is used in Fig.
6b. It is evident that targeted vaccination reduces the maximum
number of infected people.

Fig. 7 represents the infection rate over time. It is observed
that targeted vaccination using each metric can reduce the
infection rate after vaccination and bring it down to zero.
However, as the figure suggests, using the combined metric
results in an immediate reduction in the rate of infection after
vaccination, and keeping the slope of the contamination curve
lower (more negative) in comparison to other metrics.

VI. CONCLUSION

In this paper, a targeted vaccination method was presented
to allocate a limited number of vaccines among different
populations, and to vaccinate the candidates whose removal
would be most effective in inhibiting the ability of the disease
to spread in each population. To facilitate the prioritization of
the individuals, population modeling and vaccine allocation
problems have been formulated using graph-based methods
and contact tracing data obtained from cellular networks and
Bluetooth signals. By examining different metrics, such as
centrality, degree, and connectivity, a combination of metrics
was proposed to model infecting and infection susceptibility.
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The simulations indicate that this combined metric for infect-
ing and infection susceptibility can control the spread of the
disease faster than any other metric on its own, and achieve a
30% drop in infection rate compared to random vaccination.

ACKNOWLEDGMENT
The support of the Hatam research fund of Amirkabir
University of Technology is gratefully acknowledged.
REFERENCES

[1]
[2]

“World health organization website,” https://www.who.int, 2020.

N. Saeed, A. Bader, T. Y. Al-Naffouri, and M.-S. Alouini, “When
wireless communication faces covid-19: Combating the pandemic and
saving the economy,” arXiv preprint arXiv:2005.06637, 2020.

Z.Lu, Y. Wen, and G. Cao, “Community detection in weighted networks:
Algorithms and applications,” in 2013 IEEE International Conference
on Pervasive Computing and Communications (PerCom). 1EEE, 2013,
pp. 179-184.

B. A. Prakash, H. Tong, N. Valler, M. Faloutsos, and C. Faloutsos,
“Virus propagation on time-varying networks: Theory and immunization
algorithms,” in Joint European Conference on Machine Learning and
Knowledge Discovery in Databases. Springer, 2010, pp. 99-114.

R. Cohen, S. Havlin, and D. Ben-Avraham, “Efficient immunization
strategies for computer networks and populations,” Physical review
letters, vol. 91, no. 24, p. 247901, 2003.

X. Sun, Z. Lu, X. Zhang, M. Salathé, and G. Cao, “Infectious disease
containment based on a wireless sensor system,” IEEE Access, vol. 4,
pp- 1558-1569, 2016.

Z. Zhu, G. Cao, S. Zhu, S. Ranjan, and A. Nucci, “A social network
based patching scheme for worm containment in cellular networks,” in
Handbook of optimization in complex networks.  Springer, 2012, pp.
505-533.

H. W. Hethcote, “The mathematics of infectious diseases,” SIAM review,
vol. 42, no. 4, pp. 599-653, 2000.

E. Westerink-Duijzer, Mathematical Optimization in Vaccine Allocation,
2017.

I. Z. Kiss, J. C. Miller, P. L. Simon e al., “Mathematics of epidemics
on networks,” Cham: Springer, vol. 598, 2017.

L. C. Freeman, “Centrality in social networks conceptual clarification,”
Social networks, vol. 1, no. 3, pp. 215-239, 1978.

U. Brandes, “A faster algorithm for betweenness centrality,” Journal of
Mathematical Sociology, vol. 25, pp. 163-177, 2001.

J. Stehlé, N. Voirin, A. Barrat, C. Cattuto, L. Isella, J.-F. Pinton,
M. Quaggiotto, W. Van den Broeck, C. Régis, B. Lina et al., “High-
resolution measurements of face-to-face contact patterns in a primary
school,” PloS one, vol. 6, no. 8, p. 23176, 2011.

[3]

[4]

[5]

[6]

[7]

[8]
[9]
[10]
[11]
[12]

[13]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


