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Specifying an invalidexture generates the erromM\VALI D_ENUM Valid values
of texture are the same as for thd ultiTexCoord commands described in sec-
tion 2.7.

There is a stack of matrices for each of matrix modd¢=DELVI EW and
PRQIECTI ON, and for each texture unit. FOMODELVI EWmode, the stack depth
is at least 16 (that is, there is a stack of at least 16 mo@s\-wnatrices). For the
other modes, the depth is at le@sfTexture matrix stacks for all texture units have
the same depth. The current matrix in any mode is the matrithertop of the
stack for that mode.

voi d PushMatrix(voi d);

pushes the stack down by one, duplicating the current miattith the top of the
stack and the entry below it.

voi d PopMatrix(voi d);

pops the top entry off of the stack, replacing the currentrixatith the matrix
that was the second entry in the stack. The pushing or poppkes place on the
stack corresponding to the current matrix mode. Popping taxradf a stack with
only one entry generates the er@FACK_UNDERFLOW pushing a matrix onto a full
stack generateSTACK OVERFLOW

When the current matrix mode BEXTURE, the texture matrix stack of the
active texture unit is pushed or popped.

The state required to implement transformations consisés anteger for the
active texture unit selector, a four-valued integer intliga the current matrix
mode, one stack of at least twtox 4 matrices for each dPRQJIECTI ON and each
texture unit,TEXTURE; and a stack of at least 6x 4 matrices forMODELVI EW
Each matrix stack has an associated stack pointer. Igjttakre is only one matrix
on each stack, and all matrices are set to the identity. Titialiactive texture unit
selector iISTEXTUREQ, and the initial matrix mode iSODELVI EW

2.10.3 Normal Transformation

Finally, we consider how the model-view matrix and transfation state affect
normals. Before use in lighting, normals are transformedy® coordinates by a
matrix derived from the model-view matrix. Rescaling andmalization opera-
tions are performed on the transformed normals to make thatrangth prior to
use in lighting. Rescaling and normalization are conteblg

voi d Enable( enumtarget );
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relationships generates the ertowALI D_VALUE:

z <0
T+ w > wg
y <0
y—+h > hg

Counting from zero, theth pixel group is assigned to the texel with internal integer
coordinatedi, j|, where

i =x + (n mod w)

j=y+ () mod )

3.7.3 Compressed Texture Images

Texture images may also be specified or modified using imaigeali@ady stored
in a known compressed image format. The GL defines some sped-
pressed formats, and others may be defined by GL extensidmexeTs a mech-
anism to obtain token values for compressed formats; thebeurof specific
compressed internal formats supported can be obtained égyigg the value
of NUM.COVPRESSED_TEXTURE_FORMATS. The set of specific compressed inter-
nal formats supported by the renderer can be obtained byyiqgethe value
of COVPRESSED_TEXTURE_FORVATS. The only values returned by this query are
those corresponding timternalformat parameters accepted IGompressedTex-
Image2D and suitable for general-purpose usage. The renderer gti#mumerate
formats with restrictions that need to be specifically ustiayd prior to use.

The command

voi d CompressedTexl mage2D( enumtarget, i nt level,
enuminternalformat, si zei width, si zei height,
i nt border, si zei imageSze, voi d *data);

defines a two-dimensional texture image, with incoming dabaed in a specific
compressed image format. Tharget, level, internalformat, width, height, and
border parameters have the same meaning d®itimage2D. data points to com-
pressed image data stored in the compressed image formmasgonding tonter-
nalformat.

For all compressed internal formats, the compressed imétjeardecoded ac-
cording to the definition ointernalformat. Compressed texture images are treated
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as an array ofmageSze ubyt es beginning at addresiata. All pixel storage and
pixel transfer modes are ignored when decoding a compréssiae image. If the
imageSze parameter is not consistent with the format, dimensiond,camtents of
the compressed image, BNVALI D_VALUE error results. If the compressed image
is not encoded according to the defined image format, thdtsesuthe call are
undefined.

Specific compressed internal formats may impose formatipeestrictions
on the use of the compressed image specification calls omgdess. For example,
the compressed image format might not allavdth or height values that are not a
multiple of 4. Any such restrictions will be documented ie #xtension specifica-
tion defining the compressed internal format; violatingstiheestrictions will result
in anl NVALI D_.OPERATI ONerror.

Any restrictions imposed by specific compressed internah&ts will be in-
variant with respect to image contents, meaning that if theaGcepts and stores
a texture image in compressed for@pmpressedTexlmage2D will accept any
properly encoded compressed texture image of the same,igiiht, compressed
image size, and compressed internal format for storageeagaime texture level.

The specific compressed texture formats supportedCbmpressedTexl m-
age2D, and the corresponding base internal format for each spdoifinat, are
defined in table 3.10.

| Compressed Texture FormatBase Internal Format

PALETTE4_RGB8_CES RGB
PALETTE4_RGBA8_CES RGBA
PALETTE4_R5_G5_B5_CES RGB
PALETTE4_RGBA4 _CES RGBA
PALETTE4_RGB5_A1_CES RGBA
PALETTES8_RGB8_OES RGB
PALETTES8_RGBA8_CES RGBA
PALETTES8_R5_G6_B5_OES RGB
PALETTES8_RGBA4_CES RGBA
PALETTE8_RGB5_A1_CES RGBA

Table 3.10: Specific compressed texture formats.

Respecifying Subimages of Compressed Textures

The commands
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voi d CompressedTexSublmage2D( enumtarget, i nt level,
i nt xoffset, i nt yoffset, si zei width, si zei height,
enumformat, si zei imageSze, voi d *data);

respecify only a rectangular region of an existing texturaya with incoming data
stored in a known compressed image format. Tdrget, level, xoffset, yoffset,
width, height, and format parameters have the same meaning asexSublm-
age2D. data points to compressed image data stored in the compressee ifoa
mat corresponding tformat.

The image pointed to bgata and theimageSze parameter is interpreted as
though it was provided t€ompressedTexI mage2D. This command does not pro-
vide for image format conversion, so aNVALI D_.OPERATI ON error results iffor-
mat does not match the internal format of the texture image beindified. If the
imageSze parameter is not consistent with the format, dimensiond, @ntents
of the compressed image (too little or too much data)| BWALI D_VALUE error
results.

As with CompressedTexl mage calls, compressed internal formats may have
additional restrictions on the use of the compressed impgeification calls or
parameters. Any such restrictions will be documented insihecification defin-
ing the compressed internal format; violating these refsnms will result in an
I NVALI D_.OPERATI ON error.

Any restrictions imposed by specific compressed internahéds will be in-
variant with respect to image contents, meaning that if theGepts and stores a
texture image in compressed for@pmpressed TexSublmage2D will accept any
properly encoded compressed texture image of the same,igigiht, compressed
image size, and compressed internal format for storageeatdme texture level.

Calling Compressed TexSubl mage2D will result in anl NVALI D.OPERATI ON
error if xoffset or yoffset is not equal to zero (border width), orwidth andheight
do not match the values GEEXTURE_W DTH and TEXTURE_HEI GHT respectively.
The contents of any texel outside the region modified by thleata undefined.
These restrictions may be relaxed for specific compresdedchal formats whose
images are easily modified.

3.74 Compressed Paletted Textures

If internalformat is PALETTE4 _RGB8, PALETTE4_RGBA8, PALETTE4_R5_G6_B5,
PALETTE4_RGBA4, PALETTE4_RGB5_Al, PALETTE8_RGB8, PALETTES_RGBAS,
PALETTE8_R5_.G6_B5, PALETTE8_RGBA4, or PALETTE8_RGB5.A1l, the com-
pressed texture is a compressed paletted textdata contains the palette data
following by the mipmap levels, where the number of mipmayele stored is
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given by|level| + 1. The number of bits that represent a texel is 4 bitsiiéral-
format is PALETTE4 * and is 8 bits ifinternalformat is PALETTES .

The palette data is formatted as an image containing 16°P@0ETTE4 «) or
256 (for PALETTES_x) palette entries (pixels). The equivaldnimat andtype of
each palette entry is shown in table 3.11.

Compressed Texture FormatPalette entry| Palette entry

format type
PALETTE4_RGBS_CES RGB UNSI GNED_.BYTE
PALETTE4_RGBA8S_CES RGBA UNSI GNED_.BYTE
PALETTE4_R5_G6_B5_CES RGB UNSI GNED_SHORT_5_6_5
PALETTE4_RGBA4_CES RGBA UNSI GNED_SHORT 4444
PALETTE4_RGB5_A1_CES RGBA UNSI GNED_SHORT 5.5.5_1
PALETTE8_RGB8_CES RGB UNSI GNED_BYTE
PALETTES8_RGBAS_CES RGBA UNSI GNED_.BYTE
PALETTE8_R5_G6_B5_CES RGB UNSI GNED_SHORT 5.6_5
PALETTES8_RGBA4_CES RGBA UNSI GNED_SHORT 4.4 4 4
PALETTE8_RGB5_A1_CES RGBA UNSI GNED_SHORT 5.5 5_1

Table 3.11: Palette entry pixel formats.

Image data immediately follows the palette image. Each rapmevel im-
age present in the image data immediately follows the pusvievel, starting
with mipmap level zero and proceeding through the numbeewéls defined by
|level| + 1. Texels within each mipmap level image are formatted as shiow
table 3.12 and are packed contiguously starting at the Itefter

PALETTEA = :

7 6 5 4 3 2 1 0

1st texel 2nd texel

PALETTES *:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 131211109 8 7 6 5 4 3 2 1 0

‘ 1st Component ‘ 2nd ‘ 3rd ‘ 4th

Table 3.12: Texel data formats for compressed palettedrext

If a compressed paletted texture is specified with a podigva argument to

Version 1.1.10 (DRAFT - January 9, 2007)



3.7. TEXTURING 83

| Name | Type | Legal Values |
TEXTURE_WRAP_S integer | CLAMP_TO.EDGE, REPEAT
TEXTUREMRAP_T integer | CLAMP_TO.EDGE, REPEAT
TEXTUREM NLFI LTER | integer | NEAREST,
LI NEAR,

NEAREST_M PVAP_NEAREST,
NEAREST_M PVAP_LI NEAR,
LI NEARM PMAP_NEAREST,
LI NEARM PMAP_LI NEAR,
TEXTURE MAGFI LTER | integer | NEAREST,

LI NEAR

GENERATE_M PNVAP boolean| TRUE or FALSE

Table 3.13: Texture parameters and their values.

Texlmage2D, anl NVALI D_VALUE error is generated.

Subimages may not be specified for compressed palettedréextiCalling
Compressed TexSubl mage2D with any of thePALETTE+ arguments in table 3.11
will generate an NVALI D.OPERATI ON error.

3.7.5 Texture Parameters

Various parameters control how the texture array is treatben specified or
changed, and when applied to a fragment. Each parametérly salling

voi d TexParameter {ixf}( enumtarget, enumpname,
T param);

voi d TexParameter {ixf}v( enumtarget, enumpname,
T params);

target is the target, which must BEEXTURE_2D. pnameis a symbolic constant indi-
cating the parameter to be set; the possible constants ams$ponding parameters
are summarized in table 3.13. In the first form of the commagadam is a value
to which to set a single-valued parameter; in the second fafrthe command,
paramsis an array of parameters whose type depends on the paraeatgrset.

If the value of texture paramet@ENERATE_M PMAP is TRUE, specifying or
changing texture arrays may have side effects, which amusied in thé\uto-
matic Mipmap Generation discussion of section 3.7.7.
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6.1.3 Enumerated Queries

Other commands exist to obtain state variables that ardiiidenby a category
(clip plane, light, material, etc.) as well as a symbolicgtant. These are

voi d GetClipPlane{xf}( enumplane, T eqn[4] );
voi d GetLight{xf}v( enumlight, enumvalue, T data);
voi d GetMaterial{xf}v( enumface, enumvalue, T data);
voi d GetTexEnv{ixf}v( enumenv, enumvalue, T data);
voi d GetTexParameter {ixf}v( enumtarget, enumvalue,
T data);
voi d GetBufferParameteriv( enumtarget, enumvalue,
T data);

GetClipPlane always returns four values iegn; these are the coefficients of the
plane equation oplane in eye coordinates (these coordinates are those that were
computed when the plane was specified).

GetL ight places information abowglue (a symbolic constant) fdrght (also a
symbolic constant) inlata. POSI TI ON or SPOT_DI RECTI ON returns values in eye
coordinates (again, these are the coordinates that werputechwhen the position
or direction was specified).

GetMaterial, GetTexEnv, GetTexParameter, andGetBuffer Parameter are
similar to GetLight, placing information aboutalue for the target indicated by
their first argument intaata. The face argument toGetM aterial must be either
FRONT or BACK, indicating the front or back material, respectively. Tdmg argu-
ment toGet TexEnv must beTEXTURE_ENV.

GetTexParameter parametetarget must beTEXTURE_2D, indicating the cur-
rently bound texture objectvalue is a symbolic value indicating which texture
parameter is to be obtained. FGetTexParameter, value must be one of the
symbolic values in table 3.13.

6.1.4 Texture Queries
The command
bool ean IsTexture( ui nt texture);

returnsTRUE if texture is the name of a texture object.téxtureis zero, or is a non-
zero value that is not the name of a texture object, or if aoreondition occurs,
I sTexture returnsFALSE. A hame returned bysenTextures, but not yet bound, is
not the name of a texture object.
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