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1. Introduction

Given a finite group G, we denote by Inn(G) and Aut(G) the inner automor-
phism group and the automorphism group of G. Then the orbits of G under the
natural actions of Inn(G) and Aut(G) are called the conjugacy classes and the
automorphism-conjugacy classes of G. They are very useful in the study of groups,
especially in representation theory. The numbers of these orbits are usually denoted
by k(G) and k'(G), respectively, and represent two important invariants of G. Note
that k(G) is equal to the number of complex irreducible characters of G.

In what follows, we will determine these numbers and the sizes of conjugacy
classes for ZM-groups. Recall that a ZM-group is a finite group with all Sylow
subgroups cyclic. By [5], such a group is of type

ZM(m,n,r) = (a,b|a™ =b" =1, b~ lab=a"),
where the triple (m,n,r) satisfies the conditions

(m,n)=(m,r—1)=1 and =" =1 (modm).
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It is clear that |ZM(m,n,7)| = mn and Z(ZM(m,n,r)) = (b?), where d is the
multiplicative order of » modulo m, i.e.

d = 0y, (r) = min{k € N* [#* =1 (modm)}.
The subgroups of ZM(m, n,r) have been completely described in [2]. Set

r"—1
L= {(ml,nl,s) € N*|my|m,ni|n, s < ml,m1|s7m1 — 1}.

Then there is a bijection between L and the subgroup lattice L(ZM(m,n,r)) of
ZM(m,n,r), namely, the function that maps a triple (m1, n1, s) € L to the subgroup
H(ml,nl,s) defined by

2l

H(ml’nhs) = (bnlas)k<aml> = <am1’bn1a5>.

=
Il
—

Note that

— |Hpy n,s)| = m“le, for any s satisfying (my,n1,5s) € L;

— Hm, n,,s) is normal in ZM(m,n, ) if and only if m; [7"* — 1 and s = 0 (see
[101);

— Hpm, n,,s) is cyclic if and only if mﬂ1|r"1 — 1 (see [II]);

— two subgroups of ZM(m, n,r) are conjugate if and only if they have the same
order (see [1]).

Our approach uses some basic tools of group action theory, such as the orbit-
stabilizer theorem and the Burnside’s lemma, and involves modular arithmetic.

Orbit-Stabilizer theorem. Let G be a finite group acting on a finite set X and
x € X. Denote by

Oy ={goxz]ge G} and Stabg(z)={ge€ G|gox =z},
the orbit and the stabilizer of x in G. Then

G|
0| =[G : Stab =
| | [ a G(I)] |StabG(.’L')|
Burnside’s lemma. Let G be a finite group acting on a finite set X and
Fix(9) ={r € X|goxz ==z}, forgeG.

Then the number of distinct orbits is

&1 2 [Fix(a)l

geG

Most of our notations are standard and will not be repeated here. Basic defi-
nitions and results on group theory can be found in [5, []. For number theoretic
notions, we refer the reader to [0 []].
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2. Main Results

Throughout this section, we will use G' to denote ZM(m,n,r). The general form
of automorphisms of a metacyclic group had been determined in the main result
of [3]. For ZM-groups, in [4], we obtained the following theorem.

Theorem 2.1. Fach automorphism of ZM(m,n,r) is given by
bhal s pYtgmrvtele oy >0,
for a unique triple of integers (x1,x2,y) such that
0<z,z9<m, (x1,m)=1, 0<y<n and y=1 (modd), (1)

where

In particular, we have
n

[Aut(ZM(m,n,r))| = me(m) 7

We are now able to compute the number of automorphism-conjugacy classes
of G.

Theorem 2.2. The following equality holds:

K (ZM(m,n,r)) = 4 Z (m, 21 — 1) ) (2)

m‘P(m) (xl,xz,y)GA {ﬁ,o( (m,zll—l) 5 (7‘)
m,xy —1,z9

where A is the set of triples (x1,x2,y) satisfying the conditions ().

Proof. We will apply Burnside’s lemma to the natural action of
Aut(G) = {P(ay,20,) | (x1,72,7) € A},
on G. Let (z1,22,y) € A and
Fix(0 (21 .02,9)) = Himyny ) = (@™, 0" a®),

where (m1,n1, ) € L. Since H(,,, n, ) is the join of its subgroups (a™*) and (b™*a®),
m1|m and nq|n are minimal with the property that there is 0 < s < my such that

mals [EZ]]T and both ™! and ™ a® are fixed points of ©(;, 4,,,). We have
0" € Fix(@(ar 0 g) © a7 = @™ & m | (m — 1) & —— |y,
1,%2,Y (m7$1 — 1)
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which leads to my and

= D
nini(y—1),

b"a® € FiX(SD(zl,m,y)) =2 bymams-i-mz[m]r =bv"a’ & | 1( )
m|s(x1 — 1) + z2[nq]y.

Thus n; is minimal such that (n;—_l)|n1 and there is 0 < s < my with

],

nl]r

m|s(zr —1)—,

m|s(xy — 1) + xa[ni]y.

Since
(],
ml|s(ry — 1) + z2[ni]y = m|s(xy — 1)[n T
1r
it follows that n; is minimal such that ﬁml and
m|s(x1 — 1) + z2[n1]y,
for some 0 < s < my, i.e. the congruence
(x1 — 1)s = —x2[n1], (modm),

has solutions. This is equivalent to

(m,l'l - 1) |$2[n1]ra
i.e.

(mv'rl 71) P 717

(ma Tl — 17 $2)

which means that

O (m,z1-1) (T‘) |n1.

(m,x1—1,29)
Thus
n
ny=|————, 0 (ma-1) (T
! {(n, y—1) m( )}
and
. mn n(m,x; — 1)
|F1X(‘p(x1,zz,y))| = =
miny [ Le 0 (miwy-1) (7’)}
(ny—1) e e

Then we get

K(G) = d Z n(m,z; — 1)

mnp(m) e {(n;—_l)» OM(T)}

(m,x1—1,xz2)
d (m,z1 — 1)
me(m

)
n
(z1,22,y)EA {—(n,y_l) » O_(muai—1) (T)}

(m,z1—T,x3)

as desired.
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In the notation in the proof of Theorem 2.2 we observe that

n

— <n3 <mn,
(n7y71)

which leads to

(m, 21 = 1) < [FixX(@e, a5.0)| < (M 21 = 1)(n,y = 1).

By summing over all (z1, 22,y) € A and using the well-known Menon’s identity [7],
we get

a—1
fl@) =Y (a, )
B=0
Note that if o« = p*, ..., p;" is the decomposition of « as a product of prime factors,

then

—aH(EZ-i-l——l)

A simple formula for k'(G) is obtained if n is a prime number.
Corollary 2.3. If n is a prime number, then the following equality holds:

K'(ZM(m,n,r)) =n — 1+ 7(m). (3)

Proof. Since n is prime, we obtain d = n and y = 1. By (@), it follows that

4 _(myz1—1)
HO) = ) 2 o o (1)

S o vy

(zq,m)=1
Moreover, we have

Ny =0 (m,z1-1) (T‘) =

(m.e1—TLag) n if (m,z1 — 1)fxe

{1 if (m,x1 —1) |22,

and so

n(im,zqy —1) if (m,x1 —1)]|x2,

(myzy —1)  if (m,z1 — 1) fxs.

|Fix(90(x1,r2,y))| = {
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Then
1
k‘/(G) = |FiX(§0 x1,T )l
ot , 2o |, 2 PPy
(z1,m)=1
1
= n(im,zy — 1)+ (m,z1 — 1)
mSD(m) Ogctlz<7n 05172; 05172;
(z1,m)=1 (m,zq—1) | zg (m,z1—1) fxg
1 [ m
= mn+ (m,x; — 1) (mi)]
oty , 2= | (o = 1)
(z1,m)=1
1
= mne(m) +m (m,z1 — 1) — me(m)
mep(m) OS;M
(z1,m)=1
1
= (mnp(m) +me(m)7(m) —me(m))
mep(m)
=n—1+4+7(m),
completing the proof. O

In particular, for n = 2 and r = m—1, we have ZM(m, n,r) = Da,,, the dihedral
group of order 2m. Thus, the equality (B]) becomes

k' (Dam) = 7(m) +1, for all odd integers m > 3. (4)
An example of applying the formula (2]) is presented in the following example.

Example 2.4. For the dicyclic group Dics = ZM(3,4,2) = SmallGroup(12, 1), we
have d = 2 and ([2]) leads to

k’(DiC3) = 5.
Next, we will focus on computing the number of conjugacy classes of G.
Theorem 2.5. The following equality holds:

d—1m—
n

,_.

E(ZM(m,n,r)) = .
md a=0 =0 O(T(;nrga 112?) (7’)

Proof. We have

IHH(G) = {@baaﬁ |O[ = Ovdf 17 ﬂ = Ovmf 1}7
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where @pa,s is the conjugation by b®a®. In the notation in Theorem B3 it is easy
to see that

Prrah = P(re,5(1-71),1)

and so
. n(m,r* —1)
[Fix(ppags)| = ——=

0 _(mro—ny (1)
(m,r®—1,8)

Then (@) follows by applying Burnside’s lemma to the natural action of Inn(G)
on G. O

We remark that

(m,r® —1)

mre —1 =le =1& “—-1)|p. 6
0 tmre_ (1) mro =1.9) (m,r* =1)| 8 (6)
Also, for (m,r* — 1)1 we have
1 1 1
Sl < 7
d = 0 e (1) " p (™

(m,r™—1,8)

where p is the smallest prime divisor of d. Then, writing

n e 1 1
k(G):—dZ(m,r -l > oo T > oo ()
me =0 ospamor  Ofmrr ) (T) o,y O mra oy (T

(m,r>—1) |8 (m,r®*—=1){ 83

and using ([B) and (), we get

n S n d S
=z _ Z) < < = _Z4 =
d<d 1+d)_k(G)_d<d erp)’ (8)
where
d—1
S = (m,r* —1)
a=0

Note that if d is prime, then p = d and (8] leads to the equality
n

k(G)—d<d1+§>. (9)

By considering the natural action of Z., on Z,,, we have
d—1
S = |Fix(+)],
a=0

implying that
m4d-1<85< Y [Fix(a)| = p(m)r(m).

aczy,
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These inequalities, together with (8], show that

nle(m)r(m) +d(p — 1)]
dp

n(m+d? —1)

e < k(G) <

Again, if n is prime, then d = n is also prime and (@) gives a simple formula for

k(G).

Corollary 2.6. If n is a prime number, then the following equality holds:

n—1

k(ZM(m,n,r)) =n—1+ % Z(m,ro‘ - 1.
a=0

In particular, for n =2 and r = m — 1, we get

3
k(Dap,) = %, for all odd integers m > 3.

Note that for even integers m > 2 this equality becomes
m+6
5

The equality (@) can be also used to compute the number of conjugacy classes
of Dics, for which we obtain the following example.

k(D2m) =

Example 2.7. k(Dics) = 6.

Finally, we compute the sizes |O}. .| and |Opugv| of automorphism-conjugacy
class and conjugacy class of an arbitrary element b%a” € G.

Theorem 2.8. The following equalities hold:

(m,[u]r)
mne (o fulyny)
(a) |O/u vl — n( ,l[i]r, ) :
o | = Tt Tl

b) [Opvar| = g0 Letuton (7).
(b) Oprar| = GAer50 tontuter (1)

Proof. In both cases, we will apply the orbit-stabilizer theorem. Also, we will use
the notation

(m, [ul,)

(m, [ul, v)”

(a) We have
|Ohu g | = [Aut(G) : Stabaye(e (b"a’)].

An automorphism ¢(g, 4, ) is contained in Stabayy(g)(b"a”) if and only if
b"a” € Fix(¢(g, 2s,y)), that is if and only if

{nIU(y ),
m|v(zy — 1) + xaful,.
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Put y = zd+1, where z € {0,1,..., Z—1}. Then the first condition is equivalent
with 5]2d, ie.

n
nl®
where h = (n,u)((n"u) ,d), and so y can be chosen in 2 : = % ways. We also
have
{(z1,22) € 0,m — i’ [(z1,m) =1, m|v(zy — 1)+ x2[u], }|
= Z a2 € 0,m —1|m|v(z1 — 1) + a2u], }|
0<zi<m
(z1,m)=1
= > (mfu)y)
0<zi<m
(z1,m)=1,9]z1—-1
p(m)
= (m, [u],) ——=.
(m, [u] )(p )
Thus
O Auw(G)
bra |StabAut(G) (b“a”)|
n_h p(m)
=me(m)=: —=(m,[ul,) ——=
() m, ) 2
mne(g)
h(m, [u])
(b) We have
|Opugr| = [Inn(G) : Stabpy, )y (b"a”)]
and

|Stab1nn(G) (b”a”)| = |{(a,6) S O, d—1x O,m -1 | ba" € FiX(SD(T‘a,B(lf’I"),l)):H

= > HB=0m=T|m|o(r* — 1)+ B(1 - r)[ul,}]

0<a<d

=Y (mu)

0<a<d
(m, [ulp)|v(r® —1)

0<a<d
og (r)]a
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Thus
[Inn(G))|

|Ob“av =
|Stab1nn(G) (b“a” ) |

dm
d(m,[u],)

og(r)

and the proof of our theorem is complete. O

Since Stabp,,q)(b*a”) = Cq(b"a”), the above proof also gives the order of the
centralizer of b%a” in G.

Acknowledgments

The author is grateful to the reviewer for remarks which improve the previous
version of the paper.

ORCID
Marius Tarnauceanu/®@| https://orcid.org/0000-0003-0368-6821

References

1. R. Brandl, G. Cutolo and S. Rinauro, Posets of subgroups of groups and distributivity,
Boll. U.M.I. 9-A (1995) 217-223.

2. W. C. Calhoun, Counting subgroups of some finite groups, Amer. Math. Mon. 94
(1987) 54-59.

3. H. Chen, Y. Xiong and Z. Zhu, Automorphisms of metacyclic groups, Czech. Math.
J. 68 (2018) 803-815.

4. G. Fasola and M. Tarnauceanu, On groups occurring as absolute centers of finite
groups, Comm. Algebra 52 (2024) 1826-1831.

5. B. Huppert, Endliche Gruppen, I (Springer Verlag, Berlin, 1967).

6. P. J. McCarthy, Introduction to Arithmetical Functions (Springer Verlag, New York,
1986).

7. P. K. Menon, On the sum Y (a — 1,n)[(a,n) = 1], J. Indian Math. Soc. 29 (1965)
155-163.

8. J. Sandor and B. Crstici, Handbook of number theory, 11 (Kluwer Academic Publishers,
Dordrecht, 2004).

9. M. Suzuki, Group theory, I, II (Springer Verlag, Berlin, 1982, 1986).

10. M. Tarnauceanu, The normal subgroup structure of ZM-groups, Ann. Mat. Pura Appl.
193 (2014) 1085-1088.

11. M. Tarnduceanu and L. Téth, Cyclicity degrees of finite groups, Acta Math. Hung.
145 (2015) 4859-504.

2550144-10


https://orcid.org/0000-0003-0368-6821


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


