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A Goal Programming Approach for Resource Allocation
Considering Client Demands in a Multiuser OFDMA
Downlink System∗

Younggoo HAN†a), Woochul SHIM†b), Nonmembers, and Sehun KIM†c), Member

SUMMARY This study investigates subcarrier and power allocation
schemes in an OFDMA downlink system. To consider client demands,
a goal programming approach is proposed. The proposed algorithm mini-
mizes the weighted sum of each client’s dissatisfaction index. Simulations
show that the sum of dissatisfaction indices can be reduced significantly.
key words: OFMDA, downlink, subcarrier and power allocation, goal
programming

1. Introduction

As demand for broadband mobile communication increases,
mobile communication systems are expected to support var-
ious types of services simultaneously. These systems must
support reliable and high-rate data transmission. For these
reasons, the orthogonal frequency division multiple access
(OFDMA) scheme, based on orthogonal frequency division
multiplexing, has emerged as one of the prime multiple ac-
cess schemes for broadband wireless networks.

In wideband transmissions over multi-path fading
channels, inter-symbol interference (ISI) is a major prob-
lem, as it inhibits high-rate data communications. How-
ever, in OFDMA systems, each subcarrier is assigned exclu-
sively to a single client, and intra-cell interference is elimi-
nated by using an orthogonal frequency. This aspect of the
OFDMA can solve the ISI problem. This advantage makes
the OFDMA a promising system for future wireless com-
munication systems.

In the OFDMA, resource allocation is an important is-
sue. Depending on resource allocation schemes, the system
can maximize throughput or enforce fairness flexibly. Allo-
cating subcarriers and power in the OFDMA downlink sys-
tem has been widely investigated [1]–[3]. In [1], an optimal
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solution of throughput maximization was achieved by as-
signing a specific subcarrier to the client with the best chan-
nel condition and by allocating power using a water-filling
algorithm over the subcarriers. In [2], a rate adaptive dy-
namic resource allocation was suggested. They included the
fairness problem in terms of rate criteria. The proportional
rate fairness problem was studied in [3], in which an algo-
rithm based on the criteria of proportional rate fairness was
proposed.

However, these studies did not include actual client de-
mand. As a result, unfair and inefficient assignments can
result. Some clients may not be able to obtain their desired
throughput while others may obtain throughput far beyond
their needs. Even if client demands are formulated as system
constraints, infeasible cases can result due to the limitations
of wireless resource. Furthermore, according to the various
types of services, clients have mutually exclusive demands.
In OFDMA systems, the demands of one client can con-
flict with the demands of another client. In this situation, it
is necessary to develop an efficient algorithm to minimize
conflicting client demands while not excluding individual
client demands. A goal programming [4] technique is ap-
propriate with these types of problems, as goal program-
ming sets a goal for each client. As the goal is not a strict
constraint that must be satisfied, the system can increase a
client’s throughput while flexibly decreasing another client’s
throughput. Moreover, due to the property of the goal, the
GP technique can generate a feasible solution consistently
without the limitations inherent in wireless resources. For
these reasons, the GP technique has been used in areas such
as project selection and production management. In addi-
tion, the GP technique has been used for general downlink
transmission systems [5]. However, the OFDMA system
and a scheme for power allocation were not included in [5].

In this paper, we propose a goal programming approach
for OFDMA downlink resource allocation. In the proposed
approach, the dissatisfaction index is introduced, which in-
cludes client demands and serves as an index of the dissatis-
faction of each client. The objective here is to minimize the
weighted sum of client dissatisfaction while satisfying the
power constraint. Using the proposed algorithm, it is possi-
ble to obtain an efficient solution for real-time applications
while considering the demands of each client.
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2. System Model & Formulation

In this paper, an OFDMA downlink system in a cell with the
power constraint of the base station is considered. Assum-
ing that there are K clients and N subcarriers in the system,
subcarriers are assumed to be orthogonal to each other. As-
suming that each subcarrier has a narrow bandwidth, each
subcarrier experiences a flat fading within its bandwidth. In
addition, it is assumed that the channel state of each client’s
information is transmitted by an appropriate control chan-
nel so that the base station can obtain perfect knowledge of
the channel state information. The scheduler in this system
assigns subcarriers and power repeatedly. The channel gain
of each subcarrier is further assumed to be fixed within one
frame.

In an OFDMA system, it is optimal to allocate a sub-
carrier to only one client [6]. Due to frequency selective
fading, each client experiences different channel gains for
different subcarriers. Assuming AWGN noise with variance
N0, it can be claimed that each client experiences equal noise
power over all subcarriers. For client i and subcarrier j, the
signal-to-noise-ratio (SNR) is as follows:

gi j =

∣∣∣∣H2
i j

∣∣∣∣
B/N · N0

,

where Hi j is the channel gain of client i for subcarrier j and
B is a total bandwidth used in the OFDMA system.

Based on the Shannon capacity formula for the Gaus-
sian channel, the throughput of a single client can be written
as follows:

Ti =
B
N

N∑
j=1

wi j log(1 + pi jgi j),

where wi j ∈ {0, 1} is the channel allocation index such that
wi j = 1 if subcarrier j is assigned to client i and equals 0
otherwise. pi j is the power allocated to subcarrier j when it
is allocated to client i.

In this paper, we focus on minimizing the amount of
dissatisfaction of each client using the goal programming
approach [7]. For client i, it is assumed that he has his own
demand Gi for his throughput. In the goal programming
approach, Gi is actually his goal of satisfaction. He is 100%
satisfied when his throughput is greater than or equal to Gi.
Once he has been supplied with Gi, his satisfaction level
does not increase with additional throughput.

If the system has an adequate number of subcarriers
to satisfy the goals of all clients, this goal programming ap-
proach does not provide any meaningful conclusions. In this
case, all clients are 100% satisfied.

The main interest here is a case with subcarrier defi-
ciency. How to allocate scarce subcarrier resources to min-
imize the dissatisfaction level of clients is the focus of this
paper. To model this issue, a dissatisfaction index d−i is in-
troduced, which denotes the shortage of client i’s throughput

from his goal. It is defined as follows:

d−i = max(0,Gi − Ti),

where Ti is the throughput of client i. The following goal
programming model is then suggested:

Min
K∑
i

αid
−
i

s.t
K∑

i=1

wi j ≤ 1, ∀ j, (1)

K∑
i=1

N∑
j=1

pi j ≤ P̄, (2)

Ti =
B
N

N∑
j=1

wi j log(1 + pi jgi j),

d−i = max(0,Gi − Ti), ∀ i,

pi j ≥ 0, wi j ∈ {0, 1}, d−i ≥ 0, ∀ i, j,

where P̄ is the available total transmission power of the base
station. The weighting factor αi represents priority factor
of user i, which is introduced to consider different priori-
ties among users. In this model, the objective is the mini-
mization of the weighted sum of dissatisfaction indices of
all clients. Constraints (1) ensure that at most one client can
be allocated to each subcarrier. Constraint (2) is the total
transmission power constraint of the base station.

3. Proposed Algorithm

The model in Sect. 2 should be solved within one frame of
the OFDMA system. This model is a combinatorial mixed
integer programming problem that is difficult to solve. In
this section, a heuristic real-time algorithm, the Largest Sat-
isfaction First (LSF) algorithm, is suggested to provide a
sub-optimal solution of this model in real time. The LSF
algorithm assigns subcarriers such that the aggregated dis-
satisfaction level is minimized assuming equal power allo-
cation for all subcarriers. It then allocates optimal power to
each subcarrier using a well-known optimal power alloca-
tion algorithm, the water-filling algorithm [6].

Largest Satisfaction First
This algorithm is an iterative process. Assuming that in the
middle of the iteration process of the proposed algorithm, Ti

is the amount of throughput provided to client i. If Ti > Gi,
no more subcarriers are allocated to the client i. At this
point, it is assumed that Ti < Gi. Consider a subcarrier j
that is not yet allocated to any client. If the subcarrier j is
allocated to client i, his amount of throughput will then be
Ti+

B
N ·log(1+pi j ·gi j). If this throughput level is less than Gi,

the incremental amount of satisfaction from the additional
allocation of subcarrier j to client i is B

N · log(1 + pi j · gi j).
However, if Ti +

B
N · log(1 + pi j · gi j) is greater then Gi, the

incremental amount of satisfaction is only Gi − Ti as it is
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assumed that the amount of traffic assigned to a client in ad-
dition to his goal does not provide any additional satisfaction
in the GP approach. Hence, the incremental amount of satis-
faction of client i by the additional assignment of subcarrier
j, S i j, is

S i j =

{
B
N · log(1 + pi j · gi j), if Ai ≤ Gi

Gi − Ti, otherwise,
(3)

where Ai = Ti +
B
N · log(1 + pi j · gi j).

The allocation process of subcarriers to clients and the
power allocation process are interlinked. Once the allo-
cation of all subcarriers has been completed, it is possi-
ble to allocate power optimally to each subcarrier by the
water-filling algorithm. However, to allocate subcarriers op-
timally, the information about power levels

{
pi j

}
of the sub-

carriers are required, which can be estimated only after the
subcarrier allocation is completed.

In the proposed simple heuristic algorithm, subcarri-
ers are allocated to clients based on the assumption that all
subcarriers share the same level of power. After subcarriers
are allocated based on this assumption, the optimal power
level of each subcarrier can be calculated using the water-
filling algorithm. Hence, S i j is calculated by (3) while set-
ting pi j = p̄ for every i and j, where p̄ = P̄/N.

Let C be an available subcarrier set, U be a client set to
be considered. The LSF algorithm then proceeds as follows:

Step 1. Initialization

Ti = 0 for all i and S i j = 0 for all i, j.
C = {1, 2, · · · ,N} , U = {1, 2, · · · ,K}.

Step 2. Subcarrier Allocation

While C � φ, U � φ,

• Calculate S i j for ∀i ∈ U,∀ j ∈ C:
if Gi < Ti+

B
N · log(1+ p̄ · gi j), S i j = Gi−T .

else, S i j =
B
N · log(1 + p̄ · gi j).

• Let ( i∗, j∗) = Argmax
i, j
αiS i j. Assign subcar-

rier j∗ to user i∗.
• Calculate Ti∗ =

B
N ·

∑
all j

assigned to i∗

log(1 + p̄ · gi∗ j).

C = C − { j∗}.
• If Ti∗ > Gi∗ , U = U − {i∗}.

Step 3. Power Allocation

Allocate power to each subcarrier using the water-
filling algorithm.

In Step 2, the pair (i∗, j∗) with the largest value of αiS i j

is chosen and subcarrier j∗ is assigned to client i∗. Once
the subcarrier assignment is complete, power is allocated to
each subcarrier using the water-filling algorithm in Step 3.

4. Simulation

In this section, the performance of the proposed algorithm is

Fig. 1 Average sum of dissatisfaction indices when N=512, G=0.03.

analyzed in computer simulations. The performance of the
proposed algorithm was compared with other algorithms,
including the rate-fairness algorithm [2] (referred to as the
Rate Fairness), the proportional fairness assignment [3] (re-
ferred to as the Proportional Fairness), and the greedy as-
signment [1] (referred to as the Greedy) with varying levels
of client demands. All of the utilized algorithms are very
simple and their computational times are sufficiently small
to be used in real-time applications.

A 5 MHz bandwidth channel divided into 512 OFDM
subcarriers is considered. The system is assumed to have
20 clients distributed uniformly in a single cell with a radius
of 0.5 km. In addition, the total available transmit power at
the base station is 1 Watt. The path loss model is a modified
Hataurban propagation model [8], as follows:

Path Loss =

{
122 + 38 log10(d) if d ≥ 0.05 km
122 + 38 log10(0.05) if d < 0.05 km

where d (in km) is the distance between a mobile and the
base station. In addition to the path loss, for each client,
static log-normal shadow fading with a standard deviation of
8 dB is assumed. For multipath fading, pedestrian channel
B traffic with a velocity of 3 Kmph is considered. The noise
power is −100 dBW in this simulation.

For the simplicity of the performance evaluation and
presentation, only the case with αi=1 for all i was consid-
ered. This simulation can be extended to a case with differ-
ent values of αi easily. However, the most meaningful con-
clusions could be derived even in the simplified simulation
results.

Figure 1 shows the average sum of dissatisfaction in-
dices versus the number of clients when the number of sub-
carriers is 512 and their goal is Gi = 0.03 for all i. In order to
obtain the average sum of the dissatisfaction indices, 100 it-
erations for each algorithm were conducted. Due to the limi-
tations of wireless resources, the average sum of dissatisfac-
tion indices increases when the number of clients increases.
However, the average sum of dissatisfaction indices of the
LSF algorithm increases slowly compared with the other al-
gorithms. It is evident that the proposed algorithm shows
much better performance compared to other algorithms in
terms of the dissatisfaction level of clients, especially with a
large number of clients.
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Fig. 2 Average sum of dissatisfaction indices when K=20, N=512.

Fig. 3 Total system throughput when N=512, G=0.03.

Figure 2 shows the average sum of dissatisfaction in-
dices for each algorithm while varying the values of the
client goal when the number of subcarriers is 512 and the
number of clients is 20. As the goals of clients increase,
the dissatisfaction level increases due to the limited re-
sources. However, the dissatisfaction level of the LSF al-
gorithm increases much slower compared to the other algo-
rithms. Among four algorithms, the Rate Fairness algorithm
shows the lowest performance, as this algorithm adjusts the
throughput of each client equally without considering the
goals of the clients.

Figure 3 shows the total throughput for each algorithm
versus the number of clients. In this figure, Greedy algo-
rithm shows the best performance, and the PF algorithm

shows slightly better throughput than the LSF algorithm.
However, these algorithms are not able to reduce the amount
of dissatisfaction in client demands as much as the LSF al-
gorithm.

5. Conclusion

In this paper, a subcarrier and power allocation scheme that
minimizes the weighted sum of dissatisfaction indices of
OFDMA downlink system was formulated. As service types
are diverse in wireless communication systems, wireless
resource allocations should consider the demands of each
client according to the type of service. A goal programming
model for the subcarrier and power allocation problem was
proposed to consider each client’s demands as a goal. A sim-
ulation showed that the sum of dissatisfaction indices can be
reduced significantly by applying the LSF algorithm. It was
also found that the LSF algorithm is superior relative to the
other algorithms, especially with a large number of clients.

References

[1] G. Song and Y. Li, “Adaptive subcarrier and power allocation in
OFDM based on maximizing utility,” Proc. IEEE VTC, pp.905–909,
2003.

[2] T.C. Mohnram and S. Bhashyam, “A sub-optimal join subcarrier and
power allocation algorithm for multiuser OFDM,” IEEE Commun.
Lett., vol.9, no.8, pp.685–687, 2005.

[3] Z. Shen, J.G. Andrews, and B.L. Evans, “Adaptive resource allocation
in multiuser OFDM systems with proportional rate constraints,” IEEE
Trans. Wireless Commun., vol.4, no.6, pp.2726–2737, 2005.

[4] J.P. Ignizio, Introduction to Linear Goal Programming, Sage Publica-
tions, 1985.

[5] C.Y. Ng, H.M. Tse, and T.M. Lok, “A goal programming model and
schemes for channel assignment in general downlink transmission
system,” Proc. IEEE Globecom, pp.2774–2778, 2005.

[6] G. Li and H. Liu, “On the optimality of the OFDMA network,” IEEE
Commun. Lett., vol.9, no.5, pp.438–440, 2005.

[7] J.P. Ignizio, Goal Programming and Extensions, D.C. Heath and Com-
pany, 1976.

[8] K. Kim, Y. Han, and S.L. Kim, “Joint subcarrier and power alloca-
tion in uplink OFDMA systems,” IEEE Commun. Lett., vol.9, no.6,
pp.526–528, 2005.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


