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Abstract In this note we study how far the theory of strategic games with potentials,
as reported by Monderer and Shapley (Games Econ Behav 14:124—143, 1996), can
be extended to strategic games with vector payoffs, as reported by Shapley (Nav Res
Logist Q 6:57-61, 1959). The problem of the existence of pure approximate Pareto
equilibria for multicriteria potential games is also studied.
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1 Introduction

Monderer and Shapley (1996) introduced a subclass of strategic games for which
a potential exists. Such potential games turn out to have interesting properties, among
which the existence of pure (approximate) Nash equilibria in the case of upper
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Multicriteria games and potentials 139

bounded potentials. Further, they show that there is an interesting relation between
potential games and congestion games introduced by Rosenthal (1973). Our list of
references shows that the Monderer—Shapley paper inspired many game theorists.

The purpose of this paper is to investigate the possibility of extending the potential
theory to multicriteria strategic games introduced by Shapley (1959) and also studied
by Borm et al. (1989). Since the extension of the theory of potential games to multi-
criteria situations is turning out to be obvious in the case we know the extension to the
bicriteria situation, in this paper we restrict ourselves mostly to bicriteria situations.

The outline of the paper is as follows. In Sect. 2, we introduce bicriteria games
with a potential. In Sect. 3 we show that in the case the strategy spaces are finite,
such a game has at least one pure Pareto equilibrium. Further, for multicriteria games
with an upper bounded (vector) potential, it turns out that e-Pareto equilibria in pure
strategies exist. In Sect. 4, we give a characterization of zero-sum bicriteria games
with a potential and discuss their relations with supermodular bicriteria games. Sec-
tion 5 concludes with some suggestions for further research.

2 Bicriteria games and potentials

A strategic bicriteria game is a tuple I" = (N, (A;)ien, (4i)ieN), Where N is the
set of players, A; is the strategy space for player i € N, A is the Cartesian product
]_[keN Ay of the strategy spaces (A;)ien, and u; : A — R2 is the utility function for
player i.

We call I = (N, (A))ien, (ui)ieN) a potential game if there exists a map
P: A — R? such that, for all i € N, a;, b e A;, and a_; € A_; := ]_[jeN\{i} Aj,
we have

ui(ai,a—;) —ui(bj,a_;) = P(a;,a_;) — P(bj,a_;). 2.1

In the classical theory, potential games can be also characterized with the aid of con-
ditions on paths of strategy profiles (cf. Monderer and Shapley 1996 and Voorneveld
1999). Since the extension to bicriteria games is straightforward, we do not pay at-
tention to this.

Special classes of potential games are bicriteria coordination games and bicriteria
dummy games. A game (N, (A;)ien, (Ui)ien) is a coordination game if the utility
functions of all players are the same. Clearly, for such a game, there is a potential
P: A — RZ Take, e.g., P=uj.

The game (N, (A;)ien, (U;)ien) is a dummy game if u;(a;,a—;) = u;(b;, a_;) for
alli € N, a;, bj € A;, and a_; € A_;, that is, the strategy choice of player i does
not influence his payoff. A potential for such a game is the null function P with
P(a) =(0,0) foreacha € A.

Note that (N, (A));en, (u; + ui),-e N 1s a bicriteria potential game with potential
P+ P'if (N, (A})ien, (ui)ien) is a bicriteria potential game with potential P and
(N, (Aien, (u})ien) a bicriteria potential game with potential P’.

In particular, the sum of a bicriteria coordination game and a bicriteria dummy
game is a potential bicriteria game.

The converse also holds as we see in the next theorem. This theorem extends the
result of Facchini et al. (1997) and Slade (1994).
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140 F. Patrone et al.

Theorem 2.1 (Decomposition theorem). Let (N, (A;)ien, (Ui)ien) be a bicrite-
ria potential game. Then there is a coordination game (N, (A;)ien, (P)ien) and
a dummy game (N, (A;j)ien, (Di)ien) such that u; = P + D; for eachi € N.

Proof Take for P a potential of the original game and define D; = u; — P. Then from
(2.1) it follows that (N, (A;)ien, (Di)ien) is a dummy game. [l

Example 2.2 Consider the game where N consists of two players (the row player and
column player) and each player has two strategies (player I: row 1 (A) and row 2 (B);
player II: column 1 (C) and column 2 (D)), and where the utility functions are de-
scribed in the following payoff matrix:

C D
A (0,3)(0,5 | 4,5 (1,3)
B | (0,0)(1,3) | (5,5 (3.,4)

A decomposition of the game into a coordination game and a dummy game is

given by
(0,3) (0,5) | 4,5 (1,3)
0,0) (1,3) | (5,5 (3,4)
0,3) (0,3) | (1,1 (1, 1) (0,0) (0,2) | (3,4)(0,2)
0,0) (0,0) | 2,1 (2,1) 0,0) (1,3) | 3,4 (1,3)

Bicriteria coordination game Bicriteria dummy game

3 Existence of (approximate) pure Pareto equilibria
We recall the definition of Pareto equilibrium of a bicriteria game.

Definition 3.1 Let I" = (N, (A;)ien, (4j)icn) be a bicriteria strategic game. Then
a € [];en Ai is called a Pareto equilibrium (PE for short) of the game if, for each
i € N, we have a; € PB(a_;). Here the set PB(a_;) of Pareto best answers to a_; is
the set of a; € A; such that u; (b;, &_i) ¢ u;(a;, cAl_i) + (Rﬁ_ \ {0}) for all b; € A;.

We denote by PE(I") the set of Pareto equilibria of I".
The following theorem, which extends a result of Monderer and Shapley (1996),
says that finite bicriteria potential games have at least one Pareto equilibrium.

Theorem 3.2 Let I' = (N, (Aj)ien, (ui)ien) be a finite bicriteria potential game.
Then there exists an a € [ [;cy Ai such that a is a pure Pareto equilibrium of the
game I'.

Proof Let P : A — R? be a potential for I".
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Take a € argmax,c 4 (P1(a) + P2(a)). Next, we prove that a € PE(I"). Suppose
that a ¢ PE(I"). Then there are i € N and a; € A; such that

ui(ai, a—i) — u; (@) € R% \ {0}.

But then
P(a;j.a_;) — P(a) e R} \ {0},
SO
2
Y (Pelai,a—) — Pi(@) >0,
k=1
which is in contradiction with the definition of a. O

The proof of the following theorem is left to the reader.

Theorem 3.3 Let I = (N, (A))ien, (Ui)ien) be a bicriteria strategic potential game
with potential function P. Then

PE(I") = PE(T"?),
where I'" = (N, (A})ien, (P)ien)-

Now we concentrate ourselves on the existence of approximate Pareto equilibria for
bicriteria potential games. We introduce the following definition for approximate
equilibria.

Definition 3.4 Let I" = (N, (A;)ien, (4;)ien) be a bicriteria strategic game and

€ >0. Then a € [];.y A; is called an e-Pareto equilibrium of the game I" if, for

each i € N, we have a; € PB¢(a_;). Here the set PB¢(a_;) of e-Pareto best answers

to a_; is the set of a; € A; such that u; (b;, a_;) ¢ u;i(a;, a_i)+ R%r,e forall b; € A;.
Here RZ = R3 \ ([0, €] x [0, €]).

We further denote by PE€(I") the set of e-Pareto equilibria of a game I".

Definition 3.5 For f: X — R, we define

argsup ey f(¥) = {y € X: £(3) = sup f(0) —e}.
xeX

The following theorem extends a result of Norde and Tijs (1998).

Theorem 3.6 Let I' = (N, (A))ien, (i)ien) be a bicriteria strategic potential
game. Suppose that the potential functions are upper bounded. Then PE(I") # ()
forall e > 0.
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Proof Let P be a potential for I” and € > 0.
Take a € argsup;,_, (P1(a) + P2(a)). We prove that a € PE*(I").
Take i € N and a; € A;. Suppose that

uia;, ) € ui (@) +R3 ..

Then
P(aj.a-;) — P@) =ui(a;,a_;) —u;i(@) eR} .
But then
2
Y (Pulai,a—) — Pr(@) > e,
k=1

a contradiction to the definition of a. So, for each i € N, a; € PB¢(a_;), ie.,
& € PES(I"). 0

Example 3.7 Let ({1, 2}, (0, 1), (0, 1), u1, uz) be the 2-person potential game on the
open unit square with u1(x, x2) = (x1, x%) and up(x, x2) = (x2, x%).

This game has a potential P : (0, 1) x (0, 1) — R? given by P(x1, x2) = (x1 +x2,
x12 —i—xg) for all (x1, x2) € (0, 1) x (0, 1). This game has no Pareto equilibria but there
exist e-Pareto equilibria for every € > 0.

We shall say that a game is weakly determined if the set of its e-Pareto equilibria is
nonempty for each € > 0. The next theorem implies that I" is (weakly) determined if
and only if I"? is (weakly) determined.

Theorem 3.8 Let I' = (N, (A})ien, (Ui)ien) be a bicriteria strategic potential game
with potential P and I'" = (N, (A})ien, (P)ien). Then PE€(I")= PE(I"?) for all
€>0.

Proof Let D =u; — P foreachi € N.
The following five assertions are equivalent:

(i) a € PES(IN);
(i) ui(ai,d—;) ¢ u;(@ +R3  foralli € N and a; € A;;
(iii) P(a;,a—;)+ Di(a;,a—;) ¢ P(a)+ D;(a)+R% . foralli € N and a; € A;;
(iv) P(aj,a—;) ¢ P(@)+R3  foralli e N anda; € A;;
(V) a € PES(I'P).
O

Monderer and Shapley (1996) relate potential games with congestion models in-
troduced by Rosenthal (1973). We can generalize them to the multicriteria case in
a straightforward way.

For the classical finite potential games and congestion games, it was shown (Mon-
derer and Shapley 1996; Voorneveld 1999) that every finite potential game is iso-
morphic to a congestion game. One can extend this result to bicriteria situations by
adapting the beautiful proof of Voorneveld and using Theorem 2.1.
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Multicriteria games and potentials 143

Monderer and Shapley (1996) present a class of Cournot games which consists of
potential games. It is also possible to connect multicriteria Cournot games of special
type with multicriteria potential games in a straightforward way.

4 Zero-sum bicriteria games and supermodularity

A bicriteria game I" = ({1, 2}, A1, Az, uy, uz) with uy(a) + uz(a) = (0, 0) for each
a € A1 x Aj is called a zero-sum bicriteria game.

For a zero-sum bicriteria game with an exact potential, the payoff functions have
a special form as we see in the next theorem. It extends a result of Potters et al. (1999).

Theorem 4.1 Let I' = ({1,2}, A1, Az, u1, u2) be a two-person zero-sum bicriteria
game. Then the following assertions are equivalent:

(i) I is a potential game;
(ii) there exist maps f : A — R2 and g:Ay— R2 such that ui(a;, az) = f(a1) —
g(ax) = —ujy(ay, ap) for all (a1, az) € A1 x Ay (Separation property).

Proof To see that (ii) implies (i), it suffices to note that P : A — R2 given by
P(ay1,a2) = f(ar)+ g(an) foreach (ay, ax) € A1 x A is a potential for the game I.

Conversely, suppose that (i) holds and let P : A; x A> — R? be a potential. Take
(aj,a3) € Ay x Ay and define f: A — R?and g: A — R? by

fla) = 1/2(P(a1,a§) - uz(al,aik)) foreacha; € Ay;
g(a) =1/2(P(a},a2) —ui(af,az)) foreacha; € A;.
Since P is a potential, we have that, for each (aj, a2) € A] X As,
ui(ar,a2) —ui(aj,az) = P(ai,az) — P(aj, az)
and
uz(ar, az) —uz(ay, ay) = Par, az) — P(ay, a3),
from which follows that
ui(ar, az) = P(ay, az) — 2g(a2), uz(ai, az) = P(ai, az2) — 2 f(ar).
From these last two equalities and from the fact that u» = —u| we obtain
P(ai,az) = f(a1) +g(az) forall (ar,az) € Ay x A
and then

ui(ar,az) = f(a1) — g(az) forall (ay,az) € Ay x Aj.
Hence, (ii) holds. [l

Note that Theorem 4.1 extends the results for uni-criteria games in Theorem 1 of
Branzei et al. (2003). In that paper, this separation theorem is used to show that each
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classical two-person zero-sum game with an exact potential is strategically equivalent
to a supermodular game.

For more details about supermodularity, see Topkis (1998). This result can be
extended for special bicriteria zero-sum potential games, namely, for bicriteria games
with parallel criteria. We say that I" = ({1, 2}, A, A, u1, —u1) has parallel criteria
if, for all a1, a] € Ay and a3, a} € Az, we have:

() uri(ar,az) = uri(a), a) & uinar, az) > uin(ay, az);
(i) wui1(ar, a2) > ui(ar, ay) & upa(ar, az) > uia(ay, ay).

Here u1 = (u11, u12).
By adapting the proof of Branzei et al., we straightforwardly obtain the following:

Theorem 4.2 Each zero-sum bicriteria potential game with parallel criteria is
strategically equivalent to a supermodular game.

5 Concluding remarks

In this paper, we define and study bicriteria strategic games with a potential. It turns
out that, under certain conditions, these games have pure approximate Pareto equilib-
ria. Moreover, there is a close relation between these games and bicriteria congestion
games.

For zero-sum bicriteria games, the separation property holds. A subclass of these
games can be related to supermodular games.

Monderer and Shapley (1996) also consider finite ordinal potential games which
turn out to have pure Nash equilibria. Extensions to infinite games are studied in
Voorneveld and Norde (1997) and in Norde and Patrone (2002). What about an
extension to multicriteria ordinal potential games and to other classes of potential
games?

Let us call a bicriteria game G = (X1, X2, u1, u2) an ordinal potential bicriteria
game if there exists a function P : X1 x Xy — R? such that

uy(xr, x2) —ui(yr,x2) 204 P(x1,x2) — P(y1,x2) >0
and
us(xy, x2) —ua(xi, y2) > 06 P(xy,x2) — P(x1,y2) >0
for all
X1, y1 € X1, x2, y2 € X».

Then one can prove (similarly to Theorem 3.2) that every finite ordinal potential game
possesses a Pareto equilibrium.

There are still many questions left that can be interesting topics for possible further
research:

(i) In Peleg et al. (1996), an axiomatic approach is taken for the set of Nash equi-
libria corresponding to the points where the potential is maximal.
An axiomatization of the Pareto optimum set corresponding to a potential for
a multicriteria game could be a very interesting question.
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(i) Extensions of well-posedness results in Margiocco and Pusillo (2007) to multi-
criteria potential games may be possible and interesting.

(iii) The work of Facchini et al. (1997) can be extended to Bayesian multicriteria
potential games.

(iv) The work of Voorneveld et al. (1998) on sequential production situations and
potentials is possibly extendable to bicriteria situations.

Acknowledgements  This paper is partially supported by MIUR (Ministero dell’Istruzione, dell’ Univer-
sita e della Ricerca) and by GNAMPA (Gruppo Nazionale per I’ Analisi Matematica, la Probabilita e Ap-
plicazioni).

The authors gratefully thank three anonymous referees and Rodica Branzei for their helpful comments
and suggestions to improve the paper.

References

Branzei R, Mallozzi L, Tijs S (2003) Supermodular games and potential games. J Math Econ 39:39-49

Borm PEM, Tijs SH, van den Aarssen JCM (1989) Pareto equilibria in multiobjective games. Methods
Oper Res 60:303-312

Facchini G, Van Megen F, Borm P, Tijs S (1997) Congestion models and weighted Bayesian potential
games. Theory Decis 42:193-206

Margiocco M, Pusillo L (2007) Stackelberg well-posedness and hierarchical potential games. In: Jor-
gensen S, Quincampoix M, Vincent TL (eds) Advances in dynamic game theory. Numerical methods,
algorithms and applications to ecology and economics. Annals of the international society of dynamic
games, vol 9 (to appear)

Monderer D, Shapley LS (1996) Potential games. Games Econ Behav 14:124-143

Norde H, Patrone F (2002) A potential approach for ordinal games. Top 9:69-75

Norde H, Tijs S (1998) Determinateness of strategic games with potential. Math Methods Oper Res
48:377-385

Peleg B, Potters J, Tijs S (1996) Minimality of consistent solutions for strategic games, in particular for
potential games. Econ Theory 7:81-93

Potters J, Raghavan TES, Tijs S (1999) Pure equilibrium strategies for stochastic games via potential
functions. Report No. 9910, Department of Mathematics, University of Nijmegen, The Netherlands

Rosenthal RW (1973) A class of games possessing pure strategy Nash equilibria. Int J Game Theory
2:65-67

Shapley LS (1959) Equilibrium points in games with vector payoffs. Nav Res Logist Q 6:57-61

Slade ME (1994) What does an oligopoly maximize?. J Ind Econ 42:45-61

Topkis D (1998) Supermodularity and complementarity. Princeton University Press, Princeton

Voorneveld M (1999) Potential games and interactive decisions with multiple criteria. Dissertation series
No. 61, CentER of Economic Research, Tilburg University, The Netherlands

Voorneveld M, Norde H (1997) A characterization of ordinal potential games. Games Econ Behav 19:235-
242

Voorneveld M, Tijs S, Mallozzi L (1998) Sequential production situations and potentials In: Garcia-
Jurado I, Patrone F, Tijs S (eds) Game practice: contributions from applied game theory. Kluwer
Academic, Dordrecht

@ Springer



	Multicriteria games and potentials
	Abstract
	Introduction
	Bicriteria games and potentials
	Existence of (approximate) pure Pareto equilibria
	Zero-sum bicriteria games and supermodularity
	Concluding remarks
	Acknowledgements

	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 /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /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 /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


