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Abstract. Augmented marked graphs possess a special structure for modelling
common resources as well as some desirable properties pertaining to liveness,
boundedness, reversibility and conservativeness. This paper investigates the
property-preserving composition of augmented marked graphs for the synthesis
of distributed systems. It is proposed that distributed system components are
specified as augmented marked graphs. An integrated system is then obtained
by composing these augmented marked graphs via their common resource
places. Based on the preservation of properties, the liveness, boundedness, re-
versibility and conservativeness of the integrated system can be readily derived.
This effectively solves the difficult problem of ensuring design correctness in
the composition of distributed system components.

1 Introduction

In the past decade, component-based system design has emerged as a promising para-
digm to meet the ever increasing needs for managing system complexity and maxi-
mising re-use as well as for deriving software engineering into standards. When
applied to distributed systems which usually involve concurrent (parallel) and asyn-
chronous processes, one need to be aware that errors such as deadlock and capacity
overflow may occur. Even though the system components are correct in the sense that
they are live (implying freeness of deadlock), bounded (implying absence of capacity
overflow) and reversible (implying the capability of being reinitialised from any
reachable states), the integrated system may not be correct, especially as competition
of common resources exists.

This paper investigates the component-based approach to synthesising a given set
of distributed system components into an integrated system. Our focus is placed on
the preservation of four essential properties which include liveness, boundedness,
reversibility and conservativeness. Based on the property-preserving composition of
augmented marked graphs, we propose a formal method for synthesising the given
distributed system components into an integrated system whose design correctness (in
terms of liveness, boundedness, reversibility and conservativeness) can be readily
derived and verified.
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A subclass of Petri nets, augmented marked graphs possess a special structure for
modelling common resources. They exhibit some desirable properties pertaining to
liveness, boundedness, reversibility and conservativeness. Chu and Xie first studied
their liveness and reversibility using siphons and mathematical programming [1]. We
proposed siphon-based and cycle-based characterisations for live and reversible aug-
mented marked graphs, and transform-based characterisations for bounded and con-
servative augmented marked graphs [2, 3, 4]. Besides, the composition of augmented
marked graphs via common resource places was preliminarily studied [5, 6].

In this paper, after a brief review of augmented marked graphs, we investigate the
composition of augmented marked graphs via common resource places and show that
this composition preserves boundedness and conservativeness whereas liveness and
reversibility can be preserved under a pretty simple condition. The results are then
applied to the composition of distributed system components, where liveness, bound-
edness, reversibility and conservativeness of the integrated system can be readily
derived. These will be illustrated using examples.

The rest of this paper is organised as follows. Section 2 introduces augmented
marked graphs. Section 3 presents the composition of augmented marked graphs with
a special focus on the preservation of properties. Section 4 shows its application to the
composition of distributed system components. Section 5 briefly concludes this paper.
Readers of this paper are expected to have knowledge of Petri nets [7, 8].

2 Augmented Marked Graphs

This section introduces augmented marked graphs and summarises their known prop-
erties and characterisations.

Definition 2.1 [1]. An augmented marked graph (N, My; R) is a PT-net (N, M,) with a
specific subset of places R called resource places, satisfying the following conditions :
(a) Every place in R is marked by M. (b) The net (N', M) obtained from (N, M,; R)
by removing the places in R and their associated arcs is a marked graph. (c) For each r
€ R, there exist k, > 1 pairs of transitions D, = { (tg1, th1), (ts2, th2), «--» {tekrs thkey } SUCh
that r* = { tg, to, ..., tge } S T and °tr = { tuy, tho, ..., tie } < T and that, for each {tg, ty;)
€ D,, there exists in N' an elementary path p,; connecting t; to ty;. (d) In (N', My,
every cycle is marked and no p,; is marked.

Definition 2.2. For a PT-net (N, M), a set of places S is called a siphon if and only if
S ¢ S°. S is said to be minimal if and only if there does not exist a siphon S' in N
such that S'  S. S is said to be empty at a marking M € [M,) if and only if S contains
no places marked by M.

Definition 2.3. For a PT-net (N, M), a set of places Q is called a trap if and only if Q*
c *Q. Q is said to be maximal if and only if there does not exist a trap Q' in N such
that Q — Q'. Q is said to be marked at a marking M € [My) if and only if Q contains a
place marked by M.

Property 2.1 [1]. An augmented marked graph is live and reversible if and only if it
does not contain any potential deadlock. (Note : A potential deadlock is a siphon
which would eventually become empty.)
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Definition 2.4. For an augmented marked graph (N, My; R), a minimal siphon is
called a R-siphon if and only if it contains at least one place in R.

Property 2.2 [1, 2, 3]. An augmented marked graph (N, My; R) is live and reversible
if every R-siphon contains a marked trap.

Property 2.3 [2, 3]. An augmented marked graph (N, My; R) is live and reversible if
and only if no R-siphons eventually become empty.

Definition 2.5 [4]. Suppose an augmented marked graph (N, My; R) is transformed
into a PT-net (N', My") : For each r € R, where D, = { {1, tn1), {to, tho), «or {tees thir) }>
replace r with a set of places { qi, 2, ..., Qi } such that My'[q;] = My[r] and g;" = { t; }
and °q;={ t; } fori=1, 2, ..., k. (\N', My is called the R-transform of (N, My; R).

Property 2.4 [4]. Augmented marked graph (N, My; R) is bounded and conservative
if and only if every place in its R-transform (N', M,') belongs to a cycle.

Fig. 1 shows an augmented marked graph (N, My; R), where R = { rj, 1, }. Every R-
siphon contains a marked trap and would never become empty. It follows from Prop-
erties 2.2 and 2.3 that (N, My; R) is live and reversible. As every place in the R-
transform of (N, My; R) belongs to a cycle, according to Property 2.4, (N, My; R) is
bounded and conservative.

Fig. 1. An augmented marked graph

3 Composition of Augmented Marked Graphs

This section first describes the composition of augmented marked graphs via common
resource places. Preservation of properties is then studied.

Property 3.1. Let (N, Myy; R;) and (N,, Myj; Ry) be two augmented marked graphs,
where R;'= { 1, 112, ..., Tix } € Ry and Ry = { 1y, 129, ..., I } € R, are the common
places that r;; and ry; are to be fused as one single place ry, r1, and 1y, into 1y, ..., Ik
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and 1y into 1. Then, the resulting net is also an augmented marked graph (N, My; R),
where R=(R;\R;) U (R \R,)) U { 1y, 1p, ..., 1y }. (Obvious)

Definition 3.1. With reference to Property 3.1, (N, My; R) is called the composite
augmented marked graph of (N;, Mjo; R;) and (N,, Myy; R;) via a set of common
resource places { (1, 121), (T2, 122), ..., (U1, Tox) }, Where 1yy, I, ..., 1k € Ry and 1y,
I, ..., Iox € Ry Rp= { 11, 1y, ..., 1. } is called the set of fused resource places that are
obtained after fusing (ryy, 121), (12, 122), -.., (T1k, T21)-

Fig. 2 shows two augmented marked graphs (N;, M;p; R;) and (N, Myo; R,). Fig. 3
shows the composite augmented marked graph (N, My; R) of (N;, Mjg; R;) and (N,,
Mao; Ry) via { (111, 121) }, where Re= {1, 15 }.

(N1, Myo, Ry) (N2, M2o, Rz)

Fig. 2. Two augmented marked graphs (N}, Mo, R;) and (N,, My, R;)

Fig. 3. An augmented marked graph obtained by composing the two augmented marked graphs
in Fig. 2 via { (1, 137) }
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Property 3.2 [5, 6]. Let (N, My; R) be the composite augmented marked graph of two
augmented marked graphs (N, Mo; Ry) and (N, Myg; Ry) via a set of common resource
places. (N, My; R) is bounded if and only if (N}, M;o; R;) and (N,, My; R,) are bounded.

Property 3.3 [5]. Let (N, My; R) be the composite augmented marked graph of two
augmented marked graphs (N, Mjo; R;) and (N,, Myg; Ry) via a set of common re-
source places. (N, My; R) is conservative if and only if (N}, M;g; R;) and (N, Myo; R,)
are conservative.

Definition 3.2. Let (N, M,; R) be the composite augmented marked graph of two
augmented marked graphs via a set of common resource places, and Rg C R be the set
of fused resource places. For (N, My; R), a minimal siphon is called a Rg-siphon if
and only if it contains at least one place in Ry.

Property 3.4 [5]. Let (N, My; R) be the composite marked graph of two augmented
marked graphs (N, Mo; R;) and (N,, Myo; R,) via a set of common resource places.
(N, My; R) is live and reversible if and only if (N}, M;o; R;) and (N,, My; R,) are live
and no Rg-siphons eventually become empty.

Consider the augmented marked graphs (N, Mjo; R;) and (N,, Myg; R,) in Fig. 2. (N,
Mio; R)) is neither live nor reversible but is bounded and conservative. (N,, Myg; R,)
is live, bounded, reversible and conservative. According to Properties 3.2 and 3.3, the
composite augmented marked graph (N, My; R) as shown in Fig. 3 is bounded and
conservative. According to Property 3.4, (N, My; R) is neither live nor reversible.

4 Application to Distributed Systems

In component-based system design, a system is synthesised from a set of components
[9, 10]. It may not be live, bounded and reversible even all its components are live,
bounded and reversible. For distributed systems which usually involve concurrent
(parallel) and asynchronous processes, because of competition of common resources,
errors such as deadlock and capacity overflow are easily induced. This section shows
the application of composition of augmented marked graphs to the synthesis of a
distributed system whose design correctness can be readily derived.

Fig. 4 shows a distributed system consisting of four system components, C;, C,, C3
and C,. Owing to the "distributed processing" nature, the components exhibit

distributed

distributed S;and S; are Sz and S, are
component needed needed component
C1 CZ
common
resources
" - Sg, S4, S1: SS: - -
dlstrlbutedt Ssand S, S; and Se d|str|butedt
comp():onen are needed are needed com[():onen
4 3

Fig. 4. Example of a distributed system with shared resources
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concurrent (parallel) and asynchronous processes. There are six pieces of common
resources, S, Sy, S3, Sy, Ss and Sg, used to be shared among the components.

The functions of the distributed system components C;, C,, C; and C, are briefly
described as follows.

C, : At its initial idle state, C; invokes operation oy, only if S; is available. While
0y, is being processed, S; is occupied. Once o,; finishes processing, operation 0y, is
invoked only if S, is available. S; is then released. While o0, is being processed, S, is
occupied. Once oy, finishes processing, S, is released and C; returns to idle state. At
any moment, S; is withheld on receipt of signal m;; and released on receipt of signal
my,. S, is withheld on receipt of signal m;3 and released on receipt of signal m,.

C, : At its initial idle state, C, invokes operation 0,; only if S; is available. While
0, is being processed, S; is occupied. Once 0, finishes processing, operation 0y, is
invoked only if S, is available. S; is then released. While 0,, is being processed, Sy is
occupied. Once 0y, finishes processing, S, is released and C, returns to idle state. At
any moment, S; is withheld on receipt of signal m,; and released on receipt of signal
my,. S, is withheld on receipt of signal m,; and released on receipt of signal my,.

C; : At its initial idle state, C; invokes operation o3; only if S;, S3, S5 and S¢ are all
available. While o3, is being processed, S, S3, S5 and S¢ are occupied. Once 03, fin-
ishes processing, Sy, S3, S5 and S are released and C; returns to idle state.

C, : At its initial idle state, C4 invokes operation o4; only if S,, S, S5 and S are all
available. While oy, is being processed, S, S4, S5 and S¢ are occupied. Once 0y, fin-
ishes processing, S,, S4, S5 and S are released and C, returns to idle state.

Our method begins with specifying each component as an augmented marked
graph. We identify the event occurrences and their pre-conditions and post-conditions
in the component. For each event occurrence, a transition is created for denoting the
location of occurrence. Input and output places are created to denote the locations of
its pre-conditions and post-conditions. An initial marking is created to denote the
system initial state. Execution for the component begins at this initial marking which
semantically means its initial idle state, and ends at the same marking.

Component C; is specified as augmented marked graph (N, M;¢; R), where R; = {
111, I12 }. G, is specified as (N», Myg; Ry), where R, = { 151, 125 }. Cs is specified as (N3,
M;o; R3), where R; = { 131, 139, 133, 134 }. Cy4 is specified as (Ny, Myg; Ry), where Ry = {
T41, T42, T43, T44 }. They are shown in Fig. 5.

According to Properties 2.1, 2,2, 2.3 and 2.4, (N}, Mjo; R;), (Np, Myo; R;), (N3,
M;o; R3) and (N4, Myo; Ry) are live, bounded, reversible and conservative.

Resource places ry; in (N, Mjo; R;) and r3; in (N3, M3; R3) refer to the same re-
source S;. rj; in (N}, Myo; R)) and r4, in (N4, Myo; Ry) refer to the same resource S,. 1;;
in (N,, Myo; R,) and r3;3 in (N3, M3p; R3) refer to the same resource Ss. 1y, in (N3, Myyg;
R,) and ry in (N4, Myg; Ry) refer to the same resource Sy. r3; in (N3, M3¢; R3) and 14 in
(N4, Myo; Ry) refer to the same resource Ss. r34 in (N3, M3g; R3) and ryz in (N4, Myo; Rs)
refer to the same resource Sg. (N;, Mjo; R;), (N2, Myg; Ry), (N3, M3o; R3) and (N4, Myy;
R,) are to be composed via these common resource places.

We first obtain the composite augmented marked graphs (N', M'"; R") of (N;, My;
R;) and (N3, M3¢; R3) via { (ry;, r31) }, and the composite augmented marked graph
(N", My"; R") of (N», Myg; Ry) and (N4, Myg; Ry) via { (1, r44) }. Fig. 6 shows (N,
My'; R'), where 1, is the place after fusing r;; and r3;. Fig. 7 shows (N", My"; R"),
where 1, is the place after fusing ry, and ry4.
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(N1, Myo, Ry)

r33

f34

(N31 MSO; R3)

Semantic meaning of places

C, is at idle state

C, is performing operation 0+
C, is performing operation o1
S is being withheld

S; is being withheld

C,is at idle state

C. is performing operation 0,4
C, is performing operation 0,
S; is being withheld

S, is being withheld

Csis at idle state

Cjs is performing operation 034
C, is at idle state

C, is performing operation 044
S, is available

S, is available

Ss is available

S, is available

Ss is available

Se is available

Semantic meaning of transitions

t1
tiz

t3
ta
ts
te
t7
to1
too

tos
tos
tos
tos
o7
ta1
ta2
41
tso

(N4, Mso, Rq)

C, starts operation 044
C, finishes operation 014
and starts operation 042
C; finishes operation 012
C; receives signal m4
C receives signal m,
C; receives signal mq3
C receives signal mq,
C, starts operation 04
C. finishes operation 024
and starts operation 02,
C, finishes operation 0,
C, receives signal my,
C receives signal my,
C, receives signal my;
C, receives signal myy
C; starts operation 034
C; finishes operation 034
C, starts operation 044
C, finishes operation 044

la3

l44

Fig. 5. Specification of distributed system components as augmented marked graphs
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I34

Fig. 7. Composite augmented marked graph (N", M,"; R")

Since (N, Mjo; R}), (N2, Myo; Ry), (N3, M3g; R3) and (N4, Myg; Ry) are all bounded
and conservative, according to Properties 3.2 and 3.3, the composite augmented
marked graphs (N', My'; R") and (N", My"; R") are also bounded and conservative. On
the other hand, (Nl, MIO; Rl); (Nz, Mzo; Rz), (N3, M30; R3) and (N4, M40; R4) are all
live and reversible. For (N', My, R'), where R¢' = { 1 }, no Rg'-siphons would eventu-
ally become empty. According to Property 3.4, (N', My', R') is also live and reversible.
For (N", M,", R"), where Rg" = { r; }, no Rg"-siphons would eventually become
empty. According to Property 3.4, (N", My", R") is also live and reversible.



Property-Preserving Composition of Distributed System Components 119

We obtain the final composite augmented marked graph (N, My; R) of (N', My'; R")
and (N", My"; R") via { (112, I42), (133, T21), (f32, T41), (134, 143) }. Fig. 8 shows (N, My;
R), where r, is the place after fusing rj, and r4;, 15 is the place after fusing rp; and 133,
15 is the place after fusing r3; and ry;, and 14 is the place after fusing r34 and 143.

Since (N', My'; R") and (N", My"; R") are bounded and conservative, according to
Properties 3.2 and 3.3, the composite augmented marked graph (N, My; R) is also
bounded and conservative. On the other hand, (N', My'; R") and (N", M,"; R") are live
and reversible. For (N, My; R), where R = { 1y, 13, 15, 16 }, no Rg-siphons would even-
tually become empty. According to Property 3.4, (N, My; R) is also live and reversi-
ble. Hence, it may be concluded that the integrated system is live, bounded, reversible
and conservative. In other words, the integrated system is well-behaved.

Semantic meaning of places Semantic meaning of transitions
P11 C, is at idle state s C, starts operation 044
P12 C, is performing operation 041 ti2 C, finishes operation 014
P13 C, is performing operation 0+ and starts operation 042
P14 S, is being withheld tis C; finishes operation 012
pis S, is being withheld ta C; receives signal m4
P21 C, is at idle state tis C receives signal m,
P22 C. is performing operation 0, tie C; receives signal mq3
P23 C., is performing operation 0, ti7 C receives signal mq,
P24 S; is being withheld 14 C, starts operation 04
Pas S, is being withheld ton C, finishes operation 0,4
Pai Csis at idle state and starts operation 02,
P32 Cj; is performing operation 031 to3 C, finishes operation 0,
P41 C, is at idle state to4 C, receives signal my,
Pa2 C, is performing operation 041 tos C receives signal my,
Sq S, is available tos C, receives signal my;
Sz S, is available to7 C, receives signal myy
S3 S3 is available ta C; starts operation 034
Sq S, is available tao C; finishes operation 034
Ss S5 is available t4q C, starts operation 044
Sg Sg is available tso C, finishes operation 044

Fig. 8. The final composite augmented marked graphs (N, My; R)
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5 Conclusion

We investigate the property-preserving composition of augmented marked graphs and
its application to the synthesis of distributed systems. It is shown that, in composing
two augmented marked graphs via their common resource places, boundedness and
conservativeness are preserved while liveness and reversibility are preserved under a
pretty simple condition. By modelling the distributed system components as aug-
mented marked graphs with common resources denoted by resource places, an inte-
grated system can be obtained by composing these augmented marked graphs via the
common resource places. Based on preservation of properties, liveness, boundedness,
reversibility and conservativeness of the integrated system can be readily derived.
Liveness, boundedness, reversibility and conservativeness are essential properties
that collectively characterise a well-behaved system. For distributed systems which
usually involve concurrent (parallel) and asynchronous processes, as competition of
common resources exists, it is important for one to assure design correctness in the
sense that these essential properties are maintained. By making good use of the spe-
cial structure and properties of augmented marked graphs as well as the property-
preserving composition of augmented marked graphs, our method effectively solves
the problem of ensuring design correctness in the composition of distributed system
components, which has perplexed designers of distributed systems for a long time.

References

1. Chu, F., Xie, X.: Deadlock Analysis of Petri Nets Using Siphons and Mathematical Pro-
gramming. IEEE Transactions on Robotics and Automation 13(6), 793-804 (1997)

2. Cheung, K.S.: New Characterisations for Live and Reversible Augmented Marked Graphs.
Information Processing Letters 92(5), 239-243 (2004)

3. Cheung, K.S., Chow, K.O.: Cycle Inclusion Property of Augmented Marked Graphs. In-
formation Processing Letters 94(6), 271-276 (2005)

4. Cheung, K.S., Chow, K.O.: Analysis of Capacity Overflow for Manufacturing Systems. In:
Proceedings of the IEEE Conference on Automation Science and Engineering, pp. 287—
292. IEEE Press, Los Alamitos (2006)

5. Cheung, K.S., Chow, K.O.: Compositional Synthesis of Augmented Marked Graphs. In:
Proceedings of the IEEE International Conference on Control and Automation, pp. 2810—
2814. IEEE Press, Los Alamitos (2007)

6. Huang, H.J., Jiao, L., Cheung, T.Y.: Property-Preserving Composition of Augmented
Marked Graphs that Share Common Resources. In: Proceedings of the IEEE International
Conference on Robotics and Automation, vol. 1, pp. 1446-1451. IEEE Press, Los Alami-
tos (2003)

7. Reisig, W.: Petri Nets: An Introduction. Springer, Heidelberg (1985)

8. Murata, T.: Petri Nets: Properties, Analysis and Applications. Proceedings of the
IEEE 77(4), 541-580 (1989)

9. Heineman, G.T., Councill, W.T.: Component-Based Software Engineering: Putting the
Pieces Together. Addison-Wesley, Reading (2002)

10. Crnkovic, L., Larsson, M.: Building Reliable Component-Based Software Systems, Artech
House (2002)



	Property-Preserving Composition of Distributed System Components
	Introduction
	Augmented Marked Graphs
	Composition of Augmented Marked Graphs
	Application to Distributed Systems
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




