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Abstract. The dynamic slope scaling procedure (DSSP) is an efficient heuristic algorithm
that provides good solutions to the fixed-charge transportation or network flow problem.
However, the procedure is graphically motivated and appears unrelated to other optimization
techniques. In this paper, we formulate the fixed-charge problem as a mathematical program
with complementarity constraints (MPCC) and show that DSSP is equivalent to solving
MPCC using Lagrangian relaxation with subproblem approximation.
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1. Introduction

Consider an optimization problem of the form:

FC: min i fix))

j:l
S.t. A-x:ba
X320, Vi=l,....n,
where
0 if x; =0,
f.i(xj)_{sj—i—cj'xj' iij>0

and c¢; >0 for each j. Although it is more general to assume that s =
(s1,....5:)7 >0 and s; >0 for some j, we assume for simplicity that s; >0
for all j. (When s = 0, FC reduces to a linear program, a problem that can
be solved efficiently by the simplex algorithm.) When A4 is a node-arc inci-
dence matrix of a network and b is a vector of valid exogenous amounts
of flows into and out of each node, FC is known in the literature as
the fixed-charge transportation or network flow problem (see, e.g., Balin-
ski, 1961; Kuhn and Baumol, 1962; Murty, 1968) and has applications in,
e.g., network design, plant location, and production scheduling. Many have
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proposed exact (see, e¢.g., Cabot and Erenguc, 1984; Palekar et al., 1990;
Lamar and Wallace, 1997) and heuristic (see, e.g., Diaby, 1991, Khang and
Fujiwara, 1991; Kim and Pardalos, 1999) algorithms to solve the problem.

Among the heuristics, the dynamic slope scaling procedure (DSSP)
proposed by Kim and Pardalos (1999) works well in practice. Since its
introduction, there have been several extensions of DSSP to solve, e.g.,
piecewise linear network flow problems (see, Kim and Pardalos, 2000a, b)
and the fixed-charge multi-commodity network flow problem (see, Eksio-
glu et al., 2002). Several (e.g., Bai et al., 2003) have also used it in other
applications.

On the surface, DSSP appears unrelated to other optimization tech-
niques and its principal idea is graphically motivated. Our goal in this
paper is to establish relationships between DSSP and Lagrangian relaxa-
tion. More specifically, we formulate FC as a mathematical program with
complementary constraints (MPCC) and show that DSSP is equivalent
to solving MPCC using a version of Lagrangian relaxation that solves
the subproblem approximately and uses Karush-Kuhn-Tucker (KKT) mul-
tipliers from MPCC instead of subgradients to find improved solutions.
In nonlinear programming, the existence of KKT multipliers at a given
point typically indicates that it is either locally or globally optimal when
some constraint qualifications hold. In our case, the MPCC formulation
of the fixed-charge problem does not satisfy the Mangasarian-Fromovitz
constraint qualification (MFCQ) (see, e.g., Luo et al., 1997). This renders
the set of KKT multipliers unbounded at points that are neither local nor
global optimal to MPCC (see Gauvin, 1977). However, some KKT multi-
pliers at non-optimal points do provide information that leads to improved
solutions (see, e.g., Fletcher et al., 2002; Fletcher and Leyffer, 2002).

For the remainder, Section 2 reviews a version of DSSP for FC and Sec-
tion 3 formulates the fixed-charge problem as a MPCC and discusses its
properties. Section 4 presents a Lagrangian relaxation technique for MPCC
and shows that the algorithm is equivalent to DSSP.

2. Dynamic Slope Scaling Procedure

For reference in subsequent sections, we state a version of DSSP for FC.
(See Kim and Pardalos, 1999, for other versions.) To motivate DSSP, Kim
and Pardalos (1999) observe that the objective function of FC is concave.
Thus, there must exist an extreme point of the feasible region that is opti-
mal to FC (see, e.g., Bazaraa et al., 1993). Furthermore, such an extreme
point must be optimal to a linear program of the form: min {n7x:Ax=b,
x; 20, j=1,...,n} for some cost vector m. To find the correct =, DSSP
solves the linear program with an initial cost vector 7° and uses an optimal
solution to revise 7° and obtain an updated cost vector w!. Then, DSSP
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Figure 1. The slope calculation in Step 2 of DSSP.

resolve the linear program with 7! and again uses an optimal solution
to revise 7! and obtain an updated cost vector m2. This process contin-
ues until the difference between optimal solutions to two consecutive lin-
ear programs is sufficiently small. Mathematically, DSSP can be stated as
follows:

Dynamic Slope Scaling Procedure

Step 0: Set x°=0, k = 1, and T[}:Cj, for j=1,..., n. Go to Step 1.
Step 1: Let x* = argmin {x"7%: Ax=0b, x;>0,V,}. If |xF —x*71| <e, stop
and x* is an approximate solution to FC. Otherwise, go to Step 2.
cj+sj/xj? iij?>0
JTJ’.‘ iij =0

Step 2: Set 71}‘“: and k=k+1. Go to Step 1.

+

When xj? > 0, the update choice of nj.‘ Uin Step 2 is the slope of the line

that passes through two points, the origin and (xj?, fi (xl’;)) (see Figure 1).

k1 is the same as the current slope, 71}‘. If

Otherwise, the new slope 7;
xf =0 for all ¢ <k, this update choice implies that nf“
tial slope. On the other hand, when xf >0 for some ¢ < k, ﬂf“ is the slope

from the most recent iteration in which xf >0 for some ¢ < k.

equals c;, the ini-

3. Mathematical Program with Complementarity Constraints

Let y; be a binary (decision) variable indicating whether x; is allowed to be
positive. Then, FC is equivalent to the following mathematical program:
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MPCC: min i yj (Sj +ijj)

j=1

s.t. Ax=b,
x; =0, vji=1,...,n,
0<y; <1, vji=1,...,n,

Xj(l—yj)=0, Vj=1,...,l’l.

For each j, the constraint x;(1 —y;) =0 ensures that y; is binary. When
x;j >0, y; must equal one to make the expression x;(1 —y;) equal zero.
Similarly, when x; =0, y; must be zero to minimize the objective func-
tion because s; > 0. The theorem below shows that MPCC and FC are
equivalent.

THEOREM 3.1. The FC and MPCC are equivalent, in that an optimal
solution to one problem is also optimal to the other.

Proof. Let x* and (x',y’) be an optimal solution of FC and MPCC,
respectively. Because x* is optimal to FC, the following must hold.

ij(x )= Z s]+c] Z s,+cj

JX>0 ]x>0

= Vilsj+eixf), (3.1)

j=1

where the inequality follows because x’ is feasible to FC. On the other
hand, the following must also hold because (x’, y') is optimal to MPCC.

Zy](sj—i—cjx )<Zyj(sj +cjxi)= Z 5j+ e’

jixi>0

:Z £, (3.2)
=1

where yi =1 if x7 > 0. Then (3.1) and (3.2) imply that }77_, f;(x}) =
> =Y (s jtcix ) Thus, FC and MPCC are equivalent. O

To characterize a class of solutions to MPCC, consider the following
restricted minimum cost flow problem associated with a binary vector y:
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n
RF[y]: min }_ c;x;
j=1
s.t. Ax=b,
Xj}(), Vj:yj=1,
Xj:(), ijJ:O

We refer to an optimal solution, x, of RF[y] as an interior point solution, if
xj > 0 for every j such that y;=1. Observe that, if (x*, y*) solves MPCC,
then x* must be an interior point solution to RF[y*]. To verify, assume that
x* is not an interior point solution to RF[y*]. Thus, there must exists an
index j such that x7=0 and y;=1. By setting y; =1 when x7>0 and y; =
0, otherwise, the point (x*, y) is feasible and has a smaller objective value
because s; > 0. This contradicts the fact that (x*, y*) solves MPCC. So, x*
must be an interior point solution to RF[y*]. In addition, we refer to any
(x, y) feasible to MPCC as a candidate solution if x is an interior point
solution to RF[y].

Below are two properties of MPCC relevant to the subsequent sections.
Theorem 3.2 shows that no candidate solution satisfies the MFCQ. Fur-
thermore, failing to satisfy MFCQ implies that the set of feasible KKT
multipliers at every candidate soluton is either empty or unbounded (see
Gauvin, 1977). For MPCC, Theorem 3.3 shows that the latter holds at
every candidate solution.

THEOREM 3.2. No candidate solution to MPCC satisfies MFCQ.

Proof. Recall that MFCQ at a given point (x, y) requires that there exists
a vector (d, §) such that

Ad =0,
d;>0  if x;= 0, (3.3)
6j<0 if yj = 1, (34)

Consider a candidate solution (x, y). For each j such that y; =0 and x; =0,
(3.3) and (3.5) reduce to d;> 0 and d; =0, respectively. These two con-
ditions are contradictory and MFCQ does not hold. Similarly, for each j
such that y; =1, x; must be positive because (x, y) is a candidate solution.
Then, (3.4) and (3.5) imply that §; < 0 and x;8; =0, respectively. Again,
these conditions are contradictory because x; > 0. Thus, MFCQ does not
hold. O
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THEOREM 3.3. The set of feasible KKT multipliers at every candidate
solution is unbounded.

Proof. Let (x, y) denote a candidate solution MPCC. First, consider the
KKT conditions for RF[y]. Because x solves RF[y], there exists a pair of
KKT multipliers (p, ) such that

cj—alp—1;=0,Vj,
Xj)_szo, Vj,
j}O, leyj=1,

A ; unrestricted, Vj:y; =0,

>

where a; represents the jth column of 4.
Consider next the following KKT conditions for MPCC at (x, y):

cjyj—aj-Tp—Aj+§j(1—yj)=0, Vi=1,...,n (3.6)
sitcixj—aj+ei—E&x;=0, Vj=1,... n. (3.7
xjhj=0, Vj=I1,...,n. (3.9)
a;jy;j=0, Vj=1,...,n 3.9
pi(yj—1)=0, Vj=1,...,n (3.10)

Aj,aj, =0, Vji=1,...,n

At any candidate solution (x, y), there are two cases to consider: (x; >0,
yj=1) and (x; =0, y;=0).

When x; > 0 and y; =1, (3.8) and (3.9) imply that A; =0 and o; =0.
Consequently, (3.6) reduces to c; —ajT 0 =0 and setting p = p, the multiplier
from RF[y], ensures that (3.6) holds. In addition (3.7) becomes

S +c jXj +o i

si @
Sj+Cij+(pj—§ij=0 or szx——cj—i-x—J—Fx—J
J J J

Thus (3.7) and (3.10) hold for any ¢; >0. Moreover, &; can be made arbi-
trarily large by choosing ¢; >0 arbitrarily large.

When x; =0 and y; =0, (3.8) and (3.9) holds automatically and
(3.10) implies that ¢; = 0. Consequently, (3.6) and (3.7) reduce to
—ajT p—Xj+&;=0and a; =s;, respectively. The latter implies that «; is pos-
itive, thereby satisfying the nonnegative requirement. For the former, letting
p=pand & =A; +an p, for any X; >0, ensures that (3.6) holds. As before,
the multiplier £; can be made arbitrarily large by choosing A; >0 arbitrarily
large. In both cases, there are multipliers that can be made arbitrarily large,
i.e., the set of feasible of KKT multipliers is unbounded. O
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From the above proof, the following are feasible KKT multipliers for
MPCC at a candidate solution (x, y):

p=p (3.11)
|0 if x; >0,

F=120 i =0, (3.12)
_o ify;=1,

Y= s ify =0,
=0 ify;=1,

YiTlo  ify;=0,

cit+I+%  ifx; >0,
= ORI 1
SJ )\./—*—ajrﬁj lij:0, (3 3)

where /5 is from a pair of feasible multipliers (5, A) for RF[y].

4. Lagrangian Relaxation

The Lagrangian dual problem associated with MPCC is to maximize L(§),
where

L©=min | D7 vj(s;+ejx) +8x,(1 = y)): Av=b, ;>0,0< y;<1,Yj |.
j=1

One approach for maximizing L(£¢) is via Lagrangian relaxation, a version
of which is stated below:

Lagrangian Relaxation

Step 0: Choose £' >0 and set k = 1.
Step 1: Let (v, x*) solve the following subproblem.

L =min{ D" vj(sj+epx) +80x (01— v Ax=b,x; 20,0y, <1V,
j=1

Step 2: If ||x¥ — x*~1|| <&, stop. Otherwise, choose a new &t! and set k=
k+1. Go to Step 1.

In Step 0, the constraint x;(1 —y;) =0 in MPCC can be replaced by
xj(1—y;) <0 because both x; and (1 —y;) are nonnegative. Therefore, we
can choose a nonnegative &!.
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The subproblem in Step 1 evaluates the (Lagrangian) dual function, L(-),
at the point £, Moreover, the subproblem is a disjoint bilinear program-
ming problem (see, e.g., Audet et al., 1999) that has an equivalent concave
minimization formulation (see, e.g., Benson, 1985; Thieu, 1988). Several
cutting plane and branch-and-bound algorithms (see, e.g., Konno, 1976;
Gallo and Ulkucu, 1977; Vaish and Shetty, 1977; Al-Khayyal and Falk,
1983) globally solve the bilinear problem in a finite number of iterations.

To relate Lagrangian relaxation to DSSP, consider the following heuristic
approach for the subproblem in Step 1. Initially, set y; =0 for all j. Doing so
reduces the subproblem in Step 1 to the following (restricted) subproblem:

xk=argmin Zgj’-‘xj tAx=0b,x; 20,V
j=1

Given x*, construct a candidate solution to MPCC by setting y* =1,

if xf =1, and yjf =0 otherwise. This yields a candidate solution (x*, y*) fea-

sible to MPCC.

In Step 2 of Lagrangian relaxation, £t! is typically chosen to be & +
Or Tk, where 8 € 9L(£X) and 0, > 0. However, if we use the above heuris-
tic, this is not possible because (x*, y*) does not necessarily solve the sub-
problem in Step 1 optimally and, therefore, does not provide information
about the subdifferential dL(£%). On the other hand, (x*, y*) is a candi-
date solution to MPCC and Theorem 3.3 indicates that the KKT mul-
tipliers exist. In the MPCC literature, several (e.g., Fletcher and Leyffer,
2002; Fletcher et al., 2002) have used these multipliers in conjunction with
an SQP approach to successful solves many practical MPCC problems in
Leyffer (2000). For our case, we can choose £&*! from the multipliers asso-
ciated with the candidate solution (x*, y*). From (3.13), let Sj“l =c;+

§; / xf for each j such that xf > 0. This corresponds to setting ¢; =0 and
Fletcher et al. (2002) refer to this choice of £¥*! as ‘basic.” For the case
where x5 =0, let (A*, p*) denote the KKT multipliers associated with the
restricted subproblem. Then, &¥ —al p* —25=0 or &¥ =al p* +2%. Thus, set-
ting p; :,oj? and A; :)JJ‘. >0 when xsz satisfies (3.11) and (3.12), respec-
tively. From (3.13), this choice of (p,A) produces S;‘H =alp*+)h =&
when xf =0.

Using the heuristic to solve the subproblem and the above choice of
gk+1 the Lagrangian relaxation becomes

Lagrangian Relaxation with Subproblem Approximation

Step 0: Choose £! >0 and set k = 1.
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Step 1: Let x* =argmin {2?21 Sj’.‘xj:Ax=b,xj >O,Vj}. If |x* — x| <e,
stop and x¥ is an approximate solution to MPCC. Otherwise, go
to Step 2.

cj+sj/xf ifxf>0

éjl-‘ iij?:O

Step 2: Set E]’.‘“ = and k=k+1. Go to Step 1.

However, the above algorithm is the same as DSSP.

When viewed in this manner, DSSP examines only candidate solutions.
It uses the KKT multipliers from MPCC at the current candidate solution
in an attempt to find an improved candidate solution by solving a corre-
sponding Lagrangian subproblem approximately. Furthermore, this obser-
vation offers a more rigorous framework for the slope updating (or scaling)
scheme that was originally motivated by Figure 1 and may explain the suc-
cess of DSSP in solving the fixed-charge problem.

Acknowledgments

This research was supported in part by NSF grants DMI-9978642 and
DMI-0300316. The author is grateful to Don Hearn for interesting discus-
sions and useful suggestions on earlier versions on this paper.

References

1. Al-Khayyal, F. and Falk, JE. (1983), Jointly constrained biconvex programming, Math-
ematics of Operations Research, 8, 273-286.

2. Audet, C., Hansen, P, Jaumard, B. and Savard, G. (1999), A symmetrical linear maxmin
approach to disjoint bilinear programming, Mathematical Programming, 85, 573-592.

3. Bai, L., Hearn, D.W. and Lawphongpanich, S. (2003), A heuristic method for the min-
imum toll booth problem, Technical Report, Industrial & Systems Engineering Depart-
ment, University of Florida, Gainesville, Florida.

4. Balinski, M.L. (1961), Fixed cost transportation problems, Naval Research Logistics
Quarterly, 8, 41-54.

5. Bazaraa, M.S., Sherali, H.D. and Shetty, C.M. (1993), Nonlinear Programming: Theory
and Algorithm, Wiley, New York.

6. Benson, H.P. (1985), A finite algorithm for concave minimization over a polyhedron,
Naval Research Logistics Quarterly, 32, 165-177.

7. Cabot, A.V. and Erenguc, S.S. (1984), Some branch-and-bound procedure for fixed-cost
transportation problems, Naval Research Logistics Quarterly, 31, 145-154.

8. Diaby, M. (1991), Successive linear approximation procedure for generalized fixed-charge
transportation problem, Journal of Operational Research Society, 42, 991-1001.

9. Eksioglu, S.D., Pardalos, PM. and Romeijn, H.E. (2002), A dynamic slope scal-
ing procedure for the fixed-charge cost multi-commodity network flow problem, in:
P.M. Pardalos and V.K. Tsitsiringos (eds.), Financial Engineering, E-Commerce and Sup-
ply Chain, Kluwer Academic Publishers, pp. 247-270.

10. Fletcher, R., Leyffer, S., Ralph, D. and Scholtes, S. (2002), Local convergence of SQP
methods for mathematical programs with equilibrium constraints, Numerical Analysis
Report NA/209, Department of Mathematics, University of Dundee.



130

11.
12.
13.
14.

15.

16.

17.

18.
19.
20.
21.
22.
23.
24.
25.

26.

S. LAWPHONGPANICH

Fletcher, R. and Leyffer, S. (2002), Numerical experience with solving MPECs as NLPs,
Numerical Analysis Report NA/210, Department of Mathematics, University of Dundee.
Gallo, G. and Ulkucu, A. (1977), Bilinear programming: an exact algorithm, Mathemat-
ical Programming, 12, 173-194.

Gauvin, J. (1977), A necessary and sufficient regularity condition to have bounded mul-
tipliers in nonconvex programming, Mathematical Programming, 12, 136-138.

Khang, D.B. and Fujiwara, O. (1991), Approximate solution of capacitated fixed-charge
minimum cost network flow problems, Networks, 21, 689-704.

Kim, D. and Pardalos, PM. (1999), A solution approach to the fixed charge network
flow problem using a dynamic slope scaling procedure, Operations Research Letters, 24,
195-203.

Kim, D. and Pardalos, PM. (2000a) Dynamic slope scaling and trust interval techniques
for solving concave piecewise linear network flow problems, Networks, 35, 216-222.
Kim, D. and Pardalos, PM. (2000b) A dynamic domain contraction algorithm for
nonconvex piecewise linear network flow problems, Journal of Global Optimization, 17,
225-234.

Konno, H. (1976), A cutting plane algorithm for solving bilinear programming, Math-
ematical Programming, 11, 14-27.

Kuhn, H. and Baumol, W. (1962), An approximate algorithm for the fixed charge trans-
portation problem, Naval Research Logistics Quarterly, 9, 1-15.

Lamar, B.W. and Wallace, C.A. (1997), Revised-modified penalties for fixed charge trans-
portation problems, Management Science, 43, 1431-1436.

Leyfter, S. (2000), MacMPEC: AMPL Collection of MPECs,
http://www-unix.mcs.anl.gov/~leyffer/MacMPEC/.

Luo, Z.-Q., Pang, J.-S. and Ralph, D. (1997), Mathematical Programs with Equilibrium
Constraints, Cambridge University Press, Cambridge.

Murty, K.G. (1968), Solving the fixed charge problem by ranking the extreme points,
Operations Research, 16, 268-279.

Palekar, U.S., Karwan, M.H. and Zionts, S. (1990), A branch-and-bound method for
fixed charge transportation problem, Management Science, 36, 1092-1105.

Thieu, T.V. (1988), A note on the solution of bilinear programming problems by reduc-
tion to concave minimization, Mathematical Programming, 41, 249-260.

Vaish, H. and Shetty, C.M. (1977), A cutting plane algorithm for the bilinear program-
ming problem, Naval Research Logistics Quarterly, 24, 83-94.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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 /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


