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*xx NOTICE ***

HEWLETT-PACKARD COMPANY MAKES NO WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING WITHOUT LIMITATION THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE,
REGARDING THE SOFTWARE OR TECHNICAL INFORMATION. HEWLETT-
PACKARD COMPANY DOES NOT WARRANT, GUARANTEE OR MAKE ANY
REPRESENTATIONS REGARDING THE USE OR THE RESULTS OF THE USE
OF THE SOFTWARE OR TECHNICAL INFORMATION IN TERMS OF ITS
CORRECTNESS, ACCURACY, RELIABILITY, CURRENTNESS, OR OTHERWISE.
THE ENTIRE RISK ASTO THE RESULTS AND PERFORMANCE OF THE
SOFTWARE OR TECHNICAL INFORMATION ISASSUMED BY YOU. The
exclusion of implied warranties is not permitted by some jurisdictions. The above
exclusion may not apply to you.

IN NO EVENT WILL HEWLETT-PACKARD COMPANY BE LIABLETO YOU
FOR ANY CONSEQUENTIAL, INCIDENTAL OR INDIRECT DAMAGES
(INCLUDING DAMAGES FOR LOSS OF BUSINESS PROFITS, BUSINESS
INTERRUPTION, LOSS OF BUSINESS INFORMATION AND THE LIKE)
ARISING OUT OF THE USE OR INABILITY TO USE THE SOFTWARE OR
TECHNICAL INFORMATION EVEN IF HEWLETT-PACKARD HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. Because some jurisdictions
do not allow the exclusion or limitation of liability for consequential or incidental
damages, the above limitations may not apply to you. Hewlett-Packard liability to you
for actual damages from any cause whatsoever, and regardless of the form of the action
(whether in contract, tort including negligence, product liability or otherwise), will be
limited to US $50.

Copyright O 1995 Hewlett-Packard Company. All rights reserved.
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Overview Introduction

1.0 Introduction

Devices supporting PCL XL produce text and graphics pages. The vehicle
by which a page imaging task is submitted to a PCL XL device isthrough
the PCL XL Imaging Protocol.

The PCL XL imaging protocol is a set of imaging operators for
communicating el ectronic images from one device to another. The
imaging protocol may be communicated anong devices viatraditional byte streams or other
communication mechanisms such as remote procedure calls. Devices that use PCL XL for
imaging pages may include printers, fax machines, copiers, software on-screen viewers, etc.

Thisis an introduction to PCL XL imaging protocol concepts. All PCL XL devices conform to
the general concepts outlined in this section.

1.1 Glossary

The following is atable of definitions to help understand the terminology used in
this section.

Imaging Device operators that mark the page (i.e. drawing aline) or affect the nature of
Operators marking (i.e. setting color, setting line width, etc.).

Intelligent An intelligent printer accepts page descriptions in the form of lines, character codes,
Printer etc. Thisformiscalled “symbolic” form. Each symbol isrendered into bits at
device-resolution inside the printer. Intelligent printers perform very well for
mainstream documents in high page-per-minute, color, and shared environments.

Raster Symbols destined for the page that are pixel-oriented, such as scanned images, art
Graphics from the Windows Paintbrush package, etc.

Vector Symbols destined for the page that are line-oriented, such as straight lines,
Graphics rectangles, circles, etc.

1.2 Imaging Model

The foundation of any text and graphics imaging device isits imaging model. An
imaging model defines a class of operators with which graphical objects are painted
on apage or display. The model also defines each tool's attributes and capabilities.

Graphical User Interface environments such as Microsoft-Windows, OS/2, X-
Windows (Matif), and Macintosh each have well-defined imaging models embodied in the
capabilities of their individual graphics device interfaces. The speed and accuracy with which an
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application or driver in these environments may image an arbitrary page is often dependent on the
existence of matching imaging capabilities in the target imaging device.

PCL XL imaging operations are based on an imaging model that matches today’ s graphical user
interface (GUI) environments and is built to be extendible for the future. This section provides an
introduction to the PCL XL imaging model and related key concepts.

1.3 Streams

Certain devices such as printers and fax machines accept a sequence of bytes over a
network, parallel or seria port to describe a unit of imaging work to be performed.
PCL XL imaging is accomplished on byte-oriented devices through an encapsulated
sequence of operations called astream. A PCL XL stream is a self-describing
object that contains a sequence of bytes that may instruct PCL XL to image
anything from a simple graphical object (e.g. astring of text, an ellipse, or alogo) to entire
documents. For example,

A stream may instruct a PCL XL device to draw one or more of the following:
A piece of clip-art
A form
A watermark
A signature
An entire page or entire document
A series of Documents

The overall set of text, vector, and raster imaging operators available to PCL XL streams provide
the fastest and most efficient methods of imaging pages in a given Hewlett-Packard printing or
viewing device. The format of streams will be described later in this document.

All streams belong to a specific protocol class. The protocol class specifies the operations and
capability of the operators in the stream and the set of operators that are allowed during a session
inside that stream. The protocol class and revision number for the class are defined in the stream
header, preceding the stream body containing PCL XL operators and data.

Each protocol classis defined according to capabilities required for specific device types (i.e.
raster-only printers, intelligent printers, fax machines, etc.). For example, there may be a protocol
classfor low-cost (i.e. raster-only) printers that contains fewer capabilities and is less expensive to
implement than a protocol class for a high-volume printing devices with collators and staplers.

Each protocol class places boundaries on the imaging operations and behavior of the device
during the session. Some PCL XL devices may be designed to accept multiple protocol classes.
For example, one could envision a high-volume printer accepting a redirected stream from afax
machine or a stream produced by a scanner.
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In a PCL XL device where the operator usage is via programming language APIs or remote
procedure calls, the protocol classisimplied by the set of PCL XL function calls available to the
user.

For more information regarding PCL XL operator streams, see the section entitled “User-
Defined Streams.”
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1.4 Sessions

wseartvour session is the context in which a user interacts with a PCL XL device.
ﬁ Graphics 1 he user instructs PCL XL to begin anew session to start imaging on the
Engine!”  device. The user may only cause imaging to occur on a PCL XL device
during an active session.

Figure 1-1 shows the relationship between sessions and page descriptions. The user may only
describe pages between the time a session begins and ends. The concept of a PCL XL session
may differ from the traditional concept of ajob. A jobisahigh-leve printing environment
concept usually intertwined with spooling systems. A session isaPCL XL-specific environment
the user sets up to image a collection of pages. The user may wish to alter the session
environment during atraditional job. A stream within ajob may contain more than one session
for certain classes of devices.

Begin Page Page End
seemin)— | pescipion) | pssenon | sessr

Figure 1-1. Relationship Between Sessions and Page Operations.

User interactions during a session are typically from the user to the device (i.e. all graphics
imaging operations). Interactions may also be initiated from the device to the user for error

reporting.

The operator to start a session has both required and optional attributes. PCL XL devices
require a user resolution attribute to be set when a new session is started. This attribute identifies
the coordinate system units in which the user prefers to describe pages during the session (i.e. 600
units-per-inch). The user units resolution for a session may be different from the internal device
resolution. Thisis because the coordinate system of the session is device-independent. See the
Coordinate System and CTM sections below.

1.5 Pages
N A page inaPCL XL deviceis a surface upon which painting operations may
Memo to HP: be performed. This surface is an abstraction of the physical media (printed

Your Products Are page or display) upon which objects are painted. The user must begin a new
Great page before any painting operations may begin. Page imaging operations may
Sincerely, paint text, vector, and raster objects on a physical page.

Yourustomers Pages have attributes that define and affect the real page received or viewed by
aperson. For example, the size, type, source, and destination for the physical
page media are attributes that may be associated with a page.
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1.6  User Coordinate System

N
T
A g

we e a which graphical objects are placed and painted.

S

specified as follows:

Theorigin (x =0,y = 0) isthe “physical” upper left hand corner of page

The x coordinate increases horizontally from left to right
They coordinate increases vertically from top to bottom
The default scale of the x and y axisis set according to the session resolution attribute
given by the user when the session begins

v x=0, y=0

e
increasing X

increasing Y

N

Figure 1-3. User Coordinate System Defaults for a Page

PCL XL devices have atwo-dimensional user coordinate system to specify the location

The user coordinate system defaults are illustrated in Figure 1-3. These defaults are
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1.7 Coordinate Transformation Matrix

USER COORDINATES The component used to map user coordinate space to the page surface
.4 coordinate space is called a coordinate transformation matrix (CTM). The

oy User may manipulate valuesin the CTM to transform the way in which text,
vector objects, and raster bits are painted on the page surface.

3 Initialy, the CTM is set such that the origin of a page is the top left corner.
PEVICE COORPINATES - Eigure 1-4 illustrates a case where the user has changed the CTM to trandate
the user origin to 4 inches to the right of the origina origin and 5 inches down from the original
origin. On theright of Figure 1-4, clip-art now painted at user coordinates of x =0, y = 0 will be
printed on the physical page at 4 inches to the right and 5 inches down from the original origin.

5 inches
; Y. new
4 inch &5y
inches X=0, y=0
clip-art painted
at new user origin

Figure 1-4. Changing the User Coordinate System by Modifying the CTM.

Setting the session user resolution attribute also uses the CTM to accomplish device-
independence. For example, the user may prefer to work in 72 units-per-inch coordinates on a
device that happens to be 600 pixels-per-inch internally. The user may accomplish this by setting
the user resolution attribute to 72 units-per-inch for the session. Asin this and every case the
CTM takes care of trandating all the user coordinates (e.g. 72 units-per-inch) to the interna
device coordinates (e.g. 600 units-per-inch). The user may work during the entire session in 72
units-per-inch space and automatically achieve the device-best resolution on the page for lines
edges, text, and raster objects. A driver or application with specific knowledge of a device may
set the user session resolution to the device' s internal resolution to achieve the best possible
performance.
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g Nearly every business application has the need to print or display vector
% regions that are comprised of one or more arbitrary lines and/or curves. Vector
é regions are described using paths. Paths are used to define both arbitrary

g vector regions and common regions like circles and rectangles.

A Path Description A Painted Path
Figure 1-5. A Path Description (left) and a Painted Path (right).

The dashed-line symbol on the left in Figure 1-5 depicts a path description of a vector region.
Through the PCL XL imaging protocol, the user describes a series of lines, arcs, and/or beziersto
form apath. Paths are not visible on a physical page or display unless they are painted.

The symbol on the right in Figure 1-5 depicts a painted path where a brush was defined to fill the
path with a pattern. When a path is painted, the device takes the line and curve descriptions of
the path and fills inside the path with user-selected paint and/or strokes paint along the center of
the edges of the path.

Filling and outlining is controlled by pen and brush settings in the current graphics state (pens,
brushes and the graphics state are introduced in later sections). The lines, arcs, and beziers in the
path may be connected end-to-end or they may be arbitrarily disconnected.

Connected sets of lines and curves form asub-path. A path contains one or more sub-paths.
Paths provide a very efficient way to accurately describe any vector region on a page.
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1.9 Clip Paths

In addition to drawing, a path is used to define the current clip path. Clip
paths allow the application or driver to constrain areas in which marks
may be placed on a page for vector, text, and raster objects. All painting
operations are confined to the inside region(s) defined by the current clip
path.

Figure 1-6 depicts how defining a clip path affects painting operations. In this case, a rectangular
clipping region is defined by a path. After the clip path is defined, a star object is painted to the
page near the origin. The only elements of the star actually painted on the page are those lying
within the clip path. The clip path may be formed from any combination of lines and curves.
Flexible clip path definition allows the driver or application to efficiently image complex graphics
without using expensive bit-mapped operations like ROPs.

<

rectangular clipping star painted with
path defined active rectangular
clipping path

Figure 1-6. Effect of a Clip Path on Painting Operations.
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1.10 Bitmaps

Bitmaps are rectangular raster regions and include scanned images. Bitmaps may
be single- or multi-bit-per-pixel, including color and contone formats and do not
have to be presented at device-resolution. Bitmaps may be scaled and half-toned
inaPCL XL device.

Size Submitted by User
@ 4 bits-per-pixel Desired Size
72 pixels-per-inch On Page @
600 pixels-per-inch

Figure 1-7. Device Half-toning and Scaling of Raster (Scanned) Images

Figure 1-7 depicts an example where a 72 pixels-per-inch image is submitted to a 600 pixels-per-
inch PCL XL device. Assume the user also wants the image to be enlarged to fit the desired area
on the physical page. Two things must happen in the device: (1) the image must be scaled-up to
fit alarger area on the page and (2) the image must be halftoned to simulate continuous levels of
gray on the device. Image scaling and halftoning in a device alows bitmap images that are
different size and resolution in their original form to be scaled to the appropriate size with good
visual quality. Scaling bitmaps in a device, independent from the user, off-loads unnecessary
work from the user's processor by freeing-up the user’s processor and I/O channels for other
useful work than scaling and half-toning the image. Allowing the device to scale and halftone
bitmap images assures device-best print quality for the image.
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1.11 Pens

ﬂ A pen may be defined for stroking paint along a path object to achieve an
d outlining effect. When a paint operation isinvoked for paths, the edges are
w stroked with the paint source associated with the current pen (see the Paint

Sources section).

Figure 1-8 depicts the results of painting a path object with the pen set to a moderately wide line
width and a black paint source.

Path Description Path Stroked with a Pen
Figure 1-8. Outlining an Object with the Current Pen

The following is a summary of the key concepts behind pens:
There is one pen defined to outline both vector and text objects

The color or pattern stroked along the edges of the object depends upon the paint source
currently associated with the pen (paint sources are described below)

If the pen is not associated with a paint source when an object is painted, no outlining is
performed

The current path is not destroyed when outlined, allowing the path be reused for later
filling operations

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 17 BLD 4600




PCL XL Feature Reference —a

Overview Introduction

1.12 Brushes

Brushes may be defined for filling paint within the edges of path objects or text.
Brushes are also used to color raster images. When a paint operation is invoked
on paths or text, the region inside the edges of the object are brushed with the
paint source associated with the active brush (see Paint Sources section).

Figure 1-9 depicts the results of filling a path object with the brush set to a diagonal pattern paint
source. Note that in this example no pen was defined to stroke the edges of the object.

Path Description Filled Path
Figure 1-9. Filling Inside an Object’s Edges with the Current Brush

The following is a summary of the key concepts behind brushes:

There is one brush defined to fill both vector, text, and color raster objects

The color or pattern filled or colored within the object depends upon the paint source
currently associated with the brush

If the brush is not associated with a paint source when an object is painted, no filling is
performed

The current path is not destroyed when filled, allowing the path be reused for later
stroking operations

1.13 Fonts

A PCL XL device adlows the user to place characters of afont anywhere on the
page. The actual font technology available in the device (TrueType, Bitmap, etc.)
B i to render each character isimplementation-dependent. Each character is treated
as an independent graphical object. Each character is placed at the current cursor

location prior to painting. The current cursor location is defined or changed by
graphics state operations, path construction operations, and/or intermediate text placement
operations.

PCL XL imaging protocol alows one or more characters to be placed on the page in asingle text
operator. Thefirst character is placed at the current cursor. The remaining charactersin a multi-
character operation are placed at corresponding escapements (character spacings) provided by a
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parameter to the text operator. Each escapement for a character tells PCL XL where the current
cursor should be relocated for placement of the next character in succession.

Character sizes are always specified in user units. Painted characters are scaled and rotated
according to page coordinate transformation matrix (CTM) manipulations by the user. Characters
may aso be rotated, scaled, and sheared in an additive manner to the current page CTM by setting
a separate character CTM. Painting direction of characters may also be specified for international
fonts. 8- and 16-bit character codes are supported.

1.14 Paint Sources

A paint source defines the color or graphical pattern used to paint a vector or text

object. A paint source associated with a pen is the source of a color object or pattern

LISl for astroking operation. A paint source associated with a brush is the source of a color
object or pattern for afilling or raster-coloring operation.

1.14.1 Color Objects

Color objects are conceptually asingle color in a specific color space (i.e. RGB,
@ Gray, etc.). InaPCL XL device, color objects are single values or an ordered set of
)

values that map to a specific color in the current color space. These values may be
Color Object  @sSociated with a pen or brush to define the color with which a graphical object is
painted.

The components of a color object must be compatible with the current (active) color space. For
example, a color object intended for use in an RGB color space, must contain three ordered
components, each representing ared, green, and blue intensity value. In an RGB color space, a
color object with the ordered values O, 0.9, 0 would produce green when used as a paint source.
Color objects may also represent gray-scaled and mono-toned colors.

A user-defined mapping into a color space may aso be constructed using palettes. The method
and use of palettes will be discussed later in this document.

1.14.2 Raster Patterns

Raster patterns are rectangular NxM source pixel regions used for constructing

primitive patterns. The pattern may be specified as a device-independent bitmap.

However, the user must know the internal resolution of the target device to

understand what the displayed output quality of the raster pattern will be. Once
created, raster patterns may be associated with apen or abrush. A raster pattern used to fill a
graphical object is associated with a brush and tiled across the object inside the edges. Asraster
pattern associated with a pen is stroked along the edges of a path object. Raster patterns are
provided for compatibility with graphical user interface environments such as Windows 3.1,
Windows 95, and OS/2.
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1.15 Raster Operations

10000001 Some protocol classes allow raster operations (ROPs). ROPs are set to
OR 10101110 Cause bit-wise operations (AND, OR, XOR, & NOT) on painted graphical
_ ————==—objectsin conjunction with the images already on the page and the paint
= 10101111 source. A protocol class that supports ROPs supports at least all standard
ROP3 operations. ROPs are particularly useful for applications not supporting paths and clipping
to achieve WY SIWY G for complex graphics effects. However, the document description size
and overhead of ROP operations is often large compared to using paths and clipping and should
be avoided when possible.

1.16 Graphics State

g All painting operationsin PCL XL rely on settings of state attributes related to
@ ? painting operations. The object containing state attributes for al painting
Jo @ operationsis caled the graphics state.

BrusH PAINT  Graphics state attributes are set by the user to obtain a specific result during

SOURCE=RED  painting. For example, the graphics state contains the current paint source
(color) associated with the brush. When an object is painted, the device retrieves the brush’s
current paint source from the graphics state. 1f the brush is associated with a valid paint source
the device fills the object with the corresponding color or pattern specified. Graphics state
attributes and behavior will be explained further in this document.
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2.0 PCL XL Operators and Attributes

2.1  Protocol Operators

The PCL XL imaging protocol is specifically designed to have a minimum number of operators
for ease-of-use, efficiency, and best performance. The protocol design alows an operator to be
used with various data types and a variable number of parameters during the imaging session.

A simple example of thistype of flexibility isthe plus (“+”) operator in programming languages.
The plus operator may be used to add two integer numbers one timeiit is used and two fractional
numbers in another use case. The operator is aways known to the user as plus (“+”) even though
different data types may be used. This principle of operator parameter flexibility is called
“operator overloading” in programming languages and “polymorphism” in object-oriented
systems. All PCL XL operators employ this re-use principle.

All operators create, modify, or paint PCL XL protocol objects. Examples of protocol objects are
sessions, pages, the current path, bitmap images, and characters. Values associated operators are
used to set a protocol object’s attributes.

Specific examples of attribute values are the placement points for an elipse and the mediasize
selection for apage. The mechanism by which the imaging protocol attains reuse of operatorsis
the attribute-list. Every operator requiring parameters supplied by the user obtains the data from
an attribute-list.

An attribute-list contains a set of one or more attribute/value pairs. Each pair in the list contains
an attribute identifier and a set of one or more values for the attribute. Below are examples of
attribute/value pairs:

2-1(a) 600 600 1300 2500 BoundingBox
(attribute value) (attribute id)

2-1(b) eLetterPaper MediaSize
(attribute value) (attribute id)
ePortraitOrientation Orientation
(attribute value) (attribute id)

Figure 2-1. Attribute/Value Pairs.

Three attribute/value pairs are shown in Figure 2-1. An operator knows the valid data type(s) and
number of values expected in each value-set by the attribute identifier. The attribute identifiersin
Figure 2-1 are represented by a name. The actual attribute identifier is a unique number from a set
of attribute identifiers defined for the protocol.

Attribute lists may hold one or more attribute/value pairs. Many operators need only one
attribute/value pair each time they are executed such as the attribute/value pair in Figure 2-1(a).

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 21 BLD 4600




PCL XL Feature Reference —a

Overview PCL XL Operators and Attributes

This attribute/value pair is used to define a bounding box with two points (two X, y values). In
this case, the bounding box could be used to define the size of an ellipse. Fixed-length, single
atribute/value pairs are preferred in seria byte streams to minimize data overhead.

Variable-length attribute lists are used when the exact number and type of attributes required are
not predictable. Figure 2-1(b) is an example where the number of attribute/value pairs for the
corresponding operator may be variable. One or both of these two attribute/value pairs may
provided with an operator like BeginPage to start a new page description. The type and number
of attribute/value pairs needed to setup a new page may differ based on user requirements and are
therefore variable. The valid construction of an attribute list from attribute-value pairsis
discussed later in this document.

When an operator isto be executed, a specific attribute list is associated with the operator. The
method of association is implementation-specific. For example, if the device interface is a seria
byte-stream, the attribute list may simply be data preceding the operator. If the imaging protocol
is communicated to the device via a programming-language API, the attribute list may be a
parameter in afunction call.

The attribute list mechanism allows the protocol to be easily extended (or reduced) for each target
imaging environment. Attribute lists smplify the device protocol interface (parsers and function-
based APIs) and enhance error checking prior to operator execution.

The specific operation and behavior of al PCL XL imaging protocol operatorsis found in this
volume.

2.2 Simple Operator Examples

This example shows how to paint an ellipse that fits to a one-inch square bounding-box (600 user-
units-per-inch assumed):

Step 1: Build Attribute List
600 600 1200 1200 BoundingBox // defines a one-inch square bounding box
/[ attribute id with the corresponding values

Step 2: Perform the Operation
Ellipse // defines an ellipse path and paintsit
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2.2 Simple Operator Examples (continued)

The following PCL XL sample session paints a single two-inch line on a page:

elnch Measure /I attribute: basic measure for the session isinches
600 600 UnitsPerMeasure /I attribute: 600 unitsin both X and Y direction
BeginSession Il operator: begin the imaging session

ePortraitOrientation Orientation  // attribute: page orientation is portrait

eLetterPaper MediaSize /I attribute: size of mediafor page is letter
BeginPage Il operator: begin the page description

1200 800 Point /[ attribute: point a which to set the current cursor
SetCursor /I operator: set the cursor

2400 800 EndPoint /I attribute: endpoint of a2 inch line

LinePath /I operator: add the line to the current path
PaintPath Il operator: paint the current path

EndPage Il operator: end the page description

EndSession /Il operator: end the imaging session

The attribute values that begin with “€’ such as“elnch” are actually names for enumerated integer
values. For example, elnch is aname for the value O for the Measure attribute. Values that
correspond to enumerated names are listed in Appendix G.
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2.3  Legal Protocol Operator Sequences

The legal sequence in which PCL XL operators may be executed is specified here in amodified.
Backus-Naur form (BNF). Specifics of this modified BNF are explained in the appendix. Further
operator sequencing constraints are described by the pre- and post-conditionsin individual
operator descriptions found later in this document. The operator sequencing isidentical for al
PCL XL implementations of a protocol class regardless of actual protocol implementation. Non-
terminals start with alower-case letter and are bold. Terminals start with an upper-case letter and
represent operators. The actual operator association with the attribute list is implementation-
gpecific. The productions for attributeList are listed in section 2.3.

session ::={ attributeList BeginSession { sessionOperations} o+ attributeL ist EndSession }
sessionOperations ::={ pageDef | userControlOperation }
pageDef ::={ attributeList BeginPage {imagingOperation} o+ attributeList EndPage }
userControlOperation ::={ {attributeList Comment} |
dataSourceOperation | fontControlOperation | streamDef | attributeList ExecStream }
imagingOperation ::={ graphicsStateOperation | paintOperation |
rasterPatternDef | userControlOperation }
dataSourceOperation ::={ {attributeList OpenDataSource} |
{attributeList CloseDataSource} }
fontControlOperation ::= { fontHeaderDef | charDef | { attributeList RemoveFont} }
streamDef ::= { {attributeList BeginStream} {attributeList ReadStream} 1+
{attributeList EndStream} }
graphicsStateOperation ::= attributeList { PushGS | PopGS | SetBrushSource | SetCharAngle |
SetCharScale | SetCharShear | SetCliplntersect | SetClipMode | SetClipRectangle |
SetClipReplace | SetClipToPage | SetColorSpace | SetCursor | SetCursorRél |
SetHalftoneMethod | SetFillMode | SetFont | SetLineCap | SetLineDash | SetLineJoin |
SetMiterLimit | SetPageDefaultCTM | SetPageOrigin | SetPageRotation | SetPageScale |
SetPathToClip | SetPaintTxMode | SetPenSource | SetPenWidth | SetROP |
SetSourceTxMode}
paintOperation :: = { imagePaintOperation | pathOperation | scanOperation |
{attributeList Text}{attributeList TextPath}}
rasterPatternDef ::= { {attributeList BeginRastPattern} {attributeList ReadRastPattern} 1+
{attributeList EndRastPattern} }
charDef ::= { {attributeList BeginChar} {attributeList ReadChar} 1+
{attributeList EndChar} }
fontHeaderDef ::= { {attributeList BeginFontHeader} {attributeL ist ReadFontHeader} 1+
{attributeList EndFontHeader} }
pathOperation ::= attributeList { ArcPath | BezierPath | BezierRelPath | Chord | ChordPath |
CloseSubPath | Ellipse | EllipsePath | LinePath | LineRelPath | NewPath | PaintPath | Pie |
PiePath | Rectangle | RectanglePath | RoundRectangle | RoundRectanglePath }
imagePaintOperation ::={ {attributeList Beginimage} {attributeL ist Readlmage} 1+
{attributeList Endimage} }
scanOperation ::={ {attributeList BeginScan} {attributeList ScanLineRel } 1+
{attributeList EndScan} }
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2.4  Attribute List Specification Format

This section describes the legal format for operator attribute lists. The format is presented in
modified Backus-Naur form (BNF) which is explained in the appendix of this document. The

attribute list format is identical for all imaging protocol implementations whether the list is applied

in a byte stream or the list is passed as a parameter to a programming language function. All

attribute lists are stored and retrieved with alast-in, first-out mechanism (a stack). The right-most
attribute/value pair in the list is the last attribute/value pair added to the list. The right-most pair

isthefirst taken out of the list when attributes are read by an operation.

The device internal format of the list and data types for attribute values are implementation-
dependent. However, al enumerated values for attribute identifiers and attribute values are the
same for al PCL XL devices.

attributeList ::= { singleAttributePair | multiAttributeL.ist | nullAttributeL st }
singleAttributePair ::= {attributeVValue attributelD}
multiAttributeList ::= {singleAttributePair} 1+
nullAttributeL.ist ::= {“ An implementation-dependent method of specifying that an empty
attribute list is being supplied to the operator”}
attributeVValue ::= { value | array }
attributelD ::= {“One in a sequence of enumerated positive integer values representing a unique
attribute identifier”}
value ::={ number | xyValue | boxValue }
array ::={ numberArray }
number ::={ integer | +integer | realNumber }
integer ::={ “aimplementation-specific representation of an integer value where the range is
determined by the implementation” }
+integer ::={ “aimplementation-specific representation of an unsigned integer value where the rangeis
determined by the implementation” }
realNumber ::= { “aimplementation-specific representation of areal number where the rangeis
determined by the implementation” }
xyValue ::= { “aimplementation-specific representation of two integers or two real numbers, the first
placed in the list represents an x location the second a'y location” }
boxValue ::={ “aimplementation-specific representation of two integer or real points, the first point
placed in the list represents the top left corner of the box, the second placed in the
list represents the bottom right corner of the box”}
numberArray ::={ “aimplementation-specific representation of an array of zero or more integer or
real numbers’ }
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2.5 Format of Operator Specifications

Attribute list specifications will be given in BNF in all operator descriptions in this document.
Note that attribute identifiers will be included in the BNF specification without their
corresponding values. For example:

The attribute list specification:

multiAttributeList(class.rev#) ::=
{ Measure & UnitsPerMeasure }

Implies the specification with embedded attribute values:

multiAttributeList(class.rev#) ::=
{ {aMeasureValue Measure} & {aUnitsPerMeasureValue UnitsPerMeasure} }

For ease-of-reading, attribute value types (i.e. aMeasureValue) are not included in the BNF for
each attribute in the operator specification. Instead, corresponding attribute value data types are
given in atable below the BNF specification for each operator.

For the purpose of clarifying specifications, a comment may precede the attribute value data
type as a string of characters followed by acolon (i.e. “{x1, y1, x2, y2: boxValue}”). The
comments preceding the colon are not part of the protocol syntax. The data ranges for
attribute identifier names and enumerated attribute values are given in Appendix F and
Appendix G.

2.6 PCL XL Protocol Class and Revision Numbers

The protocol class and revision number in which an operator isvalid isimplied by the class
and revision number listed for operator’s attribute list. For each new revision of an operator,
anew attribute list is specified with the class and revision number noted within parentheses.

The class and revision number for each attribute identifier islocated in Appendix F. The
class and revision number for each attribute enumeration is located in Appendix G.

2.7  Error and Warning Reports

Most errors for which the PCL XL user has control in terms of setting operator syntax and data
values are reported by the device in error codes. The names of these codes may lead the user to
correction of the problem. Internal error codes are also reported when an internal system error

occurs for which the user may not have direct control in terms of setting data or operator syntax.

See Appendix K and Appendix J of this document for more information regarding the error
reporting scheme of PCL XL and the specific error codes.
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3.0 Session Operators

Session operators are the set of operators that provide the user control over the definition of a
session and its default environment (see Section 5.0 for graphics state defaults). The operator set
includes those operators that define session boundaries, define page boundaries, and define the
data source for session read operations.

3.1 Beginning and Ending a Session

A session is the context in which a user interacts with a PCL XL device. The user begins a new
session to start interactions with the device. The user may only use PCL XL operations to
interact with a device during an active PCL XL session.

Sessions have both required and optional attributes. PCL XL devices require a units per
measure attribute to be set for anew session. This attribute identifies the page coordinate system
units in which the user prefers to describe pages during the session (i.e. 600 units-per-inch). The
units per measure for a session may be different from the internal device resolution.

If an error occurs during a PCL XL operation, al protocol operators and data will be ignored
until an EndSession operator is executed.
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Name: BeginSession

Purpose

Begin a new session in which imaging operations shall be performed.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification

multiAttributelist(1.1) ::= { Measure & UnitsPerMeasure & { ErrorReport} o }

Attribute ID

Description and {value}

Measure

The measure for each unit.
{ elnch | eMillimeter | eTenthsOfAMillimeter}

UnitsPerM easure

The user resolution unitsin the x and y directions desired by
the user for placing points during the session (i.e.
xUnits=600, yUnits=600 for a 600 pixels-per-inch device).

{ xUnits (+number), yUnits (+number): xyValue}

ErrorReport

An enumeration indicating the method with which errors are
reported to the user (default is eNoReporting). Prior to a
BeginSession, default is eErrorPage.

{ see attribute enumeration table below }

Attribute Enumeration Table

Attribute Enumeration Meaning

ErrorReport eNoReporting Device will not perform any error
reporting

ErrorReport eBackChannel Device will report errors through the
back channel {the meaning of “back
channdl” is device-dependent}

ErrorReport eErrorPage Device will report errors by printing or
displaying an error page

ErrorReport eBackChANdErrPage Device will report errors through the
back channel and print or display an
error page
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Postcondition

The device has been put into a mode in which session operators may be accepted.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: EndSession
Purpose
Halt protocol processing and end the current session.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
Attribute List Specification
null Attributelist(1.1)
Postcondition

The session has been terminated.
If adata source was left open, it was closed by EndSession with no error reported.
All session attribute settings have been lost and must be redefined for the next session.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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3.2 Beginning and Ending a Page

A page inaPCL XL deviceisa surface upon which painting operations may be performed. This
surface represents the physical media (printed page or display) upon which objects are painted.

The user must begin a new page before any painting operations may begin. Page imaging
operations may paint text, vector, and raster objects on a physical page.

Pages have attributes that define and affect the real page received or viewed. For example, the

Size, type, source, and destination for the physical page media are attributes that may be
associated with a page.

Painting operations may only occur within a Begin/EndPage context. The graphics stateis
initialized to default attributes each time BeginPage occurs (see Section 5.0 for graphics state

defaults).
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Name: BeginPage
Purpose

Begin the definition of a new page.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

multiAttributelist(1.1) ::= { Orientation & {MediaSource} o &
{ MediaSize | { CusomMediaSize & CustomMediaSizeUnits}} &
{ SimplexPageMode | { DuplexPageMode & { DuplexPageSide} o} ot} }

Attribute ID

Description and {value}

Orientation

The orientation of the logical page.
{ ePortraitOrientation | eL andscapeOrientation |
eReversePortrait | eReversel andscape}

MediaSize

An enumeration for size of the target surface.
{ see attribute enumeration table below }

CustomMediaSize

The dimensions of a custom media size.
{ xy vaue}

CustomM ediaSizeUnits

A enumeration for the unit of measure for the custom media
size dimensions.
{ elnch | eMillimeter | eTenthsOfAMillimeter }

MediaSource

The source from which the mediawill be pulled for a
physical-media device. If not included, the device will use
the most recent MediaSource setting by a BeginPage
operator. If MediaSource has not been set by a BeginPage
operator, the device will use the device default setting.

{ see attribute enumeration table below }

(Attribute ID table continued on next page)
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Attribute ID table (continued)

Attribute ID

Description and {value}

SimplexPageMode

An enumeration requesting that pages be rendered one page
per physical media page and rendered on the front side of
each physical media page. |If not included, the device will
use the most recent simplex/duplex setting by a BeginPage
operator. If simplex/duplex has not been set by a BeginPage
operator, the device will use the device default setting.
{eSimplexFrontSide}

DuplexPageMode

An enumeration requesting that pages be rendered on both
sides of aphysica media page and oriented for either
horizontal or vertical binding of the physical pages. If not
included, the device will use the most recent s mplex/duplex
setting by a BeginPage operator. If simplex/duplex has not
been set by a BeginPage operator, the device will use the
device default setting.

{ eDuplexHorizontal Binding | eDuplexV ertical Binding}

DuplexPageSide

An enumeration specifying the side of the media on which
the current page should be rendered. If not included, the
device will use the most recent simplex/duplex setting by a
BeginPage operator. If simplex/duplex has not been set by a
BeginPage operator, the device will use the device default
setting.

{ eFrontMediaSide | eBackM ediaSide}

Attribute Enumeration Table

Attribute Enumeration Meaning

MediaSize eA 3Paper The imagable area for the page will be
set to A3 paper size.

MediaSize eA4Paper The imagable area for the page will be
set to A4 paper size.

MediaSize eA5Paper The imagable area for the page will be
set to A5 paper size.

MediaSize eC5Envelope The imagable area for the page will be
set to C5 envelope size.

MediaSize eCOM10Envelope The imagable area for the page will be
set to COM 10 envelope size.

(Attribute Enumeration Table continued on next page)
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Attribute Enumeration Table (continued)

MediaSize eDLEnvelope The imagable area for the page will be
set to DL envelope size.

MediaSize eExecPaper The imagable area for the page will be
Set to executive paper size.

MediaSize eJB4Paper The imagable area for the page will be
set to JB4 paper size.

MediaSize eJPostcard The imagable area for the page will be
set to J postcard size.

MediaSize el edgerPaper The imagable area for the page will be
set to ledger paper size.

MediaSize eJB5Paper The imagable area for the page will be
set to JB5 paper size.

MediaSize eJDoublePostcard The imagable area for the page will be
set to J double postcard size.

MediaSize el ega Paper The imagable area for the page will be
set to legal paper size.

MediaSize el etterPaper The imagable area for the page will be
Set to letter paper size.

MediaSize eMonarchEvelope The imagable area for the page will be
set to Monarch envelope size.

MediaSource eAutoSelect Automatically select the media source.

MediaSource eDefaultSource Choose the default media source.

MediaSource eEnvelopeTray Choose the media in the envelope tray.

MediaSource el owerCassette Choose the mediain the lower cassette.

MediaSource eManual Feed Choose the mediain the manual feed
source.

MediaSource eMultiPurposeTray Choose the media in the multi-purpose
tray.

MediaSource eUpperCassette Choose the media in the upper media
cassette.
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Postcondition

The device has been put into a mode in which painting operators may be accepted.
The graphics state attributes have been initialized to default values.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
MediaSize Notes:

There are two cases in which PCL XL selects the paper size for the user. These cases are:
1) when the size specified is not a valid enumeration value, and 2) when the size specified
isavalid enumeration but not supported by the device. In both of these cases PCL XL
will use the default paper size specified by front-panel settings or viaPJL.

MediaSource Notes:

There are three cases in which PCL XL selects the paper source for the user. These cases
are: 1) when the user does not specify a media source in BeginPage, 2) when the media
source specified is not avalid enumeration value, and 3) when the media sourceisavalid
enumeration but not supported by the device. In all these cases, PCL XL will choose the
last valid media source selected by a previous BeginPage or the default media source if the
current page isthe first page in the session. The default media source is specified by front-
panel settings or via PJL.

Duplexing Notes:

For HP LaserJet Printer devices, the MediaSource attribute is persistent through the end
of the session unless overridden by another MediaSource setting on a successive page.

Assume the HP LaserJet Printer isin duplex mode and a change in MediaSource,
MediaSize, or DuplexBinding occurs in BeginPage for the front side of apage. The HP
LaserJet printer will send one blank page to finish the duplexed page. The new front page
have the new BeginPage attributes.

Assume the HP LaserJet Printer isin duplex mode and a change for MediaSource,
MediaSize, or DuplexBinding occurs in BeginPage for the back side of apage. The HP
LaserJet printer will send two blank pages: 1) to finish the back side for the current page
and 2) to provide afront side for the new back page having the new BeginPage attributes.
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Name: EndPage
Purpose

End the definition of a page and cause it to be printed or displayed.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification
singleAttributePair(1.1) ::= { PageCopies} oy

Attribute ID Description and {value}
PageCopies The number of pages to be displayed or printed.
{ +integer}

Postcondition

The newly defined page/pages has’have been scheduled for printing or display.
Page-persistent and temporary-persistent raster patterns defined for the pen and/or brush

have been removed.
The graphics state attributes have been invalidated.

Fonts and characters defined any time during the session have been retained.

User-defined streams defined any time during the session have been retained.

Patterns with session persistence have been retained.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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3.3 Adding a Comment

In some environments it may be desirable to add a free-form comment during the protocol
sequence. The main use for this operator isin devices that use a byte stream protocol. The
comment may represent font character codes or any other data desired by the user.

Thisis effectively ano-operation in PCL XL devices. In other words, the operator does not alter
device state that would affect any other operator. The data associated with the comment is
discarded upon operator execution.
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Name: Comment

Purpose
Add afree-form comment in the protocol sequence.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { CommentData } o

Attribute ID Description and {value}
CommentData Aninteger array of comment data, the interpretation of
which is defined by the user.

{ integerArray }

Postcondition
The imaging state of the device is unaffected.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.

BLD 4600
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3.4 Opening and Closing a Data Source

A data source is the source of byte-oriented data for all protocol read operators (i.e.
Begin/EndFontHeader, Begin/End Char, Readlmage, ReadRasterPattern, and all path operations
that read points from the data source such as LinePath, BezierPath, etc.).

In many PCL XL operations, it isimpractical to submit al the data as part of the operator’s
atribute list. These operations read potentially large blocks of byte data at a time for objects such
as fonts, bitmap images, raster patterns, and complex path regions.

A data source must be open prior to any data read operation. The currently open data sourceis
the source of byte datafor the next data read operation. There may be one and only one open
data source in the imaging protocol at atime.

A data source may be left opened following a read operator’ s execution such that the open data
source may be used for multiple classes of operators. For example, a single data source could
contain font header information, followed by character definition information. A data source may
be opened for a ReadFontHeader operator and remain open for successive ReadChar
operators. The data source may then be closed following the last ReadChar operator. A data
source should be closed prior to initiating an EndSession operator.

In byte-stream protocols the data source is usually the default standard input channel. For
example, if the default data source was opened in the OpenDataSource operator for a byte-
stream, the data for a read operator may be embedded in the data stream just following the
operator. If data source data are embedded in a PCL XL operator stream, there is a specific
method of specifying the length of raw data blocks in the stream. See the section(s) in this
document on stream formats.

If all operatorsin a session require data solely from the default data source, the data source may
remain open for the entire session. In non-byte-stream protocols, such as programming language
interfacesit is usually necessary to open afile or memory buffer as a data source.
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Name: OpenDataSource
Purpose
The purpose of this operator is to define the source of data for protocol read operations.

The data source is for read operations that cannot obtain al required data from the
associated attribute list. There may be one open data source at atime in the device.

The open data source may be used for more than one operation. For example, asingle

data source may be used for Begin/EndFontHeader and successive Begin/End ReadChar
operations.

The data source should be closed prior to initiating the EndSession operator.
Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

There is no currently-open data source (e.g. the last data source opened in the session was
successfully closed with the CloseDataSource operator).

Attribute List Specification
multiAttributeList(1.1) ::= { SourceType & DataOrg }

Attribute ID Description and {value}

SourceType An enumerated value specifying the data source to be opened. If
“eDefaultDataSource” is specified, the data source is the default
source for the device (i.e. the standard input stream or “stdin”).

{ eDefaultDataSource }

DataOrg An enumerated value specifying the organization of binary datato
beread. The enumeration eBinaryHighByteFirst means that the
high (most significant) byte isfirst for multi-byte binary fields (i.e.
16- or 32-bit integers). The enumeration eBinaryL owByteFirst
means that the low (least significant) byteisfirst for multi-byte
binary fields within the data source.

{eBinaryHighByteFirst | eBinaryLowByteFirst)
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Postcondition

The source for protocol read operations has been opened and the next byte read-pointer is

positioned at the beginning of the data source.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
Some operators that read multi-byte binary fields from the data source require data to

aways be ordered high byte first (i.e. font and character operators, image operators, and
raster pattern operators). If an operator does not specify afixed byte ordering for binary
fields, the ordering is determined by this OpenDataSource attribute (i.e. line and bezier

operators).

See also Begin/EndFontHeader, Begin/End Char, Readlmage, ReadRasterPattern,
ScanLineRel, and all vector operations that read points from the data source (i.e.
LinePath, BezierPath, etc.).
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Name: CloseDataSource

Purpose
Close the data source for protocol read operations.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
null Attributelist(1.1)

Postcondition

The source for protocol read operations has been closed.
If the data source was afile, the file has been closed and data in the file left unchanged.

Comments
See Appendix K for related error codes.

If the data source was not open prior to the execution of this operator, no operation is
performed.

See also Begin/EndFontHeader, Begin/End Char, Readlmage, ReadRasterPattern,
ScanLineRel, and vector operations that use the data source to read points.
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4.0 Font Control Operators

4.1  Defining Fonts and Characters

A PCL XL device adlows the user to place characters of afont anywhere on the page. The actual
font technology available in the device (TrueType, Bitmap, etc.) to describe charactersis
implementati on-dependent.

Each character is treated as an independent graphical object. A single character that is painted is
placed at the current cursor location. The current cursor location is defined or changed by
graphics state operations, path construction operations, and/or text placement operations.

The imaging protocol alows one or more characters to be placed on the pagein asingle
operation. Thefirst character is placed at the current cursor. The remaining charactersin amulti-
character operation are placed at corresponding escapements (character spacings) provided by the
user.

Character sizes are always specified in user units. The default user units for a page are equivalent
to the session user units. Asthe user scales the page CTM (see SetPageScale), the character size
per user unit also changes if the characters is an outline character (i.e. TrueType). Bitmap
characters cannot be scaled nor rotated.

Painted characters are scaled and rotated according to page CTM manipulations by the user (i.e.
SetPageRotation and SetPageScale) . Characters may also be rotated, scaled, and sheared in an
additive manner to the current page CTM through the setting of corresponding character rotation,
scaling, and shearing attributes (i.e. SetCharAngle, SetCharScale, and SetCharShear). The page
scale and rotate is applied to the character before the character scale and rotate settings are
applied.

X and Y character spacing may be specified for correct placement of international characters.
Eight-bit and sixteen-bit character codes are supported in PCL XL.

See Appendix L for more information on font formats and on the specific use of font definition
operators.
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Name: BeginFontHeader
Purpose
Define adevice font header.

The font name is part of the BeginFontHeader attribute list. Thiswill be the font name
used in the SetFont and BeginChar operators.

The set of font header formats supported is implementation-dependent. See the
corresponding font format specifications in the appendix of this document.

After afont header is defined. The user may define characters for the font using the
BeginChar, ReadChar, and EndChar operators. Depending on the implementation, some
font headers may allow, or require, al characters to be defined with the font header (see
appendix for details).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The device must support the font imaging technology for the font to be defined.
Attribute List Specification
singleAttributePair(1.1) ::= { FontName & FontFormat }

Attribute ID Description and {value}

FontName The name of the font for which the header is being defined.
{ +integerArray }

FontFormat A header format number identifying the format of the font

header being downloaded. See the device documentation
for alist of font formats supported by the target device.

{ +integer }

Postcondition
The device has been put into a mode in which font header data may be accepted.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: ReadFontHeader
Purpose
Read a segment of a font header from the current protocol data source.

Font header datais read from the data source in a byte-oriented fashion. The first byte
read aways corresponds to the first byte in the font header format specification. The
second byte read corresponds to the second byte in the font header format specification,
and so on. No byte-swapping is performed on binary data within the font header data
stream. Thefirst byte for abinary field within font header data is aways the most
significant byte. The last byte for abinary field is always the least significant byte.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The data source must be open from which font header data may be read.
Attribute List Specification
multiAttributeList(1.1) ::= { FontHeaderLength }

Attribute ID Description and {value}

FontHeaderL ength The amount of data (in bytes) required to describe the font
header.
{ +integer }

Postcondition

The device has read one segment of data describing afont header. The format of the data
must match the format implied by the FontFormat attribute of BeginFontHeader.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name: EndFontHeader
Purpose

Complete the font header definition process and end the font header definition protocol.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

Attribute List Specification
null AttributeList(1.1)
Postcondition

A font header has been read from the current open data source. The next data source
read-position has been updated to point to the element just following the data read.

A font header has been defined for the device and the font header definition protocol has

been terminated.

Comments
See Appendix K for related error codes.
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Name: BeginChar

Purpose
Set up the protocol for the definition of one or more characters for an existing font.

The character format is implementation-dependent. See the corresponding character
format specifications for the desired device.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The font for which the characters are to be defined must already exist in the device.
The data source must be open from which character definitions are to be read.
Attribute List Specification
singleAttributePair(1.1) ::= { FontName }

Attribute ID Description and {value}
FontName The name of the font to which the character will be added.
{ +integerArray }

Postcondition
The device has been put into a mode in which font character data may be accepted.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name:

ReadChar

Purpose

Read character definition data from the current protocol data source. The data definesa
single character for an existing font.

Character datais read from the data source in a byte-oriented fashion. The first byte read
always corresponds to the first byte in the character format specification. The second byte
read corresponds to the second byte in the character format specification, and so on. No
byte-swapping is performed on binary data within the character data stream. Thefirst byte
for abinary field within character data is always the most significant byte. The last byte
for abinary field is dways the least significant byte.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The data source must be open from which character definitions are to be read.

The data source must have at least one character definition remaining matching the
attribute list definition for BeginChar and the attribute list definition for this ReadChar.

Attribute List Specification

multiAttributeList(1.1) ::= { CharDataSize & CharCode }

Attribute ID Description and {value}

CharCode The character code value.
{ integer }

CharDataSize The amount of data (in bytes) required to describe the
character.
{ +integer }

Postcondition

The device has read one block of data describing a character for the font specified by
BeginChar.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: EndChar
Purpose
Complete the character definition process and end the character definition protocol.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
Attribute List Specification
null Attributelist(1.1)
Postcondition

Characters have been specified for the corresponding font and the character definition
protocol has been terminated.

Comments
See Appendix K for related error codes.
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4.2 Removing Fonts

Temporary fonts defined through the Begin/EndFontHeader and Begin/Read/EndChar operators
may be removed from the device. This operation frees interna memory that may be used for
additional fonts or other device resources.
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Name: RemoveFont

Purpose

Remove a device font previoudy defined with Begin/EndFontHeader. Removes all
character and header definitions associated with the font.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

singleAttributePair(1.1) ::= { FontName }

Attribute ID

Description and {value}

FontName

The name of the font to be removed.

{ +integerArray }

Postcondition

The device font specified by the FontName attribute has been removed from the device

along with al associated character definitions.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

REV: 1.0 DATE: 13Dec95 | DWG NO:

PAGE 51

BLD 4600




PCL XL Feature Reference

graphics state

Graphics State Operators

5.0 Graphics State Operators

Graphics state attributes are set by the user to obtain a specific result during painting. For
example, the graphics state contains the current paint source (color) associated with the brush.

When an object is painted, the device retrieves the brush’s current paint source from the graphics

state. If the brush is associated with avalid paint source PCL XL fills the object with the
corresponding color or pattern specified.

All graphics state attributes are set by commands preceded by “Set...” with the exception of the
current path which is set by path operators (i.e. Begin/EndPeth, Arc, Line, etc.). Graphics state

attributes and defaults at each BeginPage are listed in the table below:

GS Attribute Description Default
BrushSource Paint source currently associated with the brush RGB black
CharAngle The angle at which to draw characters (additive to page CTM) | 0
CharScale The scaling factor for characters (additive to page CTM) x=1, y=1
CharShear The shearing factor for characters (additive to page CTM) x=0, y=0
ClipMode The mode determining even-odd or non-zero winding eNonZeroWinding
construction of the clip path
ColorSpace Current color space RGB
CurrentClipPath The region defining the current clip path imagable area of the page
CurrentFont The font that will be used for painting characters no font defined
CurrentPath The region defining the current path no path defined
HalftoneMethod The method used for halftone operations DitherMatirx eDeviceBest
FillMode The mode in which closed paths should be filled eNonZeroWinding
LineCap The shape to draw on the end of lines (open subpaths) eButtCap
LineDash The dash style to use when stroking lines with a pen solid line
LineJoin The shape to draw where two lines meet at an angle eMiterJoin
MiterLimit The length limit on miter join shapes 10.0
PageCTM Current page coordinate transformation matrix session defaults at the
current page orientation
PaintTxMode The current transparency mode for patterns eOpaque
PenSource Paint source currently associated with the pen RGB black
PenWidth The current width (in user units) for pen stroking operations 1 user unit
ROP The current raster operation in effect ROP3=252
SourceTxMode The current transparency mode for source objects eOpaque
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5.1 Saving and Restoring the Graphics State

To reduce workload and complexity for the user, there is a graphics state stack upon which the
attribute values of the current graphics state may be saved. Saving the current graphics state is
accomplished by a*“push” operation. The push graphics state operation does the following:

1. Creates anew graphics state object and places it on top of the graphics state stack

2. Copiesthe attribute values from the current graphics state to the new graphics state object
on the top of the graphics state stack

Each successive push operation is non-destructive to existing copies of the graphics state on the
stack. Each newly pushed copy of the graphics state becomes a new top-of-stack, leaving the
previously pushed graphic state entries unaffected. The maximum number of push operations
allowed during a session is device-dependent, usually dependent on available memory.

The graphics state stack is alast-in, first-out mechanism. The most recently pushed graphics state
object may be retrieved through a “pop” operation. The pop graphics state operation does the
following:

1. Copiesthe attribute values from most recently pushed graphics state object (on top of
the stack) to corresponding attributes of the current graphics state

2. Deéletes the graphic state object on top of the stack, making the previously pushed
graphics state the current top of stack

The push/pop combination allows the user to push (save) the graphics state, then modify the page
CTM, pens, brushes, etc. for specific painting effects, and finally pop (restore) all graphics state
attributes to nominal values.
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Figure 5-1 provides an example of how graphics state push/pop operations affect painting. In the
example, the rectangle painted in step 7 is brushed with the same paint source as the ellipse in step
2. Thisisdue to the pop operation in step 6 that restored all graphics state attributes to previous
values.

Protocol Operation Page
Output

1. Set Graphics State “Brush Source” Attribute to a Gray
Leve
2. Paintan Ellipse

w

Push Graphics State
Set Graphics State “Brush Source” Attribute to Black

5. Paint an Ellipse .

6. Pop Graphics State
7. Paint aRectangle

e

Figure 5-1. Effects of Push/Pop Graphics State on Painting.
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Name: PopGS

Purpose

Copy the attributes from the graphics state object on top of the graphics state stack and
delete the graphics state object from the top of the stack.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The graphics state stack size is not zero.

Attribute List Specification
null Attributelist(1.1)

Postcondition

All of the attributes of the graphics state object on top of the graphics state stack have
been copied to the attributes of the current graphics state object.

Comments
See Appendix K for related error codes.
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Name: PushGS
Purpose
Push a copy of the current graphics state on top of the graphics state stack.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The graphics state stack sizeisnot at its limit.
Attribute List Specification
null Attributelist(1.1)
Postcondition

A new graphics state object has been placed on top of the graphics state stack.
All of the attributes of the current graphics state have been copied to the attributes of the
graphics state object on top of the graphics state stack.
Comments
See Appendix K for related error codes.
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5.2  Setting and Changing the Cursor Location

The current cursor location defines the initia point for relative placement operations involving
paths and text. The cursor location is always specified in user units. A new cursor location may
be defined with absolute points or with points relative to the current cursor location.

The cursor location is updated by all path operations not defining a closed object. For example,
operations for lines, arcs, and bezier’s all update the cursor location to be at the logical end of the
path drawn. Operations involving closed objects defined by a bounding box |eave the current
cursor at the top right corner of the bounding box.

Text operations are aways relative to the current cursor location. After painting or describing a
character, the text operation leaves the current cursor at the character’ s escapement described in
the “x” and/or “y” value offsets from the current cursor (see Section 6.13 on painting text).

Image painting operations are also relative to the current cursor position (see Section 6.10 on
painting raster images).
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Name: SetCursor
Purpose
Set the cursor to anew X, y location using absolute user units.

This operation defines the starting point for a new subpath and the starting location for
painted text.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { Point }

Attribute ID Description and {value}
Point The absolute x, y point a which the cursor will be located.
{ x,y: xyVaue}

Postcondition
The cursor has been set to the new absolute X, y location specified in the SetCursor
attribute list.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetCursorRel

Purpose
Set the cursor to anew X, y location using relative user units.
This operation defines the starting point for a new subpath and the starting location for
painted text.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The cursor is set to avalid x, y point (the NewPath operator causes the current cursor to
be invalid).

Attribute List Specification
singleAttributePair(1.1) ::= { Point }

Attribute ID Description and {value}

Point The x, y distance (in user units) from the current cursor at
which the new cursor will be relocated.

{ x, y: xyVaue}

Postcondition

The cursor has been set to the new relative x, y location specified in the SetCursorRel
attribute list.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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5.3 Setting Color Space and Paint Sources

A paint source defines the color or graphical pattern used to paint a vector or text object. A paint
source associated with a pen is the source of a color object or raster pattern for a stroking
operation. A paint source associated with a brush is the source of a color object or raster pattern
for afilling operation.

Color objects are conceptually a single color in a specific color space (i.e. RGB, Gray, etc.). Ina
PCL XL device, color objects are single values or an ordered set of values that map to a specific
color in the current color space. These values may be associated with a pen or brush to define the
color with which a graphical object is painted.

The components of a color object must be compatible with the active color space. For example, a
color object intended for use in an RGB color space, must contain three ordered components,
each representing ared, green, and blue intensity value. In an RGB color space, a color object
with the ordered values 0, 0.9, 0 would produce green when used as a paint source. Color
objects may represent gray-scaled and mono-toned colors.

A user-defined mapping into a color space may also be constructed using palettes.
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Name: SetColorSpace

Purpose
Set the current color space for the pen source, brush source, raster patterns, and images.
If apalette is specified it may be used as an index into the color space.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification

multiAttributeList(1.1) ::= { ColorSpace} |
{ PaletteData & PaletteDepth & ColorSpace }

Attribute ID Description and {value}

ColorSpace The desired color space.
{ eRGB | eGray }

PaletteDepth An enumerated value specifying the bits-per-component
color depth of the palette data.
{ e8Bit }

PaletteData The palette data used to index the color space. The length

of the palette array is the maximum range of values implied
by the ColorDepth attribute of Beginlmage or
BeginRastPattern multiplied by the number of components
in the color space. For example, araster image with a
“elBit” ColorDepth per pixd in“eRGB” space must have
a palette of 2 (depth) times 3 (number of components) or a
total of 6 palette entries.

{ +integerArray }

Postcondition
The current color space has been set.
The pen paint source and the brush paint source have been set to default values that will
paint black for the corresponding color space.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
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See Appendix K for related error codes.
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Name: SetBrushSource

Purpose
Set the paint source for the current brush. Brushes are used to fill vector objects. Brushes

also define the ROP3 pattern component for text, vector, and raster objects.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The paint source identified in the attribute list is compatible with the current color space.
If an array of color components is specified for the brush color, the number of components

in the array must exactly match the number of components expected for the color space.

Attribute List Specification

singleAttributePair(1.1) ::=

{ RGBColor | GrayLevel | NullBrush |
{ PatternSelectID & { PatternOrigin} o & { NewDestinationSize} o } }

Attribute ID

Description and {value}

RGBColor

RGB color values used to set a paint source are each
expressed as an intensity level, zero being the lowest
intensity. If the RGB color values are real numbers they
must be in the range of zero through 1.0. If the RGB
colors are integer values the range alowed is the range of
the integer data type.

{ red, green, blue: number array}

GrayLevd

The level of gray for the paint source is expressed as a
intensity level, zero being the lowest intensity. A value of
zero isblack. The highest value in the range of the number
iswhite. If the gray valueisarea number it must be in the
range of zero through 1.0. If the gray level is an integer
value the range alowed is the range of the integer data

type.
{ number }

(attribute table continued on next page)
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PatternSelectl D A value used to identify which pattern is to be associated
with the brush (see section on raster patterns for more
information).

{ integer }
PatternOrigin The origin for the pattern tiling process in user units. If this

attribute is not supplied, the origin for the pattern is x=0,
y=0in current user units.
{ xyVaue}

NewDestinationSize

The size of the destination box on the page for the raster
pattern specified in user units. When this attribute is
supplied, it replaces the original destination size specified as
an attribute in the BeginRastPattern operator. The
destination sizeis only altered for this use of the pattern.

If this optional attribute is not supplied as part of
SetBrushSource, the destination size for pattern will be the
original destination size as specified in BeginRastPattern.

Neither the x nor y value of the destination size may be
zero.

{ xyVaue}

NullBrush

A value indicating the brush is not to be used in painting.
{0}

Postcondition

The paint source for the current brush has been set.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

Brushes may be set with direct color data when a palette is set in the color space as long
as the basic color space (RGB, Gray, etc.) matches the direct color data.

See also: BeginRastPattern
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Name: SetPenSource

Purpose

Set the paint source for the current pen.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The paint source identified in the attribute list is compatible with the current color space.

If an array of color components is specified for the pen color, the number of components
in the array must exactly match the number of components expected for the color space.

Attribute List Specification

singleAttributePair(1.1) ::=

{ RGBColor | GrayLevel | NullPen |
{ PatternSelectID & { PatternOrigin} o & { NewDestinationSize} o } }

Attribute ID

Description and {value}

RGBColor

RGB color values used to set a paint source are each
expressed as an intensity level, zero being the lowest
intensity. If the RGB color values are real numbers they
must be in the range of zero through 1.0. If the RGB
colors are integer values the range alowed is the range of
the integer data type.

{ red, green, blue: number array}

GrayLeve

The level of gray for the paint source is expressed as a
intensity level, zero being the lowest intensity. A value of
zero isblack. The highest value in the range of the number
iswhite. If the gray valueisarea number it must be in the
range of zero through 1.0. If the gray level is an integer
value the range alowed is the range of the integer data

type.
{ number }

PatternSelectI D

A value used to identify which pattern isto be associated
with the pen (see section on raster patterns for more
information).

{ +integer }

(attribute id table continued on next page)
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PatternOrigin The origin for the pattern tiling process in user units. If this
attribute is not supplied, the origin for the pattern is x=0,
y=0in current user units.

{ xyVaue}

NewDestinationSize | The size of the destination box on the page for the raster
pattern specified in user units. When this attribute is
supplied, it replaces the origina destination size specified as
an attribute in the BeginRastPattern operator. The
destination sizeis only altered for this use of the pattern.

If this optional attribute is not supplied as part of
SetPenSource, the destination size for pattern will be the
original destination size as specified in BeginRastPattern.

Neither the x nor y value of the destination size may be
zero.

{ xyVdue}

NullPen A value indicating the pen is not to be used in painting.
{0}

Postcondition
The paint source for the current pen has been set.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

Pens may be set with direct color data when a palette is set in the color space as long as
the basic color space (RGB, Gray, etc.) matches the direct color data.

See also: BeginRastPattern
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5.4  Setting Font and Character Attributes
This section describes operators that set font and character attributes.
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Name: SetCharAngle

Purpose

Set the angle in degrees at which individual characters should be rotated relative to the
current page CTM.

The angle setting is not cumulative as is the case with page CTM manipulation operators
(i.e. SetPageRotation, SetPageOrigin, etc.) . Two successive settings of SetCharAngle
with 30 degrees rotates all painted characters 30 degrees, not 60 degrees relative to the
current page CTM.

This operator has an affect only on supported outline fonts (i.e. TrueType).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The current font is an outline font.
Attribute List Specification
singleAttributePair(1.1) ::= { CharAngle}

Attribute ID Description and {value}

CharAngle The angle in degrees at which a character should be rotated
when the character is painted. Thisvalue is added to the
current page CTM at painting time.

{ number } Range 0 thru 360, 0 thru -360

Postcondition

The angle at which individual characters should be rotated has been set in the graphics
state.

The current page CTM is unaffected.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetCharScale
Purpose
Set the factor at which characters should be scaled relative to the current page CTM.

The scale factor setting is not cumulative as is the case with page CTM manipulation
operators (i.e. SetPageScale, SetPageOrigin, etc.) . Two successive settings of
SetCharScale with x=2 scales in the x direction by 2 units, not 4 units relative to the
current page CTM.

This operator has an affect only on supported outline fonts (i.e. TrueType).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The current font is an outline font.
Attribute List Specification
singleAttributePair(1.1) ::= { CharScale }

Attribute ID Description and {value}

CharScale The scaling factor for scaling each character relative to the
current page CTM.
{ xScale, yScale: xyValue}

Postcondition
The factor at which characters should be scaled has been set in the graphics state.
The current page CTM is unaffected.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetCharShear
Purpose
Set the factor at which characters should be sheared relative to the current page CTM.

The shear factor setting is not cumulative as is the case with page CTM manipulation
operators (i.e. SetPageScale, SetPageOrigin, etc.) . Two successive settings of

SetCharShear with x=2 shears horizontally 2 units, not 4 units relative to the current page

CTM.
This operator has an affect only on supported outline fonts (i.e. TrueType).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The current font is an outline font.
Attribute List Specification
singleAttributePair(1.1) ::= { CharShear }

Attribute ID Description and {value}

CharShear The factor for shearing each character relative to the
current page CTM. Thisis expressed in two linear
coordinates: x for horizontal shear and y isfor vertical
shear. These values arein user units.

{ xShear, yShear: xyVaue}

Postcondition
The factor at which characters should be sheared has been set in the graphics state.
The current page CTM is unaffected.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetCharBoldValue

Purpose

Set the percent of boldness to be added to characters during the text painting process.
This operator is provided to achieve a pseudo-bold effect for characters of afont when a
bold version of that font is unavailable. The bold effect provided by this operator is not
typographically correct and may not preserve the artistic integrity of the character.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { CharBoldVaue}

Attribute ID Description and {value}

CharBoldVaue The bold valueis areal number between 0.0 and 1.0. This
value is multiplied by the character height to obtain the
number of user units by which each character should be
bolded (e.g. a0.2 bold value multiplied by a 20 user-unit
character height resultsin a4 user unit bold level). The bold
level specifies how much the character should be bolded on
the inside and the outside of the character outline. Inthe
figure below, the gray shaded area represents the origina
character and the black area represents the result of the
bolding process.

Bold Level (in User Units)

Ny

Current
Cursor Position

{+number zero through 1}
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Postcondition

The percent of character pseudo-bolding has changed in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetCharSubMode

Purpose
Set the type of character substitutions to be performed during the text painting process.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

The modes specified in the substitution mode array must not conflict and may not be
duplicated.

Attribute List Specification
singleAttributePair(1.1) ::= { CharSubModeArray }

Attribute ID Description and {value}

CharSubModeArray | An array of enumerations specifying character substitution
modes. If vertical substitution is specified for a font without
vertical substitution characters defined, the attribute is
ignored.

{eNoSubstitution | eV ertical Substitution} 1.

Postcondition
The character substitution mode for painting the characters of a font has been set in the
graphics state.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name: SetFont

Purpose

Set the current font from which characters will be selected by character codes in text
operators.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
Thefont is aready defined in the device.

Note: If the requested font does not exist, PCL XL will substitute afont existing in the
devicein place of the one requested. A warning will be generated due to the font
substitution that may optionally be reported to the user. The exact font substitution
algorithm is device- and language-region dependent. See the PCL XL addendum for the
target device for more details concerning the font substitution algorithms.

Attribute List Specification
multiAttributeList(1.1) ::= { SymbolSet & CharSize & FontName }

Attribute ID Description and {value}

FontName The name of the font to be selected (i.e. “ Times New Roman
Bold" ).
{ +integer array }

CharSize The size of the characters to be rendered for the font in user units.

Thisvalue isignored for characters downloaded as bitmaps. The
Size of bitmap characters are the size of their original download
definition.

{ snumber zero or greater }

Symbol Set The identifier of the symbol set to use for the current font (See
Appendix O for values.)

{ +integer }

Postcondition
The current font has been set in the graphics state.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
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See Appendix K for related error codes.
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5.5 Setting Attributes of the Current Path
This section describes the operators used to set the attributes for painting the current path.
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Name: SetFillMode

Purpose

Set the current mode for filling closed path (closed vector) objects when a brush is applied
to the object at painting time.

All automatically closed path objects (i.e. Ellipse, Circle, Pie, Chord, and Rectangle) are
drawn counterclockwise by PCL XL. All open path objects are drawn in the direction that
points are placed on the page by the user through each path operation.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { FillMode}

Attribute ID Description and {value}

FillMode The mode determining the nature of filling (brush)
operations for closed path objects.

{ eNonZeroWinding | eEvenOdd }

Postcondition
The current fill mode has been set in the graphics state.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 77 BLD 4600




PCL XL Feature Reference —a

graphics state | Setting Attributes of the Current Path

Name:

SetMiterLimit

Purpose

Set alimit on the length of the miter shape to be drawn where any two consecutive line
segments in a subpath meet at an angle. The miter limit determines the maximum length
of amitered join. The miter limit isaratio of the length of an imaginary line drawn
through the join to the pen width (seeillustration below.)

|

en width
o S p
miter length T
. L miter length
Miter Limit = ——————
pen width

If the miter shape exceeds this limit for any one join the device will apply a bevel shape to
that join.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification

singleAttributePair(1.1) ::= { MiterLength }

Attribute ID Description and {value}

MiterLength The length limit of the miter shape expressed as aratio of the
miter length to the pen width.
{ +number }

Postcondition

The current miter limit has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetLineCap
Purpose

Set the shape that should be drawn at the end of lines (open subpaths).

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification

singleAttributePair(1.1) ::={ LineCapStyle }

Attribute ID

Description and {value}

LineCapStyle

The line end style.
{ eRoundCap | eTriangleCap | eSquareCap | eButtCap }

Postcondition

The current line-end shape has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetLineJoin
Purpose
Set the shape to be drawn where any two consecutive line segments meet at an angle.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
Attribute List Specification
singleAttributePair(1.1) ::= { LineJoinStyle }

Attribute ID Description and {value}

LineJoinStyle An enumerated value representing the linejoin style.
{ eMiterJoin | eRoundJoin | eBevel Join | eNoJoin }

Postcondition
The current line join shape has been set in the graphics state.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
See also: SetMiterLimit

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 80 BLD 4600




PCL XL Feature Reference

graphics state | Setting Attributes of the Current Path

Name: SetLineDash
Purpose

Set the repeating dash style with which a subpath should be stroked. The user configures
aline dash by either specifying a solid line or by specifying a repeating sequence of user-
unit segments to be turned on and turned off as the subpath is stroked.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

multiAttributelist(1.1) ::= { { DashOffset} o & LineDashStyle} |{ SolidLine}

Attribute ID

Description and {value}

LineDashStyle

An array describing the dash style. Thefirst element isthe
number of units to be stroked. The next is the number of unitsto
be skipped. The next is the number of unitsto be stroked,
aternating in this fashion. If the subpath to be stroked is longer
in user-units than the dash style, the dash style will repeat. For
the repeat effect, consider the elements in the original dash array
to be appended to the origina array in a successive manner to
satisfy the length of the subpath. If the original dash array had an
odd length of elements, note that the first element of the first
repeat will be the number of units not stroked, continuing with
the stroked, not stroked pattern.{ unitsStroked, unitsNotStroked,
unitsStroked... :

numberArray }

DashOffset

A value indicating a user unit offset into the dash style from
which the dash style will begin. This offset is from the beginning
of apath or subpath. The dash repeats from this offset to the end
of the style definition and back through the beginning of the dash
style. The dash offset may be in the middle of a stroked or non-
stroked segment.

{ +number }

SolidLine

Specifying this attribute sets the line style to solid.
{0}
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Postcondition
The current pen dash style has been set in the graphics state using with dash style and dash
offset fixed to the current user units.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

Since the dash style and offset are fixed according to the current user units at
SetLineDash time, the dash style of alineis not scaled when aline is scaled.
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Name: SetPenWidth
Purpose

Set the width with which lines should be stroked with the pen when painted.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

singleAttributePair(1.1) ::= { PenWidth }

Attribute ID

Description and {value}

PenWidth

A value specifying the pen width in user units.
{ number }

Postcondition

The current pen width has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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5.6  Setting the Current Clip Path

Clip paths allow the application or driver to constrain areas in which marks may be placed on a
page for painting path or bitmap objects. All painting operations may be confined to the interior
or exterior region(s) defined by the current clip path depending on the clip mode (see
SetClipMode).

The default clip path for a page is the imagable area of the page. The default clip path is aways
constructed in a counterclockwise direction.

The following are key concepts behind clip paths:

Thereis dways an active clip path in the device

Theinitia clip path is set to the imagable area of the page

Any region defined by a path may be used to define the current clip path

The current clip path may be saved and restored at any time during a painting session
The current clip mode has an effect on construction of the clip path

Clip paths may be inclusive or exclusive (show the interior or exterior)

The current path is destroyed when setting a new clip path.
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Name: SetClipReplace

Purpose
Replace the clip path with the current path (intersected only with the default clip path for
the page).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

If the ClipRegion is “eExterior” the current graphics state ClipMode must be
“eEvenOdd.”

Attribute List Specification
singleAttributePair(1.1) ::= { ClipRegion }

Attribute ID Description and {value}

ClipRegion An enumeration specifying the region that should be exposed
by the new clip path during painting. Thiswill either be the
region inside the clip path outside the clip path.

{ elnterior | eExterior }

Postcondition
The clip path has been set to the intersection of the current path and default clip path.

If there is no current path before the operator is executed, the clip path becomes an empty
path. Thusall future painting will be blocked across the entire page until a new clip path
IS set.

The stroke direction of the resultant clip path is determined by the direction in which the
current path was constructed (e.g. either clockwise or counterclockwise).

The current path has been destroyed.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetClipIntersect

Purpose

Compute the intersection of the current path and the clip path that existed prior to
SetCliplntersect execution.

Replace the clip path with the intersection computed above.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

If the ClipRegion is “eExterior” the current graphics state ClipMode must be
“eEvenOdd.”

Attribute List Specification
singleAttributePair(1.1) ::= { ClipRegion }

Attribute ID Description and {value}

ClipRegion An enumeration specifying the region that should be exposed
by the new clip path during painting. Thiswill either be the
region inside the clip path intersection or outside the clip path
intersection.

{ elnterior | eExterior }

Postcondition

The clip path has been set to the intersection of the current path and the clip path that
existed prior to operator execution.

If there is no current path before the operator is executed, the clip path becomes an empty
path. Thusall future painting will be blocked across the entire page until a new clip path
IS set.

The stroke direction of the resultant clip path is determined by the direction in which the
current path used for the intersection was constructed (e.g. either clockwise or
counterclockwise).

The current path has been destroyed.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetClipRectangle

Purpose
Replace the current clip path with the rectangular region defined by a bounding box.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

If the ClipRegion is “eExterior” the current graphics state ClipMode must be
“eEvenOdd.”

Attribute List Specification
singleAttributePair(1.1) := { ClipRegion & BoundingBox }

Attribute ID Description and {value}

ClipRegion An enumeration specifying the region that should be exposed
during painting. Thiswill either be the region inside
bounding box or the entire region outside the bounding box.
{ elnterior | eExterior }

BoundingBox The points describing the bounding box for the rectangle to
be used as the clipping region boundary.
{ x1,y1, x2, y2: boxVaue}

Postcondition
The current path has been destroyed.
The current clip path has been replaced with the region defined by the bounding box.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name: SetClipToPage

Purpose

Set the clip path to be the limits of the imageable area on the target page.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

Attribute List Specification

nullAttributeList(1.1)
Postcondition

The clip path has been set to the limits of the imageable area on the page.

The current path has been destroyed.

Comments

See Appendix K for related error codes.
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Name: SetPathToClip

Purpose
Replace the current path with the clip path.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

There exists avalid clip path.
Attribute List Specification

null Attributelist(1.1)
Postcondition

The current path has been replaced with the current clip path.

The current clip path has been preserved.
The current cursor is undefined.

Comments

Note: The area of aclipping region defined by PCL XL operatorsis required to be
consistent from device-to-device. The number and variety of lines and beziers used
internal to the device to construct a clipping region are not required to be consistent.
Thus, filling a path created by SetPathToClip with a brush is device-independent.
However, stroking such a path with a pen is device-dependent and should be avoided.

See Appendix K for related error codes.
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Name: SetClipMode

Purpose
Set the mode in which the clip path should be constructed during SetCliplntersect and
SetClipRectangle.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

Attribute List Specification
singleAttributePair(1.1) ::={ ClipMode }

Attribute ID Description and {value}

ClipMode An enumeration determining the clip region constructed by
the intersection of the current clip path and the existing clip
page (SetCliplntersect) or bounding box (SetClipRectangle).

Many graphica user interfaces (including Microsoft
Windows) use even-odd clip mode as defaullt.

Only “eEvenOdd” is alowed for performing exterior clipping
with aclip path.

{ eEvenOdd | eNonZeroWinding }

Postcondition
The clip mode has been set to determine clip path construction.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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5.7 PCL XL Logical Operations

5.7.1 Logical Operators Introduction

PCL XL logical operations determine how source images (the objects being painted) interact with
destination images (images already on the page) in conjunction with the paint being applied and
current transparency mode settings.

Binary raster operations (e.g., AND, OR, XOR, NOT) may be applied to the source image, the
destination (page) image, and the paint with which the image is colored. In addition to binary
raster operations, transparency modes may also be specified. This section describes the purpose
and use of PCL XL logical operations.

5.7.2 PCL XL Raster Operations (ROPs)

Binary raster operations (ROPS) in PCL XL involve up to three operands. These operands are
the source image, the destination image, and the paint to be applied to the object.

Definitions
Source Image Operand: The pixels of the region defined by the object being painted.

Destination Image Operand: The destination image contains whatever is currently defined
on the page. It includes any paths, characters, and/or raster images painted to the page
through previous operations.

Paint Operand: The paint used to color the object may be a color or a pattern. The current
paint source for an object is defined by the SetPenSource and SetBrushSource operators. The
area that the paint may affect isinside the boundaries of the object being painted and inside the
current clip path.
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The PCL XL SetROP operator specifies the raster operation (ROP3) to be performed on
destination, source and paint to produce new destination data. Assuming four-bits-per-pixel, the
following diagram shows the ROP process with each overlapping box representing a bit.

P

Paint Source Destination

\/

Logical Operation

n

New Destination

NOTE: Raster operations are defined in this and most other documents in RGB space
(white =1, black = 0) rather than in CMY space (white = 0, black = 1). For example,
ORing a white object with ablack object in RGB space yields awhite object. Thisis the
same as ANDing the two objectsin CMY space. All the figure examples for raster
operations in the document assume RGB space (white = 1). If the internals of the device
are based on a color space other than RGB, the RGB ROP3s defined by the user are
trandated appropriately by the device for correct internal operation.

Raster operations are specified in this document using RPN (reverse polish, or postfix notation).
ROP3 functions are described by a character string where operands are designated as single
upper-case letters and operators are designated as single lower-case letters. For example, the
ROP of value 225 corresponds to PDSoxn (Paint/Destination/Source/or/xor/not), the logical
function of:

NOT (Paint XOR (Source OR Destination))
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ROP Example

A ROP of 252 (PSo), corresponds to a binary operation of:
(Paint OR Source)

Sample operands are computed below for ROP PSo with source and paint opaque. Each
column of destination, source, and paint values are the inputs to the raster operation function.

Bits
7 6 5 4 3 2 1 0
Paint 1 1 1 1 0 0 0 0
Source 1 1 0 0 1 1 0 0
Destination 1 0 1 0 1 0 1 0
PSo ROP3 Result 1 1 1 1 1 1 0 0

A graphical example of the PSo ROP isillustrated below. Source and paint transparencies are

default (white pixels are opaque). This example isin RGB space such that a white pixel isa 1 bit.

7@

Paint

Source

Destination

A Graphical Example of the PSo ROP

Result

A complete table of ROP3 operations with their ROP codes and functions are listed in the

appendix of this document.
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5.7.3 The ROP3 Operands

The following tables define the source, destination, and paint operands in terms of raster images,
characters, and paths used in ROP operations.

Source Image Operand for ROP3 Operations

Painted Object

Source Operand Description

Raster Image

The raster image pixels (downloaded by the user with Begin/ Read/
Endimage) make up the source image operand of the ROP. The size of
the source image is the size of the destination bounding box of the
downloaded raster. The raster image may have been dithered.

If the current brush is null and the current ROP includes a paint operand,
the raster image has no effect in the ROP process.

Character

The source operand is either the black pixels of a bitmap character or the
inside regions of an outline character (a character defined with lines and
curves). If the character is a bitmap character, the white pixels are
transparent and not considered in the ROP process. If the character is an
outline character, consider the inside regions to be filled with black pixels.

If the current brush is null and the current ROP includes a paint operand,
the character has no effect in the ROP process.

Path Strokes

PCL XL will always substitute a ROP3 of 240yeima (Paint operand only)
during the path stroking process with a paint transparency mode of
eOpague. Therefore, the source operand is never used when apath is
being stroked by the current pen. Once the path stroking process
completes, the original ROP3 will be restored.

If the current pen is null, the path cannot be stroked. Thus path strokes
are not part of the ROP process when the current pen is null.

Path Region

The*“insde” regions defined by the current path and the current fill mode
setting comprise the source image operand. |f the current subpath was
left open, it will be temporarily closed to determine the inside regions.
For the ROP process, consider the inside regions of the path to be filled
with black pixels.

If the current brush is null and the current ROP includes a paint operand,
the inside regions of a path have no effect during the ROP process.
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Paint Operand for ROP3 Operations

Painted Object

Paint Operand Description

Raster Image

The destination box of the raster image (downloaded by the user with
Begin/Read/Endimage) defines the region in which paint may have an
affect during the ROP process.

If the current brush is null and the current ROP includes the paint
operand, the raster image has no effect in the ROP process.

Character

The regions in which paint may affect the ROP are either the black pixels
of abitmap character or the inside regions of an outline character.

If the current brush is null and the current ROP includes a paint operand,
the character has no effect in the ROP process.

Path Strokes

PCL XL will always substitute a ROP3 of 240yeima (Paint operand only)
with a paint transparency mode of eOpaque during the path stroking
process. Therefore, the paint operand is aways used when apath is
stroked by the current pen. Once the path stroking process completes, the
origina ROP3 will be restored.

If the current pen is null, the path cannot be stroked. Thus path strokes
are not part of the ROP process when the current pen is null.

Path Region

The*“insde” regions defined by the current path and the current fill mode
setting define the regions in which paint may have an effect in the ROP
process. If the current subpath was left open, it will be temporarily closed
to determine the “inside” regions.

If the current brush is null and the current ROP includes a paint operand,
the inside regions of a path have no effect during the ROP process.
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Destination Operand for ROP3 Operations

Painted Object

Destination Operand Description

Raster Image

The destination box of the raster image (downloaded by the user with
Begin/Read/Endimage) defines the region of the destination image that
may be affected by the ROP process.

If the current brush is null and the current ROP includes the paint
operand, the raster image has no effect in the ROP process.

Character

The regions of the destination image that may be affected by the ROP are
either the black pixels of a bitmap character or the inside regions of an
outline character.

If the current brush is null and the current ROP includes a paint operand,
the character has no effect in the ROP process.

Path Strokes

PCL XL will always substitute a ROP3 of 240yeima (Paint operand only)
with a paint transparency mode of eOpaque during the path stroking
process. Therefore, the destination operand is never used when apath is
stroked by the current pen. Once the path stroking process completes, the
origina ROP3 will be restored.

If the current pen is null, the path cannot be stroked. Thus path strokes
are not part of the ROP process when the current pen is null.

Path Region

The“inside’ region defined by the current fill mode is the areain which
the destination may be affected. If the current subpath was left open, it
will be temporarily closed to determine the inside regions.

If the current brush is null and the current ROP includes a paint operand,
the inside regions of a path have no effect during the ROP process.
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5.7.4 Transparency Modes

Transparency is a common term and concept in both the television broadcast and bitmap image
rendering industries. The concept is that pixelsin an underlying (destination) image may be made
visible through certain pixelsin an overlaying (source) image. The technique is used frequently in
the broadcast television industry for weather reporting. For example, the source video image of
the weather reporter is photographed in front of a backdrop screen of a special blue color. The
transparency mode of the source video image is defined such that pixels of an underlying video
image are visible through source image pixels with the blue color matching the backdrop screen.
In the weather report example, the image desired to be visible through only the blue pixelsis
video weather map image. This gives the effect that the weather reporter is standing in front of a
large weather map. Some standard bitmap image file formats also contain a transparency field
(e.g. TGA) to provide asimilar effect for static images.

In PCL XL the white pixels of a source image or paint may be made transparent or opague during
the painting process.

SetSourceTxMode (Set Source Transparency Mode)

A value of eTransparent in the SetSourceTxMode operator makes the source image’' s white pixels
transparent, alowing the corresponding parts of the destination image to show through. A value
of eOpague makes the source image's white pixels opague, blocking out the corresponding parts
of the destination.

SetPaintTxMode (Set Paint Transparency Mode)

The paint's non-white pixels are poured through the source image's non-white pixels onto the
destination. A value of eTransparent in the SetPaintTxMode operator makes the paint's white
pixels transparent, allowing the corresponding parts of the destination image to show through. A
value of eOpague makes the paint's white pixels opagque, painting the corresponding parts of the
destination white.

The following are examples of various transparency mode settings. For the examples that follow,
assume the ROP setting to be a value of 2524ima (Paint ORed with the Source).

S

Paint

Source
Destination Result

Source Transparency = eTransparent
Paint Transparency = eTransparent
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Source Transparency = eTransparent
Paint Transparency = eOpaque

\
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Paint Source

Destination

Source Transparency = eOpaque
Paint Transparency = eTransparent

‘
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Source Transparency = eOpaque
Paint Transparency = eOpaque

— -
Paint
Source

Destination
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5.7.5 Raster Operations and Transparency Interactions
Transparency modes operate in combination with raster operations. The raster operationsin the
ROP3 table listed in the appendix are true only if source image and paint transparency (for white

pixels) are explicitly set to opague. If source and/or paint transparency modes are transparent,
additional operations must be performed to achieve the final result.

The four basic interactions among ROP3 and transparency mode settings are expressed below in
bit operation sequences (where ‘&’ represents a bitwise AND operation and ‘|’ represents a
bitwise OR operation):

Case1l: Sourceand Paint are opague.

NEW DESTINATION = ROP3 ( Dest, Src, Paint )

Case 2. Sourceis opaque Paint is transparent.
Temporary_ROP3 ROPS3 ( Dest, Src, Paint ).

Image A = Temporary_ROP3 & Not Src.
Image B = Temporary_ROP3 & Paint.
Image C = Not Paint & Src & Dest.

NEW DESTINATION Image A |Image B | Image C
Case3: Sourceistransparent, Paint is opague.
Temporary_ROP3 ROPS3 ( Dest, Src, Paint ).
Image A Temporary_ROP3 & Src.
Image B Dest & Not Src.
NEW DESTINATION Image_A | Image_B

Case 4: Source and Paint are transparent
Temporary_ROP3 ROPS3 ( Dest, Src, Paint ).

Image A = Temporary_ROP3 & Src & Paint.
Image B = Dest & Not Src.
Image C = Dest & Not Paint.

NEW DESTINATION Image_A | Image B | Image C.
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The result computed in the example below is similar to a previous example except that two cases
are shown: case 1 (source and paint opague) and case 4 (source and paint transparent). Note that

the expected PSo ROPS3 results only with case 1, when both source and paint transparency modes
are set to opaque.

Bits
7 6 5 4 3 2 1 0
Paint 1 1 1 1 0 0 0 0
Source 1 1 0 0 1 1 0 0
Destination 1 0 1 0 1 0 1 0
PSo ROP3 (source & paint | 1 1 1 1 1 1 0 0

are opaque)
PSo ROP3+Transparencies |1 1 1 0 1 0 1 0
(source & paint are
transparent)
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5.7.6 ROP2 Equivalents in the ROP3 Set

The ROP3 codes found in the appendix of this document have ROP2 equivalents. The table
below specifies these equivalents. The names used for the ROP2 values in the table below are the
common ROP2 names used in Microsoft Windows 3.1 and Win32 Programmers Reference
Manuals. The ROP2 and ROPS3 raster functions shown below apply to RGB space (white=1,
black=0).

ROP2 Name ROP2 Function | ROP2 Value | ROP3 Value
R2 BLACK 0 1 0
R2 NOTMERGEPEN DPon 2 5
R2 MASKNOTOPEN DPna 3 10
R2_NOTCOPY PEN Pn 4 15
R2 MASKPENNOT PDna 5 80
R2 NOT Dn 6 85
R2 XORPEN DPx 7 90
R2 NOTMASKPEN DPan 8 95
R2 MASKPEN DPa 9 160
R2 NOTXORPEN DPxn 10 165
R2 _NOP D 11 170
R2 MERGENOTPEN DPno 12 175
R2_COPY PEN P 13 240
R2 MERGEPENNOT DPno 14 245
R2 MERGEPEN DPo 15 250
R2 WHITE 1 16 255
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Name: SetPaintTxMode

Purpose

Set the effect that the paint's white pixels will have on the destination image. Either the
white paint pixels are transparent on the destination image page or they appear white on
the destination image.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

singleAttributePair(1.1) ::= { TxMode }

Attribute ID

Description and {value}

TxMode

The transparency mode value for the paint.

{ eOpague | eTransparent }

Postcondition

The paint transparency mode has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetSourceTxMode

Purpose

Set the effect that a source object's (painted object's) white pixels will have on the
destination image. Either the white pattern pixels are transparent on the destination image
or they appear white on the destination image.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { TxMode }

Attribute ID Description and {value}

TxMode The transparency mode value for the source object.
{ eOpague | eTransparent }

Postcondition
The source transparency mode has been set in the graphics state.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: SetROP
Purpose

Set the current raster operation to be applied to the paint source, graphical object, and

destination image.
Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

singleAttributePair(1.1) ::= { ROP3}

Attribute ID

Description and {value}

ROP3

The value representing the desired ROP3 operation.
{ +integer }

Postcondition

The current ROP has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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5.8 Setting and Using Halftone Methods

PCL XL alowsthe user to define methods for the halftoning process. The current version of
PCL XL allows the user to define a dither matrix for the halftone method.

The dither matrix is a device-dependent method of instructing the PCL XL device how to color
device pixels based on the intensity value of each colored source pixel of a path, text, or raster
object. The dither matrix itself isan N by M matrix of pixel intensity threshold values. Each cell
in adither matrix contains a threshold value from zero through 255 inclusive. The dither matrix
istiled across the page such that all device pixels correspond to a dither cell.

Regardless of the color space, the user’ s view of the dithering processis that zero is the lowest
intensity and 255 is the highest intensity for acolor. The device handles color space translation
internally.

If the intensity value of a colored path, text, or raster source pixel is less than the corresponding
dither cell intensity value, the device pixel representing that source pixel is set to the lowest
intensity value possible (black on a monochrome device). If the intensity value of a source pixel is
equal to or greater than the intensity value in the corresponding dither matrix cell, the
corresponding device pixel is set to the highest intensity value possible (white on a monochrome
device). A “zero” entry in the dither matrix behaves like a“one” entry such that a zero intensity
source pixel will cause the corresponding device pixel to be set to zero intensity by the dither
operation. The following shows an example dither operation on 16 sample source pixels (assume
amonochrome device).

dither matrix source pixel resulting
threshold values intensity values device pixels

128 | 128 | 60 | 60 65 | 200 | 110 | 110

60 | 128 | 60 | 60 | dither | 65 | 85 | 65 | 55

60 | 60 | 128 | 60 op 85 | 85 | 65 | 55

60 | 60 | 128 | 128 200 | 200 | 200 | 200

If the device is amulti-plane device, asingle dither cell value is applied to pixels on each plane
corresponding to that dither cell’s x, y locations on the physical page. The origin of the dither
matrix tiling process may be set by the user in current user units.

The bottom row of the dither matrix is parallel to the bottom row of the physical page based on
BeginPage orientation. Therefore the bottom row of a dither matrix on a portrait page is parallel
to the bottom short edge of the page. The bottom row of a dither matrix on alandscape page is
paralel to the bottom long edge of the page.

If the source pixel intensity is bi-level, the dithering processis not performed.
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Name: SetHalftoneMethod

Purpose

Set the halftone method by specifying the current dither matrix to be used in the halftoning
process for scanned (bitmap) images, raster patterns, and colors by reading the matrix data

from the currently open data source. Thisis a device resolution-dependent operator.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The length of each dither matrix row must be a multiple of four bytes. If row dataisnot a

multiple of four bytes, row data must be padded with the appropriate number of bytes.
The depth of the dither matrix data must be eight bits.

Attribute List Specification

multiAttributelist(1.1) ::= { DitherOrigin} opt & {{ DeviceMatrix } |
{ DitherMatrixDataType & DitherMatrixSize & DitherMatrixDepth } }

Attribute ID

Description and {value}

DitherOrigin

The origin for the dithering process in user units. If this
attribute is missing the origin is x=0, y=0 in user units.
{ xyVaue}

DeviceMatrix

An enumeration to select internal device dither matrices.
{ eDeviceBest }

DitherMatrixDataType

The data type of datato be read from the data source for
the new dither matrix setting. Each data element read from
the data source represents one dither matrix cell value. The
first byte of the data is the left-most cell of arow (No byte
swapping is performed on dither matrix data).

{ eUByte}

DitherMatrixSize

The width (x value) and height (y value) of the dither matrix
in device pixels, the values of which may each be one or
greater. If the actua width is not a multiple of four bytes,
the data for each row must be padded to four bytes.

{ xyVaue}

DitherMatrixDepth

The depth of each dither matrix entry in bits.
{ e8Bit }
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Postcondition

The current halftone method has been set in the graphics state.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

REV: 1.0 DATE: 13Dec95 | DWG NO:

PAGE 107

BLD 4600




PCL XL Feature Reference —1a

graphics state | Setting Page Coordinate System Attributes

5.9 Setting Page Coordinate System Attributes

This section contains a description of the operators used to setup and modify the page coordinate
system.
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Name: SetPageDefaultCTM

Purpose

Set the current page coordinate transformation matrix to BeginSession defaults and to the
default orientation for the target page.

This operator does not affect the current character CTM settings.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
Attribute List Specification
null Attributelist(1.1)
Postcondition

The current page coordinate transformation matrix has been set such that the originis at
the top left corner of the physical page and the x-axis of the coordinate system is parallel
to the top edge of the target page. The user units are equivalent to those set in the
attribute list of the BeginSession command.

Comments
See Appendix K for related error codes.
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Name: SetPageOrigin

Purpose
Trandate the origin of the page coordinate system to anew X, y location.

Theinitial page origin isthe top left corner of the device physica page.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) ::= { PageOrigin }

Attribute ID Description and {value}

PageQrigin The x, y point at which the page coordinate system origin
will be relocated.
{ xOrigin, yOrigin: xyVaue}

Postcondition
The page CTM in the graphics state has been updated such that the new originis at the x,

y location relative to the previous origin.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name:

Purpose

SetPageRotation

Rotate the user page coordinate system about its origin by +/- N degrees. A positive

number rotates the coordinate system counterclockwise about its origin.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification

singleAttributePair(1.1) ::= { PageAngle }

Attribute ID

Description and {value}

PageAngle

The angle at which the page coordinate system should be
rotated about its current origin. Restricted for first protocol
release to increments of 90 degrees (including zero).

{ number }

Postcondition

The page CTM in the graphics state has been updated such the page coordinate system

has been rotated about its own origin by N degrees as specified in the attribute list.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name:

Purpose
Scale the page coordinate system in an x and y direction in user units,

SetPageScale

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification

singleAttributePair(1.1) ::= { PageScale}

Attribute ID

Description and {value}

PageScale

The factor for scaling the page coordinate system.

{ xUnits, yUnits: xyValue}

Postcondition

The page CTM in the graphics state has been updated such that the page coordinate

system has been scaled according to the x, y values in the attribute list.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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6.0 Painting Operators

This section contains a description of PCL XL operators to paint paths, scan lines and raster
images.

6.1 Path Manipulation Operators
This section contains a description of the operators used to manipulate paths.

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 113 BLD 4600




PCL XL Feature Reference —1a

path Defining and Painting a Path

Name:

CloseSubPath

Purpose

Join a line from the current cursor to the beginning of the current subpath to form a closed
path (closed region).

CloseSubPath closes the most recent subpath so that proper join shapes will be drawn
when the path is painted.

CloseSubPath is automatically performed on all open subpaths when a non-null brushis
set prior to a path paint operation. If a subpath is automatically closed, the “inside’ of the
path isfilled with the non-null brush based on the current fill mode. After the fill takes
place, the subpath is restored to its original state before any stroking operations. If the
PaintPath operation aso strokes the path due to a non-null pen, only the original path
elements will be stroked.

After the painting operation, all automatically closed subpaths are restored to their
previous state, thus preserving the original path.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

Attribute List Specification

null AttributelList(1.1)

Postcondition

A line has been joined from the current cursor to the beginning of the current subpath,
closing the subpath.

The current cursor has been updated to be the close point of the path.
The current cursor is the beginning of a new subpath.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments

See Appendix K for related error codes.
See aso SetCursor and SetCursorRel.
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Name: NewPath
Purpose
Delete the current path (including subpaths).

Following this operator, a new path may be constructed using vector object path operators
(i.e. LinePath, BezierPath, etc.).

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.
Attribute List Specification

null Attributelist(1.1)
Postcondition

The current path has been deleted.

Thereis no current cursor.

Exceptional Testing Criteria

none

Comments
See Appendix K for related error codes.
See also SetCursor and SetCursorRdl.
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Name: PaintPath
Purpose
Paint the current path according to attribute settings in the graphics state.

CloseSubPath is automatically performed on all open subpaths when a non-null brushis
set prior to a path paint operation. If a subpath is automatically closed, the “inside’ of the
path isfilled with the non-null brush based on the current fill mode. After the fill takes
place, the subpath is restored to its original state before any stroking operations. If the
PaintPath operation aso strokes the path due to a non-null pen, only the original path
elements will be stroked.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.
Attribute List Specification

null Attributelist(1.1)
Postcondition

The current path has been painted to the page according to the values given in the
graphics state.

The current path has been preserved.

The current cursor has been preserved.

If no current path existed prior to PaintPath, there is no painting performed.
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments
See Appendix K for related error codes.
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6.2 Defining and Painting Arcs

Arc operators describe an eliptical arc (see figure below). The shape of the arc is defined by an
imaginary elipse which isthe size of abounding box. The length isthe arc is defined by the
intersection of the ellipse and two imaginary rays drawn from the center of the bounding box
through points x3, y3 and x4, y4. The starting point for the arc is the point at which the ray
through point x3, y3 intersects the ellipse. The ending point for the arc is the point at which the
ray through point x4, y4 intersects the ellipse. The arc is described or drawn in the direction
specified by the ArcDirection setting in attribute list.

x4, y4

x1, yl

X2, y2
Arc Defined With Above X,Y Points And ArcDirection Set To CounterClockWise

Paths drawn solely with line and bezier operators are always left “open” when painted using a null
brush and any valid pen. This provides the user full control over the line join and end shapes to be
drawn for apath. Thisistrue even when the start point and end point of aline- and/or bezier-
drawn region are coincident. The user may invoke the CloseSubPath operator to achieve
appropriate closed line joins for regions with coincident start and end points. The exception to the
“subpath always left open” ruleisthe arc operator. A 360 degree arc is created by equal start and
end points. A zero degree arc cannot be created. All 360 degree arcs are considered to be circles
or elipses and are automatically closed.

All subpaths drawn with lines, arcs, and beziers are automatically closed for the filling operation
when the paint operator is invoked and a non-null brush is set (see CloseSubPeath).

CloseSubPath is performed automatically by closed-object path operators such as Circle, Ellipse,
Rectangle, Pie, and Chord.

An error occurs if the point x3, y3 or the point x4, y4 is equal to the center point of the bounding
box.
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Name: ArcPath
Purpose

Add an arc to the current path using absolute points.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Attribute List Specification

multiAttributelist(1.1) ::=

{ BoundingBox & StartPoint & EndPoint & { ArcDirection} o }

Attribute ID

Description and {value}

BoundingBox

The bounding box for the arc.

{ x1,y1, x2, y2: boxVaue}

StartPoint The starting point for the arc.
{ x3, y3: xyVaue}
EndPoint The ending point for the arc.
{ x3, y3: xyVaue}
ArcDirection The direction in which the arc should be drawn. If this

attribute is missing the default is eCounterClockWise.
{ eClockWise | eCounterClockWise }

Postcondition

An arc description has been added to the current path according to the points given in the
attribute list. A 360 degree arc is created when the start point is equal to the end point.
The cursor is at the end of the arc description.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be

achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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6.3 Defining and Painting Beziers

Bezier operations describe a series of connected quadratic Bezier curves, with a start point, two
control points, and an end point (see figure below).

controll
x1,yl control2

L[] X2,y2

start =
x0, yO
(current cursor)

end
x3, y3

start

(current cursor)
end

X6, y6
u [

control2 controll

X5, y5 x4, y4

The start point for abezier curve is the location of the current cursor. In addition to the start
point, two control points and an end point must be defined for al bezier curves. An operator
describing a single bezier curve acquires the three points following the start point from the
attribute list.

An operator describing multiple bezier curves reads multiple sets of three points following the
start point from the data source. The first two pointsin the data source are control points one
and two respectively for the first bezier. The third point in the data source is the end point. The
current cursor is set to the end point for the first curve defined in the data source. Each
subsequent Bezier curve needs only three points from the data source. Thisis because the current
cursor set at the previous bezier’ s end point becomes the start point for the next bezier. Thetotal
number of points for a multiple bezier definition is defined in the Bezier operator’ s attribute list.

Paths drawn solely with line and bezier operators are always left “open” when painted using a null
brush and any valid pen. This provides the user full control over the line join and end shapes to be
drawn for apath. Thisistrue even when the start point and end point of aline- and/or bezier-
drawn region are coincident. The user may invoke the CloseSubPath operator to achieve
appropriate closed line joins for regions with coincident start and end points. The exception to the
“subpath always left open” ruleisthe arc operator. All 360 degree arcs are considered to be
circles or dlipses and are automatically closed.
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All subpaths drawn with lines, arcs, and beziers are automatically closed when the paint operator
isinvoked and anon-null brush is set. However, the path is restored to its original state after the
painting operation is complete.

CloseSubPath is performed automatically by closed-object path operators such as Circle, Ellipse,
Rectangle, Pie, and Chord.
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Name: BezierPath

Purpose

Describe part of a path as a bezier using absolute points.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The current cursor is defined.
Attribute List Specification

multiAttributeList(1.1) ::= { NumberOfPoints & PointType} |

{ ControlPointl & ControlPoint2 & EndPoint}

Attribute ID Description and {value}

Control Point1

{ x1, yl: xyValue}

The first control point for the bezier.

Control Point2

{ x2,y2: xyValue}

The second control point for the bezier.

EndPoint The end point for the bezier.

{ x3, y3: xyVaue}

NumberOfPoints

number must be a multiple of 3.
{ +integer }

The number of pointsto be read from the data source. This
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PointType

The data type of the points to be read from the data source. This
value specifies how to read point values from the data source.

If the PCL XL stream isin abinary form, eUByte/eSByte will
cause each point to be read as a single unsigned/signed byte,
eUInt16 will cause each point to be read as two bytes containing
an unsigned integer, and eSInt16 will read cause each point to be
read as two bytes containing a signed integer. The position of the
most significant byte in multi-byte points is determined by the
OpenDataSource operator.

If the PCL XL stream isin an ASCII form, the PointType value
specifies data type and sign attribute of ASCIl numbers read from
the source.

(eUByte | eSByte | eUInt16 | eSINt16 }
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Postcondition

Bezier description(s) has/have been added to the current path according to the points
given in the attribute list/or the data source. The cursor is at the end of the last bezier
description.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: BezierRelPath
Purpose

Describe part of a path as a bezier using relative points. All points defined for the bezier
are relative to the current cursor.

When points are read from the data source instead of the attribute list, the points for the
first bezier are relative to the current cursor. The points for each successive bezier are
relative to the new current cursor which is the end point of the previous bezier.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The current cursor is defined.
Attribute List Specification

multiAttributeList(1.1) ::=  { NumberOfPoints & PointType} |

{ ControlPointl & ControlPoint2 & EndPoint}

Attribute ID

Description and {value}

Control Point1

The first control point for the bezier, relative to the current cursor.
{ x1, yl: xyValue}

Control Point2

The second control point for the bezier, relative to the current
cursor.
{ x2,y2: xyValue}

EndPoint The end point for the bezier, relative to the current cursor.
{ x3, y3: xyVaue}
NumberOfPoints | The number of pointsto be read from the data source. This

number must be a multiple of 3.
{ +integer }

(Attribute list specification continued on next page)
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Attribute List Specification (continued)

PointType

The data type of the points to be read from the data source. This
value specifies how to read point values from the data source.

If the PCL XL stream isin abinary form, eUByte/eSByte will
cause each point to be read as a single unsigned/signed byte,
eUInt16 will cause each point to be read as two bytes containing
an unsigned integer, and eSInt16 will read cause each point to be
read as two bytes containing a signed integer. The position of the
most significant byte in multi-byte points is determined by the
OpenDataSource operator.

If the PCL XL stream isin an ASCII form, the PointType value
specifies data type and sign attribute of ASCIl numbers read from
the source.

(eUByte | eSByte | eUInt16 | eSInt16 }

Postcondition

Bezier description(s) has/have been added to the current path according to the points
given in the attribute list/or the data source. The cursor is at the end of the last bezier

description.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be

achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.4 Defining and Painting a Chord

Chord operators describe an arc and a line placed between the end points of the arc (see figure
below). A chord isaclosed subpath. The shape of the arc portion of the chord is defined by an
imaginary elipse which is the size of a bounding box. The length isthe arc is defined by the
intersection of the ellipse and two imaginary rays drawn from the center of the bounding box
through points x3, y3 and x4, y4. The starting point for the arc is the point at which the ray
through point x3, y3 intersects the ellipse. The ending point for the arc is the point at which the
ray through point x4, y4 intersects the ellipse. The arc is described or drawn in a
counterclockwise direction. The chord is placed between the end points of the arc.

A 360 degree arc is created when the start point is equal to the end point. The 360 degree arc is
closed. An error occursif the point x3, y3 or the point x4, y4 is equal to the center point of the
bounding box.

x4, y4

x1, yl

X2, y2
A Chord Defined With Above X,Y Points
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Name: Chord

Purpose
Paint a chord to a page using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) ::= { BoundingBox & StartPoint & EndPoint }

Attribute ID Description and {value}
BoundingBox The bounding box for the chord.
{ x1,y1, x2, y2: boxVaue}
StartPoint The starting point for the arc.
{ x3, y3: xyVaue}
EndPoint The ending point for the arc.
{ x3, y3: xyVaue}

Postcondition

A chord has been painted to the page according to the points given in the attribute list. A
360 degree arc is created when the start point is equal to the end point.

The path existing prior to the operation has been destroyed.

The new current path is comprised of the chord described by the operator.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

This operation is functionally equivalent to an expanded protocol sequence. The
equivalent expanded protocol is shown below in BNF syntax:
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Chord ::= { NewPath ChordPath PaintPath }
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Name: ChordPath

Purpose
Add a chord to the current path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) ::= { BoundingBox & StartPoint & EndPoint }

Attribute ID Description and {value}
BoundingBox The bounding box for the chord.
{ x1,y1, x2, y2: boxVaue}
StartPoint The starting point for the arc.
{ x3, y3: xyVaue}
EndPoint The ending point for the arc.
{ x3, y3: xyVaue}

Postcondition

An chord description has been added to the current path according to the points given in
the attribute list.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.5 Defining and Painting an Ellipse

Ellipse operators describe an elipse that is encompassed within the bounding box defined by
x1,y1 and x2,y2 (see figure below). An ellipseisaclosed subpath. The ellipse contacts the
bounding box at each box edge. The elipseis described or drawn in a counterclockwise direction.

x1, yl

X2, y2
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Name:

Ellipse

Purpose

Paint an ellipse to a page using absolute points.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.
Attribute List Specification

singleAttributePair(1.1) := { BoundingBox }

Attribute ID

Description and {value}

BoundingBox

The absolute points describing the bounding box for the
elipse.
{ x1,y1, x2, y2: boxVaue}

Postcondition

An dlipse has been painted to the page according to the points given in the attribute list.

The path existing prior to the operation has been destroyed.

The new current path is comprised of the ellipse(s) described by the operator.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.

This operation is functionally equivalent to an expanded protocol sequence. The
equivalent expanded protocol is shown below in BNF syntax:

Ellipse ::= { NewPath EllipsePath PaintPath }
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Name: EllipsePath

Purpose
Add an ellipse description to a path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) := { BoundingBox }

Attribute ID Description and {value}

BoundingBox The points describing the bounding box for the ellipse.
{ x1,y1, x2, y2: boxVaue}

Postcondition

An ellipse has been added to the current path according to the points given in the attribute
list.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.6 Defining and Painting Lines

A line definition requires a start point and an end point. The start point for al linesis the location
of the current cursor. For single lines, the end point of the line is specified by the end point
attribute in the attribute list.

Multiple lines may be specified by placing end points in the data source. The first element in the
data source establishes the end point of the first line. The cursor is set to that end point. The
current cursor now acts as the start-point for the next line. The next element in the data point is
the end point for the second line. The second line segment is placed using the end point. The
current cursor is set to that end point as the start point for the next line, an so on.

Paths drawn solely with line and bezier operators are always left “open” when painted using a null
brush and any valid pen. This provides the user full control over the line join and end shapes to be
drawn for apath. Thisistrue even when the start point and end point of aline- and/or bezier-
drawn region are coincident. The user may invoke the CloseSubPath operator to achieve
appropriate closed line joins for regions with coincident start and end points. The exception to the
“subpath always left open” ruleisthe arc operator. All 360 degree arcs are considered to be
circles or dlipses and are automatically closed.

All subpaths drawn with lines, arcs, and beziers are automatically closed when the paint operator
isinvoked and anon-null brush is set. However, the path isrestored to its original state once the
painting operation is complete.

CloseSubPath is performed automatically by closed-object path operators such as Circle, Ellipse,
Rectangle, Pie, and Chord.
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Name: LinePath

Purpose
Add line description(s) to the current path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The current cursor is defined.

Attribute List Specification
multiAttributeList(1.1) ::= { EndPoint | { NumberOfPoints & PointType} }

Attribute ID Description and {value}

EndPoint The end point for the line.

{ x3, y3: xyVaue}

NumberOfPoints | The number of pointsto be read from the data source.

{ +integer }

PointType The data type of the pointsto be read from the data source. This
value specifies how to read point values from the data source.

If the PCL XL stream isin abinary form, eUByte/eSByte will
cause each point to be read as a single unsigned/signed byte,
eUInt16 will cause each point to be read as two bytes containing
an unsigned integer, and eSInt16 will read cause each point to be
read as two bytes containing a signed integer. The position of the
most significant byte in multi-byte points is determined by the
OpenDataSource operator.

If the PCL XL stream isin an ASCII form, the PointType value
specifies data type and sign attribute of ASCIl numbers read from
the source.

(eUByte | eSByte | eUInt16 | eSInt16 }

Postcondition

One or more lines have been added to the current path according to the end point given in
the attribute list or the end points in the data source.

The current cursor is at the last end point.
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Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: LineRelPath
Purpose

Describe part of a path as aline using relative points. The end point defined for the lineis
relative to the current cursor.

When end points are read from the data source instead of the attribute list, the end point
for thefirst line isrelative to the current cursor. The end point for each successive lineis
relative to the new current cursor which is the end point of the previous line.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The current cursor is defined.
Attribute List Specification

multiAttributeList(1.1) ::= { EndPoint } |{ NumberOfPoints & PointType }

Attribute ID Description and {value}
EndPoint The end point for the line, relative to the current cursor.
{ x3, y3: xyVaue}
NumberOfPoints | The number of points to be read from the data source.
{ +integer }
PointType The data type of the pointsto be read from the data source. This

value specifies how to read point values from the data source.

If the PCL XL stream isin abinary form, eUByte/eSByte will
cause each point to be read as a single unsigned/signed byte,
eUInt16 will cause each point to be read as two bytes containing
an unsigned integer, and eSInt16 will read cause each point to be
read as two bytes containing a signed integer. The position of the
most significant byte in multi-byte points is determined by the
OpenDataSource operator.

If the PCL XL stream isin an ASCII form, the PointType value
specifies data type and sign attribute of ASCIl numbers read from
the source.

(eUByte | eSByte | eUInt16 | eSInt16 }
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Postcondition

One or more lines have been added to the current path according to the end point given in

the attribute list or the end points given in the data source.

The current cursor is at the last end point.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.7 Defining and Painting Pies

Pie operators describe an elliptical arc and two line segments placed in the path to close the pie
shape (see figure below). A pieisaclosed subpath. The shape of the arc portion of the pieis
defined by an imaginary elipse which is the size of abounding box. The length isthe arc is
defined by the intersection of the elipse and two imaginary rays drawn from the center of the
bounding box through points x3, y3 and x4, y4. The starting point for the arc is the point at
which the ray through point x3, y3 intersects the ellipse. The ending point for the arc is the point
at which the ray through point x4, y4 intersects the ellipse. The arc is described or drawn a
counterclockwise direction. Lines are placed along the rays for x3, y3 and x4, y4 to the edge of
the ellipse defined by the bounding box to complete the pie shape.

The pie appears as a 360 degree arc when the start point is equal to the end point, having aline
drawn from the center of the pie to the overlaid start and end points. Even though there appears
to be only one line from the center, both lines (edges) are actually drawn and overlaid. An error
occursif the point x3, y3 or the point x4, y4 is equal to the center point of the bounding box.

x4, y4

x1, yl

A Pie Defined With Above X,Y Points
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Name: Pie

Purpose
Paint a pie to a page using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) ::= { BoundingBox & StartPoint & EndPoint }

Attribute ID Description and {value}
BoundingBox The bounding box for the pie shape.
{ x1,y1, x2, y2: boxVaue}
StartPoint The starting point for the pie arc.
{ x3, y3: xyVaue}
EndPoint The ending point for the pie arc.
{ x3, y3: xyVaue}

Postcondition

A pie has been painted to the page according to the points given in the attribute list. The
pie appears as a 360 degree arc when the start point is equal to the end point, having aline
drawn from the center of the pie to the overlaid start and end points. Even though there
appears to be only one line from the center, both lines (edges) are actually drawn and
overlaid.

The path existing prior to the operation has been destroyed.
The new current path is comprised of the pie described by the operator.
The current cursor location is at point x1, y1 of the bounding box (the upper left point).
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Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

This operation is functionally equivalent to an expanded protocol sequence. The
equivalent expanded protocol is shown below in BNF syntax:

Pie ::= { NewPath PiePath PaintPath }
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Name: PiePath

Purpose
Add a pie description to the current path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) ::= { BoundingBox & StartPoint & EndPoint }

Attribute ID Description and {value}
BoundingBox The bounding box for the pie shape.
{ x1,y1, x2, y2: boxVaue}
StartPoint The starting point for the pie arc.
{ x3, y3: xyVaue}
EndPoint The ending point for the pie arc.
{ x3, y3: xyVaue}

Postcondition

A pie description has been added to the current path according to the points given in the
attribute list.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.8 Defining and Painting Rectangles

Rectangle operators describe a rectangle from an upper left point to alower right point specified
by abounding box (seefigure below). A rectangleisaclosed subpath. The rectangle is described
or drawn in a counterclockwise direction.

x1,yl

X2,y2
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Name: Rectangle

Purpose
Paint a rectangle to a page using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) :={ BoundingBox }

Attribute ID Description and {value}

BoundingBox The points describing the bounding box for the rectangle.
{ x1,y1, x2, y2: boxVaue}

Postcondition
A rectangle has been painted to the page according to the points given in the attribute list.
The path existing prior to the operation has been destroyed.
The new current path is comprised of the rectangle(s) described by the operator.
The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

This operation is functionally equivalent to an expanded protocol sequence. The
equivalent expanded protocol is shown below in BNF syntax:

Rectangle ::= { NewPath RectanglePath PaintPath }
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Name: RectanglePath

Purpose
Add arectangle description to the current path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
singleAttributePair(1.1) :={ BoundingBox }

Attribute ID Description and {value}

BoundingBox The points describing the bounding box for the rectangle.
{ x1,y1, x2, y2: boxVaue}

Postcondition

A rectangle description has been added to the current path according to the points given in
the attribute list.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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6.9 Defining and Painting Rounded Rectangles

Rounded rectangle operators describe a rounded rectangle from the upper left point to the lower
right point specified by the bounding box and the x and y dimensions of an ellipse determining the
shape of the rounded corners (see figure below). The rounded rectangle is described or drawnin a

counterclockwise direction. A rounded rectangle is a closed subpath.

xEllipse
x1, yl P
4 \ t yEllipse
AN /
X2, y2
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Name: RoundRectangle

Purpose
Paint a rounded rectangle to a page using absol ute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) := { EllipseDimension & BoundingBox }

Attribute ID Description and {value}

BoundingBox The points describing the bounding box for the ellipse.

{ x1,y1, x2, y2: boxVaue}

EllipseDimension The x and y dimension of an dllipse that determines the shape
of the rounded corners.

{ xEllipse, yEllipse: xyVaue}

Postcondition

A rounded rectangle has been painted to the page according to the points given in the
attribute list.

The path existing prior to the operation has been destroyed.

The new current path is comprised of the rounded rectangle(s) described by the operator.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.

This operation is functionally equivalent to an expanded protocol sequence. The
equivalent expanded protocol is shown below in BNF syntax:

RoundRectangle ::= { NewPath RoundRectanglePath PaintPath }
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Name: RoundRectanglePath

Purpose
Add arounded rectangle description to the current path using absolute points.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
multiAttributeList(1.1) := { EllipseDimension & BoundingBox }

Attribute ID Description and {value}

BoundingBox The points describing the bounding box for the ellipse.

{ x1,y1, x2, y2: boxVaue}

EllipseDimension The x and y dimension of an dllipse that determines the shape
of the rounded corners.

{ xEllipse, yEllipse: xyVaue}

Postcondition

A rounded rectangle description has been added to the current path according to the
points given in the attribute list.

The current cursor location is at point x1, y1 of the bounding box (the upper left point).

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged vector objects must be
achieved.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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6.10 Defining and Painting Bitmap Images

Bitmap images must be read into the device within Begin/Read/Endlmage operators.

Beginimage defines the start of a new logical image and specifies parameters that are static during

the process of reading image data. Readl mage specifies parameters pertaining to individual
blocks of image data.

If the color space and palette needed for the image are different from the current color space and
palette, the user may wish to perform a PushGS before setting the color space and palette for the
Begin/Read/Endlmage protocol sequence. A PopGS will restore the previous color space and

pal ette settings.
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Name: Beginlmage
Purpose
Setup the device for painting a new bitmap image at the current cursor location.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The data source must be open from which image blocks are to be read.
The current color space must match the image data.

If the image pixel colors are indexed to a palette, the palette must exist in the color space
and the palette length must be compatible with the depth of the image source pixels.

The current cursor must be set to avalid x, y point.

Neither the source width nor source height is zero.

Neither the x nor y destination size value is zero.
Attribute List Specification

multiAttributeList(1.1) ::= { ColorDepth & ColorMapping &
DestinationSize & SourceWidth & SourceHeight }

Attribute ID Description and {value}
ColorMapping An enumeration specifying whether the component color
mapping is direct or indexed through a palette.
{ eDirectPixel | elndexedPixel }
ColorDepth The number of bits per image component.
{ elBit | e4Bit | e8Bit }
SourceWidth The width of the image source in source pixels.
{ +integer }
SourceHeight The height of the image source in source pixels.
{ +integer }
DestinationSize The size of the destination box on the page for the image in
current user units.
{ xyVaue}

Postcondition
The device has been set up to accept Readl mage operators.
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Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Readlmage

Purpose

Read a block of a bitmap image data from the current data source.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The StartLine attribute is in sequence relative to the end line of the previous Readlmage.
The data source from which image blocks are read must be open.

The data source must have one block remaining that matches the Beginl mage attribute list
definition and the attribute list definition for this Readlmage.

Thefirst byte of the image block islogicaly the left-most byte of the block (No byte
swapping is performed on the binary data describing the image block).

The length of each line of image data within the image block must be a multiple of four
bytes. If alineisnot a multiple of four bytes, it must be padded with the appropriate
number of bytes with avalue of zero.

Attribute List Specification

multiAttributeList(1.1) ::= { CompressMode & StartLine & BlockHeight }

Attribute ID Description and {value}

StartLine The line within the source image at which thisblock is
located. The line position isin source pixels. The line must
be in sequence relative to the end line of the previous
Readlmage. Thefirst start line must be zero.

{ +integer }

BlockHeight The height of the image data block in source pixels.
{ +integer }

CompressMode The compression mode for the block being read.

{ eNoCompression | eRLECompression }

Postcondition

A block of bitmap image data has been read by the device from the current data source.
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Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: Endlmage
Purpose
End the definition of a bitmap image and cause it to be painted.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
Attribute List Specification
null Attributelist(1.1)
Postcondition

The newly defined image has been scheduled for painting.

Comments
See Appendix K for related error codes.
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6.11 Defining and Painting Raster Patterns

Raster patterns must be read into the device within Begin/Read/EndRastPattern operators. Raster
patterns are tiled bitmap images used to stroke or fill path objects and brush text on the page. A
raster pattern must be associated with a numeric identifier when it is read into the device.

BeginRastPattern defines the start of a new logical bitmap pattern and specifies parameters that
are static during the process of reading pattern data. ReadRastPattern defines parameters
pertaining to individual blocks of raster pattern data.

Raster patterns remain in the device until a PopGS, the end of a page (EndPage or AbortPage) or
the end of a session (EndSession) depending on the persistence requested for the pattern. These
types of patterns are called temporary, page, and session persistent respectfully.

The destination box specifying the size of the raster pattern on the page is defined in the user units
at the time the pattern is downloaded. The actual size of the pattern on the page will depend on
the page CTM settings in effect when the pattern is associated with a pen or a brush. The page
CTM converts the user units specified for the pattern size to device units when SetPenSource or
SetBrushSource is performed. The user has the option of overriding the original destination box
Size when the pen or brush is set.

The current CTM rotation determines the rotation of the pattern at the time SetPenSource or
SetBrushSource is performed . If the CTM isin default rotation, the bottom of the pattern as
downloaded will be parallel to the bottom of the physical page (i.e. paraléd to the short edge for
portrait orientation and to the long edge for landscape orientation).

The color space and palette settings must be set prior to BeginRastPattern such that they are
compatible with the pattern data to be read. If the color space and palette needed for the pattern
are different from the current color space and palette, the user may wish to perform a PushGS
before setting the color space and palette for the Begin/Read/EndRastPattern protocol sequence.
A PopGS will restore the previous color space and palette settings. Note that the two PushGS /
PopGS combinations cannot be used for temporary raster patterns since temporary patterns may
not be accessed when the graphics state on which they were downloaded has been popped.

The identifier associated with the raster pattern is used as an attribute value for the SetPenSource
and SetBrushSource operators. Once this pattern is selected for a pen or brush, the pattern will
stay in effect for the pen or brush in the current graphics state. Thisistrue even if the user
downloads a new pattern with a matching PatternDefinel D.
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Name: BeginRastPattern

Purpose
Start the definition of anew raster pattern (bitmap pattern).

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The data source from which raster pattern blocks are to be read must be open.
The current color space must match the raster pattern data.

If the pattern pixel colors are indexed to a palette, the palette must exist in the color space
and the palette length must be compatible with the depth of the pattern source pixels.

Neither the source width nor source height is zero.
Neither the x nor y destination size value is zero.
Attribute List Specification

multiAttributeList(1.1) ::= { ColorDepth & ColorMapping &
DestinationSize & SourceWidth & SourceHeight &
{ PatternDefinelD & PatternPersistence } }

Attribute ID Description and {value}
ColorMapping An enumeration specifying whether the component color
mapping is direct or indexed through a palette.
{ eDirectPixel | elndexedPixel }
ColorDepth The number of bits per image component.
{ elBit | e4Bit | e8Bit }
SourceWidth The width of the raster pattern source in source pixels.
{ +integer }
SourceHeight The height of the raster pattern source in source pixels.
{ +integer }
DestinationSize The size of the destination box on the page for the raster pattern
specified in user units.
{ xyVaue}
(continued)

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 155 BLD 4600




PCL XL Feature Reference

pattern Defining and Painting Raster Patterns

Attribute List Specification (continued)

Attribute ID

Description and {value}

PatternDefinel D

The identifier by which the pattern will be known and selected in
a SetBrushSource and/or SetPenSource operation. The sameid
number may be used for temporary-, page-, and session-
persistent patterns. However, the precedence on pattern
selection in SetPen/BrushSource is temporary first (if exists),
page second (if exists), and session third (if exists).

{integer}

PatternPersistence

An enumerated val ue specifying the persistence of the pattern.

If the enumeration is eTempPattern, it is a temporary-persistent
pattern. The pattern is accessible by a SetPenSource or
SetBrushSource using thisidentifier in the current or higher
(PushGS) graphics state levels until replaced by atemporary
pattern using the same identifier or until the current graphics
state level is popped (PopGS).

If the enumeration is ePagePattern, it is a page-persistent
persistent pattern. The pattern is accessible by a SetPenSource
or SetBrushSource using the identifier for the remainder of the
page or until replaced by a page pattern using the same
identifier.

If the enumeration is eSessionPattern, it is a session-persistent
pattern. The pattern is accessible by a SetPenSource or
SetBrushSource using the identifier for the remainder of the
session or until replaced by a session pattern using the same
identifier.

{ eTempPattern | ePagePattern | eSessionPattern }

Postcondition

A raster pattern has been defined for the pen and/or brush or it has been defined for an

identifier.

Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be

achieved.
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Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: ReadRastPattern
Purpose
Read a block of araster pattern data from the current data source.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The data source from which raster pattern blocks are read must be open.

The StartLine attribute is in sequence relative to the end line of the previous
ReadRastPattern.

The data source must have one block must remaining that matches the attribute list
definition for BeginRastPattern and the attribute list definition for this ReadRastPattern.

Thefirst byte of the pattern block islogically the left-most byte of the block (No byte
swapping is performed on the binary data describing the raster pattern block).

The length of each line of image data within the pattern block must be a multiple of four
bytes. If alineisnot amultiple of four bytes, it must be padded with the appropriate
number of bytes with avalue of zero.

Attribute List Specification
multiAttributeList(1.1) ::= { StartLine & BlockHeight & CompressMode }

Attribute ID Description and {value}

StartLine The line within the source raster block to start reading datain
source pixels. The line must be in sequence relative to the end
line of the previous Readimage. Thefirst start [ine must be

zero.
{ +integer }

BlockHeight The height of the raster data block in source pixels.
{ +integer }

CompressMode The compression mode for the block being read.

{ eNoCompression | eRLECompression }

Postcondition
A block of raster pattern data has been read by the device from the current data source.
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Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be
achieved.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: EndRastPattern

Purpose

End the definition of araster pattern.
Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

Attribute List Specification

nullAttributeList(1.1)
Postcondition

A new raster pattern has been defined for a pen and/or a brush.

Comments

See Appendix K for related error codes.
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6.12 Defining and Painting Scan Lines

Applications and graphical user interfaces sometimes find it necessary to resort to drawing
complex graphical regions with one user-unit high scan lines. Scan lines must be read into a PCL
XL device using the BeginScan, ScanLineRel, EndScan operators.

Each scan line segment of a scan lineis one user unit high and has butt-end caps. Scan lines are
colored with the current brush setting in the graphics state. The following is a sample scan line:

A Sample Scan Line

BeginScan defines the start of anew logical block of scan lines. The actual datafor the scan lines
isread from the data source. The ScanLineRel operator reads one or more scan lines from the
open data source. The ScanLineRel operator contains an attribute describing the number of scan
lines to be found in the data source. The EndScan operator finishes alogical block of scan lines.
The current path is null following the EndScan operator.

Each scan line has an XStart, Y Start value in the data source describing the scan line starting
location. The next scan line data are a pair of x vaues describing the starting and ending points
for the first scan line segment. These x values are relative to XStart and at Y Start. Each
remaining pair of x valuesin the scan line are relative to the end point of the most recent scan line.
Each scan line segment is drawn up to, but not including its end point.

The format of scan line datais as follows;

{XStart, Y Start type: ubyte}
{XStart }{Y Start,} {# of x-pairs;: uint16}{x-pair type;: ubyte}{xpairy 1}{xpairy o} ...{xpair, n}
{XStart,}{Y Start,} { # of x-pairs,: uint16}{ x-pair type,: ubyte} {xpair, 1} { xpair,.o} ...{ xpair,n}

{.;(StartN}{YStartN}{# of x-pairsy: uintl6}{x-pair typey: ubyte}{ xpairy 1} { xpairy 2} ...{ Xpairn n}

Each scan line is described in a compressed data form. The first byte of the scan line data defines
the data type of the XStart and Y Start values found in each scan line description. This data type
value is an enumeration identical to the PointType enumeration for operators such as
LineRelPath. The XStart, Y Start data type allowed for protocol class 1.1 of PCL XL is eSInt16.
Following the data type field are the XStart and Y Start values for the first scan line of the
ScanLineRel block.

The next field is the number of x-pairs for the scan line. Thisis always an unsigned 16-bit integer
value greater than zero. Following the field for number of x-pairsisthe x-pair type field, which is
also aPointType enumeration. This enumeration is restricted to eUByte and eUInt16. The scan
line segment x-pairs follow the x-pair data type field.
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Name: BeginScan

Purpose
Start the definition of anew block of scan lines to be filled with the current brush source.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.

Attribute List Specification
null Attributelist(1.1)

Postcondition

The device is set up to begin reading scan line definitions.
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be
achieved.
Comments

See Appendix G for valid embedded data field ranges for XStart, Y Start point type and
x-pair type (PointType Enumeration).

See Appendix K for related error codes.

The number of x-pairsfield for each scan line in the data source must always be greater
than zero.
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Name: ScanLineRel

Purpose
Start the definition of a new block of scan lines using coordinates relative to the X, Y

starting point. The relative coordinates are positive x values.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The datain the current open data source will satisfy the request by the ScanLineRel
operator.
Attribute List Specification
singleAttributePair(1.1) ::= { NumberOf ScanL ines} o

Attribute ID Description and {value}
NumberOfScanLines | The number of scan lines defined in the data source read by
the ScanLineRel operator. If thisattribute ismissing, it is
assumed that the number of scan linesis one.

The range of this attribute is integer values of 1 or more.

{ +integer greater than zero}

Postcondition
A block of scan line data has been read by the device.

Exceptional Testing Criteria
HP print quality goals for shape and appearance of imaged raster objects must be
achieved.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name: EndScan
Purpose
End the definition of anew block of scan lines.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
Attribute List Specification
null Attributelist(1.1)
Postcondition

A block of scan lines have been painted to the page.
The current path has been destroyed.
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged raster objects must be
achieved.

Comments
See Appendix K for related error codes.
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6.13 Painting Text
This section describes the set of operators used to paint text to a page.
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Name: Text
Purpose

Paint characters starting from the current cursor using application-specified character

escapements. |If the character data represents outline-defined characters, the areainside
the outlines defines the source pixels to be painted. If the character data represents bitmap
characters, only the black pixels are treated as the source pixels to be painted. The white

pixels have no effect in the painting process.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Thereisavalid current font set in the graphics state.

All array attributes provided in the attribute list are the same length.

The current cursor is valid.
Attribute List Specification

multiAttributelist(1.1) ::= { { XSpacingData} o & {Y SpacingData} o & TextData}

Attribute ID Description and {value}

TextData An unsigned integer array representing individual character
codes in the current font.

{ integerArray }

XSpacingData An array representing “x” value escapements for the
corresponding character codes in the TextData series. If this
attribute is not present, the “x” escapement will be zero for
each successive character in the TextData array.

{ numberArray }

Y SpacingData An array representing “y” value escapements for the
corresponding character codes in the TextData series. If this
attribute is not present, the “y” escapement will be zero for
each successive character in the TextData array.

{ numberArray }

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 166 BLD 4600




PCL XL Feature Reference

text Painting Text

Postcondition

Characters have been painted to the page and spaced according the SpacingData in the
attribute list.

The current cursor is at the location calculated by the sum of relative moves implied by the

X and/or Y spacing data arrays and relative to the cursor location prior to the operation.
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged text must be achieved.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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Name: TextPath
Purpose

Add characters as line, arc, and/or bezier outlines to the current path starting from the
current cursor using application-specified character escapements.

Precondition

Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

Thereisavalid current font set in the graphics state.

All array attributes provided in the attribute list are the same length.

The current cursor is valid.
Attribute List Specification

multiAttributelist(1.1) ::= { { XSpacingData} o & {Y SpacingData} o & TextData}

Attribute ID Description and {value}

TextData An unsigned integer array representing individual character

codes in the current font.
{ integerArray }

XSpacingData An array representing “x” value escapements for the

corresponding character codes in the TextData series. If this
attribute is not present, the “x” escapement will be zero for
each successive character in the TextData array.

{ numberArray }

Y SpacingData An array representing “y” value escapements for the

corresponding character codes in the TextData series. If this
attribute is not present, the “y” escapement will be zero for
each successive character in the TextData array.

{ numberArray }
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Postcondition

Characters have been added to the path and spaced according to the SpacingData in the
attribute list.

The current cursor is at the location calculated by the sum of relative moves implied by the

X and/or Y spacing data arrays and relative to the cursor location prior to the operation.
Exceptional Testing Criteria

HP print quality goals for shape and appearance of imaged text must be achieved.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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7.0 User-Defined Streams

7.1 Defining and Using User-Defined Streams

A stream in a PCL XL deviceis a byte-oriented sequence of operators and data. All PCL XL
devices with a serial byte-stream interface execute a PCL XL stream to process session operators.

A PCL XL device dlows the user to name a sequence of operators and data. This sequenceis
called a* user-defined stream” and is defined in a byte-oriented manner compatible with the target
device.

A user-defined stream is loaded by a PCL XL device viathe Begin/Read/EndStream operators.
The stream may be referenced by name in the ExecStream operator for later execution.
Embedded data source data may be interleaved with operators in user-defined streams. The syntax
for embedding data source data in a stream is format-specific (see the stream format section of
this document).

A PCL XL user-defined stream may be executed anywhere within a BeginSession / EndSession
operator pair using the ExecStream operator. All PCL XL operators and data are allowed in a
user-defined stream with the exception of the BeginStream, ReadStream, EndStream, and
ExecStream operators. Nested execution where a user-defined stream executes another user-
defined stream is not allowed. Streams must not contain nested sessions where a BeginSession
occurs inside another BeginSession.

Once defined, user-defined streams remain accessible by name throughout the current session.
Devices with non-volatile mass storage such as disk or flash may have streams that last across
session boundaries.

All streams have two parts: (1) the stream header and (2) the stream body as shown in the figure
below:
Stream Header
(info. about stream)

Stream Body
(operators and data)

A PCL XL Protocol Stream

The stream header identifies the ASCII or binary format of the stream and other information
about the stream. The stream body contains operators and data for the stream. All PCL XL
streams conform to this format, including the parent stream containing one or more sessions for a
byte-stream device.
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7.2 Stream Header Format.

The stream header format shown below is the same for user-defined streams and the parent
session stream for byte-stream devices.

Starting Byte | Ending Byte | Header Element Description
0 0 Binding Format Identifier
1 1 Reserved, use ASCII space (hex 0x20)
2 N-1 Stream Descriptor String
N N End of Header, ASCII line feed (hex 0x0a)
N+1 N+1 Beginning of PCL XL Stream body containing operators
and data

Binding Format Identifier

The Binding Format Identifier is a single byte denoting the binding (ASCII1 or binary)
for operators and data in the stream body. The following table lists valid binding format
identifier values:

Char Hex Vdue
‘ Oox27

Binding Format Identifier Meaning

A single quote character. A PCL XL ASCII binding is
used for operators and data.

) 0x29 A right parenthesis character. A binary binding follows
in the stream body where operator identifiers, attribute
identifiers, and attribute values are expressed in aform
where the least significant byte isfirst byte in the binary
field (from left to right) and the most significant byteis

last (to the right).

A left parenthesis character. A binary binding followsin
the stream body where operator identifiers, attribute
identifiers, and attribute values are expressed in aform
where the most significant byte isfirst byte in the binary
field (from left to right) and the least significant byteis
last (to theright).

( 0x28

Binding Format Identifier Values
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Stream Descriptor String

The stream Descriptor String is aformatted, line-feed terminated string containing stream
information. This string has three required fields: (1) the stream class name, (2) the
protocol class number of the operators in the stream body, and (3) the protocol class
revision of the operatorsin the stream body. In this string, fields are separated by
semicolons and data values are separated by commas. A sample string is shown below:

HP-PCL XL:1;2<cr><If>

In the sample string, the stream class name is identified as “HP-PCL XL.” Following the
class name isthe PCL XL protocol class number (*1’) and protocol classrevision (‘2').
The string isterminated by an ASCII line feed character (<If> = 0x0ae), athough a
carriage return character is allowed just before the line feed character (<cr> = 0XOdpey).
Devices may use the stream class fields to determine compatibility with the stream.

The stream class name field, protocol class number, and revision field must be the first
three consecutive fields in a stream header. Additiona supported fields may be added
using the field and data separator conventions as described above. For example, afield
defined for stream header comments may be added to the stream class string as follows:

HP-PCL XL;1;2;Comment Copyright (c) 1995 Hewlett-Packard Company<If>

In the above example, every character following the “t” in the supported field identifier
“Comment” is skipped until a semicolon or line feed isreached. In all cases, the stream
descriptor string must be terminated with aline feed character prior to the stream body
containing stream operators and data.
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Name: BeginStream

Purpose

Begin the capture of a user-defined stream where the stream is a set of PCL XL operators
and datain a binding format compatible with the device. The stream is not interpreted at
capture-time.

Once a stream is defined, it may be accessed anytime during the session with the
ExecStream operator.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The current stream in which this operator isinterpreted is not a user-defined stream.
Attribute List Specification
multiAttributeList(1.1) ::= { StreamName }

Attribute ID Description and {value}
StreamName The name of the stream to be captured.
{ integerArray }

Postcondition
The device has been put into a mode in which stream data may be accepted.
If a stream of the same name existed prior to DefineStream being executed, the origina
stream has been deleted.
Comments
See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: ReadStream

Purpose

Read a segment of a user-defined stream.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.

The attribute list isin alegal form for this operator.

The current stream is which this operator is interpreted not a user-defined stream.

The data source is open from which stream datawill be read.

Attribute List Specification

multiAttributeList(1.1) ::= { StreamDatal ength }

Attribute ID

Description and {value}

StreamDatal_ength

The length in bytes of stream data for this segment.

{ +integer }

Postcondition

A segment of PCL XL operators and data has been captured and appended to the previous

data read for the current Begin/Read/EndStream operator sequence.

Comments

See Appendix F and Appendix G for valid attribute data types and ranges.
See Appendix K for related error codes.
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Name: EndStream
Purpose
End the definition of a user-defined stream.
Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The current stream is which this operator is interpreted not a user-defined stream.
Attribute List Specification
null Attributelist(1.1)
Postcondition

Data for a user-defined stream has been defined and associated with the stream name given in
the corresponding BeginStream attribute list.

Comments
See Appendix K for related error codes.
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Name: ExecStream

Purpose
Execute a pre-defined stream that contains a sequence of PCL XL operators and data.

Precondition
Immediate execution of this operator occursin alegal PCL XL operator sequence.
The attribute list isin alegal form for this operator.
The stream contains legal PCL XL attribute lists and operators.
The current stream is which this operator is interpreted not a user-defined stream.
Attribute List Specification
multiAttributeList(1.1) ::= { StreamName }

Attribute ID Description and {value}
StreamName The name of the user-defined stream to be executed.
{ integerArray }

Postcondition
The stream associated with the stream name has been executed.

Comments
See Appendix F and Appendix G for valid attribute data types and ranges.

See Appendix K for related error codes.
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8.0 Binary Stream Format

The purpose of this section is to describe the binary representation for PCL XL data and operator
streams.

8.1 Binary Stream Format Document Conventions
Throughout this section and the associated sections in the appendix, severa conventions will be
used to illustrate binary protocol concepts. These conventions are listed below.

1. Theuseof Couri er typefaceindicates exact ASCII data.

2. Hexadecimal numbers are indicated with a“0x” prefix, and utilize lower case letters
“a though “f”.

3. Each place of a hexadecima number indicates 4 bits. For example 0x000a indicates a
16 hit quantity with a decimal value of 10.

4. ltemsin italics indicate features or conditions that exist in a development environment,
but which will not be exposed in afina product.

8.2  Binary Stream Headers

Aswith all PCL XL streams, abinary stream must begin with a stream header. The stream header
precedes the stream body containing the operators and data. The section entitled “ User-Defined
Streams’ in this document explains the header format.

The stream header has specia significance for binary streams. The binding identifier field in the
stream header specifies the ordering of most-significant to least-significant bytes in the stream for
multi-byte binary fields. Below is an example of a PCL XL Stream header for a binary stream:

An example stream header is shown below:

) <SP>HP- PCL XL; 1; 1<CR><LF>
Thefirst character in this stream header is aleft parenthesis. The left parenthesis specifies that
multi-byte fields representing binary data are ordered least-significant byte to most-significant byte
from left to right. This ordering only applies to encoded values for operator identifiers, attribute

identifiers, and associated attribute data. In least-significant-byte-first binary format, a 32-bit
value for the integer 5 would appear as follows:

least significant | 0101 | 0000 | 0000 | 0000 | most significant

Some operators may read binary data from the data source, not the attribute list. A few of these
operators require data to always be ordered high byte first (i.e. font and character operators,
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image operators, and raster pattern operators). If an operator does not specify a byte ordering for
binary fields, the ordering is determined by an OpenDataSource attribute (i.e. line and bezier
operators).

8.3  Binary Operator and Attribute List Construction

Attribute lists and operators are sent to the PCL XL device in a post-fix manner: The attribute list
for a particular operator is specified first, followed by the operator itself. A First-In-Last-Out
stack mechanism is implemented within the PCL XL device to acquire attribute list components.
The PCL XL device accepts data by pushing attribute list data onto the stack, until an operator is
received. The operator then executes, consuming the attributes by popping them off the stack.
The stack is cleared after operator execution.

Tags are used to specify operators, attributes, and data typesin the stream. A individual tag isa
unique element in a set of 8 hit (single byte) values. Currently, 256 tag values are available,
although many of those are reserved. A structure has been established allowing for multi-byte
tags should there be such a need in the future.

8.3.1 Attribute ID Tags

Each attribute within an attribute list consists of an attribute ID and a value associated with that
attribute. The attribute ID is a numeric vaue used to identify which attribute is being referenced.

The ordering of attributes within an attribute list is not important. There is no difference between
an attribute list which consists of attributes #2, #3, and #4 and an attribute list with attributes #4,
#2, and #3.

Attributes are constructed by first sending the attribute value, followed by the attribute ID.

Attribute IDs are unique. For example, several operators make use of the BoundingBox
attribute. For all of the operators, the numeric value for the BoundingBox attribute ID remains
the same. A complete list of attributes and their corresponding attribute IDs are listed in the
appendix.

A single attribute may contain more than one datavalue. For example, the UnitsPerMeasure
attribute for the BeginSession operator may consist of two numeric values representing the units
of measure for the x and y directions of the page.

Attribute Ids are constructed by using an attribute ID tag, followed by the value for the attribute
number. The attribute ID tag aso indicates the data type of the attribute number. For the current
release of this protocol, all attribute numbers are expressed as ubytes (unsigned bytes).

8.3.2 Data Type Tags

Each numeric data value within a operator sequence must be proceeded by a datatypetag. This
tag indicates the format or data type of the upcoming data. Each data type supported by the PCL
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XL deviceisrepresented by a unique data type tag. Some operators support severa different
data types, allowing the user to specify datain the most optimum format. For example, if a print
driver isto provide severa point values, al of which are close together, it may be more efficient
to represent these point values as 8 bit numbers, rather than 32 bit.

Some data types will contain multiple data values. Two sets of data types have been developed to
indicate two and four entry data values, to correspond with point (x/y), and box datatypes. The
point data values are typically utilized to express x and y point coordinates, and the box data types
are used to express the coordinates for the upper left and lower right corners of arectangle or
bounding box. A complete list of all of the supported data typesis listed in the appendix.

As an example, a point in space can be represented with either 8 bit or 16 bit numbers. The tag
representation for these two casesisillustrated below. Note that the ordering is sequentia asthe
data would appear in al/O stream, with the first item in the 1/O stream listed first.

DataTag uint1l6 Data uint1l6 Data
uintle xy y value x value
DataTag ubyte Data ubyte Data

ubyte xy y value x value

Arrays of data values may be specified, where multiple data values of a given data type can be
listed. Thisisaccomplished by first specifying a tag which indicates an array of vaues of the
desired data type, then listing the length of the array. The actual array data follows the array
length. The array length is represented by a data type tag followed by the numeric value for the
size of the array. The data types used for array lengths are limited to unsigned bytes, and
unsigned 16 bit integers. An example of the binary array format is listed below:

DataTag DataTag unitl6 Data ubyte ubyte ubyte ubyte Data(N-
ubyte array uint16 16-hit length (N) Data (0) Data(1) Data(N-2) 1)

Real numbers can be expressed in the form of afixed - point numeric realization. The details of
this format are given in the Appendix.

8.3.3 Operator Tags

Each operator is represented by a unique operator tag. When a operator tag is received by the
PCL XL device, that operator will examine the stack, and determine what kind of attribute list is
on the stack. An attribute list can contain zero, one, or multiple attributes.

If the attribute list is null (i.e. there are no attributes on the stack), then direct processing of the
operator will occur. If the attribute list contains multiple attributes (i.e. if there are multiple
entries on top of the stack), the operator will determine how many attributes are in the list, and
pop them off of the stack, and utilize them as appropriate.
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8.3.4 Embedded Data Tags

Some operators allow data to be read from the data source. PCL XL alows data to be embedded
in the operator and data stream which is the default data source. Whenever dataisto be
embedded in the stream, the data must be proceeded by a“ Embedded Data Tag”, and an 8-bit or
32-bit value indicating the number of bytes of datathat follow. Seethe Appendix for the value of
thistag. Operators which require the inclusion of the embedded data tag are identified in the
operator specifications. The sequence of events involving the embedded data tag isillustrated
below:

< attribute list > <operator> <embedded data tag> <number of data bytes> <embedded data>
An example of embedded datais provided in the Appendix.

8.3.5 White Space Tags

Severd tags have been identified which are typically utilized as white space characters within a
ASCII data stream. These tags are also white space within a PCL XL data stream, and are
effectively ignored. This provides the ability to construct PCL XL print jobs using commonly
available editors, and programming tools. The white space tags are identified in the Appendix.
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8.4  Binary Stream Operator Syntax

This section describes the legal syntax for the imaging protocol operators and their associated
attribute lists. The syntax is presented in modified Backus-Naur form (BNF) which is explained in
the appendix of this document. See the operator sections that follow for detailed attribute-list
specifications. Definitions for the tags referenced below are listed in the appendix.

operatorSequence ::= { attributeList operatorTag } { embeddedData } opt

operatorTag ::={ “Onein aset of positive 8 bit integer values representing each available operator.” }

attributeList ::= { singleAttributePair | multiAttributeL.ist | nullAttributeList }

embeddedData ::= { {{ Tag(edata) dataLength} | { Tag(edatabyte) byteDatal ength}} dataSequence }

singleAttributePair ::= { attributeValue attributelD }

multiAttributeList ::= {singleAttributePair} 1+

nullAttributeList ::= { the attribute list is empty }

attributeValue ::= { dataType numericValue }

attributelD ::= {{ Tag(attr_ubyte) | Tag(attr_uint16) } attributelDValue }

dataType ::={ valueType | arrayType }

valueType ::= { singleValueType | xyValueType | boxValueType }

arrayType ::={ {singleValueArrayType | xyValueArrayType | boxValueArrayType } arraySize }

singleValueType ::={ Tag(ubyte) | Tag(uint16) | Tag(uint32) | Tag(sint16) | Tag(sint32) | Tag(real32) }

xyValueType ::={ Tag(ubyte xy) | Tag(uint16_xy) | Tag(uint32_xy) | Tag(sint16) | Tag(sint32_xy) |
Tag(real32_xy) }

boxValueType ::={ Tag(ubyte _box) | Tag(uint16_box) | Tag(uint32_box) | Tag(sint16_box) |
Tag(sint32_box) | Tag(real32_box) }

singleValueArrayType ::={ Tag(ubyte array) | Tag(uint16_array) | Tag(uint32_array) |
Tag(sintl6_array) | Tag(sint32_array) | Tag(real32_array) }

xyValueArrayType ::= { Tag(ubyte xy_array) | Tag(uintl6_xy_array) | Tag(uint32_xy_array) |
Tag(sintl6 xy array) | Tag(sint32_xy_array) | Tag(real32_xy_array) }

boxValueArrayType ::={ Tag(ubyte box_array) | Tag(uint16_box_array) | Tag(uint32_box_array) |
Tag(sint16_box_array) | Tag(sint32_box_array) | Tag(real32_box_array) }

arraySize ::={ arraySizeType numericValue }

arraySizeType ::={ Tag(ubyte) | Tag(uint16) }

attributelDValue ::= {*“The numeric value of the attribute ID indicated by the data type tag previously
read.}

numericValue ::={ “The numeric value of the data indicated by the data type tag previously read,
interpretation dependent upon the data type indicated by the tag, and, if it exists, the
array size.” }

datalength ::={ “A 32-bit numeric value indicating the quantity, in bytes, of embedded data following in
the data stream }

byteDatal ength ::= { “An 8-bit numeric value indicating the quantity, in bytes, of embedded data
following in the data stream }

dataSequence ::={ embedded data of any form }
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8.5 Binary Stream Operator Example

The following is an example of afictitious operator. Suppose that this operator was specified in
the following format:

Name: DemoOperator
Purpose
Demonstrate the binary stream format.
Attribute List Specification
multiAttributeList ::= { BoundingBox & StartPoint }

Attribute ID Description and {value}

BoundingBox The region in which the object should be imaged.
{ xy vaue}

StartPoint The point at which imaging should begin.
{ xy vaue}

Note: This example assumes that the stream header specifies a binary ordering of least
significant byte first.

Assume that it was desired to execute this operator with the following attribute values:

BoundingBox: upper left = (10, 20), lower right = (30, 40)
StartPoint: X,y = (105, 5280)

The attribute list could be constructed as:
{ <bounding box values> Attributel D#66 <start point values> Attributel D#79 }

Each of the attribute ID numbers need to be specified as a data type tag, datavalue pair. Also
each of the attribute values need to be associated with thelr respective data types.

Assume that the bounding box may be constructed for unsigned byte values. Thereisabinary
data type for four unsigned byte values named “ubyte box.” The BoundingBox attribute may the
constructed by specifying the data type tag, and the four values of the coordinates in the bounding
box, the attribute ID tag, followed by the attribute ID number as follows:

Data T Attr. T
PaaT [ Ox0a | Ox14 [ Oxle | 0x28 | Afas [ Ox42

10pec 20 pec 30 pec 40 pec 66 pec

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 182 BLD 4600




PCL XL Feature Reference

binary stream

PCL XL Binary Stream Format

Assume that the start point may be constructed with two unsigned integer values. Thereisa
binary data type for two unsigned integer values named “uintl6 xy.” With 105p equal to

0x0069 and 5280 equal to 0x14a0, the binary representation for the StartPoint attribute would

be:

Combining all of the attributes together, along with a single byte for the DemoOperator gives us

Data Tag
uintle xy

0x69

0x00

Oxal

Ox14

Attr. Tag

ubyte

Ox4f

the final format of the operation in the stream:

All data type vaues, attribute id values, and enumeration values are contained in the appendix of

DataTag O0x0a O0x14 Oxle 0x28 Attr. Teg 0x42
ubyte box ubyte
Data Tag 0x69 0x00 Oxa0 Ox14 | AtrTeg Ox4f
uintle xy ubyte
Operator
DemoOperator

this document.
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Appendix

A. PCL XL and Pixel Placement

A PCL XL device places pixels at the intersection of the squares of atheoretical, device-
dependent grid covering the printable area of a page. The grid dimensions correspond to the
native device pixel resolution. For example, a 600 dpi device would have a 600 by 600 units-per-
inch theoretica native grid for placing pixels.

In past PCL implementations a problem could occur when the boundaries of two vector objects
touch along a common border. Vector objects are path objects like ellipses, rectangles, polygons,
etc. Consider the two rectangle objects in the following figure.

X
(0,0

1.1

3.4 (5.9)

Two Adjacent Rectangles Resulting XORed Pixels

The left figure shows two rectangles that are adjacent to each other. The boundary of one
rectangle is from coordinate (1,1) to coordinate (3,4). The boundary of the other rectangleis
from coordinate (3,1) to coordinate (5,4). The circlesin the figure above demonstrate pixels that
would be turned on to represent the area of the rectangles. Asdepicted in the figure, twelve
pixels represent the area of each rectangle. There are four common pixels on the column (3,1)
through (3.4) where the rectangles meet. The common pixels will be considered twice in the
painting process, once for each rectangle.

The pixels along the column or row where two vector objects meet may cause print artifacts
depending on the current ROP in effect. For example, assume the right-most rectangle is a white-
filled rectangle and is XORed with a white destination. This produces a black-filled rectangle on
the page (white XOR white = black in RGB color space). Assume the left-most rectangleis a
white rectangle al'so XORed with the white destination. However, the destination along the
column where the two rectangles meet is now black instead of white from the first ROP
operation. The resulting two rectangles will be black-filled except at their common border where
“white XOR black = white” (see the sections on Raster Operations in this document). The result
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of painting the second white rectangle is depicted on the right side of the figure above. The
vertical blank linein the middle of the right figure where the rectangles meet is an unwanted
artifact. The desired result with the current XOR ROP operation is the area comprised of the two
rectangles filled with black.

To correct the problem of adjacent vector objects, the PCL5e language implementation provided
achoice of pixel placement models. grid intersection and grid-centered.

The figure below illustrates the concepts of the two models and the actual implementation in PCL
XL.

(1,1) | (1,2)
o<~ ¢

) <
mliue

7
N
A
e

4

‘ w w ——
A AI) ¥ ?
(3.9 (3,9
Grid Intersection Grid-Centered Actua Grid-Centered Implementation

Assume afilled rectangle in the figure above extends from coordinate position (1,1) to position
(3,4) as shown above. As seen before, the grid intersection model of the rectangle comprises
twelve pixels. In the grid-centered model, the number of rows and columns are each reduced by
one, and pixels are placed in the center of the squares, rather than at the intersections. For the
same coordinates, the grid-centered model produces a rectangle that is one dot row thinner and
one dot row shorter than the grid intersection model. In this model, the problem of overlapping of
adjacent vector objects is averted.

Since PCL XL devicesimage pixelsonly at the intersections of the grid, the actual PCL XL
implementation of the grid-centered model is shown on theright. PCL XL aways uses this model
for vector objects to avoid the overlapping problem. Inthe PCL XL grid centered
implementation, the resulting bottom and right boundaries of vector objects are reduced by one
device pixel to avoid the overlapping problem.
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B. Binary Stream Tag Values
The following table outlines the specific values assigned for attribute list tags, operator tags, and
datatype tags.
Tag Value Tag Name Tag Type Description
0x00 White Space | Null
0x01 - 0x08 Not Used
0x09 - O0x0d White Space | HT, LF, VT, FF, CR
OxOe - Ox1f Not Used
0x20 White Space | Space
0x21 - 0x26 Not Used
0x27 Reserved for beginning of ASCII binding.
0x28 Reserved for beginning of binary binding - high byte first.
0x29 Reserved for beginning of binary binding - low byte first.
Ox2a- 0x40 Not Used
0x41 BeginSession Operator
0x42 EndSession Operator
0x43 BeginPage Operator
0x44 EndPage Operator
0x45 Operator Reserved for future use.
0x46 Operator Reserved for future use.
0x47 Comment Operator
0x48 OpenDataSource Operator
0x49 CloseDataSource Operator
Ox4a Operator Reserved for future use.
Ox4b Operator Reserved for future use.
Ox4c Operator Reserved for future use.
Ox4d Operator Reserved for future use.
Ox4e Operator Reserved for future use.
Ox4f BeginFontHeader Operator
0x50 ReadFontHeader Operator
0x51 EndFontHeader Operator
0x52 BeginChar Operator
0x53 ReadChar Operator
0x54 EndChar Operator
0x55 RemoveFont Operator
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0x56 Operator Reserved for future use.
0x57 Operator Reserved for future use.
0x58 Operator Reserved for future use.
0x59 Operator Reserved for future use.
Ox5a Operator Reserved for future use.
0x5b BeginStream Operator

0x5¢ ReadStream Operator

0x5d EndStream Operator

Ox5e ExecStream Operator

Ox5f Operator Reserved for future use.
0x60 PopGS Operator

0x61 PushGS Operator

0x62 SetClipReplace Operator

0x63 SetBrushSource Operator

0x64 SetCharAngle Operator

0x65 SetCharScale Operator

0x66 SetCharShear Operator

0x67 SetClipl ntersect Operator

0x68 SetClipRectangle Operator

0x69 SetClipToPage Operator

Ox6a SetCol orSpace Operator

0x6b SetCursor Operator

0x6c SetCursorRel Operator

Ox6d SetHalftoneM ethod Operator

Ox6e SetFillMode Operator

Ox6f SetFont Operator

0x70 SetLineDash Operator

0x71 SetLineCap Operator

0x72 SetLineloin Operator

0x73 SetMiterLimit Operator

0x74 SetPageDefaultCTM Operator

0x75 SetPageOrigin Operator

0x76 SetPageRotation Operator

0x77 SetPageScale Operator

0x78 SetPatternTxMode Operator

0x79 SetPenSource Operator

Ox7a SetPenWidth Operator

0x7b SetROP Operator

Ox7c SetSourceTxMode Operator

Ox7d SetCharBoldVaue Operator

Ox7e Operator Reserved for future use.
Ox7f SetClipMode Operator

0x80 SetPathToClip Operator

0x81 SetCharSubMode Operator

0x82 Operator Reserved for future use.
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0x83 Operator Reserved for future use.
0x84 CloseSubPath Operator

0x85 NewPath Operator

0x86 PaintPath Operator

0x87 Operator Reserved for future use.
0x388 Operator Reserved for future use.
0x89 Operator Reserved for future use.
Ox8a Operator Reserved for future use.
0x8b Operator Reserved for future use.
0x8c Operator Reserved for future use.
0x8d Operator Reserved for future use.
Ox8e Operator Reserved for future use.
Ox8f Operator Reserved for future use.
0x90 Operator Reserved for future use.
0x91 ArcPath Operator

0x92 Operator Reserved for future use.
0x93 BezierPath Operator

0x94 Operator Reserved for future use.
0x95 BezierRelPath Operator

0x96 Chord Operator

0x97 ChordPath Operator

0x98 Ellipse Operator

0x99 EllipsePath Operator

0x9a Operator Reserved for future use.
0x9b LinePath Operator

0x9c Operator Reserved for future use.
0x9d LineRelPath Operator

0x9%e Pie Operator

Oxof PiePath Operator

Oxal Rectangle Operator

Oxal RectanglePath Operator

Oxa2 RoundRectangle Operator

Oxa3 RoundRectanglePath Operator

Oxa4 Operator Reserved for future use.
Oxab Operator Reserved for future use.
Oxab Operator Reserved for future use.
Oxa7 Operator Reserved for future use.
Oxa8 Text Operator

0xa9 TextPath Operator

Oxaa Operator Reserved for future use.
Oxab Operator Reserved for future use.
Oxac Operator Reserved for future use.
Oxad Operator Reserved for future use.
Oxae Operator Reserved for future use.
Oxaf Operator Reserved for future use.
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0xb0 Beginlmage Operator

Oxbl Readlmage Operator

0xb2 Endlmage Operator

0xb3 BeginRastPattern Operator

Oxb4 ReadRastPattern Operator

0xb5 EndRastPattern Operator

0xb6 BeginScan Operator

Oxb7 Operator Reserved for future use.

0xb8 EndScan Operator

0xb9 ScanLineRel Operator

Oxba - Oxbf Reserved for future use.

0xc0 ubyte Data Type Unsigned 8-bit value

Oxcl uint16 Data Type Unsigned 16-bit value

0xc2 uint32 Data Type Unsigned 32-bit value

0xc3 sint16 Data Type Signed 16-bit value

Oxc4 sint32 Data Type Signed 32-bit value

0xc5 real 32 Data Type Real number value

0xc6 Data Type Reserved for future use.

Oxc7 Data Type Reserved for future use.

0xc8 ubyte array Data Type Array of Unsigned 8-bit values
0xc9 uintl6 array Data Type Array of Unsigned 16-bit values
Oxca uint32_array Data Type Array of Unsigned 32-bit values
Oxch sint16_array Data Type Array of Signed 16-bit values
Oxcc sint32_array Data Type Array of Signed 32-bit values
Oxcd real32_array Data Type Array of Real number values
Oxce Data Type Reserved for future use.

Oxcf Data Type Reserved for future use.

0xdO ubyte xy Data Type Two Unsigned 8-bit values
Oxd1 uintl6 xy Data Type Two Unsigned 16-bit values
0xd2 uint32 xy Data Type Two Unsigned 32-bit values
0xd3 sint16 xy Data Type Two Signed 16-bit values
Oxd4 sint32_xy Data Type Two Signed 32-bit values
0xd5 real32_xy Data Type Two Real number values
0xd6 Data Type Reserved for future use.

Oxd7 Data Type Reserved for future use.

0xd8 Data Type Reserved for future use.

0xd9 Data Type Reserved for future use.

Oxda Data Type Reserved for future use.

Oxdb Data Type Reserved for future use.

Oxdc Data Type Reserved for future use.

Oxdd Data Type Reserved for future use.

Oxde Data Type Reserved for future use.

Oxdf Data Type Reserved for future use.
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0xe0 ubyte box Data Type Four Unsigned 8-bit values
Oxel uint16 box Data Type Four Unsigned 16-bit values
Oxe2 uint32_box Data Type Four Unsigned 32-bit values
Oxe3 sint16_box Data Type Four Signed 16-bit values
Oxed sint32_box Data Type Four Signed 32-bit values
0xe5 real32_box Data Type Four Real number values
Oxeb Data Type Reserved for future use.
Oxe7 Data Type Reserved for future use.
Oxe8 Data Type Reserved for future use.
0xe9 Data Type Reserved for future use.
Oxea Data Type Reserved for future use.
Oxeb Data Type Reserved for future use.
Oxec Data Type Reserved for future use.
Oxed Data Type Reserved for future use.
Oxee Data Type Reserved for future use.
Oxef Data Type Reserved for future use.
OxfO - Oxf7 Reserved for future use.
Oxf8 attr_ubyte Attribute Unsigned, 8-hit Attribute
0xf9 attr_uint16 Attribute Unsigned, 16-bit Attribute
Oxfa datal_ength Embed Data | Embedded Data Follows
Oxfb datal_engthByte Embed Data | Embedded Data Follows (0-255 bytes)
Oxfc - Oxff Reserved for future use.
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ReadFontHeader 0x50
C. Operator Name to Tag Value Readlmage Oxb1
Table ReadRastPattern Oxb4
The following table outlines the binary ReadStream Ox5¢
stream tag values for specific PCL XL Redangle OxeD
r &g values Tor specitic RectanglePath Oxal
Operaors. RemoveFont 0x55
Tag Name Tag Value RoundRectangle Oxa2
ArcPath 0x91 RoundRectanglePath Oxa3
BeginChar 0x52 ScanLineRel 0xb9
BeginFontHeader OxAf SetClipReplace 0x62
Beginlmage 0xb0 SetBrushSource 0x63
BeginPage 0x43 SetCharAngle 0x64
BeginRastPattern 0xb3 SetCharBoldVaue Ox7d
BeginScan 0xb6 SetCharScale 0x65
BeginSession 0x41 SetCharShear 0x66
BeginStream 0x5b SetCharSubMode 0x81
BezierPath 0x93 SetClipl ntersect 0x67
BezierRelPath 0x95 SetCl I pMode Ox7f
Chord 0x96 SetClipRectangle 0x68
ChordPath 0x97 SetClipToPage 0x69
CloseDataSource 0x49 SetColorSpace Ox6a
CloseSubPath 0x84 SetCursor 0x6b
Comment 0x47 SetCursorRel 0x6e
Ellipse 0x98 SetHalftoneM ethod ox6d
EllipsePath 0x99 SetFillMode Ox6e
EndChar 0x54 SetFlatness Ox7e
EndFontHeader 0x51 Sethnt Ox6f
Endimage 0xb2 Setl ineCap Ox71
EndPage Oxdd SetLineDash 0x70
EndRastPattern 0xb5 SetLl_neJO|_n _ 0x72
EndScan 0xb8 SetMiterLimit 0x73
EndSession 0x42 SetPageDefaultCTM 0x74
EndStream 0x5d SetPageCQrigin 0x75
ExecStream 0x5e SetPageRotation 0x76
LinePath 0x9b SetPageScale Ox77
LineRel Path 0x9d SetPathToClip 0x80
NewPath 0x85 SetPatternTxMode 0x78
OpenDataSource 0x48 SetPenSource 0x79
PaintPath 0x86 SetPenWidth Ox7a
Pie 0x9e SetROP Ox7b
PiePath Ox9f SetSourceTxMode 0x7c
PopGS 0x60 Text Oxa8
PushGS 0x61 TextPath 0xa9
ReadChar 0x53
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D. Data Type to Tag Value Table

The following table outlines the binary
stream tag values for specific PCL XL data

types.

Tag Name Tag Value
attr_ubyte Oxf8
attr_uint16 0xf9
embedded data Oxfa
embedded_data byte | Oxfb
real 32 0xc5
real32_array Oxcd
real32_box oxeb
real32_xy 0xd5
sint16 0xc3
sint16 array Oxch
sintl6 box 0xe3
sintl6 xy 0xd3
sint32 Oxc4
sint32_array Oxcc
sint32_box Oxed
sint32_xy Oxd4
ubyte 0xc0
ubyte array 0xc8
ubyte box 0Oxe0
ubyte xy 0xdO
uintl6 Oxcl
uintl6 array 0xc9
uintle box Oxel
uintl6 xy Oxd1
uint32 Oxc2
uint32_array Oxca
uint32_box 0oxe2
uint32 xy 0xd2

Note: Real numbers are represented in
standard 32-bit IEEE single-precision

floating point format.
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39 MediaType
E. Attribute ID Number to 40 Orientation
Attribute Name Table 41 PageAngle
The following table outlines the attribute 1D jg Ezgggég'g
numbers for PCL XL attributesin binary 44 ROP3
streams. 45 TxMode
Attribute ID | Attribute Name jg CustomMediaSize
1 48 CustomMediaSizeUnits
2 PaletteDepth 29 PageCopies
3 ColorSpace 50 DitherMatrixSize
4 NullBrush 51 DitherMatrixDepth
> NullPen 52 SimplexPageMode
6 PaletteData 53 DuplexPageMode
7 54 DuplexPageSide
8 PatternSelectID 55
9 GrayLevel 56
10 57
11 RGBColor 58
12 PatternOrigin 59
13 NewDestinationSize 60
14 61
15 62
16 63
17 64
18 65 ArcDirection
19 66 BoundingBox
20 67 DashOffset
21 68 EllipseDimension
22 69 EndPoint
23 70 FillMode
24 71 LineCapStyle
25 72 LineJoinStyle
26 73 MiterLength
27 74 PenDashStyle
28 75 PenWidth
29 76 Point
30 77 NumberOfPoints
31 78 SolidLine
32 - - 79 StartPoint
33 DeviceMatrix 80 PointType
34 DitherMatrixDataType 31 ControlPointl
35 DitherOrigin_ 82 ControlPoint2
36 MediaDestination 83 ClipRegion
37 MediaSize 84 ClipMode
38 MediaSource 85
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86 134 Measure
87 135
88 136 SourceType
89 137 UnitsPerMeasure
90 138
91 139 StreamName
92 140 StreamDatal ength
93 141
94 142
95 143 ErrorReport
96 144
97 145
98 ColorDepth 146
99 BlockHeight 147
100 ColorMapping 148
101 CompressMode 149
102 DestinationBox 150
103 DestinationSize 151
104 PatternPersistence 152
105 PatternDefinelD 153
106 154
107 SourceHeight 155
108 SourceWidth 156
109 StartLine 157
110 XPairType 158
111 NumberOfXPairs 159
113 XStart 160
114 XEnd 161 CharAngle
115 NumberOfScanLines 162 CharCode
116 163 CharDataSize
117 164 CharScale
118 165 CharShear
119 166 CharSize
120 167 FontHeaderLength
121 168 FontName
122 169 FontFormat
123 170 SymbolSet
124 171 TextData
125 172 CharSubModeArray
126 173
127 174
128 175 XSpacingData
129 CommentData 176 YSpacingData
130 DataOrg 177 CharBoldValue
131 178
132 179
133
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The following table outlines the attribute ID numbers for PCL XL attributes in binary streams.

Attribute Name to Data Types Table

Attribute Name Valid Value(s) Data Types | Attribute # | Class.rev #
ArcDirection ArcDirection Enumeration ubyte 65 1.1
BlockHeight 0 - 65535 uint16 99 1.1
BoldValue 00-1.0 real 32 177 1.1
BoundingBox Range of data types ubyte box 66 1.1
uintle box
sintl6 box
CharAngle -360 <= CharAngle <= 360 uint16 161 1.1
sint16
real 32
CharCode Any value within Range of data ubyte 162 1.1
types uint16
CharDataSize 0 - 65535 uint16 163 1.1
CharScale Two numeric values less than or ubyte xy 164 1.1
equal to 32767.0 and greater than | uint16 xy
or equal to -32768.0 real32_xy
CharShear Two numeric values within Range | ubyte xy 165 1.1
of datatypes and less than 32767.0 | uint16 xy
and greater than -32768.0 sint16_xy
real32_xy
CharSize Any value within Range of data ubyte 166 1.1
types and zero or greater. uint16
real 32
CharSubModeArray CharSubModeArray Enumeration | ubyte array 172 1.1
ClipMode ClipMode Enumeration ubyte 84 1.1
ClipRegion ClipRegion Enumeration ubyte 83 1.1
ColorDepth ColorDepth Enumeration ubyte 98 1.1
ColorMapping ColorMapping Enumeration ubyte 100 1.1
ColorSpace ColorSpace Enumeration ubyte 3 1.1
CommentData Any data ubyte_array 129 11
uintl6 array
CompressMode Compress Mode Enumeration ubyte 101 1.1
Control Point1 Range of data types ubyte xy 81 1.1
uintl6 xy
sintl6 xy
Control Point2 Range of data types ubyte xy 82 1.1
uintl6 xy
sintl6 xy
CustomMediaSize dimensions of physical custom uintl6 xy 47 1.1
media size real32_xy
CustomMediaSizeUnits | Measure Enumeration ubyte 48 1.1
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DashOffset Range of data types ubyte 67 1.1
uint16
sint16
DataOrg DataOrg Enumeration ubyte 130 1.1
DestinationBox Four numeric values: uintle box 102 1.1
DestinationSize Two numeric values; x nor y equal | uintl6 xy 103 1.1
to zero
DeviceMatrix DitherMatrix Enumeration ubyte 33 1.1
DitherMatrixDataType | eUByte ubyte 34 1.1
DitherMatrixDepth e8Bit ubyte 51 1.1
DitherMatrixSize 1-256 uintl6_xy 50 11
DitherOrigin Range of data types ubyte xy 35 1.1
uintl6 xy
sintl6 xy
DuplexPageMode DuplexPageM ode enumeration ubyte 53 1.1
DuplexPageSide DuplexPageSide enumeration ubyte 54 1.1
EllipseDimension Range of data types ubyte xy 68 1.1
uintl6 xy
EndPoint Range of data types ubyte xy 69 1.1
uintl6 xy
sintl6 xy
ErrorReport ErrorReport Enumeration ubyte 143 1.1
FillMode FillMode Enumeration ubyte 70 1.1
FontFormat 0 ubyte 169 11
FontHeaderL ength 0 - 65535 uint16 167 1.1
FontName Valid Font Name ubyte array 168 1.1
uintl6 array
GrayLevel 0- 1.0if rea or range of integer real32 9 1.1
data type ubyte
LineCapStyle LineCap Enumeration ubyte 71 1.1
LineDashStyle Range of data types ubyte array 74 1.1
Maximum array size = uintl6_array
MAXDASHES (device-dependent) | sint16 array
LineJoinStyle LineJoin Enumeration ubyte 72 1.1
Measure M easure Enumeration ubyte 134 1.1
MediaSize MediaSize Enumeration ubyte 36 1.1
MediaSource M ediaSource Enumeration ubyte 38 1.1
MiterLength range of datatypes ubyte 73 1.1
uintl6
NewDestinationSize range of datatypes; neither x nory | uintl6_xy 13 1.1
equal to zero
NullBrush 0 ubyte 4 11
NullPen 0 ubyte 5 1.1
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NumberOf Points Range of data types ubyte 77 1.1
uintl6
NumberOf ScanLines Range of data types uint16 115 1.1
Orientation Orientation Enumeration ubyte 40 1.1
PageAngle Positive or Negative multiples of uint16 41 1.1
90: -360, -270, -180, -90, 0, 90, sint16
180, 270, 360
PageCopies range of data types; zero causes uint16 49 1.1
the page not to be imaged
PageOrigin Range of data types ubyte xy 42 1.1
uintl6 xy
sint16 xy
PageScale Two numeric values less than or ubyte xy 43 1.1
equal to 32767.0 and greater than | uint16 xy
or equal to 0. real32_xy
PaletteData Any datain the range of the array | ubyte array 6 1.1
elements. If eGray, array lengths
of 2,16, and 256 are allowed. If
eRGB, array lengths of 6, 48, 768
are allowed.
PaletteDepth ColorDepth Enumeration ubyte 2 1.1
PatternDefinel D Range of data types sint16 105 1.1
PatternOrigin Range of data types sint16 xy 12 1.1
PatternPersistence PatternPersistence Enumeration ubyte 104 1.1
PatternSelect|D Range of data types sint16 8 1.1
PenWidth Range of data types: zero or more | ubyte 75 1.1
uintl6
Point Two numeric values within Range | ubyte xy 76 1.1
of datatypes uintl6 xy
sintl6 xy
PointType DataType Enumeration ubyte 80 1.1
RGBColor Threevalues: 0- 1.0 if real or real32_array 11 1.1
range of integer datatype ubyte array
ROP3 Range of data types ubyte 44 1.1
SimplexPageMode SimplexPageM ode Enumeration ubyte 52 1.1
SolidLine 0 ubyte 78 1.1
SourceHeight 1- 65535 uint16 107 1.1
SourceType DataSource Enumeration ubyte 136 1.1
SourceWidth 1- 65535 uint16 108 1.1
StartLine 0 - 65535 uint16 109 1.1
StartPoint Range of data types ubyte xy 79 1.1
uintl6 xy
sintl6 xy
StreamDatal_ength 0 - 65535 uint32 140 1.1
StreamName ASCII character string ubyte array 139 1.1
uintl6 array
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Symbol Set Symbol Set Enumeration uint16 170 1.1
TextData Any character codes in range of ubyte array 171 1.1
data types uintl6 array
TxMode TxMaode enumeration ubyte 45 1.1
UnitsPerMeasure: two positive numeric values uintl6 xy 114 1.1
xUnits, yUnits maximum of 65535.0 real32_xy
XSpacingData Range of data types -- must be ubyte array 175 1.1
same size as TextData array uintl6_array
sint16_array
Y SpacingData Range of data types -- must be ubyte array 176 1.1
same size as TextData array uintl6_array
sintl6_array
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DataSource Enumeration
G. Attribute Value Enumerations eDefault 0 11
Table S :
. ataType Enumeration
The following are values used for ypeUByte 0 11
enumerated data types through out this eSByte 1 11
document. These enumerations are eUint16 2 1.1
standardized across protocol classes. All eSint16 3 11
values are listed in decimal form. : : :
DitherMatrix Enumeration
Attribute Name / Enumeration Val | Class eDeviceBest 0 1.1
ArcDirection Enumeration DuplexPageMode Enumeration
eClockWise : 0 11 eDuplexHorizontalBinding | 0 1.1
eCounterClockWise 1 11 eDuplexVerticalBinding 1 1.1
CharSubModeArray Enumeration DuplexPageSide Enumeration
eNoSubstitution 0 1.1 eFrontMediaSide 0 11
eVerticalSubstitution 1 1.1 eBackMediaSide 1 11
ClipMode Enumeration: ErrorReport Enumeration
see FillMode Enumeration eNoReporting 0 11
- - - eBackChannel 1 1.1
ClipRegion Enumeration (BackCh)
elnterior 0 11 eErrorPage 2 1.1
eExterior 1 1.1 (ErrPage)
i eBackChAndErrPage 3 11
ColorDepth Enumeration
e1Bit 0 | 11 FillMode Enumeration
e4Bit 1 1.1 eNonZeroWinding 0 1.1
e8Bit 2 | 11 eEvenOdd 1] 11
ColorMapping Enumeration LineCap Enumeration
eDirectPixel 0 11 eButtCap 0 11
elndexedPixel 1 11 eRoundCap 1 11
_ eSquareCap 2 1.1
ColorSpace Enumeration eTriangleCap 3 1.1
eGray 1 1.1
eRGB 2 1.1 LineJoin Enumeration
i eMiterJoin 0 1.1
CompressMode Enumeration eRoundJoin 1 1.1
eNoCompression 0 1.1 eBevelJoin 2 11
eRLECompression 1 1.1 eNoJoin 3 11
DataOrganization Enumeration
eBinaryHighByteFirst 0 1.1
eBinaryLowByteFirst 1 1.1
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Measure Enumeration SimplexPageMode Enumeration
elnch 0 1.1 eSimplexFrontSide 1.1
eMillimeter 1 1.1
eTenthsOfAMillimeter 2 1.1 TxMode Enumeration
eOpaque 1.1
MediaSize Enumeration eTransparent 11
eletterPaper 0 1.1
elLegalPaper 1 1.1
eA4Paper 2 1.1
eExecPaper 3 1.1
elLedgerPaper 4 1.1
eA3Paper 5 1.1
eCOM10Envelope 6 1.1
eMonarchEnvelope 7 1.1
eC5Envelope 8 1.1
eDLEnvelope 9 1.1
eJB4Paper 10 1.1
eJB5Paper 11 1.1
eB5Envelope 12 1.1
eJPostcard 13 1.1
eJDoublePostcard 14 1.1
eAS5Paper 15 1.1
MediaSource Enumeration
eDefaultSource 0 1.1
eAutoSelect 1 1.1
eManualFeed 2 1.1
eMultiPurposeTray 3 1.1
eUpperCassette 4 1.1
eLowerCassette 5 1.1
eEnvelopeTray 6 1.1
Orientation Enumeration
ePortraitOrientation 0 1.1
eLandscapeOrientation 1 1.1
eReversePortrait 2 1.1
eReverseLandscape 3 1.1
PatternPersistence Enumeration
eTempPattern 0 1.1
ePagePattern 1 1.1
eSessionPattern 2 1.1
SymbolSet Enumeration
See Appendix O.
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Appendix H. LaserJet Printer Job Language and PCL XL Streams

H. HP LaserJet Printer PJL and PCL XL Streams

All PCL XL streams on HP LaserJet Printer devices must be explicitly invoked through a PJL
ENTER LANGUAGE command. There may be only one PCL XL imaging session in HP
LaserJet Printer PJL job. Following the EndSession in the stream, the PJL job must end with a
Universal End of Language command (UEL).

An exampleisillustrated below (see Hewlett-Packard’ s Printer Job L anguage Technical
Reference Manua for more information).

Example:
Invoke a PCL XL Job that will consist of asingle, three page session:

<esc>%-12345X
@PJL ENTER LANGUAGE = PCLXL <CR><LF>

...<PCL XL stream header>...
... begin session ...

... page 1 ...

... page 2 ...

... page 3 ...
... end session ...

<esc>%-12345X

The PCL XL imaging protocol provides commands that define the context of a session, or a series
of page descriptions. The purpose of the session commands is two-fold. First, the BeginSession
operator provides a mechanism to specify attributes that will span all pages. Second, the
Begin/EndSession concept provides an encapsulation of the page descriptions so that the PCL
XL protocol may be implemented in an environment other than HP LaserJet Printer PJL, where
job definition is not explicitly defined.

As stated above, all PCL XL streams must be invoked through PJL. Immediately following the
PJL ENTER LANGUAGE command (that is terminated with aline feed character) isthe PCL XL
stream header. When al pages have been described, the PCL XL session is ended with an
EndSession operator. A UEL should follow immediately after the EndSession operator, thus
ending the job. Therefore, if several sessions are nested within ajob, and the first job causes an
error, all successive sessions within that job will be flushed.
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H. LaserJet Printer Job Language and PCL XL Streams

The PCL XL language in HP LaserJet Printers will read and honor the following variables that
can be set through PJL.

DEFAULT_COPIES

DEFAULT_PLEX_MODE
DEFAULT_PLEX_BINDING

Number of copies of each page that will be printed.
Duplexing enabled or disabled.
Duplex binding mode of ajob.

DEFAULT_MANUAL_FEED Manua Feed mode.
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Appendix . LaserJet Engine/Paper Handling Features and PCL XL

l. HP LaserJet Printer Engine/Paper Handling Features and PCL XL

The attributes that influence how mediais selected and moved through a printer can be divided
into two groups. These groups are: attributes that have meaning to the entire print job, and
attributes that have meaning to the current page. These two groups of attributes are listed below.
Note that some of the attributes listed below may not be supported by all print engines.

Job (PJL) Attributes:

COPIES Sets the number of uncollated copies for each page of the job (may be
overridden by the Copies attribute of the EndPage operator).
RESOLUTION Sets the print resolution to be used to render each page of the job.

DUPLEX Sets the default mode to enable/disable printing on both sides of the paper
(may be overridden by the duplexing attributes of the BeginPage operator).
BINDING Sets the default relationship of the front and back images on the pages

printed in duplex mode (may be overridden by the duplexing attributes of
the BeginPage operator).

JOBOFFSET Sets the current Job Offset mode.
MANUALFEED Sets the manual feed mode. Note: Manual feed is a special case, see
below.

Page Attributes:

Orientation Sets the orientation of the page.

MediaSize Sets the requested MediaSize for the page.

MediaSource Sets the requested Source from which to draw media for the page.

MediaDestination  Sets the requested Destination at which to place the mediafollowing page
rendering.

MediaType Sets the requested Type of mediato be used for the page.

In generdl, if auser desires to set or change Job Attributes through the data stream, this should be
done through PJL, prior to the invocation of the PCL XL personality. The special case to this
ruleis MANUALFEED, which is discussed below.

REV: 1.0 DATE: 13Dec95 | DWG NO: PAGE 203 BLD 4600




PCL XL Feature Reference —

Appendix . LaserJet Engine/Paper Handling Features and PCL XL

The user is required to specify certain Page Attributes within the PCL XL protocol, and if desired,
request certain other attributes. The specification of Page Attributes should be envisioned as
requests to the printer engine. Every attempt will be made to satisfy the usersrequest. The
following isalist of conditions that will be analyzed for each page to be printed.

1. If the printer engine can satisfy the requests, the page will be printed according to the users
page attribute specifications.

2. If the user makes avalid request for a given set of page attributes, but the printer engine can
not satisfy the request (due to hardware or front panel configuration), the user will be
prompted to satisfy the request (by inserting other media, sources, etc.).

3. Theuser isrequired to specify Orientation and PageSize for each page to be printed. If the
user specifiesinvalid requests, an error will beraised .

4. The user may optionally specify MediaSource, MediaDestination, MediaType, and
PageCopies (if the printer engine supports these features). If the user does not specify these
attributes, or if the user specifiesinvalid request for these attributes, the printer defaults will
be used. Note that the user may specify MANUALFEED as a page attribute, by requesting
MANUALFEED as the desired media source.

5. If the user specifies Media Selection attributes ( i.e. MediaSource, MediaDestination, and
MediaType) for a given page, al future pages of that PCL XL session will inherit these
attributes until the Media Selection attribute(s) are specified again. Note that it is possible for
the default state of all optional page attributes to be explicitly requested by the user.

6. If the user does not specify a MediaSource, and if MANUALFEED has been enabled through
PJL (or the front panel), the job will be manually fed. MANUALFEED will be ignored if the
user specifies any value for MediaSource.

7. If the user specifies the PageCopies attribute, that value will be used to determine how may
copies of the current page to print. Only the current page will be affected by the PageCopies
attribute. 1f the PageCopies attribute is not specified, a single page will be printed.
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Duplex on LaserJet PCL XL Devices

Duplex nomenclature:

Page: A series of marks or commands that define a single side of a printed page.
Sheet: A physical sheet of media, that contains a front side and a back side.

The behavior of duplex operation is described here:

1.
2.

3.

The duplex feature can only be enabled if the duplexing hardware is installed.

Duplex is enabled through the front panel setting, or by setting the PIL DUPLEX variable, or
by associated BeginPage attributes.

The duplex binding mode is enabled through the front panel setting, or by setting the PJL
BINDING variable, or by BeginPage attributes.

A media source requested that is made with duplex enabled will be processed the same as if
duplex is not enabled.

If duplex is enabled, the MediaSize for both the front and back pages of a sheet should be
identical. If the MediaSizes for two adjacent pages differ, such that the second page was
bound for the back side of the first, the first page will be g ected as a separate sheet (with the
back side blank). In this condition, the next page (previously bound for the back side) would
be printed on the front side of the next sheet.

Custom Media Size pages can not be duplexed. If apageisreceived that utilizes the
CustomMediaSize attribute, it will be printed smplex.

If asessionisending, and if only the front side of a duplex sheet has been printed. The sheet
will be printed with the back side blank.

See the BeginPage operator for more information.
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Appendix J. PCL XL Error and Warning Codes

J. PCL XL Device Error Reporting

Errors can be reported to the user during the course of a PCL XL session. These error reports
can take on severa forms. The error report can be sent to the user through the i/o stream
(sometimes refereed to as “ Back-Channel”) if bi-directional /O is supported. The user can also
be informed about the error through the use of a printed error report.

The user is allowed to select the type of error reporting desired at BeginSession time. The user
can set the ErrorReport attribute for the BeginSession operator to one of the selectionsin the
errorRe