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Abstract 
Role assignment is a critical task in Role-Based 

Collaboration (RBC). It can be divided into three steps, 
i.e., agent evaluation, group role assignment, and role 
transfer, where group role assignment is a time-
consuming process. This paper clarifies the problem of 
group role assignment; describes the general assignment 
problem; adapts the group role assignment problem to the 
general  assignment problem; proposes an algorithm for 
group role assignment based on the Munkres algorithm; 
conducts an experiment by randomly creating agent 
qualifications, analyzes the solutions’ performances, and 
points out the future work. The results show that the 
improved algorithm significantly improves the algorithm 
based on exhaustive search. 

Keywords: roles, agents, role assignment, and role-based 
collaboration.  

1. INTRODUCTION 
Role-Based Collaboration (RBC) is an emerging 

methodology to facilitate an organizational structure, 
provide orderly system behavior, and consolidate system 
security for both human and non-human entities that 
collaborate and coordinate their activities with or within 
systems [12]. The life cycle of RBC includes three major 
tasks: negotiate roles; assign roles and play roles [13]. 
Therefore, role assignment is an important aspect of RBC. 
It largely affects the efficiency of collaboration and the 
degree of satisfaction among the members involved in the 
collaboration. Role assignment can be categorized into 
three parts: agent evaluation, group role assignment, and 
role transfer.

Group role assignment initiates a group by assigning 
roles to agents, the group members, to seek the group’s 
highest performance based on the agents’ qualifications 
which are the results of agent evaluation.  

Rated group role assignment seeks the optimal 
assignment of agents to roles. Some assumptions are as 
follows: agents perform roles within a group; different 
roles contribute different values to the maximal utility of 
the group; agents perform some roles better than other 

agents; an agent can only perform one role at a time; and  
some roles require more than one agent to play. 

The remainder of this paper is arranged as follows: 
Section 2 formally defines the problem of rated role 
assignment; Section 3 presents the general assignment 
problem and how to transfer a rated role assignment 
problem to a general assignment problem. Section 4 
demonstrates the Munkres algorithm and the newly 
adapted algorithm based on it; Section 5 depicts the 
experiments and analyzes the performances; Section 6 
concludes this paper and points out the future work. 

2. THE RATED ROLE ASSIGNMENT 
PROBLEM 
With the E-CARGO model [13], collaboration is 

based on roles. In E-CARGO, a system can be 
described as a 9-tuple  ::= <C, O, A, M, R, E, G, s0, H>, 
where C is a set of classes, O is a set of objects, A is a set 
of agents, M is a set of messages, R is a set of roles, E is a 
set of environments, G is a set of groups,  s0 is the initial 
state of a collaborative system, and H is a set of users.  

In E-CARGO, agents are considered to have only one 
central processing unit and each agent can play only one 
role at a time. 

To formally state related concepts, the notations need 
to be clarified at first. If S is a set, | S | is its cardinality; 
suppose v is a variable, v S means v may take an 
element of S as its value; suppose a and b are objects, a.b
means b of a or a’s b and {a, b, … } means a set of 
enumerated elements of a, b, and others; suppose a and b
are integers, [a, b] and (a, b]  mean the set of all the real 
number between a and b including a and excluding a
respectively; suppose Y is a vector, Y[a] means the 
element at a; suppose Y is a matrix, Y[a, b] means the 
element at row a and column b in Y. E, C, A, R, G, O and M 
denote the whole set of environments, classes, agents, 
roles, groups, objects and messages, respectively. 

The definitions of the components of E-CARGO are 
restated as follows.   
Definition 1: role. A role is defined as r ::= <n, I, Ac, Ap, Ao,

Rx, or> where,  
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• n is the identification of the role;  
• I ::= < Min, Mout > denotes a set of messages, 

where Min expresses the incoming messages to 
the relevant agents, and Mout expresses a set of 
outgoing messages or message templates to 
roles, i.e., Min, Mout ⊂ M;

• Ac is a set of agents who are currently playing 
this role;  

• Ap is a set of agents who are potential to play this 
role;  

• Ao is a set of agents who used to play this role;  
• Rx is a set of roles interrelated with it; and 
• or is a set of objects that can be accessed by the 

agents playing this role. 
Definition 2: agent. An agent is defined as a ::= < n, ca, s, rc,

Rp, Ro, Ng>, where 
• n is the identification of the agent; 
• ca is a special class that describes the common 

properties of users;  
• s is the qualification value of the agent;  
• rc means a role that the agent is currently playing. 

If it is empty, then this agent is free; 
• Rp means a set of roles that the agent is 

potentially to play (rc∉a.Rp); and 
• Ro means a set of roles that the agent played 

before; and 
• Ng means a set of groups that the agent belongs 

to. 
All the current role and the potential roles of agent a

(i.e., a.Rp ∪ {a.rc}) form its repository role set, denoted as 
Rr.
Definition 3: environment. e ::= <n, Re, B, og> where 

• n is the identification of the environment;  

• Re is a set of roles; 
• B is a set of tuples of role, role range and a 
shared object, i.e., < r, w, q, oe>, where r∈ Re. The 
weight w [0, 1] is to show the importance of the 
role. The role range (also called cardinalities) q is 
expressed by [[l, u]] and tells how many agents must 
(l) and may (u) play this role in this environment. 
The oe expresses the object accessed or shared by all 
the agents playing role r in the tuple. denotes the 
whole set of role ranges; and 
• og expresses the object shared by all the agents in 
a group built on this environment.  

Definition 4: group. g = <n, e, Ag, J> where  
• n is the identification of the group;  

• e is an environment for the group to work; 
• Ag is a set of agents called members of this group; 
and  

• J is a set of tuples of agent and role, i.e., J ={< a,

r>| r ∈e.Re ∧  ( ∃ w∈ [0, 1], q∈ , oe ∈O ∋ (<r, w, q, 
oe>∈e.B)) ∧ (a ∈ r.Ar ∪ r.Ap)}.

With the E-CARGO model, a role engine can be 
designed to support RBC in the way stated by 
Shakespeare “All the world is a stage (E, C, O), and all the 
men and women merely players (A); they all have their 
exits and entrances (G); and one man in his time plays 
many parts (R) (As You Like It, Act II, Scene 7)”.  
Definition 5: role assignment. For a group g, a tuple <a, 

r> of g.J is called a role assignment, also called 
agent assignment.

Note that, in role assignment, we do not differentiate 
current roles and potential roles that are applied in role 
transfer [14].   
Definition 6: workable role. A role r is workable in an 

environment e if it is assigned enough current agents 
to play it, i.e., ∃  w∈ [0, 1], q∈ , oe∈O ∋ (<r, w, q, oe>
∈e.B) ∧ (|r.Ac | q.l). This is denoted as workable(r) = 
True.
In describing the problems, A denotes the set of 

agents and m (=|A|) the size of the set A. R denotes the set 
of roles and n (= |R|) the size of R. L denotes a vector of 
the lower ranges of roles in an environment e and L[j] 
N (N is the natural number set, 0   j  n-1). Q denotes an 
agent qualification (s) matrix of m×n. T denotes a role 
assignment matrix of m×n and T[i, j]  {0,1} (0  i  m-1; 
0   j  n-1). If T[i, j]=1, agent i is called an assigned 
agent.
Definition 7: workable group. A group g is workable if 

all its roles are workable, i.e., ∀ r∈g.e.Re ( ∃ w∈ [0, 1], 
q∈ , oe∈O ∋  <r, w, q, oe>∈g.e.B ∧  (workable(r) = 
True)) or group g expressed by T is workable if 
∀ j(

−1

],[
m

i
jiT L[j])( 0   j  n-1). 

Definition 8: rated group role assignment problem. Let 
Q[i, j]  [0,1] (0  i  m-1; 0   j  n-1) be the value 
that represents how well a given agent i plays a given 
role j, 0 means lowest and 1 the highest. The weights 
of roles are ignored. A group qualification is defined 
as the sum of the assigned agents’ qualifications, i.e., 

−

=

−

=

1

0

1

0

],[*],[
m

i

n

j
jiTjiQ . The problem is to find a matrix 

T that makes group g in which the group qualification 

is the largest, i.e., max{
−

=

−

=

1

0

1

0

],[*],[
m

i

n

j
jiTjiQ }.

For example, suppose Q is shown in Fig. 1 (a), L = [2, 
1,  1, 2]. The solution T is shown in Fig. 1(b) and the 
group qualification is 4.21. 

An algorithm can be designed based on exhaustive 
search but its complexity is very high. The complexity  of 
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the designed algorithm is O(m!) under some conditions 
[5]. Even for groups that are not very large, this is 
impractical.  

Fig. 1. A rated qualification matrix and the solution. 

3. THE GENERAL ASSIGNMENT 
PROBLEM AND THE ADAPTATION 
OF GROUP ROLE ASSIGNMENT
The general assignment problem [1, 2, 3] was 

described as:  given the n×n matrix A of real numbers, 
find a permutation p (pi; i = 1, …,  n) of the integers 1, 

2, . . . , n that minimizes 
−

=

1

0
],[

n

i
ipiA , for example, for 

the 3 × 3 matrix A = 
233.9
145

2.1157 , there are six possible 

permutations for which the associated sums are shown in 
Table 1. 

Table 1. The permutations and the sums for matrix A. 

p
−

=

1

0

],[
n

i
ipiA

(1) 0, 1, 2 13.0 
(2) 0, 2, 1 11.0 
(3) 1, 0, 2 12.0 
(4) 1, 2, 0 15.3 
(5) 2, 0, 1 19.2 
(6) 2, 1, 0 24.5 

Permutation (2) gives the smallest sum 11.0, and is 
the solution to the assignment problem for this matrix. 

The rated group role assignment problem can be 
made a square problem by adjusting the number of agents 

and roles. Suppose in Definition 8, m = 
−

=

1

0

][
n

j
jL , the 

problem is a square assignment problem.  
To form the square matrix used in the Munkres 

algorithm, duplicate columns are added based on the 
vector L. The matrix Q  and the vector L can be combined 
to create the matrix A in the square matrix assignment 
problem.  

For example, the Q shown in Fig. 1 (a) and L = [2, 1,  
1, 2] can create the matrix M shown as Fig. 2. It is needed 
to record the column numbers in a new vector L’ = [0, 0, 
1, 2, 3, 3]. 

0.0
65.0
0.0
6.0

76.0
22.0

0.0
65.0
0.0
6.0

76.0
22.0

24.0
77.0
53.0
92.0
44.0
0.0

64.0
51.0
0.0

92.0
67.0
6.0

58.0
97.0
0.0

69.0
29.0
71.0

58.0
97.0
0.0

69.0
29.0
71.0

Fig. 2. The Created Square Matrix 

If m>
−

=

1

0

][
n

j
jL , it is needed to add m-n columns of 1s 

(i.e., every agent is fully qualified for an empty role) to 
make a square matrix. For example, for a Q  (L = [1, 2, 1]) 
is shown in Fig. 3 its square matrix can be made as shown 
in Fig. 4 (a). The relevant column number vector L’ =[0, 1, 
1, 2, 3, 3] where 3 is the column number corresponding to 
empty roles. The solution can be obtained as shown in Fig. 
4 (b). 

Q =

24.0
24.0
74.0
69.0
24.0
72.0

77.0
75.0
1.0

46.0
59.0
76.0

21.0
23.0
4.0

06.0
93.0
36.0

L = [1, 2, 1] 

Fig. 3. A matrix with m >
−

=

1

0

][
n

j
jL .

0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1

24.0
24.0
74.0
69.0
24.0
72.0

77.0
75.0
1.0

46.0
59.0
76.0

77.0
75.0
1.0

46.0
59.0
76.0

21.0
23.0
4.0

06.0
93.0
36.0

0
0
1
0
0
0

1
0
0
0
0
1

0
0
0
0
1
0

                (a)                                       (b) 
Fig. 4. A square matrix transferred from the matrix in Fig. 3. 

Because Munkres algorithm is for a minimization 
problem, it is necessary to transform it to a maximization 
problem. This is simply a matter of subtracting the entries 
of Q from the largest entry of Q to obtain a new matrix M.
Minimization of this new matrix results in a maximization 
of Q.

1
35.0
1

4.0
24.0
78.0

1
35.0
1

4.0
24.0
78.0

76.0
23.0
47.0
08.0
56.0
1

36.0
49.0
1
08.0
33.0
4.0

42.0
03.0
1
31.0
71.0
29.0

42.0
03.0
1
31.0
71.0
29.0

Fig. 5. The square matrix transferred from the qualification 
matrix in Fig. 2.  

For example, for the maximization of the matrix Q 
shown in Fig. 2, a matrix M can be obtained by such 
assignment: 

M[i, j] = 1-Q[i, j], (0  i, j  m-1). 
Please note that the maximum qualification rate is 1. The 
matrix M is shown in Fig. 5.

0010
0001
0100
1000
1000
0001

(b) 
0.024.064.058.0

65.077.051.097.0
0.053.00.00.0
6.092.092.069.0

76.044.067.029.0
22.00.06.071.0

(a) 
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4. THE ADAPTED GROUP ROLE 
ASSIGNMENT ALGORITHM  
Munkres algorithm (or the Hungarian algorithm) is a 

minimization algorithm for square matrices of general 
assignment problems invented by James R. Munkres [1] 
in 1957. To understand Munkres algorithm, a definition  
and a theorem are required.  
Definition 9: independent set. A set of elements of a 

matrix are independent if non of them occupies the 
same row or column. 

König Theorem: If M is a matrix and m is the number of 
independent zero elements of M, then there are m 
lines which contain all the zero elements of M. 
Munkres algorithm starts by finding the smallest 

element in each row. This element is then subtracted from 
each row. This process is also done for each column. 
Then, it put tags to all zeros called starred zeros or primed 
zeros. The "starred zeros" form an independent set of 
zeros, while the "primed zeros" are possible candidates 
for this set. The algorithm also distinguishes lines (rows 
or columns): covered and uncovered. A zero is called 
covered (non-covered) if it is in a covered (non-covered) 
row or column. 

At the beginning, the following conditions should be 
established: (a) No lines are covered; no zeros are starred 
or primed; (b) For each row of the matrix M subtract the 
value of the smallest element from each element in the 
row; and (c) For each column of the resulting matrix 
subtract the value of the smallest element from each 
element.  

The major Munkres algorithm is as follows: 
Input:  

o An m×m matrix M with the above preliminaries. 
Output:  

o All the subscripts of the selected elements of M, 
i.e., the starred zeros.  

MUNKRES(M): 
{    for (all zeros z in M)
       If (there are no starred zeros in the row or column of z)
         star z; 
    while (true) // the main loop 
    { 

 cover all the columns containing a 0*; 
 if (all the columns are covered) 
    return; // the optimal solution is starred; 

        while (!(all zeros are covered))  //the inner loop 
 { 

          for (all non-covered zeros z)  
     { prime z; 
       if (there is a starred zero z* in this row) 
   {   cover row of z*; 
       uncover column of z*; 
         } 

              else 
                { 

           highlight z; 

           while (there is a starred zero z* in z's column) 
    {  z=z*; 

        highlight z; 
              z:=the primed zero in z's row;  
     // this always exists 
              highlight z; 
           }// End of while 
     unstar highlighted starred zeros; 

    star highlighted primed zeros and remove 
highlights; 

    remove primes and uncover all rows and 
columns; 

    continue to while (the main loop); 
} // end of if 

          } //end of for () 
          h:=smallest uncovered element in M; 
          add h to each covered row; 

      subtract h from each uncovered column; 
        }//end of while (true) – the inner loop 
    }//end of while (true) – the main loop 
 }// end of MUNKRES 
The new algorithm for rated role assignment algorithm 
can be described as follows: 
Input:  

o An n dimensional role’s lower range vector L; 
and 

o An m×n rated qualification matrix Q. 
Output:  

o Success: An m×n assignment matrix T in which 
for all columns j (j = 0, …, n-1), 

−1

],[
m

i
jiT L[j], 

and v as the maximum group qualification.  
Failure: An m×n assignment matrix T in which there 

is at least one column j (j= 0, …, n-1), 
−1

],[
m

i
jiT  <L[j], 

and v as 0. 
RatedAssign (L, W, Q, T, m, n)
{
Step 1: Expand matrix Q to square matrix M for 

minimization by duplicating the columns whose 
corresponding role range is greater than 1 and adjust 
the qualification rates from maximization to 
minimization; 

Step 2: MUNKRES(M); //Call the Munkres algorithm. 
Step 3 : Form the assignment matrix T based on the result 

of MUNKRES (M); 
}

5. IMPLEMENTATION AND 
PERFORMANCE EXPERIMENTS 
The Munkres algorithm, when properly implemented 

can operate with a computational complexity of O(n3) [1, 
3].  This is much better than the exhaustive search–based  
algorithm [5]. 

To verify the performance of this group role 
assignment algorithm, a Java implementation is made 
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based on the implementation of the Hungarian algorithm 
done by Gary Baker [2]. The hardware platform is a 
laptop with a CPU of 2.10GHz and the development 
environment is Microsoft Windows Vista (Home Edition) 
and Eclipse 3.2. Seven experiments are designed based on 
this environment and different group sizes (Table II). 

In an experiment, a random group is formed by 
randomly creating an agent qualification matrix: each 
agent is assigned  randomly with values (0, 1] for n roles, 
i.e., no agent is absolutely not qualified to play a role. The 
role number n is set as m/2. The lower ranges of a role is 
randomly set to L with 1 or 2 to make the corresponding 
group have enough agents (

−

=

1

0

][
n

j
jL m) to guarantee a 

successful assignment. Each experiment repeats for 300 
randomly created agent qualification matrices to show its 
generality.The results of the experiments are shown in 
Figs. 6 - 12. 

Fig. 6. Experiment 1: m = 6, n = 3. 

Fig. 7. Experiment 2: m = 8, n = 4. 

Fig. 8. Experiment 3: m = 14, n = 7. 

Fig. 9. Experiment 4: m = 18, n = 9. 

Fig. 10. Experiment 5: m = 26, n = 13. 

Fig. 11. Experiment 6: m = 34, n = 17. 

Fig. 12. Experiment 7: m = 50, n = 25. 
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Table I. The largest and average times (ms) for the 
rated assignment algorithm 

Time 
M

Largest Smallest Average 

6 23.524288 0.956686 2.488235

8 25.885552 1.537276 2.944034

10 21.938403 2.590972 3.965053

14 313.49564 4.785944 11.028961

18 66.406764 8.176808 10.998644

26 282.209261 15.679157 23.017014

34 146.123181 26.517406 35.876745

50 438.825186 52.898483 75.288766

6. PERFORMANCE ANALYSIS 
Table I shows the typical data collected from the 

seven experiments stated above. It is evident that the 
typical times (largest, smallest and average times) used by 
the rated assignment algorithm are better than  the 
complexity of Munkres algorithm O(n3) (Fig. 13.). This 
situation occurs , because the square matrix used by the 
Munkres algorithm is created from the random groups. 
The random groups may create many columns fully with 
1s, therefore, the time used by the algorithm is normally 
less than O(n3).

From Figs. 6-13 and Table I, the newly adapted 
algorithm for the group role assignment is much better 
than the algorithm proposed in [5]. It is an exciting result.  

Fig. 13. The trend lines for typical times for different sizes of 
the groups. 

7. CONCLUSIONS 
Rated role assignments are an important problem in 

role-based collaboration. Efficient algorithms are required 
for practical applications. This paper contributes an 
efficient way to solve this problem.  

Further investigations can be done along the 
following directions:  

1. A number of restrictions could be supported by 
the algorithm.  Examples include the requirement 
that certain roles must be filled while other roles 

are optional. Similarly there may be a certain 
ratio of management roles to subordinate roles. 

2. Temporal requirements and continuously 
changing demand for roles may be considered. 

3. In real world, the demand for the services of 
each role is not constant. Nor is the number of 
agents available to play these roles. Role 
assignment algorithms must be able to adapt to 
these changing requirements and resources, and 
provide continuous solutions that minimize task 
switching of agents.  

4. The scheduling of agents performing tasks could 
be considered. The maximization of group utility 
must be subject to availability and maximum 
workload restrictions. 

ACKNOWLEDGMENTS 
This research is in part supported by National 

Sciences and Engineering Research Council, Canada 
(NSERC: 262075-06), Ontario Partnership on Innovations 
of Commercialization, and IBM Eclipse Innovation Grant.  

REFERENCES 
[1] Bourgeois, F. and Lassalle, J.C., “An extension of the 

Munkres algorithm for the assignment problem to 
rectangular matrices”, Communications of the ACM, vol. 
14, no. 12, Dec. 1971, pp. 802-804. 

[2] G. Baker, “Java implementation of the classic Hungarian 
algorithm for the assignment problem”, 
http://sites.google.com/site/garybaker/hungarian-
algorithm/assignment, 2008. 

[3] Wikipedia, “Hungarian algorithm”, 
http://en.wikipedia.org/wiki/Hungarian_algorithm, 2009. 

[4] H. Zhu, “Fundamental Issues in the Design of a Role 
Engine”, Proc. of the 6th International Symposium on 
Collaborative Technologies and Systems, Irvine, CA, 
USA, May 19-23, 2008, pp. 399-407.

[5] H. Zhu and R. Alkins, “Group Role Assignment”, 
Submitted to IEEE Int’l Symposium on Collaborative 
Technologies and Systems, Baltimore, MA, May 2009. 

[6] H. Zhu and M.C. Zhou, “Role-Based Collaboration and its 
Kernel Mechanisms”, IEEE Trans. on Systems, Man and 
Cybernetics, Part C, vol. 36, no. 4, July 2006, pp. 578-589. 

[7] H. Zhu and M.C. Zhou, “Role Transfer Problems and 
Algorithms”, IEEE Trans. on Systems, Man and 
Cybernetics, Part A, vol. 36, no. 6, Nov. 2008, pp. 
1442-1450. 

[8] H. Zhu and M.C. Zhou, “M-M Role Transfer Problems 
and Solutions”, IEEE Trans. on Systems, Man and 
Cybernetics, Part A, vol. 37, no. 6, Nov. 2008, pp. 
1442-1450. 

4866



<<
  /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
  /CreateJDFFile false
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


