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2010 AP®° COMPUTER SCIENCE A FREE-RESPONSE QUESTIONS

COMPUTER SCIENCE A
SECTION 11
Time—1 hour and 45 minutes
Number of questions—4
Per cent of total score—50

Directions: SHOW ALL YOUR WORK.REMEMBER THAT PROGRAM SEGMENTSARE TO BE
WRITTEN IN JAVA.

Notes:

e Assume that the classes listed in the Quick Reference found in the Appendix have been imported where
appropriate.

e Unless otherwise noted in the question, assume that parameters in method callsarenot nul | and that methods
are called only when their preconditions are satisfied.

e Inwriting solutions for each question, you may use any of the accessible methods that are listed in classes
defined in that question. Writing significant amounts of code that can be replaced by a call to one of these
methods may not receive full credit.

1. Anorganization raises money by selling boxes of cookies. A cookie order specifies the variety of cookie and the
number of boxes ordered. The declaration of the Cooki eOr der classis shown below.

public class Cooki eOrder
{

[ ** Constructsanew Cooki eOr der object. */
publ i c Cooki eOrder(String variety, int nunmBoxes)
{ /* implementation not shown */ }

[** @ eturn thevariety of cookie being ordered
*/

public String getVariety()

{ I* implementation not shown */ '}

[** @ et urn thenumber of boxes being ordered
*/

public int get NunmBoxes()

{ I'* implementation not shown */ }

/1 There may be instance variables, constructors, and methods that are not shown.
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The Mast er Or der classmaintains alist of the cookiesto be purchased. The declaration of the
Mast er Or der classis shown below.

public class Master O der
{

/ ** Thelist of all cookie orders */
private List<CookieOrder> orders;

[ ** Constructsanew Mast er Or der object. */
public Master O der()
{ orders = new Arrayli st <Cooki eOrder>(); }

/** Adds t heOrder tothe master order.

*  @aram t heOr der the cookie order to add to the master order
*/

public voi d addOr der ( Cooki eOr der theOrder)

{ orders.add(theOrder); }

[** @ eturn thesum of the number of boxes of all of the cookie orders
*/

public int getTotal Boxes()

{ [I* tobeimplementedinpart(a) */ }

/ ** Removes al cookie orders from the master order that have the same variety of
*  cookieas cooki eVar and returnsthe total number of boxes that were removed.
*  @ar am cooki eVar thevariety of cookiesto remove from the master order
* @ eturn thetotal number of boxes of cooki eVar inthe cookie orders removed
*/
public int renpoveVariety(String cookieVar)
{ /* tobeimplementedinpart(b) */ }

/1 There may be instance variables, constructors, and methods that are not shown.

(@ The get Tot al Boxes method computes and returns the sum of the number of boxes of all cookie orders.
If there are no cookie orders in the master order, the method returns O.

Complete method get Tot al Boxes below.

[** @ et urn thesum of the number of boxes of all of the cookie orders
*/
public int getTotal Boxes()
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(b) The renoveVari ety method updates the master order by removing al of the cookie ordersin which the
variety of cookie matches the parameter cooki eVar . The master order may contain zero or more cookie
orders with the same variety as cooki eVar . The method returns the total number of boxes removed from
the master order.

For example, consider the following code segment.

Mast er Or der goodi es = new Master Order();

goodi es. addOr der ( new Cooki eOrder (" Chocol ate Chi p", 1));
goodi es. addOr der (new Cooki eOr der (" Short bread", 5));
goodi es. addOr der (new Cooki eOr der (" Macar oon", 2));

goodi es. addOr der (new Cooki eOr der (" Chocol ate Chi p", 3));

After the code segment has executed, the contents of the master order are as shown in the following table.

"Chocolate Chip" "Shortbread" "Macaroon" "Chocolate Chip"
1 5 2 3

The method call goodi es. renpveVari et y(" Chocol ate Chi p") returns4 because there were
two Chocolate Chip cookie orders totaling 4 boxes. The master order is modified as shown below.

"Shortbread" "Macaroon"
5 2

The method call goodi es. renoveVari et y(" Browni e") returns 0 and does not change the master
order.

Complete method r enoveVari ety below.

[ ** Removes al cookie orders from the master order that have the same variety of
*  cookieas cooki eVar and returnsthe total number of boxes that were removed.
*  @ar am cooki eVar thevariety of cookiesto remove from the master order
*  @eturn thetotal number of boxesof cooki eVar inthecookie orders removed
*/
public int renoveVariety(String cookieVar)
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2. An APLi ne isaline defined by the equation ax + by + ¢ = 0, where aiis not equal to zero, b isnot equal to

zero, and a, b, and c are all integers. The slope of an APLi ne isdefined to bethe doubl e value —a/b. A
point (represented by integersx andy) ison an APLi ne if the equation of the APLi ne issatisfied when
those x and y values are substituted into the equation. That is, a point represented by x and y ison the line if

ax + by + ¢ isequal to 0. Examples of two APLi ne equations are shown in the following table.

Equation Slope (—a/b) Ispoaint (5, -2) on theline?
5x+4y-17=0 -5/4=-125 Yes, because 5(5) + 4(-2) + (-17) =0
-25x+40y+30=0 25/40=0.625 No, because -25(5) + 40(-2) + 30 # 0

Assume that the following code segment appearsin aclass other than APLi ne. The code segment shows an
example of using the APLi ne classto represent the two equations shown in the table.

APLi ne Iinel = new APLi ne(5, 4, -17);
doubl e sl opel = |inel. get Sl ope(); /1 sl opel isassigned - 1. 25
bool ean onLinel = linel.isOnLine(5, -2); // true because5(5) +4(-2) + (-17) =0

APLi ne |ine2 = new APLi ne(-25, 40, 30);
doubl e sl ope2 = |ine2. get Sl ope(); /1 sl ope2 isassigned 0. 625
bool ean onLine2 = |line2.isOnLine(5, -2); // fal se because-25(5) +40(-2) +30£0

Writethe APLi ne class. Y our implementation must include a constructor that has three integer parameters
that represent a, b, and ¢, in that order. Y ou may assume that the values of the parameters representing a and b
are not zero. It must also include amethod get Sl ope that calculates and returns the slope of the line, and a
method i sOnLi ne that returns t r ue if the point represented by its two parameters (x and y, inthat
order) isonthe APLi ne andreturns f al se otherwise. Y our class must produce the indicated results when
invoked by the code segment given above. Y ou may ignore any issues related to integer overflow.
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3. A hiking trail has elevation markers posted at regular intervals along the trail. Elevation information about a trail
can be stored in an array, where each element in the array represents the elevation at a marker. The elevation at
the first marker will be stored at array index 0, the elevation at the second marker will be stored at array index 1,
and so forth. Elevations between markers are ignored in this question. The graph below shows an example of

trail elevations.

TRAIL ELEVATION
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The table below contains the data represented in the graph.

Trail Elevation (meters)

Index

1 2 3 4 5 6 7 8

10

11

12

Elevation

100

150 | 105 | 120 | 90 | 80 | 50 | 75 | 75

70

80

90

100
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The declaration of the Tr ai | classis shown below. Y ou will write two unrelated methods of the Tr ai |
class.

public class Trail

{
/ ** Representation of thetrail. The number of markers on thetrail is mar kers. | ength. */
private int[] markers;

[ ** Determinesif atrail segment islevel. A trail segment is defined by a starting marker,
*  an ending marker, and all markers between those two markers.

* A trail segment islevel if it has a difference between the maximum elevation

* and minimum elevation that is less than or equal to 10 meters.

*  (@aram start theindex of the starting marker

*  @aram end theindex of the ending marker

* Precondition: 0 <= start < end <= markers.length - 1
*  @eturn true if the difference between the maximum and minimum

* elevation on this segment of thetrail islessthan or equal to 10 meters;
* fal se otherwise.

*/

public bool ean isLevel Trail Segnent (int start, int end)
{ [I* tobeimplementedinpart(a) */ }

[ ** Determinesif thistrail israted difficult. A trail israted by counting the number of changesin
*  gevation that are at least 30 meters (up or down) between two consecutive markers. A trail
*  with 3 or more such changesis rated difficult.
* @eturn true ifthetral israted difficult; fal se otherwise.
*/
public bool ean isDifficult()
{ [I* tobeimplementedinpart(b) */ }

/1 There may be instance variables, constructors, and methods that are not shown.

(@) Writethe Trai |l method i sLevel Trai | Segnment . A trail segment is defined by a starting marker,
an ending marker, and all markers between those two markers. The parameters of the method are the index
of the starting marker and the index of the ending marker. The method will return t r ue if the difference
between the maximum elevation and the minimum elevation in the trail segment isless than or equal to
10 meters.

For the trail shown at the beginning of the question, the trail segment starting at marker 7 and ending at
marker 10 has elevations ranging between 70 and 80 meters. Because the difference between 80 and 70 is
equal to 10, the trail segment is considered level.

Thetrail segment starting at marker 2 and ending at marker 12 has elevations ranging between 50 and
120 meters. Because the difference between 120 and 50 is greater than 10, this trail segment is not
considered level.
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Complete method i sLevel Trai | Segnent below.

/ ** Determinesif atrail ssgment islevel. A trail segment is defined by a starting marker,
* an ending marker, and all markers between those two markers.

* A trail segment islevel if it has a difference between the maximum elevation

* and minimum elevation that is less than or equal to 10 meters.

*  (@aram start theindex of the starting marker

*  @aram end theindex of the ending marker

* Precondition: 0 <= start < end <= markers.length - 1
*  @eturn true if the difference between the maximum and minimum

* elevation on this segment of the trail isless than or equal to 10 meters;
* fal se otherwise.

*/

publ i c bool ean isLevel Trail Segment (int start, int end)

(b) Writethe Trail method i sDi fficult. A tralisrated by counting the number of changesin
elevation that are at least 30 meters (up or down) between two consecutive markers. A trail with 3 or more
such changes is rated difficult. The following table showstrail elevation data and the elevation changes
between consecutive trail markers.

Trail Elevation (meters)

Index 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12

Elevation 100 | 150 | 105 | 120 | 90 | 80 | 50 | 75 | 75 | 70 | 80 | 90 | 100
\/ N/ N[ N[ N/ N[ N N[ N NN\

Elevationchange 50 -45 15 -30 -10 -30 25 0 -5 10 10 10

Thistrail is rated difficult because it has 4 changesin elevation that are 30 meters or more (between markers
0 and 1, between markers 1 and 2, between markers 3 and 4, and between markers 5 and 6).

Complete method i sDi fficult below.

[ ** Determinesif thistrail is difficult. A trail israted by counting the number of changesin
*  eglevation that are at least 30 meters (up or down) between two consecutive markers. A trail
*  with 3 or more such changes is rated difficult.
*  @eturn true ifthetrail israted difficult; f al se otherwise.
*/
public boolean isDifficult()
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4. This question involves reasoning about the GridWorld case study. Reference materials are provided in the
Appendix.

In this question, you will write two unrelated methods of the Gri dChecker classthat will process a
BoundedGri d<Act or > object. Recall that the BoundedG i d classimplementsthe Gri d interface.
Also note that the methodsinthe Gri d interface that return an array list will return an empty array list when
no objects meet the return criteria.

The declaration of the Gri dChecker classisshown below.

public class GidChecker

{

[ **  Thegrid to check; guaranteed never tobe nul | */
private BoundedG i d<Actor> gr;

[** @eturn an Actor inthegrid gr withthemost neighbors, nul | if no actorsin thegrid.
*/

public Actor actor WthMst Nei ghbors()

{ [I* tobeimplementedinpart(a) */ }

/ ** Returnsalist of al occupied locationsinthegrid gr that are within 2 rows
* and 2 columnsof | oc. The object referencesin the returned list may appear in any order.
*  @aram | oc avalidlocationinthegrid gr
*  @eturn alistof al occupied locationsinthe grid gr that are within 2 rows
* and 2 columnsof | oc.
*/
public List<Location> getCccupi edWthi nTwo(Location | oc)
{ [I* tobeimplementedinpart(b) */ }

/I There may beinstance variables, constructors, and methods that are not shown.
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(@ Themethod act or Wt hMost Nei ghbor s returnsan Act or inthegrid gr that has the most
neighbors. A neighbor of a given actor is another actor that occupies any of the given actor's 8 adjacent
locations. Consider the following examples.

Example 1 Example 2 Example 3
0O 1 2 3 4 0O 1 2 3 4 0O 1 2 3 4
0 0 0
1 1 . 1 #
2| . 2 |$E W i
3 3 3
4 4 4

In Example 1, the method act or Wt hMost Nei ghbor s will returnthe Act or (inthiscaseabug)in
location (2, 2). In Example 2, there arethree Act or objects that have the same largest number of
neighbors—the rock in location (1, 1), the critter in location (2, 1), and the bug in location (2, 2). In this
case, any one of thosethree Act or objects may be returned. Similarly, either of the Act or objects
shown in Example 3 could be returned. If thereareno Act or objectsin the grid, the method returns

nul | .

Complete method act or Wt hiMost Nei ghbor s below.

[** @eturn an Actor inthegrid gr withthemost neighbors;, nul | if no actorsin the grid.
*/
public Actor actorWthMst Nei ghbors()
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(b) Themethod get OCccupi edW t hi nTwo returnsalist containing all occupied locationsin the grid gr
that are within 2 rows and 2 columns of the parameter | oc. Thelocation | oc isnotincludedinthe
returned list, even if that location is occupied. The object referencesin the returned list may appear in any
order. The shaded area in the following diagram shows the group of locations that are within 2 rows and 2

columns of the location labeled X.

01 2 3 4 5
N,

2 &
3

4 X
5

0 1 2 3 4 5

AN N R W = O
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The table below shows the results of several callsto the method get Cccupi edW t hi nTwo.

| oc get Occupi edW t hi nTwo( | oc)
(1, 1) [(0, 0), (3, 2), (3, 3)]
(0, 0) An empty list is returned.
(3, 3) [(3, 2), (5 4)]
(5, 4) [(3, 2), (3, 3), (5 6)]
(5, 6) [(5, 4)]

Complete method get Cccupi edW t hi nTwo below.

/** Returnsalist of al occupied locationsinthegrid gr that are within 2 rows
* and 2 columnsof | oc. Theobject referencesin the returned list may appear in any order.
*  @aram | oc avadlidlocationinthegrid gr
* @eturn alistof al occupied locationsin thegrid gr that are within 2 rows
* and 2 columnsof | oc.
*/
public List<Location> getCccupi edWthi nTwo(Location |oc)

STOP

END OF EXAM

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.

-12-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 false
  /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 false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /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 (None)
  /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


