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Abstract—This study concerns output consensus problems of
linear multi-agent systems with fixed topologies and agents de-
scribed by homogeneous or heterogeneous linear systems. Based
on generalized inverse, graph and linear system theory, conditions
are investigated for output consensusability with respect to a set
of admissible consensus protocols. The given output consensus
conditions depend on both topologies within linear multi-agent
systems and structure properties of each agent’s dynamic. The
designed output feedback control law can guarantee output
consensusability of the considered linear multi-agent systems with
respect to a given admissible set. A provided example illustrates
applicability of the proposed approach.

I. INTRODUCTION

In recent years, consensus problems in multi-agent systems
have received intensive attention from many fields including
physics, biology and control theory and engineering due to
their numerous and various applications in these areas [1]-
[3]. The consensus problem is one of the most fundamen-
tal distributed coordination control problems of multi-agent
networks. Roughly speaking, consensus means that multiple
agents reach an agreement on a common value which might be,
for example, the altitude in multi-spacecraft alignment, head-
ing direction in flocking behavior, or average in distributed
computation [4]. Numerous results have been obtained in
consensus problems from different perspectives [5]-[14]. For
phase transition of a group of self-driven particles, a simple
and popular model has been proposed by using graph theory
[2]. Numerically it has been demonstrated that all agents move
in the same direction eventually. Attitude alignment has been
studied for the network of agents with an undirected graph
in which each agent has a discrete-time integrator dynamic
[5]. Moreover, [5] has provided a theoretical explanation for
the model in [2]. Many researchers have applied reinforce-
ment learning to multi-agent systems, and these results show
that reinforcement learning can perform well in multi-agent
systems [6]. For first-order discrete-time multi-agent systems
with time-varying topologies and stochastic communication
noises, average-consensus conditions for distributed stochastic
approximation type protocols have been proposed by using
probability limit theory and algebraic graph theory [7]. Several
dynamic consensus algorithms for second-order multi-agent
systems and sufficient conditions for state consensus of the
system have been proposed in [8] and [9]. Based on matrix
theory, algebraic graph theory and Lyapunov control ap-
proach, [10] has derived some sufficient conditions to achieve
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second-order consensus for multi-agent systems with directed
topology and nonlinear dynamic. A class of nonlinear high-
order multi-agent systems have been studied and achieved
consensus even though the communication graph which has no
spanning tree [11]. To solve the consensus problem of multi-
agent systems with a time-invariant communication topology
and agents described by linear time-invariant systems, the
necessary and sufficient condition has been given, which can
guarantee the existence of an observer-type protocol solving
the consensus problem, meanwhile, under this condition, an
unbounded consensus region has been yielded if and only if
each agent is both stabilizable and detectable [12]. [15] has
provided necessary and sufficient state consensus conditions
with respect to a set of admissible consensus protocols for
descriptor multi-agent systems with fixed topologies.

In fact, most of existing results have investigated in con-
sensus problems for multi-agent systems described by ho-
mogeneous agents. Comparing the discussion of consensus
problems for homogeneous multi-agent systems with that for
heterogeneous ones, it is easy to see that the later one has more
significant due to heterogeneous multi-agent systems have
more extensive description in the real world. However, rare
works have been published to deal with consensus problems
for multi-agent systems consisting of heterogeneous agents
[16]-[18]. [16] has given state consensus conditions using
tools of graph, algebra and descriptor linear system theory
for descriptor multi-agent systems with agents described by
homogeneous or heterogeneous descriptor systems. For het-
erogeneous and nonlinear multi-agent systems with topologies
changing in an intermittent and arbitrary way, the necessary
and sufficient condition of cooperative controllability has been
proposed by using matrix-theoretical approach [17]. [18] has
studied output consensus problems for a class of hetero-
geneous multi-agent systems consisting of uncertain linear
SISO systems. Thus, this paper investigates output consensus
problem for a class of multi-agent systems consisting of ho-
mogeneous or heterogeneous linear systems. Based on graph,
generalized inverse and linear system theory, output consensus
conditions are proposed. And designing the output feedback
control law can guarantee that the studied system is output
consensusable with respect to an admissible set.

Notation: For the given vector or matrix X, || X|| represents
the Euclidean norm of X. Let o(A) be the set of all eigenval-
ues of the square matrix A. C~ represents the open left-half
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complex plane.

II. PRELIMINARIES AND PROBLEM FORMULATION

In general, information exchange between agents in a multi-
agent system can be modeled by directed or undirected graphs
[19]. Similar to [20], let G = (V, £, A) be a weighted digraph
with the set of vertices V = {1,2,--- ,N} and the set of
edges £ C V x V. In G, the i-th vertex represents the i-
th agent, and a directed edge from ¢ to j is denoted as an
ordered pair (i, j) € £, which means that agent j can directly
receive information from agent ¢. In this case, the vertex i is
called the parent vertex and the vertex j is called the child
vertex. The set of neighbors of the i-th agent is denoted by
N; ={j € V|(4,4) € £}. And the weighted adjacency matrix
A = [a;j] € RM*Y with nonnegative elements, and a;; =
0,a;; > 0 < j € N;, otherwise a;; = 0.

Definition 2.7: [21] Let A € C"™*", Then the matrix X €
Cm™>*™ gatisfying the following four equations (usually called
the Penrose conditions)

AXA=A, XAX = X, (AX)* = AX, (XA)" = XA

is called the Moore-Penrose inverse of A, and is denoted by
X = AT

Lemma 2./: [21] Let A € C™*™. The generalized inverse
X satisfying the Penrose conditions is existent and unique.
Moreover, if rankA = n, then ATA = I,,; if rank A = m, then
AAY =1,,,.

Consider a linear multi-agent system consisting of N agents
indexed by 1,2,--- | N, respectively. The dynamics of the -
th agent is described by homogeneous or heterogeneous linear
systems

l‘l(t) = A;x; (t) + Biui(t), (1a)

i =1, 2,--- N, where z;(t) € R™, u;(t) € R" and
yi(t) € R™ are the state, control input and control output
of the i-th agent, respectively; A; € R <™ B, € R™*",
C; € R™*"i and rankC; = n;. System (1) is said to be ho-
mogeneous 1fA1 :A2 = ... :AN, Bl :BQ = ... :BN
and C; = Cy = ... = Cly, otherwise, system (1) is said to
be heterogeneous. Regarding the above N agents as vertices,
the topology relationship among them can be conveniently
described by a digraph G = (V, &, A) with V = {1,2,--- , N}
and A = [a;;] € RVXN,

Comparing output feedback with state feedback, the former
one would have more practical significant in consensus pro-
tocols. Because of constraints on measurement or economic
costs in practice, it is sometimes hard to directly measure the
relative information of all states. However, only the relative
information of all outputs is available. Consensus protocols
based on outputs or states are equivalent if all the states are
measurable. Hence, adopt two kinds of output consensus pro-
tocols with the output feedback case as follows, respectively.

Case Onme: Since each agent has limited capability of
collecting information, output consensus protocols for each
agent in multi-agent systems are distributed and only depend

on the information of the agent itself and its neighbors. Adopt
output consensus protocols of the i-th agent are given by

wi(t) =) a1;Kly; (1) = (1),

(2a)
JEN1
ui(t) =D;(CL AL CT — C; A, Cys(t)
+ Y ai Ky () — wi(1), (2b)

JEN;
t207122737 7N7

where D; € R"*™ such that C;B;D; = I and K;; €
Rrixm 4 4 = 1,2,--- N, are weighted constant matrices
which will be designed.

Applying the property of a;;, (2) is equivalent to

N
ur(t) =Y ar; Kyl (8) — g1 (0)), (3a)
j=1
ui(t) =D;(C1A1C] — C1A;CT)y;(t)
N
+ )i [y; () — wi(t)], (3b)
j=1

t>0,i=2,3,---,N.
Let
u(t) = [uf (t) ug (t) - uy ()]

Define an admissible control set:
N
Uy ={u(t) : [0,00) = R™N[uy(t) = > a1;K1,[y;(t)
j=1
—y1(t)], wi(t) = Di(CLALC — C A C)yi(t)
N
+ Z aij Kijly; (t) — vi(t)],
j=1

1=2,3,- 7N7 t >0, KijeRTxma
i,j=1,2,--- N}

Case Two: Adopt output consensus protocols of the i-th
agent are given by

wit) =Y aiKijly; (t) — vi(8),
JEN; (4)
t>0,i=1,2,---,N,
where K;; € R™ ™, 4,5 = 1,2,---,N, are weighted
constant matrices which will be designed.

Similar to Case One, define the following admissible control
set:

N

Uy ={u(t) : [0,00) = R™N |u;(t) = > ai; Kij[y; (1)
j=1

— yi(t)}, 7= 1,2,"' ,N,t > 0, Kij S Rrxm)

i,j=1,2,--- ,N}.

The admissible control set Uy (k = 1,2) covers a relatively
large class of distributed output consensus protocols. There-
fore, we want to know under what conditions, the multi-agent
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system consisting of homogeneous or heterogeneous linear
time-invariant systems is output consensusable with respect to
such a kind of admissible control set. To solve this problem,
a definition of the output consensusability of a multi-agent
system with respect to an admissible control set U (k = 1,2)
is given as follows.

Definition 2.2: For linear multi-agent system (1), if there
exists a u(t) € Uy (Us) such that for any initial value x;(0),

fllpgoHyJ(t) _yl(t)H = 07 1,] = 1727"' >N?

then the system (1) is said to be output consensusable with
respect to Uy (Us).

Remark 2.1: Due to heterogeneity of the agents, to achieve
the state consensus (i.e., tgrgo lz;(t) — zi(t)|| = 0) is impos-
sible generally.

Remark 2.2: If A; = A; in the output consensus protocols
(3), it is not necessary to assume that C; B;D; = I.

Remark 2.3: Definition 2.2 is different from the state con-
sensus definition in [22], where the states of all the agents are
required to converge to the same one constant value. Similar to
[20], here only the output differences between different agents
are required to tend to zero, no matter whether the outputs
themselves converge or not.

Remark 2.4: When o(A4;) C C, i = 1,2,---, N, take
K;;=0,1475=1,2,---, N in output consensus protocols (3)
or (4). Then it follows that y;, ¢ = 1,2,--- , N, converges to
zero exponentially. Hence multi-agent system (1) is naturally
output consensusable with respect to Uy, (k = 1,2). Thus, as-
sume that the eigenvalues of the matrices A;, i =1,2,--- | N
are not all in the open left-half plane in this paper.

IIT. OUTPUT CONSENSUSABILITY CONDITIONS FOR
LINEAR MULTI-AGENT SYSTEMS

Lemma 3.1: [23]For A, B € R™"*", if (A, B) is stabiliz-
able, then Riccati equation

ATP+ PA—PBBTP+1,=0

has a unique nonnegative definite solution P, furthermore,
o(A— BBTP)CC~.

Theorem 3./: System (1) is output consensusable with
respect to U if the following conditions hold:

@) (ClAch, C1B1 + CQBQ) and (ClAloi(, CZBl),

i=3,4,---,N, are stabilizable;

(i1) a1z # 0, as; # 0 and there exists at least one j €

{1,2,---,i—1} such that a;; #0, i =3,4,--- N.
Proof:

Using Definition 2.2, system (1) is output consensusable
with respect to U if and only if there exist matrices K;; €
R™™ ¢ 4 = 1,2,--- N, and output consensus protocols (3)
such that for any i # j,

lim [y;(t) — g ()] = 0.

t—o0

Combining (1la) and (1b) with rankC; = n,, it follows that

Ui (t) = Ciy(t)
= C;A;CICiai(t) + CiByui(t) (5)
= OiAiC;ryi(t) + C;Bu;(t).

Then output consensusability of system (1) is equivalent to
state consensusability of system (5) with respect to /1, which
implies there exist matrices K;; € R™™ 4,5 = 1,2,--- N,
and output consensus protocols (3) such that for any i # 7,

Jim ly;(8) — vi(8)] = 0 ©

for system (5).
Let 6;(t) £ y1(t) —yi(t), i =2,3,---, N. One obtains (6)
is equivalent to tlim 16;(®)]| =0, i=2,3,---,N.
— 00

Notice that

N
51(t) :ClAlCI(Si(t) — ClBl Z alelj(Sj (t)

j=1

N
+CiB; Y aiKil65(t) — 6i(1)]
j=1
N
:(ClAch — Csz Z ainij)éi(t)
Jj=1
N
+ Z(CZBla”K” - ClBlalelj)éj(t)

j=1
1=2,3,---,N. Let
a(t) = [65 (1) 65 (t) -~ Sx ()"

One obtains

o(t) = As(t), )
where
A22 A23 1‘_12N
A— Asy Asg : 7
_1 ) Aw-1n
Ana AN(N=1) ANN
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N
Agy = OlAICI — CQBQ(Z ag;Ksj) — a12C1 B1 K12,
i=1

Asz = as3CoBoKas — a1301 B1 K13,
Aoy = aanCoBoKon — ainC1B1 KN,
Asy = a33C3B3K32 — a12C1 B1 K9,

N
Agz = Ay — C3B3(Z azjK3j) — a13C1 B1 Kis,
=1
A1)y =aN—1)NCN-1BN_1K(n_1)N
—a1nC1B1 K1y,
An2 = an2CON By K2 — a12C1 B1 K19,
Anv-1) =an(N-1)ONBNKn(n-1)
—ayn-1)C1B1Ky(n-1),
N
Ann =C1 A Cf — CNBN(Z an; Knj)

Jj=1

—ainC1B1Kn.

In order to prove that the system (1) is output consensusable
with respect to U, it suffices to show that there exist matrices
K;j, 4,5 =1,2,--- , N, such that system (7) is stable which
is equivalent to o(A) C C~.

In output consensus protocols (3), choose

K11:K13:K14"':K1N:07
Kij=0, j>i, i=23,---,N.

Then A turns into

A22 0 . 0

Ao Asy Az : 7
K i 0
Ano An(n-1) ANN

where
Azz = C1A1CIr —a21C2 B Koy — 01201 B1 K3,
Aso = a3203B3K33 — a12C1 B1 Ky,
Az = C1 A Cf — C3B3(az1 K31 + azaKs),
An2 = an2CnBNKno — a1201 B1 K9,

Ann-1y = an(n—1)CNBNE N(N-1),
N-1

Ann = C1ALC] = CnBN () an;Kn;).

j=1
In this case, system (7) is stable if and only if there exist
K2 and K;;, j < such that

o (0114101T —a21C2By Ko — a1201B1K12) C (Cia

i—1
o O1Alc'1r — C'iBi(Z aijKi;) | €C7, i=3,4---  N.

J=1

Since condition (ii) holds, it is concluded from Lemma 3.1
that

(1A, CHTX + XT(C1 A C))

— XT(C1By + C3Bs)(C1By + CoBo) " X + I, =0 ®
has the unique admissible solution P, and
(C1ACHT X + XT(CLALCY) ©)
~ XICiB,(C;B)"X; + 1, =0
has the unique admissible solution P;, i« = 3,4, --- , N. Hence

o (ClAlCI — (ClBl + CQBQ)(ClBl + CQBQ)TPQ) cC,

a (ClAch - ClBZ(ClBZ)TP1> g (C_, 1= 3, 4, s ,N.

Let
a12K12 = a2 Ko1 = (C1B1 + C2B2)" Py (10)
and
i—1
> aiKiy = (CiB) P, i=3,4,--- ,N.  (11)
=1

Under the condition (iii), it is obtained that equations (10)
and (11) have at least one group solutions K15 and K;;, j <
i, 1 =2,3,---, N, such that

o (C1A1CI —a21C2 By Ko — a12clB1K12) ccC,

1—1
o OlAlc’I _CZBZ(ZCLUKU) Q(C77 7,:3’4 7N'

j=1

Combining the above results, one obtains multi-agent system
(1) is output consensusable with respect to ;.
|
Theorem 3.2: System (1) is output consensusable with
respect to Uy if the following conditions hold:
() C1ACT = CrayC) = - = CyANCE;
(i) (C1ALCI, C1By + C3B,) and (C1AC, CiB;),
1=3,4,---, N, are stabilizable;
a2 # 0, a1 # 0 and there exists at least one j €
{1,2,---,i—1} such that a;; #0, i =3,4,--- N.
Proof: Here, this proof is omitted since it is very similar
to that of Theorem 3.1. |
Based on Theorem 3.1, give the following algorithm to
design the output feedback control law K;;, 4,5 = 1,2,--- N,
which can guarantee that system (1) is output consensusable
with respect to U/, under the precondition of Theorem 3.1.
Algorithm 3.7: Input: the matrices 4; € R"*™ B, €

R?Lixm’ Cz S Rmxni» 1 = 1a27"' aNa and A = [a’ﬂ] €
RNXN;

(iii)

Output: the gain matrix K;;, 4,5 =1,2,--- , N.
(a) Compute Moore-Penrose inverse of C;, and it is
denoted by C’Z-T, 1=1,2,---,N;
(b) Solve Ricatti equations (8) and (9), and the ad-
missible solutions are denoted by P> and P;, i =
3,4,--- , N, respectively;
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(C) Choose K11 =K13=K14"'=K1N :O, Kij =
0, >4, 1=2,3,---,N;
(d)  Solve an arbitrary group of solutions of matrix equa-
tions (10) and (11), and denote them by K, and
Kij, j<1i,1=2,3,---, N, respectively.
Thus, the required matrices K;;, 4,5 = 1,2, 3, are designed.

IV. A NUMERICAL EXAMPLE

A numerical example is provided to demonstrate the appli-
cation of Algorithm 3.1. Consider linear multi-agent system
(1) consisting of N = 3 heterogeneous agents with

-2 05 05 0

0 1 [ 06 1
A3=[_2 1}7312 _5 1}7
4 15 [ 03 -1
BQ[—1 0.9}’33_2 5]’
10 1 —1] 1 3
Cl_|:0 1:|302_|:0 1 703_|:1 2:|7

and the topology G = (V, €, A), where V = {1, 2, 3},
8 = {(172)7 (173)’ (2’ 1), (2’ 3)7 (37 1)7 (37 2)}

and
0 05 2
A=102 0 3
1 04 0

According to the steps in Algorithm 3.1, the following can
be obtained:

@ 1 0 1 1
T _ T
cd=lo V] a=[o 1]
i [ -2 3
a7 3]
(b)
0.2 0.1 0.1 0.1
PZ_[O.I 0.2]’P3_{—0.1 0.2}’
(©)
K1 = K13 = Koy = Ko3 = K33 = O xn;
(d

09 -1.3 2.2 —-3.2
Klz‘[l.o 1.1 ]’KQI_[2.5 2.7 ]
07 1 -1.1 —-1.7
K31_[1 2}’](32_{4.1 3.4]'
Then the matrices K;;, 4,j = 1,2,3, are designed.
In this case, the closed-loop system made of (1) and (2) is

formulated:
x(t) = Acx(t),

y(t) = Cu(2),

(12a)
(12b)

co Agent 1
Agent 2
= = = Agent 3

[o)
YPute, 05 05

12,3

one, g 0 i
nt CASTH 3 0 0\1;\.\\ compo“e“‘ i
Fig. 1. the output responses of system (12)
where
A 1281 K120y a13B1K13C5
Ac = a1 B2 K21 Cq Az a31B3K3,C3 ,
a31B3K31C1 a3 B3K32C, Ass
X Y1 Cl 0 0
Xr = To ,y Y= Y2 s C = 0 CQ 0 )
T3 Y3 0 0 3

A = Ay — a12B1K12C1 — a13B1 K130,
Ago = B2D201A10I02 — a21 B2 K910y — a31 B2 K310y,
Ass = BSDISClAlCICS — a31B3K31C35 — a3 B3 K32C3.

Choose the initial states of system (1) arbitrarily as follows:

21(0) = { ol ] » 22(0) = { B ] » #3(0) = { ey’ } -

Denote

Yi1 .
i = , 1 =1,2,3.
Y [ Yi2 }
The simulation of system (12) is presented in Figure 1. It
shows that the output responses of the system (12) indicates
multi-agent system (1) is output consensusable with respect to

the given admissible set U;.

V. CONCLUSION

For linear multi-agent systems with fixed topologies and
agents consisting of general linear systems, the conditions of
output consensusability have been provided using generalized
inverse, graph and linear system theory. The designed output
feedback control law can guarantee that the studied multi-
agent systems are output consensusable with respect to a
given admissible set. Moreover, the simulation results have
successfully demonstrated the applicability of the proposed
approach in this paper.

The study of output consensus conditions for linear multi-
agent systems with fixed topologies is a basic problem which
only serves as a stepping stone to study more complicated
agent dynamics. Future research will be on multi-agent sys-
tems with time delays, switching topology or time-varying
topology, and so on.

1098



REFERENCES

[1] C. W. Reynolds, Flocks, herds, and schools: A distributed behavioral
model, in Proc. Comp. Graphics ACM SIGGRAPH’87 Conf., pp. 25-34,
1987.

[2] T. Vicsek, A. Czirdk, E. Ben-Jacob, I. Cohen and O. Schochet, Novel
type of phase-transition in a system of self-driven particles, Phys. Rev.
Lett., vol. 75, no. 6, pp. 1226-1229, 1995.

[3] L. Xiao and S. Boyd, Fast linear iterations for distributed averaging, Syst.
Control Lett., vol. 53, pp. 65-78, 2004.

[4] P. Lin and Y. Jia, Robust Ho, consensus analysis of a class of second-
order multi-agent systems with uncertainty, IET Control Theory Appl.,
vol. 4, no. 3, pp. 487-498, 2010.

[5] A. Jadbabaie, J. Lin and A. Morse, Coordination of groups of mobile
autonomous agents using nearest neighbor rules, IEEE Trans. Autom.
Control, vol. 48, no. 6, pp. 988-1001, 2003.

[6] M. Kaya and R. Alhajj, Modular fuzzy-reinforcement learning approach
with internal model capabilities for multiagent systems, IEEE Trans. Syst.,
Man, Cybern. B, Cybern., vol. 34, no. 2, pp. 1210-1223, 2004.

[7]1 T.Liand J. Zhang, Consensus conditions of multi-agent system with time-
varying topologies and stochastic communication noises, /[EEE Trans.
Autom. Control, vol. 55, no. 9, pp. 2043-2057, 2010.

[8] W. Ren, On consensus algorithms for double-integrator dynamics, /IEEE
Trans. Autom. Control, vol. 53, no. 6, pp. 1503-1509, 2008.

[9] P.Lin and Y. Jia, Further results on decentralized coordination in networks
of agents with second-order dynamics, IET Control Theory Appl., vol. 3,
no. 7, pp. 957-970, 2009.

[10] W. W. Yu, G. R. Chen, M. Cao and J. Kurths, Second-order consensus
for multiagent systems with directed topologies and nonlinear dynamics,
1IEEFE Trans. Syst., Man, Cybern. B, Cybern., vol. 40, no. 3, pp. 881-891,
2010.

[11] Z. Qu, J. Wang and R. Hull, Cooperative control of dynamical systems
with application to autonomous vehicles, IEEE Trans. Autom. Control,
vol. 53, no. 4, pp. 894-911, 2008.

[12] Z. K. Li, Z. S. Duan and G. R. Chen, Consensus of multiagent systems
and synchronization of complex networks: A unified viewpoint, /[EEE
Trans. Circuits Syst. I: Regular Papers, vol. 57, no. 1, pp. 213-224, 2010.

[13] K. S. Barber, T. H. Liu and S. Ramaswamy, Conflict detection during
plan integration for multi-agent systems, /EEE Trans. Syst., Man, Cybern.
B, Cybern., vol. 31, no. 4, pp. 616-628, 2001.

[14] M. Kaya and R. Alhajj, Fuzzy olap association rules mining-based
modular reinforcement learning approach for multiagent systems, IEEE
Trans. Syst., Man, Cybern. B, Cybern., vol. 35, no. 2, pp. 326-338, 2005.

[15] X.R. Yang and G. P. Liu, Necessary and sufficient consensus conditions
of descriptor multi-agent systems, /IEEE Trans. Circuits Syst. 1: Regular
Papers, DOI: 10.1109/TCSI1.2012.2190663.

[16] X. R. Yang and G. P. Liu, Consensus Conditions of Linear Descriptor
Multi-agent Systems, in Proc. 2nd International Conf. Intelligent Control
and Information Processing, pp. 69-774, 2011.

[17] Z. Qu, J. Chunyu and J. Wang, Nonlinear cooperative control for
consensus of nonlinear and heterogeneous systems, in Proc. 46th IEEE
Conf. Decision Control, pp. 2301-2308, 2007.

[18] H. Kim, H. Shim and J. H. Seo, Output consensus of heterogeneous
uncertain linear multi-agent systems, /EEE Trans. Autom. Control, vol.
56, no. 1, pp. 200206, 2011.

[19] R.E. Skelon, T. Iwasaki and K. Grigoriadis, A United Algebra Approach
to Linear Control Design, Bristol, PA: Taylor and Francis, 1998.

[20] C. Q. Ma and J. F. Zhang, Necessary and sufficient conditions for
consensusability of linear multi-agent systems, [EEE Trans. Autom.
Control, vol. 55, no. 55, pp. 1263-1268, 2010.

[21] A. Ben-Israel and T. N. E. Greville, Generalized Inverses: Theorey and
Applications, New York: John Wiley, 1974.

[22] Z. Y. Lin, B. Francis and M. Maggiore, Necessary and sufficient
graphical conditions for formation control of unicycles, IEEE Trans.
Autom. Control, vol. 50, no. 1, pp. 121-127, 2005.

[23] Z. Cheng and S. Ma, Linear System Theory, Bei Jing, China: Science
Press, 2006.

1099




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

  /CreateJDFFile false
  /Description <<

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

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




