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Introduction/Background

Pseudomonotone maps were introduced by Karamar-
dian as a generalization of monotone maps [22]. Other
generalizations include various kinds of pseudomono-
tone maps (quasimonotone, strictly quasimonotone,
semistrictly quasimonotone .. . ). These generalizations,
the relations between them, as well as the relation to
generalized convexity are discussed in other articles of
the Encyclopedia (see » Generalized monotone single
valued maps and » Generalized monotone multivalued
maps and in [16].

It should be noted that the same term a “pseudomono-
tone map” has been introduced by Brezis to denote
a totally different class of maps [4]. The main differ-
ence between the two classes is that pseudomonotone
maps in the sense of Brézis are defined through a kind
of continuity property, whereas Karamardian used only
the order relation of real numbers in his definition. For
this reason some authors, starting by Gwinner [12],
use the term “topologically pseudomonotone” for pseu-
domonotone maps in the Brézis sense. Although it is
possible to give a definition that includes both kinds of
pseudomonotonicity [11], we will use the term “pseu-
domonotone” only in the sense defined by Karamar-
dian.

Pseudomonotone maps have the advantage that they
lead to generalizations of existence theorems for the
Stampachia variational inequality problem (VIP), with-
out imposing additional assumptions, and with practi-
cally the same proof as for monotone maps [16]. How-
ever, this quasi-identical treatement of the VIP is not
extended to other topics, and the properties of the two
classes of maps are often quite dissimilar. For instance,
while the sum of two monotone maps is monotone, this
is false for pseudomonotone maps. A vast theory has
been developed for monotone maps, based on the con-
cept of maximal monotonicity. By contrast, until recent-
ly it was believed that maximality plays no rdle for
pseudomonotone maps. Consequently, some algorithms
for finding the solution of VIP with maximal monotone
maps have no extension to the pseudomonotone case.
This article will present some recent developments that
can be considered as a first step towards filling the lacu-
nae in the theory of pseudomonotone maps. In partic-
ular, maximal pseudomonotonicity will be discussed.
The main tool is the definition of an equivalence rela-
tion in the set of all pseudomonotone maps. Also, a gen-
eralization of paramonotone maps and their use in cut-
ting plane algorithms will be described. Finally, recent
results on pseudoaffine maps and on the relation to
monotone maps will be presented.

Definitions

Let X be a real Banach space and X * be its dual. Given
x,y € X, [x, y] denotes the line segment {(1 — #)x +
ty : t € [0,1]}. For K € X*, R, K will be the set
U >0t K. A multivaluedmap 7 : X — 2X" isa map
whose values are subsets of X*, possibly empty. The
domain D(T) of T is the set {x € X : T(x) # @}, its
graph the set gr(7) = {(x,x*) € X x X* : x* € T(x)}
and its set of zerosisthe set Z7 = {x € X : 0 € T'(x)}.
The map T is called upper sign-continuous [13] if for
all x € D(T) and v € X, the following implication
holds:

x*eT (x+tv)

(Vte(O,l), inf (x*,v)ZO)

= sup (x*,v)>0.

x*eT(x)
If T is upper hemicontinuous (i.e., its restriction on
line segments is upper semicontinuous with respect
to the weak™® topology in X™*), then it is upper sign-
continuous.
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The map T is called monotone if for every (x, x™*),
(y,y*) € gi(T), (y* —x*,y —x) = 0; it is called
maximal monotone if its graph is not strictly contained
in the graph of any other monotone map. Also, T is
called D-maximal monotone if its graph is not strict-
ly contained in the graph of any other monotone map
with the same domain.

The map T is called pseudomonotone if for every
(x,x™), (y,y*) € gr(T), the following implication
holds.

(x*,y=x)=>0= (y*,y —x) = 0.

Obviously, every monotone map is pseudomonotone.
Given a locally Lipschitz function f : X — RU{+o0},
we denote by 3° f its Clarke subdifferential [7]. The
locally Lipschitz function f is called pseudoconvex if
for every x € dom( f) and x* € 3° f(x) the following
implication holds:

(x*,y—=x)=0= f(y) = f(x).

It is known that a locally Lipschitz function f is pseu-
doconvex if and only if °f is a pseudomonotone
map [23].

Formulation
Maximal Pseudomonotonicity

In order to introduce maximal pseudomonotone maps,
one first defines an equivalence relation in the set of
pseudomonotone maps. Two pseudomonotone maps 7'
and T, are called equivalent if they have the same
domain, the same set of zeros, and for each x which
is not a common zero, the elements of 77(x) are posi-
tive multiples of the elements of 75(x) and vice versa.
In other words,

(@ D(T\) = D(T>)

() Z7, =Zr,,

(c) forevery x € D(Ty), Ri1Ti(x) = Ry To(x).

In this case we write 7y ~ T,. This is an equiva-
lence relation. Another aspect of this equivalence is pro-
vided by the Stampacchia variational inequality. Given
a map T and a convex subset K of X, we denote by

S(T, K) the set of all x € K which are solutions of the
VIP:

Vye K,3x* e T(x): (x*,y —x) > 0.
The following result holds [14].

Proposition 1 Let Ty, T, be pseudomonotone maps. If
Ti ~ Ty, then S(T, K) = S(T5, K) for every convex
set K € X. Conversely, if S(Ty,K) = S(T», K) for
every line segment K and Ty, T> have weak™*-compact
convex values, then Ty ~ T>.

Since all equivalent maps provide the same solutions
to VIP, one can choose any element of the equivalence
class to study or even find the solutions.

Given a pseudomonotone map 7, its equivalence class
has a maximum with respect to graph inclusion. This
is simply the map 7" defined by 7'(x) = Ug~7S(x) for
all x € D(T). It can be shown [13] that T is also given
by the formula

g, ifx ¢ D(T)
T(x)= 3 R.T(x), ifxe D(T\Zr
Niy., ifxeZr

where Ny, . is the normal cone at x to the set L7 x =
yeX: 3y eTy) (", y—x) <05

A pseudomonotone map 7" is called D-maximal pseu-
domonotone, if the graph of 7" is not properly contained
in the graph of any other map with the same domain.
When the domain of T is convex, there is an equivalent,
more appealing definition for D-maximal pseudomono-
tonicity [14]:

Proposition2 Let T be pseudomonotone and such that
D(T) is convex. Then T is D-maximal pseudomono-
tone if, and only if, every pseudomonotone extension of
T with the same domain is equivalent to T.

Some properties of the set of zeros of T are provided by
the following proposition [14].

Proposition 3 Let T be D-maximal pseudomonotone.
Then Zp is weakly closed in D(T). If in addition
D(T) is convex, then Zy is also convex, and z € Zr
is equivalent to

V(y.y*) € gu(T), (y*.y —z) > 0.

The following proposition provides a simple criteri-
on for showing the D-maximal pseudomonotonicity of
amap [13].
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Proposition 4 Assume that T is pseudomonotone,
upper-sign continuous, with weak*-compact, convex
values and open domain D(T). Then T is D-maximal
pseudomonotone.

A simple consequence of the above proposition is:

Corollary 5 The Clarke subdifferential ° f of a local-
ly Lipschitz, pseudoconvex function f : X — R U
{+00} is a D-maximal pseudomonotone map.

As was explained before, from the point of view of VIP
one can use any element of the equivalence class. This
is fortunate, since in many cases instead of showing
that a D-maximal pseudomonotone map has a “nice”
property (as is the case with maximal monotone maps),
one shows that an equivalent map has this property. For
instance, one has:

Proposition 6 [f T is D-maximal pseudomonotone,
then T'(x) is convex for every x € D(T). If in particu-
lar the assumptions of Proposition 4 are satisfied, then
T(x) U {0} is weak*-closed.

Here is a case where one can find an equivalent map
with a better continuity property [13]:

Proposition 7 Let T : R” — 2R" be a pseudomono-
tone map, upper sign-continuous, with compact convex
values. If D(T) is open and convex, then there exists an
equivalent upper semicontinuous map T, with closed
compact values.

For instance let 7' be a single-valued pseudomonotone
map defined on an open convex subset of R”. If T is
hemicontinuous (i. e., continuous along line segments)
then the above proposition guarantees that there exists
an equivalent map which is continuous. Likewise, one
can show that under some fairly general assumptions,
T is equivalent to a map which is generically single-
valued (i. e., is single valued except on a set of the first
category). See Corollary 3.10 in [13].

A Generalization of Paramonotone Maps

A multivalued map T is called paramonotone if for
every (x,x*), (y,y*) € gr(T), (y* —x*,y—x) =0
implies that x* € T(y) and y* € T(x). It can be
shown that the subdifferential of a proper lsc convex
function is paramonotone [5]. Other examples of para-
monotone maps are given in [21]. Paramonotone maps
have been extensively used in algorithms for the solu-

tion of VIP [5,6,24]. The main reason is that these maps
have the following “cutting plane property”:

x € S8S(T,K)
yekK
(y'x=y)=0
for some y* € T(y)

=y e ST, K). (1)

Assume that a map has property (1). If at the nth iter-
ation of an algorithm one finds a point y, that is not
a solution of VIP, then all solutions of VIP belong to
the intersection of K with the halfspace {x € X :
(v, x —yn) < 0} where y,: is an arbitrary element of
T (yn).

Let K € X be nonempty, closed and convex. A single
valued pseudomonotone map 7' : K — X* is called
pseudomonotone, if for all x, y € K,

(T(-x)’y —.X) = (T()’)’y —.X) =0

implies that 7'(x) = kT (y), for some k >0 [8]. Note
that single-valued pseudomonotone, maps are a gen-
eralization of single-valued paramonotone maps. To
extend this generalization to the multivalued case, one
needs the tools presented in the previous subsection.

Definition 8 [17] Amap 7 : X — 25" s pseudo-
monotone, on K if it is pseudomonotone and for every
x,y € Kand x* € T(x), y* € T(y), (x*,y—x) =
(y*,y —x) = 0imply x* € T'(y) and y* € T'(x).

It is easy to see that every paramonotone map is
pseudomonotone,. Other classes of pseudomonotones
maps is provided by the following propositions [17].

Proposition 9 The Clarke subdifferential 3° f of a lo-
cally Lipschitz pseudoconvex function f is pseudo-
monotones.

Proposition 10 Ifthe map T is pseudomonotoney, then
any map equivalent to T is pseudomonotone.

Proposition 9 is a particular case of a more gen-
eral situation. A map 7T is called cyclically pseu-
domonotone [9,10] if for every (x;,x*) € gr(T), i =
1,2,...,n, the following implication holds:

(xF xi—xi)y>0,Vi=1,2,...,n—1
= (x,, X1 —xp) < 0.
Proposition 11 [f T is D-maximal pseudomonotone

and cyclically pseudomonotone with convex domain,
then it is pseudomonotone..
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Since the Clarke subdifferential of a locally Lipscitz
pseudoconvex function is D-maximal pseudomonotone
and cyclically pseudomonotone, we see that the previ-
ous proposition implies Proposition 9.

We saw that paramonotone maps have the cutting plane
property (1). The same is true for pseudomonotones
maps; what is more interesting is that these maps are
characterized in some sense by the cutting plane prop-
erty:

Proposition 12 Let T be pseudomonotone on the con-
vex set K. If T is pseudomonotones, then property
(1) holds on every subset of K. Conversely, if prop-
erty (1) holds on every convex, compact subset of K
and T has convex, weak*-compact values, then T is
pseudomonotones on the interior of K.

If T is single-valued, the assumption of pseudomono-
tonicity becomes redundant:

Proposition 13 Ler T : K — X* be hemicontinu-
ous. If T has property (1) on each convex compact sub-
set of K, then T is pseudomonotone on K and pseudo-
Monotoney on its interior.

In Sect. “Methods/Applications” we will show how to
apply pseudomonotone, maps for the solution of varia-
tional inequalities.

Pseudoaffine Maps

Given a convex subset K of R”, a single-valued map
T : K — R” is called pseudoaffine (or PPM, as in [3])
if both 7 and —T are pseudomonotone. These maps
were studied in [3] in connection with VIP. It is easy
to see that a differentiable function f : K — R is
pseudolinear (i. e., both f and —f are pseudoconvex) if
and only if V f is pseudoaffine. It is not hard to show
that pseudolinear functions defined on the whole space
R” have a very particular form [2,25]:

Proposition 14 A differentiable function f : R" — R
is pseudolinear if and only if there exist a vector u €
R™ and a one-variable differentiable function h whose
derivative is always positive or identical to zero, such

that f(x)=h({u, x)).

If T = Vf in this case, then T (x) = I’ (u,x), i.e.,
T is equal to a positive multiple of a constant vector.
For general pseudoaffine maps (i. e., those that are not
necessarily equal to a gradient) that are defined on the

whole space, the following elegant characterization has
been shown:

Proposition 15 A map T : R" — R” is pseudoaffine
if and only if there exists a positive function g : R" —
R, a skew-symmetric linear map A and a vector u such
that

Vx € R", T(x)=g(x)(Ax + u).

The proof of the above result needs some “global” argu-
ments provided by algebraic topology and by projective
geometry [2].

Pseudomonotone vs. Monotone Maps

One of the basic differences between the class of mono-
tone maps and the class of pseudomonotone maps has
to do with their stability with respect to some oper-
ations. For instance, the class of monotone maps is
stable with respect to addition (i.e., the sum of two
monotone maps is monotone), while this is not the case
for pseudomonotone maps. By contrast, the product of
a pseudomonotone map with a positive function pro-
duces a pseudomonotone map while this is not the case
for monotone maps.

In particular, it was noted in [1] thatamap T : X —
2X" is monotone if and only if for every x* € X* the
map T +x* is pseudomonotone. More recently He [18]
and Isac and Motreanu [20] obtained another result in
this direction. Assume that X is a Hilbert space (in [18]
one considered X = R”) and K C X is a convex set
with nonempty interior. Let further T : K — X* be
a continuous single-valued map which is Géteaux dif-
ferentiable in the interior of K. Then 7 is monotone if
and only if 7" + x* is pseudomonotone for all x* in
a straight line of X *. The differentiability assumption is
essential in the argument of both papers [18,20] because
the proof is based on a first-order characterization of
generalized monotonicity.

In a recent paper [15] it was shown that the differentia-
bility assumption is redundant, and one can also weak-
en considerably the assumption that the interior of K is
nonempty. Given x* € X* and a set K € X, one says
that x* is perpendicular to K if the value of x* is con-
stant on K, i.e., (x*,y —x) = 0 forall x,y € K. The
following proposition holds.

Proposition 16 Let K C X be nonempty and con-
vexand T : K — 2X" be a map with nonempty
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values. Assume that there exists a straight line S =
{x{; +1x* 1t € ]R} in X* such that x* is not perpendic-
ularto K, andforall z* € S, T+z* is pseudomonotone.
Then T is monotone.

In case K has nonempty interior or, more generally,
nonempty quasi-interior, the assumption “x* is not per-
pendicular to K” is automatically fulfilled. It should
also be noted that the results of this subsection are also
true if we replace “pseudomonotone” by “quasimono-
tone” (see the article » Generalized monotone multi-

valued maps in this Encyclopedia for the definition).

Methods/Applications

Many of the algorithms used to find a solution of a vari-
ational inequality with a paramonotone map, can be
also used in the more general case of a pseudomono-
tone, map. We illustrate this by an example of a per-
turbed auxiliary problem method. Let K be a closed
convex subset of a Hilbert space H, T : K — 2 amap
with nonempty values. Choose a Gateaux differentiable
strongly convex function M : H — R with a weakly
continuous derivative (we can take for instance M (x) =
|| x||* /2). Construct a sequence {xx }xen by the follow-
ing algorithm.

(i) Choose an arbitrary xo € K.
(i) Having chosen xg, find xz,; € K
and x/,, € T(xg41) such that

Vy €K, (,lka;:H + M (Xp41)
—M'(x),y = Xg1 ) 20

where {ur}ren 1S a sequence of positive constants
bounded from below. Note that finding x,; amounts to
solving VIP for the perturbed map Ti41(-) = g1 T(:) +
M'(-) — M’(xy). This problem can be much easier than
the original one, since for instance if 7" is weakly mono-
tone and pg4; is small, then Tk, is strongly monotone.
Assume that VIP has a solution and that the sequence
{xr }ren is well-defined. Then it can be shown that if 7'
is pseudomonotones and satisfies a fairly general conti-
nuity condition, then the sequence {xj }rcn converges
weakly to a solution of VIP for T. Details can be found
in [17].

Conclusions

The theory of pseudomonotone maps is far from been
developed to a satisfactory level. By contrast, the theory

of monotone maps has reached a high level of maturi-
ty [19]. It is hoped that some of the recent advances pre-
sented here, and in particular the ideas on maximality of
pseudomonotone maps, will provide a firm background
for the study of pseudomonotone maps. This is illustrat-
ed by the ease and naturalness with which notions like
paramonotonicity can be generalized to pseudomono-
tone maps, a task that seemed almost impossible before
the introduction of maximal pseudomonotone maps. In
addition, the new notion of a pseudomonotone, map
seems to be ideally fit the cutting plane property (see
Proposition 12) and this adds some confidence that the
definition of maximality is on the right way.

References

1. Aussel D, Corvellec JN, Lassonde M (1994) Subdifferential
characterization of quasiconvexity and convexity. J Convex
Anal 1:195-201

2. Bianchi M, Hadjisavvas N, Schaible S (2003) On Pseu-
domonotone Maps T for which —T is also pseudomonotone.
J Convex Anal 10:149-168

3. Bianchi M, Schaible S (2000) An extension of pseudolinear
functions and variational inequality problems. J Optim The-
ory Appl 104:59-71

4. Brezis H (1968) Equations et inéquations nonlinéaires
dans les espaces vectoriels en dualité. Ann Inst Fourier
18:115-175

5. Bruck RE Jr (1976) An iterative solution of a variational
inequality for certain monotone operators in Hilbert space.
Bull Amer Math Soc 81:890-892; Corrigendum, Bull Amer
Math Soc 82 (1976) 353

6. Burachik R, Tusem A (1998) A generalized proximal point
algorithm for the variational inequality problem in Hilbert
space. SIAM J Optim 8:197-216

7. Clarke FH (1983) Optimization and nonsmooth Analysis.
Wiley Interscience,[658

8. Crouzeix JP, Marcotte P, Zhu D (2000) Conditions ensuring
the applicability of cutting-plane methods for solving varia-
tional inequalities, Math Program 88:521-539

9. Daniilidis A, Hadjisavvas N (1999) On the subdifferen-
tials of pseudoconvex and quasiconvex functions and cyclic
monotonicity, J Math Anal Appl 237:30-42

10. Daniilidis A, Hadjisavvas N (2000) On generalized cyclical-
ly monotone operators and proper quasimonotonicity, Optim
47:123-135

11. Domokos A, Kolumban J (2000) Comparison of two differ-
ent types of pseudomonotone mappings, In: Popoviciu E (ed)
Seminaire de la théorie de la meilleure approximation, con-
vexité et optimisation.[&E& pp 95-103

12. Gwinner J (1981) On fixed points and variational inequali-
ties—a circular tour. Nonlinear Anal 5:565-583

13. Hadjisavvas N (2003) Continuity and maximality properties
of pseudomonotone operators. J Convex Anal 10:459-469

Please provide publisher location.
Please provide publisher and publisher location.

Editor’s or typesetter’s annotations (will be removed before the final TgX run)

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
M7
418
419
420
421

422



423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454

6

Kao: Encyclopedia of Optimization — Entry 136 — 2007/12/21 — 20:41 — page 6 — LE-TgX

Pseudomonotone Maps: Properties and Applications

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hadjisavvas N (2003) Maximal pseudomonotone operators,
In: Crespi GP, Guerraggio A, Miglierina E, Rocca M (eds)
Recent advances in Optimization. Datanova Editrice, s
pp 87-100

Hadjisavvas N (2006) Translations of quasimonotone maps
and monotonicity. Appl Math Lett 19:913-915

Hadjisavvas N, Komlosi S, Schaible S (2005) Handbook
of generalized convexity and generalized monotonicity.
Springer,

Hadjisavvas N, Schaible S (2006) On a generalization of
paramonotone maps and its application to solving the Stam-
pacchia variational inequality. Optim 55:593-604

He Y (2004) A relationship between pseudomonotone and
monotone mappings. Appl Math Lett 17:459-461

Hu S, Papageorgiou NS (1997) Handbook of Multivalued
Analysis, vols I, II. Kluwer Academic Publishers,

Isac G, Motreanu D (2004) Pseudomonotonicity and quasi-
monotonicity by translations versus monotonicity in Hilbert
spaces. Austral J Math Anal Appl 1:1-8

Tusem AN (1998) On some properties of paramonotone oper-
ators. ] Convex Anal 5:269-278

Karamardian S (1976) Complementarity over cones with
monotone and pseudomonotone maps. J Optim Theory Appl
18:445-454

Penot J-P, Quang PH (1997) Generalized convexity of func-
tions and generalized monotonicity of set-valued maps.
J Optim Theory Appl 92:343-356

Solodov MD, Svaiter BF (2000) An inexact hybrid general-
ized proximal point algorithm and some new results on the
theory of Bregman functions. Math Oper Res 25:214-230
Thompson WA, Parke DW (1973) Some properties of gener-
alized concave functions. Oper Res 21:305-313




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 2400
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


