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1. Overview

KAMUI™ is a hardware abstraction layer that provides compatibility across multiple Power VR platforms.

KAMUI supports the following environments:

a) IRIS (Tile accelerator for PC) + ARCL1 evaluation board (Set 2)
b) COSMOS (Tile accelerator for SH4) + ARC1 evaluation board (Set 4)
c) SH4 HOLLY (CLX1): Incorporates a tile accelerator (Set 5.16)
d) SH4 HOLLY (CLX2): Incorporates a tile accelerator (Set 5.2x)

The basic input/output parameters for KAMUI remain the same in any of the above environments, except that
some functions are unavailable in items a) and b) because the HOLLY has functions such as BumpMapping and
Trilinear Filter, but the ARC1 does not.

KAMUI supports the following functions:

Registering trigonal polygon strips and tetragonal polygons with scenes
Setting rendering conditions (context) for each polygon (strip) separately
Handling the frame buffer

Handling textures

Setting various special effects (such as fog and modifier volume)

Other service routines

KAMUI performs only minimum error checking. If invalid parameters are passed to KAMUI, its normal operation
is not guaranteed.
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2. Basic Processing Flow

2.1 Basic Processing Flow

The following flowchart shows the basic processing flow of KAMUI.

Initialize default values for
frame buffer and CRTC

——i

Set fog and BG color
for each scene

Register texture
)

Set the following information
for each vertex: Texture/shading
and parameters

Register polygons

NO

All polygons registered?

Begin rendering
Flip frame buffer
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After a reset occurs, an application must first set the frame buffer and display controller. The frame buffer is
allocated two areas: Primary surface for ordinary display, and off-screen surface used as a rendering target.
The frame buffer is configured in a double buffer system, in which the Flip command causes the two areas to
be exchanged.

After initializing the frame buffer, the application sets parameters (such as fog table data and background color)
related to an entire scene.

Now, the application registers textures. This is done by transferring texture data from system memory to texture
memory. (Texture memory will not receive texture data directly from file 1/0 units.) The application simply
transfers data from an area allocated in system memory to texture memory. In the previous example, textures are
registered after parameters related to the entire scene. Texture registration can be done at any point in the above
flowchart. (Do not rewrite texture data during the course of rendering, however.)

Next, the application sets rendering conditions (such as coordinate space, texture, and filtering) for each polygon to
be registered. Registering all rendering conditions every time would be extremely inefficient in some cases. So, the
application only has to set changes from the previous setting. After setting rendering conditions, polygon vertex
data is registered. All vertex data is registered in the Strip format. If you want to specify a single polygon, register
it as a polygon with Strip = 1.

Upon completion of polygon registration, a rendering start command is issued. Processing to be performed at the
end of rendering can be added using a polling-based wait function or a callback function to be executed at the end
of rendering.

The frame buffer can be flipped after the rendering start command is issued. When the frame buffer Flip command
is issued, it is stacked in a queue. If rendering is completed before the first V-Sync after the Flip command is
executed, the primary surface and off-screen surface are exchanged automatically. This way, continuous display
becomes possible.

The Flip command is only enqueued. It does not wait for V-Sync to be detected. After executing the Flip command,
a program utilizing KAMUI can start registering vertex data for the next scene immediately, as long as vertex data
registration is possible (if the registration area is not currently being used for rendering). In KAMUI, vertex data for
rendering is submitted by double buffering, similar to the frame buffer. This is because parameters for the next scene
can be registered while the current set of vertex data is rendering.

The following chart shows the timing when vertex data is registered, rendering is started, and the Flip command
is issued.

Vertex data register ends. Flip command is issued.
Rendering begins.
Flip is executed Vertex data is registered
Vertex data buffer A I I
Rendering is underway Vertex data cah be registered
Flip command is issued. |-
Vertex data buffer B f
Vertex data is registered T Rendering is underway
Vertex data | L Vertex data register ends.
registation begins. Rendering begins.
V-Sync |_’ J |_’

KAM-4



2. Basic Processing Flow

The processing shown above is pipelined. If the following conditions occur, wait states are inserted:

An attempt is made to issue a rendering start command for the next scene when hardware rendering is
under way (this can occur if processing ends within a short time because only a small amount of vertex data
is registered after the Flip command is issued). Alternatively, an attempt is made to issue a rendering start
command for the next scene when hardware rendering is under way (this can occur if hardware rendering
takes much time).

Environment mapping requires that rendering be applied to rectangular texture. So, special frame buffer control is
necessary. See the description of the frame buffer handling function for details.

2.2 Vertex Data Buffers and Internal Buffers

For KAMUI to render a scene, the application program allocates a vertex data buffer area in system memory, enters
vertex data in the vertex data buffer area, and issues a rendering command. The vertex data buffer area is divided
into the following five buffers:

= Buffer for opaque polygons (opaque polygon)

= Buffer for opaque modifier volumes (opaque modifier)

= Buffer for translucent/transparent polygons (translucent polygon)

= Buffer for translucent/transparent modifier volumes (translucent modifier)
= Buffer for punchthrough polygons (punchthrough polygon)

Vertex data is held in any of the above buffers.

The application program must also allocate a native data buffer for temporarily holding PowerVR's native-format
polygons. The native data buffer is allocated in frame buffer/texture/memory. These buffers and the related
polygon data flow are shown below.

Main memory Frame buffer memory
Opaque polygon
vertex buffer
= 5 g
> Opaque modifier 3 = 5
S vertex buffer > @ <
= o o Pyl
o Q = >
= | | = > 3
= Transluscent polygon @ @ Q
= vertex buffer 2 = S
=] @ —
- = >
. -
"l Transluscent modifier
vertex buffer
KAMUI Frame Buffer
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Vertex data can be written directly to the hardware (tile accelerator) without allocating any of the five vertex data
buffers. This method is referred to as the direct mode. The method explained before is known as the buffer mode.
In the direct mode, the native data buffer is allocated in frame buffer memory. The related buffer and polygon data
flow are shown below.

Main memory Frame buffer memory

= z S

> 5 2 5
g s 2 5
= o QU) 2
2 o 5 3
5 @ w Q
o @D —

-~ -_— ><

=

Frame Buffer

This method uses a smaller memory area than the other method. However, the application program must supply
each type of vertex data (opaque polygon, opaque modifier, translucent polygon, translucent modifier, and
punchthrough polygon) in sorted order for the same scene to the hardware (tile accelerator).

See Section 3.6 for how to register vertex data.

2.3 Latency Model

KAMUI can select a model that matches specific rendering conditions by switching between latency models (using
a changeover function). Two different latency models, 3V and 2V, can be selected. These latency models have
different features and merits.

« 3V latency model

— Offers the best performance but requires more system memory.

« 2V latency model

— Eliminates the need to use a vertex buffer for polygons (for example, opaque polygons) of the
type used most frequently (to save system memory).

— Assures a quick control pad entry response.

The type of vertex data registration function varies with the latency model currently being used. If a vertex data
registration function does not match the current latency model, KAMUI may behave incorrectly. Avoid using such
a function.

Each latency model is described below.

KAM-6



2. Basic Processing Flow

2.4 3V Latency Model
2.4.1 3V Latency Model Description

The 3V latency model is a programming model intended to enable a Dreamcast system to achieve the best possible
performance and maintain a constant latency ratio. One V blankperiod is assigned to vertex data registration,
one to DMA (transfer to the TA), and one for rendering. The following diagram shows how the programming
pipeline behaves.

)
/2
T Param 0
SH4 Holly Param 1
Frame
Vertex buffer
Registration Vbuf 0
DMA
Vbuf 1
. Texture
Rendering
System
memory Video
memory
\Y v \Y \Y v \Y \Y
Vertex Vertex Vertex Vertex Vertex Vertex
registration 1 registration 2 registration 3 registration 4 registration 5 registration 6
DMA1 DMA2 DMA3 DMA4 DMAS5
Renderl Render2 Render3 Render4
Displ Disp2 Disp3
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Programming pipeline

Vertex registration: Represents the registration of the vertex data that constitutes a scene. It includes a
game sequence, geometry, and the creation of data to be sent to the TA.

DMA: Data is sent to texture memory via the TA using a DMA mode.

Render: Rendering is carried out as directed by parameters generated by the TA.

Disp: The results of rendering is displayed.

Frame buffer double buffering requires the following hardware resources:

1) SH4 system memory side
Two vertex data buffers (one buffer for one scene)
2) CLX (ARC1) side memory
Two native data buffers that match CLX's internal parameters (one buffer for one scene)
Two display frame buffers
Texture memory

The pipeline mentioned above uses memory as follows:

WS: Writing to system memory (0 or 1) by SH4
RS: Reading from system memory (0 or 1) by DMA
WP: Writing to CLX parameter memory (0 or 1) by DMA
RP: Reading from CLX parameter memory (0 or 1) by renderer
WEF: Writing to CLX frame buffer (0 or 1) by renderer
RF: Reading from CLX frame buffer (0 or 1) for display by renderer
v Vv Vv vV \ Vv v
WSO WS1 WSO WS1 WSO WS1
RS0-WPO RS1-WP1 RS0-WPO RS1-WP1 RS0-WPO
RPO-WF0 RP1-WF1 RPO-WF0 RP1-WF1

RFO RF1 RFO

Use of the pipeline does not cause contention for hardware resources and can minimize arbitration for
60 fps.

KAM-8



2. Basic Processing Flow

2.4.2 Function Usage

The following vertex data registration functions are used in the 3V latency model. No direct-mode function can be
used at all because of the characteristics of the programming model.

- knProcessVert exRender St at e
- knBet Vert exRender St at e

- knBtartVertexStrip

- knBet Vert ex

- knRender

- kn¥l i pFranmeBuf f er

Processing flow example

knChangeLat encyMbde( 3V_LATENCY, NULL);
/* Represents 3V latency */

knOreat e VertexBuffer
knPr ocessVer t exRender St at e
whi l e(1){
knSet Vert exRender St at e
knBtartVertexStrip
knBet Vert ex
knBet Vert ex
knmRender
kn¥l i pFraneBuf f er

}
Vertex data registration ends with knRender . KnFl i pFr aneBuf f er directs KAMUI to wait for the next Vsync.

knmChangeLat encyMbde must precede Cr eat eVert exBuf f er.

kmRender kmFlipFrameBuffer

Vertex data registration

' '
' '
' '
d hd Ll< ’IA
| VN V. T "N
' '
' '

v

V-wait

kmRender

. . rocessin
Wait for the previous P g

kmFlipFrameBuffer

KAM-9



Kamui

2.4.3 Processing Overflow

If a pipeline process does not fit within one V blank (that is, if processing overflows), pipelining is continued by
allowing the process to be prolonged.

If rendering does not end within one V blank, it is possible to reset the renderer to start rendering another scene
(except for COSMOS+ARC1). If rendering is discontinued forcibly during a scene, the scene cannot be completed,
resulting in an invalid scene.

An example of a prolonged vertex processing period is shown below.

Vertex Vertex Vertex Vertex Vertex
registration 1 registration2 ~4——— registration3 ———  registration 4 registration 5

DMA1 DMA2  ceeeeemeeeaas DMA3 DMA4
Renderl oeeeeeanaas Render2 Render3
Disp0  eeeeeeeieeeas Displ Disp2

In this example, vertex registration 3 is prolonged, thus deferring DMA 3, render 2, and display 1.

v Vv Vv Vv Vv Vv v
Vertex Vertex Vertex Vertex Vertex
registration 1 registration 2 registration3 = cocceaiaaaas registration 4 registration 5
DMA1 DMA2  smmemmmeeeee- DMA3 DMA4

4— Renderl ——p Render2 Render3
Disp0  ceeeeeeeeaeas Displ Disp2

In the example shown above, render 1 takes additional time, causing other processes to wait.
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2. Basic Processing Flow

2.5 2V Latency Model
2.5.1 2V Latency Model Description

The 2V latency model is used to make control pad response quicker or to reduce the required vertex buffer capacity.

Unlike the 3V latency model, pipelining in the 2V latency model compresses vertex data registration and DMA
processing within one V period, as shown below.

Param 0
SH4 Param 1
Holly
Vertex Frame
Registration buffer
DMA
Vbuf
Rendering Texture

Vertex data registration in the 2V latency programming model can be performed using the three methods
explained below.

The first method supplies a list of specific vertex types directly to the TA. Assuming that the data type most
frequently used throughout a scene is the opaque polygon, the opaque data is sent directly to the TA. Data
registered in other lists (opaque modifier, translucent, translucent modifier) is temporarily stored in memory. When
kmRender is executed, vertices in these lists are transferred by DMA. If a DMA transfer does not end within a frame
where it begins, a prolonged process occurs.

\Y v v \Y v v \Y
Vertex registration 1 & DMA 1 Vertex registration 2 & DMA 1 Vertex registration 3 & DMA 1
Renderl Render2
Displ

KAM-11



Kamui

2.5.2 Function Usage

The following functions can be used with the 2V latency model. The function group to use is determined by the
vertex data registration method. As stated in the previous section, either of two methods can be used to register
vertex data.

Vertex data registration uses the same functions as the 3V latency model

- knProcessVert exRender St at e
- knBet Vert exRender St at e

- knBtartVertexStrip

- knbet Vert ex

- knRender

- kn¥l i pFraneBuf fer

When using the 2V latency model, it is not necessary to specify a vertex buffer for the data type which is being sent
directly to the TA.

Example:

knChangeLat encyMode( 2V_LATENCY, CPAQUE LI ST);
/* Specifies that the 2V latency is to transfer the CPAQUE */
/* list directly to the TA */
.....(Frame buffer creation)
/* List size is set to 0, because the (paque data is sent */
/* directly. */
knCr eat eVert exBuf f er (0, O0x60, 0x2000, 0x60);
knProcessVert exRender St at e
whi | e(1){
knBet Vert exRender St at e
knBtartVertexStrip
knBet Ver t ex
knBet Ver t ex
knRender
kn¥l i pFraneBuf f er

}

Using kmFlushVertexBuffer

This method flushes a vertex data buffer for a specific list type. Only one list type buffer can be flushed for
one frame. Flushing the buffer triggers the DMA transfer of the accumulated data of the list type for which
knFl ushVer t exBuf f er has been issued, to the TA. Note that once a list of opaque vertex data in a frame
has been flushed, it is impossible to flush a list of translucent vertex data in the same frame.

KAM-12



2. Basic Processing Flow

Example:

knChangeLat encyMode( 2V_LATENCY, CPAQUE LI ST);
/* Specifies that the 2V latency is to transfer the CPAQUE */
/* list directly to the TA */
.....(Frame buffer creation)
knOr eat eVer t exBuf f er (0x3000, 0x60, 0x2000, 0x60);
kmPr ocessVer t exRender St at e
whi | e(1){
knBet Vert exRender St at e
knStartVertexStrip
knBet Vert ex
knBet Vert ex

knl ushVer t exBuf f er (KM CPAQUE_PCALYGON)

knBet Vert ex

knRender
kn#l i pFraneBuf f er

}

Vertex data registration using direct-mode functions

This method uses KAMUI's direct-mode vertex data registration function (such as kmSetVertexDirect) to
transfer all lists directly to the TA under the user's control. In this case, however, the TA specification
prohibits registration with an opaque or translucent list within the frame in which opaque list registration
has already been performed.

- kmQOreat eTABuUf fer or knQreat eNat i veDat aBuf f er
- knProcessVert exRender St at e
- knBet Vert exRender St at e
- knBtartVertexStripDi rect
- knset Vert exDir ect
- knBet EndCf Li st D rect
- knRender Di r ect
- kn¥l i pFranmeBuf f er
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Example:

knChangeLat encyMode( 2V_LATENCY, VERTEX D RECT);
/* Specifies that the 2V latency nodel is to use */
/* VERTEX D RECT. */
.....(Frame buffer creation)
knCr eat eNat i veDat aBuf f er
knProcessVert exRender St at e
whi | e(1){
knBet Vert exRender St at e
/* Qpaque vertex definition */
knttartVertexStri pDirect
knBet Vert exD r ect
KnBet EndCf Li st Di r ect
/* Transl ucent vertex definition */
knBtartVertexStripD rect
knBet Vert exD r ect

knRender Di r ect
kn¥l i pFraneBuf f er
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3. Kamuil Functions

3.1 Naming Rules

The following naming rules apply to the KAMUI functions and structures.

Function kmXxxx
ENUM value, #define KM_XXXX
Structure and variable KMXXXX
Structure pointer PKMXXXX

An attempt to call a function that has not been implemented will be responded with
KMSTATUS_NOT_| MPLEMENTED.
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3.2 Initialization Functions

This function group initializes the rendering hardware and KAMUI.

3.2.1 Initializing the Rendering Chip

KMVBTATUS ki ni t Devi ce (KM DEOMCDE nVi deoMode)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function initializes the rendering hardware. It outputs video signals to produce a blank screen having
the default background color (black). First call this function when using KAMUI.

For the ARC1, KM V(A is assumed no matter what mode is specified.
Argument
nVi deoMbde (input)

This argument specifies a video mode by selecting one from:

KM NTSC NTSC bloc (North America and Japan)
KMPAL L PAL bloc (European countries)
Kmvea VGA (ARC1)

Return Values

KMSTATUS SUCCESS Initialized successfully
KMSTATUS | NVALI D_VI DEOMODE Invalid video mode specified
KMSTATUS_HARDWARE_NOT_PRESENTED The hardware is unusable.

Example

km ni t Devi ce( KM NTSC) ;
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3.2.2 Setting the Display Mode

KMBTATUS ket Di spl ayMbde( KMDI SPLAYMCDE nDi spl ayMode
KMBPPMODE nBpp,
KMBOCOLEAN bD t her,
KMBOCLEAN bAnti Al i as)

KMBTATUS knChangeD spl ayFi | t er Mode( KMBOCLEAN bDi t her,
KVBOOLEAN bAnti Al i as)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

@ Note: The ARC1 can be used only in VGA mode.

Explanation

This function sets the display mode of the frame buffer. kmChangeFi | t er Mbde is used to turn on/off the
dithering and antialiasing filters later.
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Arguments

nDi spl ayMode (input)
This argument specifies a display mode, which can be selected from the following:

KM _DSPMODE_VGA VGA (640 x 480) 60 Hz
KM _DSPMODE _NTSCNI 320x240 NTSC 320 x 240 60 Hz Noninterlace

KM _DSPMODE_NTSCI 320x240 NTSC 320 x 240 30 Hz Interlace(™)

KM _DSPMODE_NTSCNI 640x240 NTSC 640 x 240 60 Hz Noninterlace

KM _DSPMODE_NTSCl 640x240 NTSC 640 x 240 30 Hz Interlace

KM _DSPMODE_NTSCNI 320x480 NTSC 320 x 480 60 Hz Pseudo-noninterlace(*z)
KM_DSPMODE_NTSCl 320x480 NTSC 320 x 480 30 Hz Interlace(")

KM DSPMODE_NTSCNI 640x480FF NTSC 640 x 480 60 Hz Noninterlace FF(")

KM _DSPMODE_NTSCNI 640x480 NTSC 640 x 480 60 Hz Pseudo-noninterlace(*z)
KM_DSPMODE_NTSCl 640x480 NTCS 640 x 480 30 Hz Interlace(")

KM _DSPMODE_PALNI 320x240 PAL 320 x 240 50 Hz Noninterlace

KM _DSPMODE_PALI 320x240 PAL 320 x 240 25 Hz Interlace('?)

KM _DSPMODE_PALNI 640x240 PAL 640 x 240 50 Hz Noninterlace

KM DSPMODE_PALI 640x240 PAL 640 x 240 25 Hz Interlace

KM DSPMODE_PALNI 320x480 PAL 320 x 480 50 Hz Pseudo-noninterlace(*z)
KM_DSPMODE_PALI 320x480 PAL 320 x 480 25 Hz Interlace(")

KM DSPMODE_PALNI 640x480FF PAL 640 x 480 50 Hz Noninterlace FF(")

KM DSPMODE_PALNI 640x480 PAL 640 x 480 50 Hz Pseudo-noninterlace(*z)
KM_DSPMODE_PALI 640x480 PAL 640 x 480 25 Hz Interlace(")

"1 In interlace mode, the same picture is drawn in both odd and even frames.

"2 This is a high-resolution mode, in which different pictures are drawn in odd and even fields.
"3 This is a noninterlace flicker free mode, in which vertical filtering is enabled to perform rendering
for odd and even frames separately. This reduces flicker. In this case, rendering for each frame must

be completed within 16.66 ms.

nBpp (input)

This argument specifies a frame buffer color mode, using a predefined constant listed below.

KM_DSPBPP_RGB565................. RGB565 format
KM DSPBPP_RGB555................. RGB555 format
KM _DSPBPP_ARGB1555 ........... ARGB1555 format
KM _DSPBPP_RGB8SS................. RGB888 format
KM DSPBPP_ARGB888S ........... ARGB8888 format
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bDi t her (input)

This argument determines whether to enable dithering for rendering results written by PowerVR to a 16-bit
frame buffer. If the destination frame buffer is RGB888 or ARGB8888, this flag is ignored.

TRUE......co e, Dithering is used.
FALSE ...t Dithering is not used.

bAnti Al i as (input)

This argument determines whether to use an antialiasing filter. Use of the antialiasing filter may reduce the
operation speed.

TRUE .... The antialiasing filter is used.
FALSE ... No antialiasing filter is used.

Return Values

KMSTATUS SUCCESS Set successfully
KMSTATUS | NVALI D_DI SPLAY_MODE  Invalid display mode

A display mode that does not match that specified during initialization was specified.
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3.2.3

(o
il

Specifying a System Configuration

KMBTATUS ket Syst enConf i gur ati on(
PKVBYSTEMOONFI GSTRUCT pSyst enConfi gStruct)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function sets the KAMUI system configuration according to the parameters specified in the
KVBYSTEMCONFI GSTRUCT type structure. A native data buffer (double buffer) and display frame buffer
are allocated in frame buffer memory. The capacity of the native data buffer area is obtained as follows:

Native data buffer capacity = whole frame buffer memory capacity - (size of the specified maximum texture
+ display frame buffer capacity)

Caution: A texture surface shall be allocated after this function is executed.

This function substitutes for the following functions of KAMUI version 1.28 or earlier.

knOr eat eFr aneBuf f er Sur f ace
knOr eat eVer t exBuf f er

kn(r eat eTABuf f er

kmAct i vat eFr aneBuf f er

If ket Syst enConf i gur ati on is used, do not call any of the above functions.
Arguments
pSyst enConfi gStruct (input)

This argument is a pointer to the KMSYSTEMCONFI GSTRUCT type structure, which is defined as follows:
[ KMBYSTEMCONFI GSTRUCT]

typedef struct _t agKMBYSTEMOONFI GSTRUCT  {
[* Size of KVBYSTEMOONFI GSTRUCT */
KMDWORD dwsi ze;
/* systemconfiguration flags */
KMDWERD flags;
/* for Frame buffer */
PPKIVBURFACEDESC ppSur f aceDescArr ay; /* Array of SurfaceDesc */
KM NT32 nNuncr Fr aneBuf f er ; /* Nunmber O Frame Buffer */
KM NT32 nW dt h; /* Wdth of Frane buffer */
KM NT32 nHei ght ; /* Height of Frame buffer */
KMBPPMCDE nBpp; /* Bpp for Frane buffer */
/* for Texture Menory */
KM NT32 nText ur eMenor ySi ze; /* Texture Menory size */
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[* for Vertex buffer */

PKMWERTEXBUFFDESC pBuf f er Desc; /* pointer to VERTEXBUFFDESC */
PKVDWORD pVert exBuf f er; /* pointer to Vertex buffer */
KM NT32 nVert exBuf f er Si ze; /* size of Vertex buffer */
KMFLQOAT fBufferS ze[ 5]; /* buffer size in percent */
KMVERTEXBUFMCDEL Vbuf Model ; /* Vertex Buffer nodel */

/* reserve area */

KMDWORD reserved0l; /* reserved for future use */
KMDWORD reser ved02; /* reserved for future use */
KMDWORD reser ved03; /* reserved for future use*/
KMDWORD reser ved04; /* reserved for future use*/
KMDWORD r eser ved05; /* reserved for future use*/
KMDWORD reser ved06; /* reserved for future use*/
KMDWORD reservedQ7; /* reserved for future use*/

} KMVBYSTEMOONFI GSTRUCT, * PKMBYSTEMOONFI GSTRUCT;

The setting of each member is explained below:
[System configuration specification flag]

dwsSize (input)

This argument sets the size of the KMSYSTEMCONFI GSTRUCT structure in
Sizeof(KMSYSTEMCONFI GSTRUCT).

flags (input)

This argument specifies the types of data related to the system configuration. It is the result of ORing the
following flags. If no flag is to be specified, the argument shall be reset to zero.

KM_CONFIGFLAG_ENABLE_CLEAR_FRAMEBUFFER

This argument causes a frame buffer to be cleared when it is allocated.

KM_CONFIGFLAG_ENABLE_STRIPBUFFER

This argument causes a frame buffer to be created in StripBuffer format. The nW dt h and nHei ght
members are enabled. (ARC1 does not have a strip buffer function. If this argument is specified for ARC1,
it may not operate normally.)

KM_CONFIGFLAG_ENABLE_2V_LATENCY

This argument causes KAMUI to operate in the 2V latency mode. If this argument is not entered, KAMUI
operates in the 3V latency mode.

KM_CONFIGFLAG_NOWAITVSYNC

This argument causes a frame buffer surface to be displayed before a V-sync interrupt occurs. If this
argument is not entered, the frame buffer surface is displayed after a V-sync interrupt has occurred.
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KM_CONFIGFLAG_USEDIRECTMODE

This argument specifies that the direct mode is to be used. The members related to the vertex buffer
(pBuf f er Desc, pVer t exBuf f er,nVer t exBuf f er Si ze, and nBuf f er Si ze[5]) are ignored. If this
argument is not entered, the buffer mode is used.

KM_CONFIGFLAG_NOWAIT_FINISH_TEXTUREDMA

This argument causes the texture load function to be terminated before DMA transfer of a texture to frame
buffer memory, started by the function, ends. If this argument is entered, the

kmQuer yFi ni shLast Text ur eDMA function can be used to check whether DMA transfer has been
completed. Avoid accessing memory from which a DMA transfer is under way.

[Parameters related to the frame buffer]

ppSurfaceDescArray (output)

This argument specifies an array of pointers to the KMSBURFACEDESC type structure for each frame buffer
(front and back). If KMSTATUS _NOT_ENOUGH_MEMORY is returned, the contents of this frame buffer
structure will be undefined. The application program must prepare an area for each of the two frame buffer
structures and an array of pointers to the structures.

NNumOfFrameBuffer (input)

This argument specifies the number of frame buffer surfaces to be generated. Currently, "2" (front and back)
should be specified.

ppSur f aceDescAr r ay should be specified using nNumOfFrameBuffer, as follows:

KIVBURFACEDESC Sur f acel;

KVBURFACEDESC Sur f ace2;

PKVBURFACEDESC ppSur f aceAr ray[ nNunCf Fr armeBuf f er] ;
ppSur faceArray[ 0] = &Surfacel;

ppSurfaceArray[ 1] = &Surface2;

ppSur f aceDescArray = ppSurfaceArray;

nWidth and nHeight (input)

These arguments specify the horizontal and vertical sizes of the frame buffer surface. If the frame buffer is
in StripBuffer format, the sizes must be an integer multiple of 32. (ARCL1 has no strip buffer function.)

nBpp (input)
This argument specifies the color mode for a frame buffer to be reconfigured, using the following
predefined constants:

KM_DSPBPP_RGB565 .......... RGB565 format
KM_DSPBPP_RGB555 .......... RGB555 format
KM_DSPBPP_ARGB1555 ...... ARGB1555 format
KM_DSPBPP_RGBSSS .......... RGB888 format
KM_DSPBPP_ARGB888S ...... ARGB8888 format
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[Parameters related to the texture area]

nTextureMemorySize (input)

This argument specifies the maximum required texture size. It is used to determine the native data buffer
area capacity. It must represent the maximum capacity of textures to be used simultaneously, in DWORD
units (doublewords, or the number of bytes divided by 4). This size must be a multiple of 32 bytes.

Example

Specify 1048576 (0x100000) if up to 4 Mbytes of textures are to be used simultaneously.

[Paraneters related to the vertex buffer]

pBufferDesc (input)

This argument inputs a pointer to a vertex data buffer descriptor of KMWVERTEXBUFFDESC type. The
application program must prepare an area for this structure. It is referenced by the

kntt art Vert exSt ri p and knSet Ver t ex macros. See Section 3.6 for the KWERTEXBUFFDESC type
structure.

pVertexBuffer (input)

This argument sets a pointer to the vertex buffer allocated by the application program in system memory.
KAMUI uses this pointer as the base address of the vertex buffer. (To avoid malloc in KAMUI, the
application program must prepare the vertex buffer.) This address must be on a 32-byte boundary.

nVertexBufferSize (input)

This argument specifies the size of the vertex data buffer allocated in system memory by the application
program, in DWORD units (the number of bytes divided by 4). This size must be a multiple of 32 bytes. See
"How to obtain the size (nVer t exBuf f er Si ze) of a vertex data buffer (Ver t exBuf f er )" for an
explanation of how to determine the size.

nBufferSize[5] (input)

This argument specifies, as a percentage the number of polygons used in one scene for each of five list
types.
These five list types are specified with a floating point value of between 0.0f and 100.0f. The total of the

specified values must be 100.0f. If it exceeds 100.0f, KAMUI may not operate normally. KAMUI uses these
values to assign a vertex data buffer to each polygon type.

nBuf ferSi ze[ 0] : Specifies, as a percentage, the number of opaque polygons to be used.

nBuf f er Si ze[ 1] : Specifies, as a percentage, the number of opaque modifier volumes to be used.

nBuf fer Si ze[ 2] : Specifies, as a percentage, the number of translucent/transparent polygons to
be used.

nBufferSize[ 3] : Specifies, as a percentage, the number of translucent/transparent modifier

volumes to be used.
nBuf f er Si ze[ 4] : Specifies, as a percentage, the number of punchthrough polygons to be used.

(nBuf fer Si ze[ 4] can be specified only for CLX2. It must always be 0 for any version other than CLX2.
Otherwise, KAMUI may not operate normally.)

KAM-23



Kamui

Vbuf Model (input)
This argument specifies the way the VertexBuffer is to be used by selecting one of the following:

KM VERTEXBUFMODEL_ NCRVAL
This value must always be specified for the 3V latency mode.

KM VERTEXBUFMCDEL_FLUSH CPAQUE
This value must be specified to flush a list of opaque polygons in the 2V latency mode.

KM VERTEXBUFMCDEL_FLUSH OPAQUE_MODI FI ER
This value must be specified to flush a list of opaque modifiers in the 2V latency mode.

KM VERTEXBUFMCDEL_FLUSH OPAQUE._TRANS
This value must be specified to flush a list of translucent polygons in the 2V latency mode.

KM VERTEXBUFMCDEL_FLUSH CPAQUE_TRANS MODI FI ER
This value must be specified to flush a list of translucent modifiers in the 2V latency mode.

KM VERTEXBUFMCDEL_FLUSH PUNCH_ THROUGH
This value must be specified to flush a list of punchthrough polygons in the 2V latency mode.

KM VERTEXBUFMODEL_NCBUF_OPAQUE
This value must be specified to send a list of opaque polygons directly to the TA in the 2V latency mode.

KM VERTEXBUFMODEL._NCBUF_CPAQUE_ MCDI FI ER
This value must be specified to send a list of opaque modifiers directly to the TA in the 2V latency mode.

KM VERTEXBUFMCDEL_NCBUF_TRANS
This value must be specified to send a list of translucent polygons directly to the TAin the 2V latency mode.

KM VERTEXBUFMCDEL,_NCBUF TRANS MODI FI ER
This value must be specified to send a list of translucent modifiers directly to the TAin the 2V latency mode.

KM VERTEXBUFMCDEL_ NCBUF_PUNCH_ THROUGH
This value must be specified to send a list of punchthrough polygons directly to the TA in the 2V
latency mode.

reservedO0l to reserved07

These are reserved for future expansion. Their contents are undefined.
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Return Values

KMSTATUS _SUCCESS System configuration set up successfully.
KMSTATUS NOT_ENOUGH MEMORY  Insufficient memory capacity for native data and frame buffers.

How to obtain the size (nVer t exBuf f er Si ze) of a vertex data buffer (Ver t exBuf f er)

The vertex data buffer size is determined by summing the sizes of lists of the five data types
(OpaquePol ygon, OpaqueMbdi fi er, TransPol ygon, Tr ansMbdi fi er, and
Puncht hr oughPol ygon). The actually required size is double the size obtained this way, because
KAMUI uses double buffers, that is:
Vert exBuf ferSize = (OpaquePol ygon Li stSize
+OpaqueModi fi er ListSize
+Tr ansPol ygon Li st Si ze
+TransMbdi fier ListSize
+PunchThr oughPol ygon Li st Si ze
) x 2
The size of each list consists of the following four elements. So, the size of each list is obtained (in
doubleword units) as follows:
Li st Size = ( Vert exPar anet er Si ze<1>
+d obal Par anet er Si ze<2>
+Cont r ol Par anet er Si ze<3>
+EndCf Li st Si ze<4>

)

<1> VertexParaneterSize

Ver t exPar anet er Si ze = maximum number of vertices used in one scene

x size of vertex data to be used (Ver t exPar anet er)
The size of vertex data depends on a vertex type to be used. When multiple vertex types are used in one
scene, calculate the "maximum number of vertices x size of vertex data" for each vertex type and add them.
The following table shows the relation between vertex types and their data sizes.

Size (DWORD) Size (DWORD) Size (DWORD)
Vertex0 | 8 Vertex6 | 16 Vertex12 | 16
Vertexl | 8 Vertex7 | 8 Vertex13 | 16
Vertex2 | 8 Vertex8 | 8 Vertex14 | 16
Vertex3 | 8 Vertex9 | 8 Vertex15 | 16
Vertex4 | 8 Vertex10 | 8 Vertex16 | 16
Vertex5 | 16 Vertex11 | 16 Vertex17 | 16
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<2> d obal Par aneter Si ze

KAMUI adds data which indicates the beginning of each vertex data strip to the strip. This data is called a
global parameter (@ obal Par anet er). The size of the global parameter is obtained as follows:
A obal Par anet er Si ze = maximum number of knSt art Ver t exSt ri p used in one scene
x global parameter size
The global parameter size is usually 8 (doublewords). In the following five cases, however, the global
parameter size is 16 (doublewords).
- The vertex type is 7, ColorType is Intensity, and the offset color is used.
- The vertex type is 8, ColorType is Intensity, and the offset color is used.
- The vertex type is 10 and ColorType is Intensity.
- The vertex type is 13 and ColorType is Intensity.
- The vertex type is 14 and ColorType is Intensity.

If more than one global parameter size is used, it is necessary to sum all the sizes.

<3> Control ParaneterSi ze

KAMUI specifies User C i ppi ng for knSet User O i ppi ng by writing it, in control parameter
(Cont r ol Par anet er) format, into a vertex data buffer in much the same way as vertex data. The size of
the control parameter is obtained as follows:
Cont r ol Par anet er Si ze = maximum number of kmSetUserClipping used in one scene
x control parameter size

The control parameter size is always 8 (doublewords).
<4> EndO Li st Si ze

KAMUI writes data indicating the end of each list. This data, EndCF Li st Si ze, is always 8 (doublewords).
The actual EndCOf Li st Si ze must be set to 16 (or 48 for ARC1) doublewords, because internal data uses
an additional 8 (or 40 for ARC1) doublewords.

If a list (OQpaquePol ygon, OpaqueModi fi er, TransPol ygon, TransModi fi er, or
Puncht hr oughPol ygon) is not used, its size is assumed to be zero. It is unnecessary to add the
EndOF Li st Si ze.

Note that in the 2V latency mode, Ver t exPar anet er is held in a single buffer, and no buffer is required
for OQpaquePol ygon.
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3.2.4 Switching the Latency Mode

KMBTATUS kmChangelat encyMbdel ( KMLATENCYMODEL Lat encyMode,
KMWERTEXBUFMODEL  Vbuf Model )

IRIS+ARC1 COSMOS+ARC1

Partially Implemented Partially Implemented Implemented

Explanation

This function changes the current latency model.

Arguments

Lat encyMode (input)

This argument specifies a latency model by selecting it from the following:

KM _LATENCYMCDEL _3V Specifies the 3V | atency nodel .
KM _LATENCYMCDEL _2V Specifies the 2V | atency nodel .

Vbuf Model (input)
This argument specifies the way in which the vertex buffer is to be used by selecting one of the following:

KM VERTEXBUFMODEL _ NCRVAL
This value must always be specified for the 3V latency mode.

KM VERTEXBUFMODEL _FLUSH CPAQUE
This value must be specified to flush a list of opaque polygons in the 2V latency mode.

KM VERTEXBUFMODEL_FLUSH OPAQUE_MCDI FI ER
This value must be specified to flush a list of opague modifiers in the 2V latency mode.

KM VERTEXBUFMODEL_FLUSH TRANS
This value must be specified to flush a list of translucent polygons in the 2V latency mode.

KM VERTEXBUFMCDEL. FLUSH TRANS MODI FI ER
This value must be specified to flush a list of translucent modifiers in the 2V latency mode.

KM VERTEXBUFMODEL_FLUSH PUNCH_THROUGH
This value must be specified to flush a list of punchthrough polygons in the 2V latency mode.

KM VERTEXBUFMCDEL_NCBUF_CPAQUE
This value must be specified to send a list of opaque polygons directly to the TA in the 2V latency mode.

KM VERTEXBUFMCDEL. NCBUF_CPAQUE. MDD FI ER
This value must be specified to send a list of opaque modifiers directly to the TA in the 2V latency mode.
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KM VERTEXBUFMCDEL_NCBUF_TRANS
This value must be specified to send a list of translucent polygons directly to the TAin the 2V latency mode.

KM VERTEXBUFMCDEL. NCBUF_TRANS MODI FI ER
This value must be specified to send a list of translucent modifiers directly to the TAin the 2V latency mode.

KM_VERTEXBUFMODEL _NOBUF_PUNCH_THROUGH
This value must be specified to send a list of punchthrough polygons directly to the TA in the 2V
latency mode.

\Iit/ Caution: knChangeLat encyMode must precede knCr eat eVer t exBuf f er .

Return Value

KMSTATUS SUCCESS Function executed successfully.
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3.3 Surface Handling Functions

These functions generate, erase, or flip the frame buffer surface and texture surface. They also manage the
states of the surfaces.

3.3.1 Creating the Primary Surface and Off-Screen Surface (ARC1)

KMBTATUS kmOr eat eFr aneBuf f er Sur f ace (
PKIVBURFACEDESC pSur f aceDesc,
KM NT32 nWdt h,
KM NT32 nHei ght,
KMBOCLEAN bStri pBuffer,
KMBOCLEAN bBuf f er d ear)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented | Partially Implemented

Explanation

This function allocates a frame buffer surface in frame buffer memory and initializes it. Before this function
is called, knSet Di spl ayMbde must be executed.

Holly allocates an actual frame buffer and stores information into pSur f aceDesc asynchronously with
this function, because this is requested by the frame buffer memory management. So,
ket Syst emConf i gur at i on must be used for Holly.

Arguments
pSur f aceDesc (output)

This argument is a pointer to a surface information structure. Surface information is returned using the
pointer. It becomes undefined if KMSTATUS is responded with KMSTATUS NOT _ENOUGH MEMORY.

nW dt h and nHei ght (input)

These arguments specify the horizontal and vertical sizes of the frame buffer surface, if the frame buffer to
be used is of StripBuffer format. The sizes must be a multiple of 32. If the frame buffer is not in StripBuffer
format, this parameter is ignored, and the screen size is determined by nDi spl ayMbde specified in
ket Di spl ayMode.

The ARC1 has no strip buffer function. So, both arguments must always be 0 for the ARC1.

bSt ri pBuf f er (input)

If this argument is TRUE, a frame buffer in StripBuffer format is created. No strip buffer function is available
to the ARCL. So, this argument must always be FALSE for the ARCL.

bBuf f er O ear (input)

TRUE ... When a surface is created, it is cleared to 0.
FALSE .. When a surface is created, it is not cleared to 0.
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¥

e

Caution: For Holly, this function cannot be used together with knSet Syst emConf i gur ati on. If this
function is issued after knSet Syst entConf i gur at i on, Holly may not operate normally.

Return Values

KMSTATUS SUCCESS Function successful
KMSTATUS _NOT_ENOUGH MEMORY  Failed because of insufficient memory

Examples

KMSTATUS st at us;
SURFACEDESC Sur f Desc;
status = knOr eat eFr anmeBuf f er Surf ace(&SurfDesc, 0, 0, FALSE, TRUE);

3.3.2 Creating the Texture Surface

D

KMBTATUS kO eat eText ur eSur f ace(
PKIVBURFACEDESC pSur f aceDesc,
KM NT32 nWdt h,
KM NT32 nHei ght,
KMIEXTURETYPE nText ur eType)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function secures a texture surface in texture memory. This API can allocate texture surfaces in

all formats.

Whenever possible, KAMUI aligns the texture address with a 2 KB boundary so as to quicken memory
access. Therefore, no texture surface may be created even if the total of the free frame buffer capacities is
larger than the capacity to be allocated to the texture. In this case, it is necessary to perform garbage
collection, using knfzar bageCol | ect Text ur e.

ARC1 interleaves a VQ/Twiddled mipmap format texture. Therefore, a texture surface may not be created
even if the total amount of free space in the frame buffer exceeds the size of the texture to be secured.

ARC1 searches for the smallest texture pair that is larger than the specified size if the texture surface of a
VQ/Twiddled mipmap is specified, and creates a texture surface in a single bank of that pair if it is vacant.

KAMUI aligns the first texture surface address and size with a 32-byte boundary.

Caution: This function must be executed after knCr eat eFr aneBuf f er Sur f ace,
kmCr eat eVer t exBuf f er, and knSet Syst entConf i gur ati on are called.

KAM-30



3. Kamui Functions

Efficient use of texture memory
(Common to ARC1 and CLX1/2)

= Secure/release as many texture surfaces as possible at the same time.

= Call the creation of a frame buffer area or native data area (knSet Syst emConfi gur ati on,
kmCr eat eFr aneBuf f er Sur f ace, knCr eat eVer t exBuf f er, knCr eat e TABUf f er ) before
the creation of a texture surface, and avoid releasing and re-creating these until AP ends.

(ARC1-specific)
= Execute knCr eat eVert exBuf f er before knCr eat eFr aneBuf f er Sur f ace.

= Allocate mipmap and VQ texture surface first.

= Avoid alternately allocating texture surfaces of different sizes. Whenever possible, simultaneously
allocate surfaces of the same size and format.

Arguments
pSur f aceDesc (output)

This argument is a pointer to a surface information structure. Surface information is returned to the
structure using the pointer. It becomes undefined if KMSTATUS is responded with
KMSTATUS_NOT_ENOUGH_MEMORY.

nW dt h and nHei ght (input)

These arguments specify the horizontal and vertical texture sizes. If M PMAP is used, the top-level texture
size must be specified. The value specified for nWidth or nHeight must be 8, 16, 32, 64, 128, 256, 512,
or 1,024.

nText ur eType (input)

This argument specifies a texture format. The texture format is specified by ORing a category code and
pixel format code selected from those listed below.

- Category codes

KM TEXTURE_TW DDLED /1 Tw ddl ed format
KM TEXTURE_TW DDLED RECTANGLE /1 Rectangul ar Twi ddl ed fornat
(Cannot be used with ARCL.)
KM TEXTURE_TW DDLED MM /1 Twiddled format with a nm prmap
KM TEXTURE_VQ /1 VQ conpression format
KM TEXTURE_VQ MV /1 VQ conpression format with a m pnap
KM TEXTURE_SMVALLVQ /1 Small VQ conpression format
KM TEXTURE_SNALLVQ W /1 Small VQ conpression format with m pmap
KM TEXTURE_PALETTI ZE4 /1 4-bpp palette fornat
(Cannot be used with ARCL.)
KM TEXTURE _PALETTI ZE4_MM /1 4-bpp palette format with a m pmap
(Cannot be used with ARCL.)
KM TEXTURE_PALETTI ZE8 /1 8-bpp palette fornat
(Cannot be used with ARCL.)
KM TEXTURE_PALETTI ZE8_MM /1 8-bpp palette fornmat with a m pnap
(Cannot be used with ARCL.)
KM TEXTURE_RECTANGLE /1 Rectangl e
KM TEXTURE_STRI DE /1 Rectangle (stride specification)
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- Pixel format codes

KM TEXTURE _ARGB1555

KM TEXTURE_RGB565

KM TEXTURE_ARGB4444

KM TEXTURE_YWV422 (Cannot be used with ARCL.)
KM TEXTURE_BUWP (Cannot be used with ARCL.)

@ Note:

With the palette format texture (KM_TEXTURE_PALETTI ZED4,

KM _TEXTURE_PALETTI ZED4 MM KM _TEXTURE_PALETTI ZEDS,

KM _TEXTURE_PALETTI ZED8_MV), the pixel format cannot be specified.

Specify the pixel format of the palette format texture by setting a palette (knSet Pal et t eMbde).

Return Values

KMSTATUS SUCCESS Secured successfully
KMSTATUS | NVALI D_TEXTURE_TYPEInvalid texture type specified
KMSTATUS NOT_ENOUGH _MEMORY  Insufficient memory
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3.3.3 Creating the Texture Surface for Mipmap/VQ Texture

KMBTATUS kmOr eat eConbi nedText ur eSur f ace(
PKIVBURFACEDESC pSur f aceDescl,
PKIVBURFACEDESC pSur f aceDesc?2,
KM NT32 nWdt h,
KM NT32 nHei ght,
KMIEXTURETYPE nText ur eType)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation
This function secures a texture surface in texture memory. It secures two texture surfaces of the same size
and format.

This API explicitly secures two surfaces interleaved by the ARC1 (Twiddled-mipmap or VQ (mipmap)) in
pairs. Like knCr eat eText ur eSur f ace, however, this API can allocate texture surfaces in all formats.

KAMUI aligns the first texture surface address and size with a 32-byte boundary.

H Caution: This function must be executed after kntCr eat eFr aneBuf f er Sur f ace,
=== knCr eat eVert exBuf f er, and knSet Syst emConf i gur at i on are called.

Arguments
pSur f aceDesc1 (output)

This argument is a pointer (No. 1) to surface structure information. Surface information is returned to the
structure using the pointer. It becomes undefined if, for KMSTATUS, KMSTATUS _NOT_ENOUGH MEMORY
is returned.

pSur f aceDesc2 (output)

This argument is a pointer (No. 2) to surface structure information. Surface information is returned to the
structure using the pointer. It becomes undefined if, for KMSTATUS, KMSTATUS NOT _ENOUGH MEMORY
is returned.

nW dt h and nHei ght (input)

These arguments specify the horizontal and vertical texture sizes. If M PMAP is used, the top-level texture
size must be specified. The value specified for nwWidth or nHeight must be 8, 16, 32, 64, 128, 256, 512, or
1,024.

nText ur eType (input)
This argument specifies a texture format. See knCr eat eText ur eSur f ace.

Return Values

KMSTATUS SUCCESS Secured successfully
KMSTATUS_| NVALI D_TEXTURE_TYPE Invalid texture type specified
KSTATUS_NOT_ENOUGH MEMORY Insufficient memory
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3.3.4

s

Creating the Texture Surface in Contiguous Address Areas

KMBTATUS kCr eat eCont i guousText ur eSur f ace(

PPKIVBURFACEDESC ppSur f aceDesc,
KM NT32 nText ure,

KM NT32 nW dt h,

KM NT32 nHei ght,
KMIEXTURETYPE nText ur eType)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

Explanation

This function simultaneously secures two or more texture surfaces at contiguous addresses in the frame
buffer. It is used to read two or more textures of YUV422 type in succession, by using the YUV converter of
tiling accelerator of the CLX1/2 (see kmLoadYUVText ur e).

This API, however, can also allocate texture surfaces in all formats, excluding "small VQ compression
format" and "small VQ compression format with a mipmap."

However, the ARC1 cannot secure surfaces interleaved by this function (VQ, VQ-mipmap,
Twiddled-mipmap).

Caution: This function must be executed after kimSet Syst emConf i gur ati on,
kmCr eat eFr ameBuf f er Sur f ace, and knCr eat eVer t exBuf f er are called.

Arguments

ppSur f aceDesc (output)

This argument is a pointer to a KMSURFACEDESC structure. Texture surface information is returned to the
structure. It becomes undefined if, for KMSTATUS, KMSTATUS NOT_ENOUGH_MEMORY is returned.

nText ur e (input)

This argument specifies the number of texture surfaces to be secured in succession.

nW dt h and nHei ght (input)

These arguments specify the horizontal size and vertical size of the texture. The value specified for nW dt h
or nHei ght must be 8, 16, 32, 64, 128, 256, 512, or 1,024.

nText ur eType (input)

This argument specifies a texture format. The texture format is specified by ORing a category code and pixel
format code selected from those listed below.
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- Category codes

KM TEXTURE_TW DDLED /1 Twiddl ed format
KM TEXTURE_TW DDLED MM /1 Twiddl ed format with a m pnap
(Cannot be specified with ARCL)

KM TEXTURE_TW DDLED RECTANGLE /1 Twi ddl ed- Rect angl e
(Cannot be used with ARCL)

KM TEXTURE_VQ /1 VQ conpression fornat
(Cannot be specified with ARCL)

KM TEXTURE_VQ MM /1 VQ conpression format with a m pnap
(Cannot be specified with ARCL)

KM TEXTURE_PALETTI ZE4 /1 4-bpp palette fornat
(Cannot be used with ARCL)

KM TEXTURE_PALETTI ZE4_ MM I/l 4-bpp palette format with a m pmap
(Cannot be used with ARCL)

KM TEXTURE_PALETTI ZE8 /1 8-bpp palette fornat
(Cannot be used with ARCL)

KM TEXTURE _PALETTI ZE8 MM /1l 8-bpp palette format with a m prmap
(Cannot be used with ARCL)

KM TEXTURE_RECTANGLE // Rectangl e

KM TEXTURE_STRI DE /1 Rectangle

(with stride specification)

- Pixel format codes

KM TEXTURE_ARGB1555

KM TEXTURE_RGB565

KM TEXTURE _ARGB4444

KM TEXTURE_YW422 /1 (Cannot be used with ARCL)
KM TEXTURE_BUWP /1 (Cannot be used with ARCL)

Return Values

KMSTATUS _SUCCESS Texture memory secured successfully
KMSTATUS | NVALI D TEXTURE_TYPEInvalid texture type specified
KMSTATUS _NOT_ENOUGH MEMORY  Insufficient memory

3.3.5 Using Frame Buffer as Texture Surface

This API has been deleted, because the CLX hardware specification does not allow it to be implemented.
(\Ver 1.30)
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3.3.6 Setting the Alpha Threshold Value

KMBTATUS knget Al phaThr eshol d( KM NT32 nThr eshol d)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function sets a threshold value for determining an a bit to be used when ARGB1555 is specified as the
bit depth of a rendering frame buffer surface. If the rendering result is greater than or equal to the specified
threshold value, the * bit is set to 1. This bit is used for chroma-key composition by RAMDAC.

Argument

nThr eshol d (input)

This argument specifies a threshold value from 0 to 255. If a value less than 0 or greater than 255 is specified,
0 or 255 is assumed, respectively.

Return Value

KMSTATUS_SUCCESS Set successfully
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3.3.7 Determining the Display Screen

KMBTATUS kmAct i vat eFr aneBuf f er (
PKIVBURFACEDESC pPri mar ySur f aceDesc,
PKIVBURFACEDESC pBackBuf f er Suf aceDesc,
KMBOCLEAN bStri pBuffer,
KMBOOLEAN bWéi t VSync)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented | Partially Implemented

Explanation

This function notifies KAMUI of the frame buffer surface to be used for display purposes.
Arguments

pPri mar ySur f aceDesc (input)

This argument is the surface structure of a frame buffer surface to be used for displaying. The surface
structure must be one obtained by securing a surface using kmCreateFrameBufferSurface.

pBackBuf f er Sur f aceDesc (input)

This argument is the surface structure of a frame buffer surface to be submitted to rendering.

bSt ri pBuf f er (input)
This argument must be TRUE if the strip buffer is used. This function cannot be used with ARC1.
bWai t VSync (input)

This argument specifies whether to defer displaying a frame buffer surface till the timing of VVsync. If the
argument is TRUE, this function defers displaying till the timing of Vsync.

ﬂ Caution: This function must not be issued if Holly uses knSet Syst entConf i gur at i on. If this function
— is issued after knSet Syst emConf i gur at i on, normal operation is not guaranteed.

Return Value

KMSTATUS SUCCESS Display switched successfully
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3.3.8

Flipping the Display Screen

KMBTATUS kntl i pFrameBuf f er (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

If the frame buffer is configured for double buffering , this function exchanges the display primary surface
with the off-screen surface (rendering target). The knFl i pFr aneBuf f er command issued by the
application program is enqueued within KAMUI. KAMUI flips the display at the Vsync timing after the
command is issued, if rendering to an off-screen surface has been completed.

If the strip buffer is used, software-based Flip is not needed.
Argument

None

Return Values

KMSTATUS SUCCESS Flip command issued successfully
KMSTATUS_CANT_FLI P_SURFACE  Failure in issuing Flip command
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3.4 Setting Parameters for Each Scene Separately

This section explains the functions for setting the parameters that can be specified separately for each scene.

3.4.1 Setting the Culling Parameter

KMBTATUS knBet Qul | i ngRegi st er (KMFLQAT f Qul | Val )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies a threshold value for culling small polygons.

Argument
f Cul | Val (input)
This argument sets a determinant value for a plane parameter.

Return Value

KMSTATUS_SUCCESS Set successfully
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3.4.2

Setting the Color Clamp Value

KMBTATUS knget Col or A anpVal ue(
KMPACKEDAR® MaxVal ,
KMPACKEDARGB M nVal )

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function specifies the color clamp value. Color clamping is applied ahead of fogging.

If you want to change the clamp color when rendering, do so within a callback function for rendering
termination. If an attempt is made to change the clamp color at any other timing, a screen image may
become invalid.

Arguments
MaxVal (input)

This argument specifies a maximum value for color clamping. It is a packed 32-bit color. If you want to
specify the RGB color with a brightness of 128, enter 0x00808080.

M nVal (input)

This argument specifies a minimum value for color clamping. It is a packed 32-bit color. If you want to
specify the RGB color with a brightness of 20, enter 0x00141414.

Return Value

KMSTATUS _SUCCESS Set successfully
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3.4.3 Setting the Fog Color

KMBTATUS ket FogTabl eCol or ( KMPACKEDARE FogTabl eCol or)
KMBTATUS ket FogVer t exCol or ( KMPACKEDARE FogVert exCol or)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

Explanation

This function specifies a fog color. For the HOLLY, different fog colors can be specified in FogVer t ex and
FogTabl e. For the ARC1, however, the most recently specified value is valid even if different fog colors

are specified using FogVer t ex and FogTabl e. If you want to change the fog color when rendering, do
so within a callback function for rendering termination. If an attempt is made to change the fog color at any
other timing, a screen image may become invalid.

Arguments
FogTabl eCol or and FogVer t exCol or (input)

These arguments specify the packed 32-bit color to be used in FogTabl e and FogVer t ex.

Return Value

KMSTATUS_SUCCESS Set successfully
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3.4.4 Specifying a Fog Density

KMBTATUS knget FogDensi t y( KMDWORD FogDensi ty)

IRIS+ARC1

COSMOS+ARC1

Partially Implemented

Partially Implemented

Implemented

Explanation

This function assigns a coefficient (scale factor) to TSP fog.

FogDensi t y consists of two bytes. The higher byte indicates the mantissa and the lower byte indicates the

exponent (the nth power of 2).

Exanpl e) 0x0100
0x8000 =
OXFFO00
OXFFO1 =
OXFFO06 =
OXFFO7 =
OXFF08 =
OXFF09 =
OXFFOA =
OXFFOB =
OXFFOC =

0. 0000001( b)
1. 0( b)
1.1111111(b)
11. 111111(b)
1111111. 1(b)
11111111. 0( b)
111111110. 0( b)
1111111100. 0( b)
2040

4080

8160

= 0. 015625

1.0

= 1.984375
= 3.96875
= 128.5

= 255

= 510

1, 020

If a low value is specified for FogDensi t y, the effect of fog appears from the polygon with the higher

1/w (Fog density increases).

If a high value is specified for FogDensi t y, the effect of fog can be seen only on the polygon with a low

1/w (Fog density decreases).

For details, see the description of knSet FogTabl e.

Argument

f ogDensi ty (input)

This argument is a coefficient of TSP fog (scale factor).
Specify this argument as "knSet FogDensi t y (0xFF09)".

Return Value

KMSTATUS_SUCCESS

Set successfully
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3.4.5 Setting the Fog Table

KMBTATUS ket FogTabl e( PKMFLQAT pf FogTabl e)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers the fog table. A pointer to an array holding 128 different float values is passed via
the argument. The fog table takes effect on the polygon for which FogTabl e is specified by
VERTEXCONTEXT of 1/w = 0.0 (infinite point) to 1.0 (depth = 1.0).

An element of a fog table that is 0.0 has an attenuation rate 0 and an element that is 1.0 has the maximum
attenuation rate.

A fog table consists of 128 elements with indexes 0 to 127.

The element of index of a fog table specifies fog density of the following position with a depth of
(1/w value):

Depth = (pow (2.0, Index >> 4) * (float) ((lndex & OxOF) + 16)/16.0f)/FogDensity

Therefore, specify the density starting from the most distant point, in sequence.
Specify FogDensi t y in this equation with knSet FogDensi ty.

Argument
pf FogTabl e (input)

This argument specifies a pointer to an array of fog table values. The array consists of 128 different
parameters.

Return Value

KMSTATUS_SUCCESS Set successfully
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3.4.6 Setting the On-Chip Palette Mode

(.
=

KMBTATUS knet Pal et t eMbde( KMPALETTEMODE Pal et t errode)

IRIS+ARC1

COSMOS+ARC1

Not Implemented

Not Implemented Implemented

Explanation

This function specifies a mode of the on-chip palette used by the palettized texture. A palette has 1,024
entries. For details of how to set a palette, see the description of knSet Pal et t eDat a.

Caution: Palette data setting (knSet Pal et t eDat a/knSet Pal et t eBankDat a) cannot precede palette
mode setting (knSet Pal et t eMbde). If the palette mode type does not match the palette data
type, invalid data will be set in the palette register.

Argument

Pal et t eMbde (input)

KM PALETTE_16BPP_ARGB1555
KM _PALETTE_16BPP_RGB565

KM PALETTE_16BPP_ARGB4444
KM PALETTE_32BPP_ARGB8888

Return Value

KMSTATUS_SUCCESS

16-BPP mode, ARGB1555 format
16-BPP mode, RGB565 format

16-BPP mode, ARGB4444 format
32-BPP mode, ARGB8888 format

Set successfully
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3.4.7 Setting the On-Chip Palette Data

KMVBTATUS ket Pal et t eDat a( PKMPALETTEDATA pPal et t eTabl €)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function sets the on-chip palette used by the palettized texture. A palette has a total of 1,024 entries.
The number of entries is the same regardless of whether the screen mode is 16 bpp or 32 bpp. Because a
palette can be read at 1 clock/pixel in 16-bpp screen mode, the speed is higher in 32-bpp mode

(2 clocks/pixel).

With Palettized-4bpp, the 1,024 entries are divided into 64 banks (1,024 entries/16 colors = 64 banks). With
Palettized-8bpp, the 1,024 entries are divided into four banks (1,024 entries/256 colors = 4 banks). The
banks are not separated physically, each bank being created by calculating pointers to the 1,024 entries.

The 4-bpp palette texture and 8-bpp palette texture can exist together in one scene, but the overlapping
portion of the 1,024 entries is shared. Changing the contents of a palette, therefore, affects both the 4-bpp
and 8-bpp textures.

The bank of a palette can be specified in units of VERTEX (polygon). Specify a bank number by using the
PaletteBank member of KMVERTEXCONTEXT. The entry that is actually used is selected as follows,
depending on the palette bank number (Pal et t eBank) and index value of each pixel of the texture

(i ndex_dat a).

if (Pixel Format == 8BPP)

{
palette entry = (Pal etteBank << 4) & 0x300 + i ndex_dat a;
}
if (Pixel Format == 4BPP)
{
palette entry = (Pal etteBank << 4) + index_dat a;
}

A value of 0 to 63 can be specified for Pal et t eBank in 4-bpp mode.

Also, 0 to 63 can be specified in 8-bpp mode, but only four types of values, 0 (0 to 15), 16 (16 to 31), 32 (32
to 47), and 48 (48 to 63), can be used in this mode because only the higher two bits of the six are valid for a
Pal et t eBank value.
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Argument

pPal et t eTabl e (input)
This argument specifies a pointer to a palette setting array. The array is defined as follows:
KMPALETTEDATA Pal et t eTabl e;

Exanpl e) The following coding is for setting 16-bpp data in the first 256 entries
of a palette.

i =0
for(i =0; i <512; i+=2) {
Pal ett eTabl e. dwPal ett eDat a[ j ++]
= (KMDWRD) ((pdat a[ i +1] *256) + pdata[i]);
}
knBet Pal et t eDat a( &Pal et t eTabl e) ;

The number of elements constituting the palette data must be 1,024. If there are no 1,024 elements, KAMUI
may not operate normally.

Return Value

KMSTATUS _SUCCESS Set successfully
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3.4.8 Rewriting Part of the On-Chip Palette Data

KMBTATUS knBet Pal et t eBankDat a(

KM NT32 Pal etteEntry,
KM NT32 Dat aSi ze,
PKMPALETTEDATA pPal etteTabl e
)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation
This function rewrites a specified portion of the on-chip palette used by the palettized texture. See the
descriptions of knSet Pal et t eDat a for the structure of the palette.

The values that can be specified by Pal et t eEnt r y are 0 to 1,023 for both 4- and 8-bpp palette modes. The
values need not be aligned with a bank boundary. They can start at any entry.

Data items in an area pointed to by pPal et t eTabl e are sent to the palette between entries
Pal ett eEntry and Pal ett eEnt ry + Dat aSi ze sequentially, starting at the beginning of the area.

If Pal ett eEnrty + Dat aSi ze > 1,024, data for palette numbers greater than 1,023 is ignored. Put
another way, data transfer ends at palette number 1,023.

Caution: Palette data setting (knmSet Pal et t eDat aZknfSet Pal et t eBankDat a) cannot precede palette
mode setting (knSet Pal et t evbde). If the palette mode type does not match the palette data
type, invalid data will be set in the palette register.

Arguments

Pal ett eEnt ry (input)

This argument specifies the first entry number of a palette where data is to be written, using a number
between 0 and 1,023. A palette portion that begins with the specified entry number will be rewritten.

Dat aSi ze (input)

This argument specifies the size of the data to be written (number of entries), using a number between
1and 1,024.

pPal et t eTabl e (input)
This argument is a pointer to a palette setting array. The array is defined as follows:
KMPALETTEDATA Pal ett eTabl e;

The number of elements constituting the palette data must be greater than or equal to the value specified
in Dat aSi ze. If the number of elements is less than that value, normal operation is not guaranteed.
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Return Value
KMSTATUS SUCCESS Set successfully
Example

knBet Pal et t eBankDat a( 32, 64, pPal etteTabl e);

This example coding rewrites 64 entries in the palette, starting at entry 32.
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3.4.9 Setting the Border Color

KVBTATUS ket Bor der Col or ( KMPACKEDAREB Bor der Col or)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function sets the color for borders (for portions outside the display screen).

Argument
BorderColor (input)

This argument specifies a packed ARGB color.

Return Value

KMSTATUS_SUCCESS Set successfully

3.4.10 Registering the Rendering Parameter of the Background Plane

KMBTATUS knBet BackG oundRender St at e (
PKMVERTEXCONTEXT pVert exCont ext )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers information in a KMVERTEXCONTEXT structure set by

kmPr ocessVert exRender St at e to the system as the rendering parameters of the background plane.
When subsequently setting the background plane (knSet BackGr oundPl ane), KWERTEXCONTEXT
specified here becomes valid.

In VERTEXCONTEXT of Background, DSTBI endi ngMbde must be zero.

To change the background plane, it is necessary to execute knPr ocessVert exRender St at e,
ket BackGr oundRender St at e, then knSet BackG oundPl ane.

Argument
pVert exCont ext (input)

This argument sets a pointer to context.

Return Value

KMSTATUS SUCCESS Registering rendering parameters successful
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3.4.11 Setting the Background Plane

KMBTATUS ket Back@G oundPl ane( PvA D pVertex[ 3],
KMWVERTEXTYPE Vert exType,
KM NT32 StructSi ze)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers a background plane. Before using this function, it is necessary to call

knSet BackG oundRender St at e. If the Z value of Backgr oundPl ane is greater than the object to be
displayed, the object may not be displayed (keep the value of 1/w less than the object to be displayed. The
default 1/w value of a background plane is 0.001).

To change the background plane, it is necessary to execute kmPr ocessVert exRender St at e,
knSet BackG oundRender St at e, and knSet BackGr oundPI ane in this order.

Arguments
pVert ex[ 3] (input)

This argument is a pointer to a vertex data structure that indicates coordinates on a background plane. For
details, see the description of knSet Ver t ex.

Ver t exType (input)
This argument indicates the data type of vertex data. For details, see the description of knSet Ver t ex.
Struct Si ze (input)

This argument indicates the data type size of vertex data. Specify it like sizeof (KMVERTEX _01) in
accordance with the type used for the vertex data. For details, see the description of knSet Ver t ex.

Return Value

KMSTATUS SUCCESS Registering background plane successful
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3.4.12 Setting Autosort Mode

KVBTATUS ket Aut oSor t Mode( KMBOOLEAN bEnabl e)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function turns on/off autosort mode of translucent polygon.

There are two translucent polygon drawing modes, auto-sort mode and pre-sort mode. This function can
select either mode for each scene separately.

Auto-sort mode

The hardware automatically sorts translucent polygons in pixel units in ascending order of Z-coordinates
(inner pixels first) rather than the order in which they were registered in KAMUI before being drawn. In
this case, ablending is performed correctly even if translucent polygons cross one another. If there are many
overlapping translucent polygons, their processing speed is reduced, however.

The DepthMode of VERTEXCONTEXT is ignored in the auto-sort mode. The Z-coordinates of the pixels are
compared, always using KM_GREATEREQUAL. If two pixels are at the same Z-coordinate, they are drawn
in the order in which they were registered with KAMUI.

Pre-sort mode

Polygons are drawn in the order in which they were registered with KAMUI. So, the application program
has to sort them into order of Z-coordinates. If translucent polygons cross one another, a blending cannot
be performed correctly. If it is easy for the application program to sort polygons into the order of

Z-coordinates (as with 2D sprites), the pre-sort mode should be used, as it is faster than the auto-sort mode.

Argument
bEnabl e (input)

If it is TRUE, this argument specifies autosort mode for translucent planes. If it is FALSE, it emulates
software-based sorting, which is the conventional sorting type.

Return Value

KMSTATUS SUCCESS Set successfully
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3.4.13 Specifying Pixel-Unit Clipping

KMBTATUS knget Pi xel A i ppi ng( KM NT32 Xm n,
KM NT32 Ym n,
KM NT32 Xmax,
KM NT32 Ynax)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation
This function sets pixel-unit clipping for rendering output to the frame buffer.

Arguments
Xmn, Ymn, Xmax, Ymax (input)

These arguments specify the coordinates of the upper-left and lower-right corners of a clipping area in pixel
units. "(Xm n, Y n) - (Xmax, Ynax)" cannot be larger than the screen size. If screen mode is 24 bpp,
coordinates specified for a clipping area must be even numbers; in other words, the clipping area can be
specified only in two-pixel units. If they are not even, values that are 1 greater than specified are assumed
for (Xm n, Ymi n), and values that are 1 less than specified are assumed for (Xmax, Ynax).

Return Values

KMSTATUS SUCCESS Set successfully
KMSTATUS | NVALI D_PARAVETER  Invalid parameter
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3.4.14 Specifying the Stride Size

KMBTATUS knSet St ri deW dt h( KM NT32 nW dt h)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function sets the stride size when the stride texture is used. The stride size must be a multiple of 32.
The value that can be set is a multiple of 32 in the range of 32 to 992.

Argument
nW dt h (input)
This argument sets the stride size.

Return Values

KMSTATUS_SUCCESS Set successfully
KMSTATUS | NVALI D_PARAVETER  Invalid parameter
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3.4.15 Setting the Cheap Shadow Mode

KMBTATUS knget CheapShadowhbde( KM NT32 nl nt ensi ty)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function selects the cheap (simple) shadow mode. The cheap shadow mode is intended to represent
the shadow of polygons by lowering their luminance when they approach the modifier volume.

After cheap shadow mode has been set by this function, all the modifier volume are set in cheap shadow
mode. Coexistence with two-parameter polygons in a scene is not allowed. To terminate cheap shadow
mode, enter a negative number as the argument, then call this function.

The cheap shadow mode is turned on and off by issuing this function before
knProcessVert exRender St at e for the VERTEXCONTEXT of polygons to be influenced by the mode.

Once the cheap shadow mode is turned on, kmPr ocessVer t exRender St at e need not be executed if
only the intensity of the shadow is to be changed.

Similarly to the two-parameter volume, KM_MODI FI ER_Aiis set in the Sel ect Modi fi er member of the
VERTEXCONTEXT for the polygons to be influenced by the cheap shadow mode. The vertex data used
consists of regular one-parameter polygons.

Argument
nintensity (input)

This argument sets the luminance of a polygon in the modifier volume, using a value from 0 to 255. The

hardware multiplies the base color and offset color for the polygon by the specified value after it is divided
by 256. If the argument specifies 128, the multiplier is 0.5 (= 128/256). If a negative value is input, the setting
of cheap shadow mode is completed, and the normal 2-parameter polygon becomes valid from the scene.

Return Values

KMSTATUS _SUCCESS Set successfully
KMSTATUS | NVALI D_PARAVETER  Invalid parameter
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3.4.16 Specifying the Number of VsyncWait States

KVBTATUS knBet Wi t VsyncCount (KM NT32 Wi t Num)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation
This function specifies how many times Vsync has been passed before the display is flipped. This function
is used to obtain a constant frame rate.

If Vwai t Numis set to 2 for NTSC signals, for example, if KAMUI flips the display at the second Vsync,
rather than the first Vsync, after the hardware has finished rendering, even if the rendering was completed
within 16.67 ms. If the rendering takes two or more Vsync periods even when VwaitNum is 2, however,
KAMUI flips the display at the first Vsync after the rendering has been completed.

The default value that is assumed if this function is not called is 1. Therefore, Flip is executed at the next
Vsync after rendering has been completed.

Argument
Vwai t Num(input)

This argument specifies the number of Wait states of Vsync. Set a value of 1 or greater.
If the argument is 0, normal operation is not guaranteed.
A negative value is ignored even if specified.

Return Value

KMSTATUS _SUCCESS Set successfully
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3.4.17 Forced Reset of Renderer

KMBTATUS knReset Render er (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function resets the rendering pipeline through software. It is used for forced reset if data in a strip
cannot be fully drawn when a strip buffer is used.

Argument

None

Return Value

KMSTATUS SUCCESS Reset successfully
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3.4.18 Setting the Split Screen Mode

KMBTATUS ket User A i pLevel Adj ust ( KVMADIJASTTYPE Adj ust,
PKM NT32 pLi ne)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function specifies the horizontal screen display mode. With this function, it is possible to position the
horizontal boundary of the user clipping area almost at the center of the screen. Horizontally split screens
are used, for example, for fighting games.

Usually, the screen is split using knSet User C i ppi ngZknSet User C i ppi ngDi r ect, which can
specify the coordinates of a clipping area only in 32-pixel units because of hardware constraints, however.
So it is impossible to split the clipping area at the center of the screen.

To split the screen horizontally on KAMUI, use this function to specify KM_LEVEL _ADJUST _HALF before
setting the Y-coordinates of the user clipping areas as listed below. The horizontal boundary of the clipping
areas will be placed as close as possible to the center of the screen.

Vertical screen resolution User clipping area Y-coordinate
240 0 to 119 and 120 and 239
480 0 to 255 and 256 to 479

In this case, several lines in the upper section of the screen disappear. The number of these lines can be
obtained from pLine.

Arguments
Adj ust (input)

This argument specifies the horizontal screen display mode by selecting one from the following:

KMADJUSTTYPE
KM_LEVEL_ADJUST_NORMAL The ordinary display mode is selected.
KM _LEVEL_ADJUST_ HALF The split screen mode is selected.

pLi ne (output)

If the Adjustargument specifies KM _LEVEL ADJUST _HALF, KAMUI returns the amount of vertical screen
shift in pixel units to this variable. As many lines as the value of pLine, counted from the top of the screen,
will disappear. When registering vertexes, add this value to the Y-coordinate of each vertex. NULL can be
specified in pLine. In this case, however, the user cannot obtain the number of lines to be added to the
Y-coordinate of a vertex.

If the Adjust argument specifies KM_LEVEL_ADJUST_NORMAL, the contents of the area specified by
pLi ne will not be changed.

Return Value

KMSTATUS SUCCESS Set successfully
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3.4.19 Screen Blanking

KMBTATUS kBl ankScr een( KMBOOLEAN bBl anki ng)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function switch the screen to blanking/non-blanking. Mainly this function will be used for Getting
Gun-Position. If you want to fill the screen as white, set border color to white and call this function.

Argument

bBl anki ng (input)
TRUE: Stop displaying Frame Buffer and screen color becomes border color.
FALSE: Replace the blanking.

Return Value

KMSTATUS SUCCESS blanking/non-blanking successfully

3.4.20 Getting Gun Position

KMBTATUS kGt QunTri gger Pos( PKMDWRD pHPos, PKVDWIRD pVPCB)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function could get Gun Position. This function should be used with kmBlankScreen.

Argument
pHPos: pointer to the position valuable from H-blank OUT.
pVPos: pointer to the position valuable from V-blank OUT

Return Value

KMSTATUS SUCCESS getting position successfully

@ Note: If you use knSet User Cl i pLevel Adj ust, actual position and the knet GunTr i gger Pos
value is different. Please adjust the pLi ne which is the return value of
ket User C i pLevel Adj ust .
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3.5 Setting Parameters of Each Vertex
3.5.1 VERTEXCONTEXT

KAMUI has all parameters that can be set for each vertex (strip) in a KMVERTEXCONTEXT structure. An application
can have and selectively use two or more KMVERTEXCONTEXT structures.

To do this, the application first allocates the KMVERTEXCONTEXT structure and define member values. Next,
KMVERTEXCONTEXT is completed by kimPr ocessVer t exRender St at e. Then, the structure is registered in the
system by knSet Ver t exRender St at e. The finished structures can be switched just by executing

ket Ver t exRender St at e. To modify some members of a finished KMVERTEXCONTEXT structure,
knProcessVert exRender St at e and knSet Vert exRender St at e must be executed again.

A polygon (or two-parameter polygon) influenced by a modifier volume requires two KMVERTEXCONTEXT
structures inside and outside the modifier volume. The application allocates two KMVERTEXCONTEXT structures
and specifies the parameters inside the modifier volume in one structure and the parameters outside the modifier
volume in the other structure. The parameters outside the modifier volume are registered in the system by
knProcessVert exRender St at e and knSet Vert exRender St at e. The parameters inside the modifier
volume are registered in the system by knPr ocessVert exRender St at e and

ket Modi f i er Render St at e.

When using VERTEXCONTEXT by knPr ocessVer t exRender St at e for the first time, all the members must be
specified. Set all the flags for Render St at e and define all the parameters. The operation is not guaranteed if any
bit is undefined.

<KMVERTEXCONTEXT>

Structure holding parameters that can be specified for each vertex (strip). This structure has the following
members.

typedef struct tagKM/ERTEXCONTEXT

{
KMDWERD Render St at e; /1 Render Cont ext

/* for Aobal Paraneter */

KMPARAMIYPE Par anType /1 Paraneter Type
KM.I STTYPE Li st Type /1l List Type
KMOOLCRTYPE Col or Type /1l Color Type
KMWFCRVAT UVFor mat /1 W format

/* for ISP/TSP Instruction Wrd */

KIMDEPTHMVCDE Dept hMode; /1 Specified Dept hMode

KMCULLI NGVCDE Qul | i ngMode; /1 Qlling Mde

KMBCREENCOCRDI NATI ON ScreenCoor di nat i on; /'l Screen Coordi nation
(ignored by Holly)

KIVBHADI NGVCDE Shadi ngMode; /1 Shadi ng Mode

KMVCDI FI ER Sel ect Modi fi er; /1 Modifier Volunme Valiant

KMBOOLEAN bZWi t eD sabl e; /Il Z Wite D sable
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/* for TSP Control Word */
KVBLENDI NGVCDE
KVBLENDI NGMCDE
KMVBOOLEAN

KVBOOLEAN

KMFOQVODE

KIVBOOLEAN

KMBOCOLEAN

KMBOOLEAN

KMFLI PMODE
KMCLAVPMODE

KMFI LTERMCDE
KVBOOLEAN

KVDWORD
KMITEXTURESHADI NGMCDE
KMBOOLEAN

KMDWORD

SRCBI endi nghbde;
DSTBl endi nghbde;
bSRCSel ;

bDSTSel ;

Foghbde;

bUseSpecul ar;
bUseAl pha;

bl gnor eText ur eAl pha;
Fl i pwv,

ad anpWy,

Fi | t er Mode;

bSuper Sanpl ¢€;

M pMapAdj ust ;

Text ur eShadi nghbde;
bCol or d anp;

Pal et t eBank;

/* for Texture Control Bits/Address */

PKVBURFACEDESC

pText ur eSur f aceDesc;

/* Intensity FaceColor Setting */

KMFLQOAT
KMFLQAT
KMFLQAT
KMFLQAT

f FaceCol or Al pha;
f FaceCol or R,
f FaceCol or G
f FaceCol or B;

/* Intensity Specular Hghlight Setting */

KMFLQOAT
KMFLQAT
KMFLQAT
KMFLQAT

f O f set Col or Al pha;
fOffset Col or R
fOffsetCol or G
f O f set Col or B;

/* Variables Internally Used */

KMDWORD
KMDWORD
KMDWERD
KMDWERD

A_CBALPARAMBUFFER,

| SPPARAMBUFFER,
TSPPARAMBUFFER,

Text ur ePARAMBUFFER,

/* for Modifierlnstruction */

KMDWORD
KMFLQOAT
KMFLQAT
KMFLQAT
KMFLQAT

Modi fi erlnstruction;
f Boundi ngBoxXni n;
f Boundi ngBoxYni n;
f Boundi ngBoxXnax;
f Boundi ngBox Ynax;

11
11!
/1
/1
/1
11
/1l
/1l
11l
/1l
11
/1
/1l
/1l
11
11l

/1l

/1l
/1
/1
/1

11l
11
/1
/1

/1
11l
/1
/1l

/*
/*
/*
/*
/*

Sour ce Bl endi ng Mbde
Desitination Bl endi ng Mdde
Sour ce Sel ect

D stination Sel ect
Foggi ng

Specul ar H ghl i ght

Al pha

I gnore Texture A pha
Flip UV

danp UV

Texture Filter

Ani sotoropic Filter
M pmap D Adj ust

Text ure Shadi ng Mode
Color danp

Pal ett e Bank

Text ure DESC Poi nt er

Face Col or Al pha
Face Col or Red

Face Col or Green
Face Col or Bl ue

Specul ar Al pha
Specul ar Red
Specul ar G een
Specul ar Bl ue

d obal Paraneter Buffer
| SP Paraneter Buffer
TSP Paraneter Buffer
Text ur ePar anet er Buffer

Modi fierl nstructi on*/

Boundi ngBoxXm n( Shadowvol urre) */
Boundi ngBoxYm n( Shadowvol urre) */
Boundi ngBoxXmax( Shadowvol urre) */
Boundi ngBox Yrmax( Shadowvol urre) */
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/* Added on Ver.1.30 */

KMBOCLEAN bDCal cExact ; /1l D-paramcal c
KMBTR PLENGTH StripLength /1 Strip Length
KMUSERCLI PMCDE User d i pMode /1 Userdip Mde

} KMVERTEXCONTEXT, * PKMVERTEXCONTEXT;

To modify some or all members, specify the type of the member to be modified in a Render St at e
structure using the following status flag. At the same time, specify a value for the corresponding structure
member. Then, execute knPr ocessVer t exRender St at e.

The following status flags can be specified in Render St at e.

KM _PARAMIYPE 0x00100000, /* Paraneter Type */

KM LI STTYPE 0x00200000, /* List Type */

KM STR PLENGTH 0x08000000, /* Divided Strip Length */

KM USERCLI PMODE 0x10000000, /* User Aip Mde */

KM CCLCRTYPE 0x00400000, /* Specified Col or Format */

KM _UVFCRVAT 0x00800000, /* Specified W Format */

KM _DEPTHVCDE 0x00000001, /* Z-val ue Conparison Mdde Setting */

KM _CULLI NGVCDE 0x00000002, /* CQulling Mde Setting */

KM_SCREENCOCRDI NATI ON 0x00000004, /* Coordinate System Setting */

KM SHADI NGMCDE 0x00000008, /* Texture Gouraud, Texture Flat, Non-Texture
Gour aud */

KM MDD FI ER 0x00000010, /* Modifier Volunme Valiant No or A */

KM ZWR TEDI SABLE 0x00000020, /* Z Wite Disable or not */

KM _SRCBLENDI NGMCDE 0x00000040, /* Bl ending Mde */

KM DSTBLENDI NGMCDE 0x00000080, /* Bl ending Mde */

KM _SRCSELECT 0x01000000, /* SRC Bl ending Sel ect */

KM DSTSELECT 0x02000000, /* DST Bl ending Sel ect */

KM _FOGMODE 0x00000100, /* Fog Non or Vertex or Table */

KM _USESPECULAR 0x00000200, /* Specul ar H ghlighted or not */

KM USEALPHA 0x00000400, /* Al pha Bl ended or not */

KM _| GNORETEXTUREALPHA 0x00000800, /* lgnore Texture Al pha */

KM FLI POV 0x00002000, /* Texture Fipping */

KM CLAMPWV 0x00001000, /* Texture danping */

KM _FI LTERMCDE 0x00004000, /* Point-sanple or Bilinear or Trilinear */

KM _SUPERSAMPLE 0x00008000, /* Anisotoropic Filter */

KM M PNVAPDADIUST 0x00010000, /* MpMap D Adjust */

KM TEXTURESHADI NGMCDE 0x00020000, /* Modul ate, Decal A pha, Mdul ate A pha */

KM COLCRCLAWP 0x00040000 /* Color 4 anping */

KM PALETTEBANK 0x00080000 /* Pal ette Bank */

KM _DCAL CEXACT 0x04000000 /* DCALC Exact */
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The following values can be specified in the members:

Par aniType

Specify a vertex data type.
One of the following values can be specified:

KIMPARAMI YPE

KM PCLYGON =0 /1 Nornal trigonal polygon

KM MDD FI ERVALUME =1 /1 Modifier volume (shadow |ight)
KM SPR TE =2 /1 Sprite (tetragonal polygon)

Li st Type

Specify the type of a list which stores vertex data.
One of the following values can be specified:

KM.I STTYPE

KM CPAQUE_PCLYGON =0 /1 Qpaque pol ygon

KM CPAQUE_MIDI FI ER 1 /1 OQpaque nodifier vol unme

KM TRANS_PQLYGON =2 /1 Transl ucent/transparent polygon

KM TRANS_MZDI FI ER =3 /1 Transl ucent/transparent nodifier volune
KM_PUNCHTHROUGH _PQLYGON =4 /1 Puncht hrough pol ygon

(This value cannot be specified for ARC1 or CLX1. If it is specified, it is assumed to be
KM_TRANS_POLYGON)

StripLength
Specify the size (in polygons) of a strip into which the hardware is to disassemble the input vertex
strip data.

If you want to override a value (initially set to KM_STRI P_06) specified in KnSet St ri pLengt h, set this
member to a desired value. If knPr ocessVert exRender St at e is executed without specifying this
member, the strip size becomes as many polygons as the value specified in ket St ri pLengt h.

Any of the following values can be selected:

KMVBTRI PLENGTH

KM STR P_01 =0 /] Dvided into strips of strip length 1
KM STR P_02 =1 // Dvided into strips of strip length 2
KM STR P_04 =2 // Dvided into strips of strip length 4
KM STR P_06 =3 // Divided into strips of strip length 6
User C i pMode

Specify whether to influence the clipping area specified in knSet User i ppi ng, as follows:

KMUSERCLI PMODE

KM USERCLI P_Dl SABLE =0 /1 Disables user clipping.

KM USERCLI P_RESERVE =1 /1 Shoul d not be specified.

KM USERCLI P_I NSI DE =2 /1 Enabl es user clipping for the painsi téeecified
clipping area.

KM USERCLI P_QUTSI DE =3 /1 Enabl es user clipping for the part outsidethe

specified clipping area.
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Col or Type

Specify a vertex color format.
One of the following values can be specified:

KMOOLORTYPE
KM PACKEDCOLCR =
KM FLOATI NGOOLCR

KM | NTENSI TY

KM | NTENSI TY_PREV_FACE_OCL

/1 32bit ARG packed col or format
/1 32bit x 4 floating color format
[/l Intensity format

/l Intensity format (See bel ow )

W N - O

KM_I NTENSI TY_PREV_FACE_COL

The previously registered face color is used. If this polygon type is to be used, a polygon of
KM I NTENSI TY type must have been used previously at least once in the same scene. (It cannot be used
for ARC1, however.)

For sprite polygons, specify Col or Type as KM_PACKEDCOLOR.

UVFor mat

Specify the format of the U/V coordinate parameters included with the vertex data. The 32-bit UV
expresses the U/V coordinates in a 32-bit Float format conforming to IEEE754. The 16-bit UV expresses a
value with an accuracy of the 32-bit UV with the lower 16 bits of the mantissa deleted.

One of the following values can be specified:

KMWVFCRVAT
KM 32Bl TWV =0 /1 32bit KMFLQAT for mat
KM 16Bl TW =1 /1 16bit KMFLQOAT for nat

For sprite polygons, specify UVFor mat as KM _16BI TUV.

Dept hivbde

Specify the Z-coordinate comparison mode as one of the following.

KVDEPTHVODE

KM | GNORE =
KM LESS =
KM EQUAL =
KM LESSEQUAL =
KM GREATER =
KM NOTEQUAL =
KM GREATEREQUAL =
KM ALWAYS =

~NOo ok~ WN PO
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Cul I'i ngvbde

No culling, clockwise culling, counterclockwise culling, or small polygon culling can be specified. One of
the following values can be specified:

KMOULLI NGMODE

KM _NOCULLI NG =0 /1 No culling

KM CULLSVALL 1 /1 Smal|l polygon culling
KM QULLCCW =2 /'l Countercl ockwi se cul |i ng
KM QULLCW =3 /'l QA ockw se culling

When setting KM_CULLSMALL, it is necessary to execute knSet Cul | i ngRegi st er for global setting. If
KM_CULLCCWor KM_CULL CWis specified, small polygon culling is performed at the same time.

Scr eenCoor di nati on

Select the screen coordinate system (1/w) or projection coordinate system (w).

KMSCREENCOORDI NATI ON
KM SCREEN =0 /1 Screen coordi nate system (1/w)
KM PRQIECTI VE =1 /'l Projection coordinate system (w

(This member is valid only for ARCL1. It is ignored by Holly (CLX1/2). Coordinates in the screen coordinate
system (KM_SCREEN) must always be used for Holly (CLX1/2).

bDCal cExact

KMDCAL CEXACT

If TRUE is set, the D parameter added by CLX1/2 is calculated accurately. With ARC1, a symptom where
the selection of MipMap differs between the upper-right and lower-left of the screen is observed. This
symptom can be eliminated by accurately calculating CLX1/2. However, the operation speed may drop
because the calculation is time-consuming. If FALSE is set, the D parameter is calculated in the same
manner as ARCL. This flag of ARC1 is meaningless.

Shadi nghvbde

Specify one of four shading modes, which are combinations of presence or absence of texture and flat or
gouraud shading.

KIVBHADI NGVODE

KM _NOTEXTUREFLAT =
KM_NOTEXTUREGOURAUD =
KM TEXTUREFLAT =
KM TEXTUREGOURAUD =

Il No texture, flat shading
/1 No texture, gouraud shadi ng
// Texture, flat shading

/] Texture, gouraud shading

W N - O

If KM_TEXTUREFLAT is specified, the color data of the first and second vertices of the vertex strip
becomes invalid.

For stripe polygons, specify Shadi ngMbde as KM_NOTEXTUREFLAT or KM_TEXTUREFLAT.
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Sel ect Modi fi er

Specify whether the a polygon (two-parameter polygon or a polygon to which cheap shadow is to be
applied) is influenced by a modifier volume.

If it is specified that the polygon is to be influenced by a modifier volume, use the vertex data structure for
a two-parameter polygon. In the cheap shadow mode (when kmSetCheapShadowMode is executed), use
a vertex data structure for one-parameter polygons.

KMVOD FI ER
KM NOMCDI FI ER =0 /1 Not used
KM MDD FI ER_A =1 /1 Influenced by nodifier volume A

ARC1 and HOLLY support modifier volume A only.
bzwi t eDi sabl e

= When TRUE is specified, modification of the Z value is disabled.
= ARC1 does not have this function.

SRCBI endi ngMbde, DSTBI endi nghvbde

Specify blending mode. These members correspond to the D3D blending mode.
One of the following values can be specified.

KMVBLENDI NGMCDE
KM BOTH NVSRCALPHA,

The source blending parameter is setas (1 - as, 1 - as, 1 - as, 1 -as). The destination blending parameter is
set as (as, as, as, as). When this value is set for SRCBI endi ngMbde, DSTBI endi nghMode is overridden.
When this value is set for DSTBI endi hgMode, SRCBI endi nghbde is overridden.

KM BOTHSRCAL PHA,

The source blending parameter is set as (as, as, as, as). The destination blending parameter is setas (1 - as,
1-as,1-as,1-as). When this value is set for SRCBI endi ngMbde, DSTBI endi nghbde is overridden.
When this value is set for DSTBI endi ngMbde, SRCBI endi nghbde is overridden.

KM DESTALPHA,
The blending parameter is set as (ad, ad, ad, ad).

KM DESTOCLCR,
The blending parameter is set as (ad, Rd, Gd, Bd).

KM | NVDESTALPHA,
The blending parameter issetas (1-ad,1-ad,1-ad,1-ad).

KM | NVDESTOOLCR,
The blending parameter issetas (1-ad,1-Rd,1-Gd, 1 - Bd).

KM_| NVSRCALPHA,
The blending parameterissetas (1-as,1-as,1-as,1-as).
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O

KM | NVSROOOLCR,
The blending parameter issetas (1-as,1-Rs,1-Gs, 1 - Bs).

KM SRCALPHA,
The blending parameter is set as (as, as, as, as).

KM SROOOLCR
The blending parameter is set as (as, Rs, Gs, Bs).

KM ONE,
The blending parameter is set as (1, 1, 1, 1).

KM ZERO
The blending parameter is set as (0, 0, 0, 0).

Note:  (as, Rs, Gs, Bs) represents a source color, and (ad, Rd, Gd, Bd) represents a destination color.
Set DSTBIlendingMode to zero for VERTEXCONTEXT for the background plane (see the description
of knSet BackG oundRender St at e).

bSRCSel

The contents of the second accumulation buffer are used as the source color.

bDSTSel

The contents of the second accumulation buffer are used as the destination color.

Foghbde

Specify a fog mode. In the ARC1 and HOLLY environments, two fog modes can be used: In FogTabl e
mode, fogging is performed with reference to a table according to the depth value; In FogVer t ex mode,
fog parameters are specified in the a channel section of O f set Col or of each vertex. One of the following
values can be specified:

KMFOGMCDE
KM _FOGTABLE The fog a value is generated from the table data corresponding to a depth value by
using linear interpolation.

KM FOGTABLE 2 The polygon color is changed to the fog color, and the polygon a value is changed
to the fog a value. (This value cannot be specified for ARC1.*)

KM_FOGVERTEX The OffsetColor a value is used as the fog a value.
KM_NOFOG No fog processing is performed.

* If KM_FOGTABLE_? is specified for ARC1, KM_NOFOG is assumed.

bUseSpecul ar

Specify whether specular highlight (offset color) is used. When TRUE is specified, an offset color is used.
When using an offset color, use a vertex data structure that includes the offset color data.

When using bump mapping, specify bUseSpecul ar as TRUE.
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bUseAl pha
Specify whether to enable the a bit in the shading color. Entering TRUE enables the a bit.

bl gnor eText ur eAl pha

When TRUE is specified, the * bit in the texture data is ignored. Hardware ignores the transparency
information included in the texture.

Fl i pUv

Specify whether to flip patterns when the texture is mapped repeatedly. One of the following values can be
specified. If Fl i pUV and C anpUV are specified at the same time, the specification of Fl i pUV is ignored.

KMFLI PMODE

KM NCFLI P /1 Not flipped

KM FLI P_V // Flipped in the V-coordinate direction

KM FLIP_ U /1 Flipped in the U coordinate direction

KM FLI P_WV /1 Flipped in the Ucoordinate and V-coordi nate directions
d ampWv

Specify a texture clamp.

One of the following values can be specified. If Fl i pUV and Cl anpUV are specified at the same time, the
specification of Fl i pUV is ignored.

KMOLAMPMODE

KM _NOCLAMWP /1 Not cl anped

KM CLAWP_V /1 danped in the V-coordinate direction

KM CLAMP_U /1 Aanped in the Ucoordinate direction

KM CLAMP_WV /1 A anped in the U coordi nate and V-coordi nate directions
Fi |l t er Mode

Specify a texture filter mode. The point-sample, bilinear, or trilinear filter mode can be selected. However,
bilinear mode is assumed if trilinear mode is specified with the ARC1. One of the following values can be
specified:

KMEl LTERMCDE

KM PQO NT_SAWPLE /1 Point sanpling
KM BI LI NEAR // Bilinear filter
KM TRI LI NEAR_A /1l Trilinear pass 1
KM TR LI NEAR_B /1l Trilinear pass 2

bSuper Sanpl e

When TRUE is specified, the quad-speed super sampling filter (anisotropic filter) is used. This selection
causes the quality of the texture mapping to be improved.
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M pMapAdj ust

The D parameter calculation for M PMAP level selection is multiplied by a coefficient. By this multiplication,
aliasing can be adjusted. The four low-order bits of the value are effective. The four bits form floating point
data consisting of a two-bit integer portion and a two-bit fractional portion. Any of the following can be

specified:

KM M PNVAP_D ADJUST_0_25 0x00000001 /* D=0.25 */
KM M PMAP_D ADJUST_0_50 0x00000002 /* D=0.50 */
KM M PVAP_D ADJUST_0_75 0x00000003 /* D=0.75 */
KM M PVAP_D ADJUST_1_00 0x00000004 /* D=1.00 */
KM M PVMAP_D ADJUST_1_25 0x00000005 /* D=1.25 */
KM M PVAP_D ADJUST_1_50 0x00000006 /* D=1.50 */
KM M PVAP_D ADJUST_1_75 0x00000007 /* D=1.75 */
KM M PVAP_D ADJUST_2_00 0x00000008 /* D=2.00 */
KM M PVAP_D ADJUST_2_25 0x00000009 /* D=2.25 */
KM M PVAP_D ADJUST_2_50 0x0000000A /* D=2.50 */
KM M PVAP_D ADJUST_2_75 0x0000000B /* D=2.75 */
KM M PVAP_D ADJUST_3_00 0x0000000C /* D=3.00 */
KM M PVAP_D ADJUST_3_25 0x0000000D /* D=3.25 */
KM M PVAP_D ADJUST_3_50 0x0000000E /* D=3.50 */
KM M PMAP_D ADJUST_3_75 0x0000000F /* D=3.75 */

Usually, specify KM M PMAP_D_ADJUST_1_00 (1.0).

Text ur eShadi nghvbde

Specify a D3D texture blending mode. One of the following values can be specified:

KMIEXTURESHADI NGVCDE

KM DECAL =
KM MCDULATE =
KM DECAL_ALPHA =
KM MODULATE_ALPHA =

w N PP O

KM DECAL
An offset value is added to the texture color.
The texture a value is still used.

Pi xel Color = Textureggg + O fsetprgp
Pi xel a = Texture a

(This argument cannot be specified for ARCL. If it is specified for ARC1, KM DECAL_ALPHA is assumed.)

KM_MODULATE

The texture color is multiplied by the color resulting from shading. Texture a is replaced by shading a.

Pi xel Color = Shadinggrgg a Texturergg + O fset ggp
Pixel a = Texture a
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KM _DECAL_ALPHA

The texture color is blended with the shading color, according to texture a.

Pi xel Color = (Textureggg O Texture a) + {Shadinggrgg @ (1- Texture a)} + CFfsetrgp
Pi xel a = Shading a

KM_MODULATE_ALPHA

The texture color is multiplied by the shading color. Texture a is multiplied by shading a.

Pi xel Color = (Texturergg * Shadingrgg ) + O fsetggg
Pixel a = Shading o a Texture a

bCol or d anp

Specify whether a color is clamped. When TRUE is specified, a pixel color is clamped to the clamp value
specified by ket Col or G anpVal ue. ARCL1 does not support this function.

Pal et t eBank

Specify a palette bank number. This value is valid only when palettized texture is specified. The value that
can be specified is 0 to 63 in the Palettized -4bpp mode. It is also 0 to 63 in the Palettized -8bpp mode, but
only four types of values, 0 (0 to 15), 16 (16 to 31), 32 (32 to 47), and 48 (48 to 63), can be used in this mode
because only the higher two bits of the six are valid (for details, see the description of

knSet Pal et t eDat a).

ARC1 does not support this function.

pText ur eSur f aceDesc

Specify a pointer to the surface structure of the texture surface.

To change only the texture without changing the other parameters of VERTEXCONTEXT, only change the
texture address ofapText ur eSur f aceDesc member and call knPr ocessVer t exRender St at e and
knSet Ver t exRender St at e. If Shadi ngMode is specified as KM TEXTUREFLAT or
KM_TEXTUREGOURAUD, information of a pText ur eSur f aceDesc member is loaded into the system
each time knPr ocessVer t exRender St at e is called.

If NULL is specified as a pText ur eSur f aceDesc member, the texture address is not loaded even if
Shadi ngMbde is KM_TEXTUREFLAT or KM_TEXTUREGOURAUD. If the texture is not determined and if
other parameters are to be set in advance, specify NULL as a pText ur eSur f aceDesc member.

Modifierlnstruction

Specify the type of the polygon data to be registered when a modifier volume is registered. Specify any of
the following:

KM_MCDI FI ER_I NCLUDE_FI RST_PCLY Indicates the first polygon of the Inclusion modifier volume.
KM_MODI FI ER_EXCLUDE_FI RST_POLY Indicates the last polygon of the Exclusion modifier volume.
KM MODI FI ER_| NCLUDE LAST _POLY Indicates the last polygon of the Inclusion modifier volume.
KM_MODI FI ER_EXCLUDE_LAST_POLY  Indicates the last polygon of the Exclusion modifier volume.
KM M2DI FI ER_NORVAL_PCLY Indicates a polygon other than those above.

This member does not have to be specified for anything other than a modifier volume.

KAM-69



Kamui

f Boundi ngBoxXmi n, f Boundi nhgBoxYni n
f Boundi ngBoxXmax, f Boundi hgBox Ynax

Specify an area on the screen in which the effect of a modifier volume is valid. The effect of a modifier
volume becomes valid only in the range specified here. By setting this value as necessary, the rendering
speed can be improved.

This member does not have to be specified for anything other than modifier volume.
This member is valid only with the ARCL. It need not be specified for CLX1/2.
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3.5.2 Setting Rendering Parameters for Each Vertex

KMBTATUS knPr ocessVert exRender St at e(
PKMVERTEXCONTEXT pVer t exCont ext )

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

@ Note: In the ARC1 environment, some functions are restricted.

i

v

Explanation

This function sets rendering parameters that are used for each vertex (strip). The function performs
preprocessing for registering to the system the rendering parameter specified by pVer t exCont ext .
This function generates the following values from a value specified in pVer t exCont ext :

Global Parameter

Combined ISP/TSP Instruction Word
TSP Control Word

Texture Control Bits

These values will be input to the tiling accelerator. They are held in the following members in
KMVERTEXCONTEXT.

pVer t exCont ext - >A_CBALPARAMBUFFER
pVer t exCont ext - > SPPARAMBUFFER
pVer t exCont ext - >TSPPARAMBUFFER
pVer t exCont ext - >Text ur ePARAMBUFFER

To register these members (saved by this function) with the system as parameters to be used for rendering,
it is necessary to call kmSet\VertexRenderState.

Caution: When using VERTEXCONTEXT for the first time, the values of all the members of
VERTEXCONTEXT must be specified (initialized). Set all the flags from pVer t exCont ext to
Render St at e and define all the parameters. The operation is not guaranteed if any bit is undefined.

Argument
pVert exCont ext (input)
Specify a pointer to the context.

Return Value

KMSTATUS_SUCCESS Set successfully
KMSTATUS | NVALI D_SETTI NG Illegal mode setting
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3.5.3

Registering Rendering Parameters for Each Vertex

KMVBTATUS knBet Vert exRender State (
PKMVERTEXQCONTEXT pVert exCont ext )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers the following members (set in pVer t exCont ext by
kmPr ocessVert exRender St at e) and the related values with the system as parameters to be used
for rendering.

pVer t exCont ext - >A_CBALPARAMBUFFER
pVert exCont ext - > SPPARAMBUFFER
pVer t exCont ext - >TSPPARAMBUFFER
pVert exCont ext - >Text ur ePARAMBUFFER

The parameters set by calling this function will be valid for vertex (strip) registration at or after
kntt art Vert exStri p, called later.

Argument

pVer t exCont ext (input)
Specify a pointer to the KMVERTEXCONTEXT structure.

Return Value

KMSTATUS SUCCESS Successful registration of rendering parameters
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3.5.4 Registering Rendering Parameters of a Modifier Volume

KMBTATUS knBet Modi fi er Render St at e(
PKMVERTEXCONTEXT pVer t exCont ext )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers the following members (set in KMVERTEXCONTEXT by
kmPr ocessVert exRender St at e) with the system as the second rendering parameter for polygons
(two-parameter polygons) to be influenced by the modifier volume.

pVer t exCont ext - >TSPPARAMBUFFER

pVer t exCont ext - >Text ur ePARAMBUFFER

When polygons (two-parameter polygons) to be influenced by the subsequent modifier volumes are
registered, KMWERTEXCONTEXT (specified by this function) is used as the second rendering parameter.

The following members of the KMVERTEXCONTEXT structure are ignored. (The settings by
knSet Ver t exRender St at e are valid.)

/* for Aobal Paraneter */

KMPARAMIYPE Par anType /* Paraneter Type */

KMLI STTYPE Li st Type [* List Type */

KMSTRI PLENGTH StriplLength /* Strip Length */

KMUSERCLI PMCDE User d i pMode /* UserAip Mde */

KMOOLCRTYPE Col or Type /* Color Type */

KMWFCRVAT UVFor mat [* W format */

{* for ISPITSP Instruction Vord */

KIMDEPTHMCDE Dept hMode; /* Specified Dept hMde */

KMCULLI NGVCDE Qul |'i ngMode; /* Qulling Mde */

KIVBCREENCCRDI NATI ON Scr eenCoor di nat i on; /* Screen Coordination */

KIVBHADI NGVCDE Shadi ngMode; /* Shadi ng Mode */

KMVCDI FI ER Sel ect Modi fi er; /* Modifier Volume Valiant */
KMBOCLEAN bZwi t eDi sabl e; /* Z Wite Disable */

/* for Modifierlnstruction */

KMDWORD Modi fi erlnstruction; /* Modifierlnstruction*/

KMFLQOAT f Boundi ngBoxXm n; /* Boundi ngBoxXm n( Shadowol urre) */
KMFLOAT f Boundi ngBoxYmi n; /* Boundi ngBoxYm n( Shadowol urre) */
KMFLOAT f Boundi ngBoxXmax; /* Boundi ngBoxXmax( Shadowol urre) */
KMFLOAT f Boundi ngBox Ynax; /* Boundi ngBox Ymax( Shadowol ure) */
Argument

pVert exCont ext (input)
Specify a pointer to the rendering context.

Return Value
KMSTATUS SUCCESS Successful registration of rendering parameters
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3.5.5

3.5.6

Setting Global Clipping

KMBTATUS kntet d obal d i ppi ng( KM NT32 nWdth, KM NT32 nHei ght)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies a global clipping area. Rendering is performed only in the area determined by the
0,0 origin, Width, and Height.

Arguments

NW dt h and nHei ght (input)

These arguments specify a global clipping area as a multiple of 32. To specify a 128 x 64 area, for example,
set Width to 4 and Height to 2.

Return Value

KMSTATUS _SUCCESS Set successfully
KMSTATUS | NVALI D_PARAVETER  Setting ended in failure

Setting a Strip Length

KMBTATUS knBet Stri pLengt h( KMSTRI PLENGTH St ri pLengt h)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function sets the default value for the strip length. It specifies the length of strip, which is the number
of polygons. The hardware internally divides the input vertex strip data into strips of the specified length.
The system's initial value is KM_STRI P_06.

If a value is setin the St ri pLengt h member of VERTEXCONTEXT, it overrides the value specified by
this function.

The value specified by the function is sent to the hardware via a parameter (global parameter) for specifying
the beginning of strips. Therefore, this function must be issued before knPr ocessVert exRender St at e
is called for VERTEXCONTEXT of the subjected polygon. In subsequent vertex strip registrations, the strip
length specified here will be used.

In the ARC1 environment, the hardware always divides the data into strips of strip length 1.

Arguments
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Stri pLengt h (input)
One of the following values can be specified:

KMSTRI PLENGTH

KM STRI P_01 =0 // Dvided into strips of strip length 1
KM STRI P_02 =1 /] Dvided into strips of strip length 2
KM STR P_04 =2 // Dvided into strips of strip length 4
KM STR P_06 =3 // Dvided into strips of strip length 6
Return Value
KMSTATUS _SUCCESS Set successfully

3.5.7 Direct Rewrite Mode for Rendering Status

Explanation

This function changes part of the rendering status that was set in the system directly.

Usually, the rendering status is registered with the system by executing knSet Ver t exRender St at e
after setting rendering conditions in VERTEXCONTEXT and executing

knPr ocessVert exRender St at e. It may become necessary to modify part of the rendering status
registered with the system. In this case, it is inefficient to re-execute the preprocess for VERTEXCONTEXT.
To avoid this problem, the following function can be used to modify part of the rendering status registered
with the system.

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

@ Note: In the ARC1 environment, some functions are restricted.

Usage

... (VERTEXCONTEXT setting)...
knPr ocessVert exRender St at e()
knBet Ver t exRender St at e() /1 Sets VERTEXCONTEXT in the system

knBtartVertexStrip() /1 Begins polygon registration.
knBet Ver t ex()

knChangeCont ext **** () /1 Modifies part of VERTEXCONTEXT.
knBtart VertexStrip() /1l Begins to register new pol ygons.
knBet Ver t ex()
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Arguments

The arguments to be used for this function are the same as those specified for VERTEXCONTEXT. The
function restriction in the ARC1 environment is also the same as those for VERTEXCONTEXT.

KMBTATUS knChangeCont ext Stri pLengt h( KMBTRI PLENGTH St ri pLengt h)

Explanation;  This function specifies the size (in polygons) of strips into which the tiling accelerator is to
disassemble the input vertex strip data.

KMBTATUS knChangeCont ext User d i pMbde
( KMUSERCLI PMCDE User d i pMbde)

Explanation:  This function specifies whether to influence the clipping area specified inknSet User A i ppi ng.

KMBTATUS knChangeCont ext Col or Type( KMOCLORTYPE Col or)
Explanation;  This function modifies the vertex color format.

KMBTATUS knChangeCont ext Dept hMbde( KMDEPTHMODE Dept hibde)
Explanation:  This function selects a Z-value comparison mode.

KMBTATUS knChangeCont ext Qul | i ngMbde( KMOULLI NGMCDE Qul | i nghbde)
Explanation:  This function selects a culling mode.

KMBTATUS knChangeCont ext ZW i t eDi sabl e(
KMBOCLEAN bzwr i t eD sabl e)
Explanation:  This function enables or disables the modification of the Z value.

KMBTATUS knChangeCont ext SRCBI endMbde( KMBLENDI NGMCDE SRCBI end)
Explanation:  This function selects a source blending mode.

KMBTATUS knChangeCont ext DSTBl endMbde( KMBLENDI NGMCDE DSTBI end)
Explanation:  This function selects a destination blending mode.

KMBTATUS knChangeCont ext FogMbde( KMFOGMODE Foghbde)
Explanation;:  This function selects a fog mode.

KMBTATUS knChangeCont ext Fl i pUV( KMFLI PMCDE Fl i pMbde)
Explanation;  This function sets a texture Flip.

KMBTATUS knChangeCont ext A anpUV( KMCLAMPMCDE A anpMode)
Explanation:  This function sets a texture Clamp.

KIMBTATUS knChangeCont ext Fi | t er Mode( KMFI LTERMCDE Fi | t er Mbde)
Explanation:  This function sets a texture filter.

KMBTATUS knChangeCont ext Super Sanpl e( KMBOCLEAN bEnabl e)
Explanation: ~ When the argument is TRUE, an anisotropic filter is used.

KMBTATUS knChangeCont ext Text ur eShadi nghvbde(
KMIEXTURESHADI NGMCDE  Tex Shadi nghbde)
Explanation;  This function specifies a texture blending mode.

KMBTATUS knChangeCont ext Col or d anp( KMBOOLEAN bCol or A anp)
Explanation:  When the argument is TRUE, the color is clamped according to the value of the global register.

KMBTATUS knChangeCont ext Pal et t eBank( KMDWCRD Bank)
Explanation;  This function changes the current palette bank.
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3.6 Recording Vertex Data
3.6.1 Recording Vertex Data

KAMUI allocates vertex data buffers. Drawing is performed by storing necessary vertex data in the buffers and
issuing a rendering command. All vertex data is defined as strip-type data. When specifying a single polygon,
specify strip length 1.

After initialization by KAMUI, the application program first allocates a vertex data buffer in system memory. It also
executes knSet Syst entConf i gur ati on (or knCr eat eFr aneBuf f er Sur f ace and

knCr eat eVer t exBuf f er ) to allocate a display frame buffer and native data buffer (for tiling accelerator output)
in the frame buffer. The following five vertex data buffers are supported:

= Buffer for opaque polygon (opaque polygon)

= Buffer for opaque modifier volume (opaque modifier)

= Buffer for translucent/transparent polygon (translucent polygon)

= Buffer for translucent/transparent modifier volume (translucent modifier)
= Buffer for punch through polygon (punchthrough polygon)

All vertex data is stored in any of the five buffers.

Then, the parameters of common to scenes and the parameters common to vertices to be recorded are specified.
(See Sections 3.4 and 3.5.)

Main memory Frame buffer memory
Opaque polygon
vertex buffer
= z S
i = ] s
> Opaque modifier 3 = >
3 vertex buffer > 2 3
= o O
o o) ) >
2 Loy o 3
= Transluscent polygon @ o Q
= vertex buffer ) S S
o @ Q
- - ><
. -
’| Transluscent modifier
vertex buffer
KAMUI Frame Buffer

Vertices are recorded by firstissuing k5t ar t Ver t exSt r i p, then writing data (global parameters) indicating the
beginning of vertex strips into the vertex data buffer. Then, execute knSet Ver t ex any number of times to record
the vertex data. All vertex data defined by knmSet Ver t ex is assumed to be a single strip. To record a new strip,
issue knSt art Vert exSt ri p again. At the end of a scene, issue knRender .
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The vertex data of a single strip is defined as indicated below:

knBtartVertexStrip(); /] Start of strip
do{

knBet Vert ex( pVertex, VertexType, sizeof(VertexType));
// Registration of one vertex
} while(.)

Caution: knSet User Cl i ppi ng must not be issued between knfst art Vert exStri p and
u - ket Ver t ex. If no knSet Ver t ex isissued after knSt art Vert exSt ri p, the operation may
be adversely affected.

The vertex data can also be directly written into the hardware (tiling accelerator) without allocating five vertex data
buffers in main memory. This method is referred to as the direct mode. The former method (that allocates a vertex
data buffer in main memory) is known as the buffer mode. The direct mode and buffer mode cannot be used
simultaneously. The mode to be used is specified by knSet Syst enConf i gur ati on.

In the direct mode, knSet Syst entConf i gur at i on (or knCr eat eFr aneBuf f er Sur f ace and

knCr eat eTABuUf f er) first allocates only a display frame buffer and native data buffer (for tiling accelerator
output) in the frame buffer after KAMUI is initialized. Then, specify the general parameters of the scene and the
parameters common to vertices to be recorded. (See Sections 3.4 and 3.5.)

Main memory Frame buffer memory

= z g
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=

Frame Buffer

Vfertices are registered by first issuing knSt art Vert exSt ri pDi r ect, then writing data (global parameters)
indicating the beginning of vertex strips to the hardware. Then, execute knSet Ver t exDi r ect any number of
times to write the vertex data directly into the hardware. To record a new strip, issue

kntStart VertexStri pDi rect again. When the registration of data of a specific vertex type (opaque polygon,
opaque modifier, translucent polygon, translucent modifier, punchthrough polygon) has been completed,

knmSet EndOr Li st Di r ect is issued. At the end of a scene, issue knmRender Di r ect .
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The vertex data of a single scene to be input to the hardware (tiling accelerator) must be classified by vertex type
(opague polygon, opaque modifier, translucent polygon, translucent modifier, punchthrough polygon). If the
vertex data of a single type is input twice (the data of opaque polygon and translucent polygon is input, then the
data of opaque polygon is input again, for example), the vertex data input earlier becomes invalid.

To specify user clipping, knSet User C i ppi ngDi r ect must be used instead of knSet User Cl i ppi ng.

ket User Cl i ppi ngDi r ect must not be issued between knf5t art Vert exSt ri pDi rect and
ket Ver t exDi rect . If no knSet Ver t exDi r ect is issued after knSt art Vert exStri pDir ect, the
operation may be adversely affected.

3.6.2 Vertex Data Structure

Vertex data consists of as many vertex data blocks (called strips) as the number of vertices, preceded by the
hardware-specific data (global parameters) specified separately for individual strips. Several strips are combined
to create a scene of one screen. To register a strip, set the global parameter with knSt art Vert exStri p, as
described earlier, then issue knSet Ver t ex for each vertex. At least three vertex parameters are necessary. The end
of the strip is specified by Parameter Control Word at the beginning of the vertex parameter. Select either of the
following Parameter Control Words:

KM VERTEXPARAM NCRVAL
KM VERTEXPARAM ENDCFSTRI P

If Parameter Control Word of the vertex data at the end of the strip is not KM_VERTEXPARAM ENDOFSTRI P, the
operation is not guaranteed.

If KM_TEXTUREFLAT is specified as Shadi ngvbde of VERTEXCONTEXT, the color data of the first and second
vertices of the vertex strip is invalid.

0xE0000000 /1 Nornmal vertex data
0xF0000000 /l Vertex data at the end of the strip

Sprite polygon

If sprite polygons are used, the Parameter Control Word for any polygon must always be
KM_VERTEXPARAM_ENDOFSTRI P. To display multiple sprite polygons that all use VERTEXCONTEXT, it
is possible to set vertex data for multiple sprite polygons consecutively, using knSet Ver t ex after issuing
knt art Vert exSt ri p. In this case, however, the Parameter Control Word for each sprite polygon data
item must always be KM_VERTEXPARAM ENDCFSTRI P. VERTEXCONTEXT for sprite polygons must be
set as follows:

ColorType : KM_PACKEDCOLOR
UVFormat :KM_16BI TUWV
ShadingMode : KM_NOTEXTUREFLAT or KM TEXTUREFLAT

The other settings are optional.
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3.6.3 Vertex Parameters

Type0 (Non-Textured, Packed Color) Typel (Non-Textured, Floating Color)

0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 X 0x04 X

0x08 Y 0x08 Y

0x0C Z ox0C Z

0x10 Base Color 0x10 Base Color Alpha
0x14 Reserved 0x14 Base Color R
0x18 Reserved 0x18 Base Color G
0x1C Reserved 0x1C Base Color B
Type2 (Non-Textured, Intensity)

0x00 Parameter Control Word

0x04 X

0x08 Y

0x0C Zz

0x10 Base Intensity

0x14 Reserved

0x18 Reserved

0x1C Reserved
Type3 (Packed Color) Typed (Packed Color, 16bit UV)
0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 X 0x04 X

0x08 Y 0x08 Y

0x0C Z 0xoC z

0x10 U 0x10 ulv

0x14 \Y 0x14 Reserved
0x18 Base Color 0x18 Base Color
0x1C Offset Color 0x1C Offset Color

KAM-80



3. Kamui Functions

Type5(Floating Color) Typeb (Floating Color, 16bit UV)
0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 X 0x04 X
0x08 Y 0x08 Y
0x0C z 0x0C z
0x10 ] 0x10 ulv
0x14 V 0x14 Reserved
0x18 Reserved 0x18 Reserved
0x1C Reserved 0x1C Reserved
0x20 Base Color Alpha 0x20 Base Color Alpha
0x24 Base Color R 0x24 Base Color R
0x28 Base Color G 0x28 Base Color G
0x2C Base Color B 0x2C Base Color B
0x30 Offset Color Alpha 0x30 Offset Color Alpha
0x34 Offset Color R 0x34 Offset Color R
0x38 Offset Color G 0x38 Offset Color G
0x3C Offset Color B 0x3C Offset Color B

Type7 (Intensity) Type8 (Intensity, Compact UV)
0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 X 0x04 X
0x08 Y 0x08 Y
0xoC z 0x0C z
0x10 U 0x10 ulv
0x14 \ 0x14 Reserved
0x18 Base Intensity 0x18 Base Intensity
0x1C Offset Intensity 0x1C Offset Intensity

Type9 (Non-Textured, Packed Color, Typel0 (Non-Textured, Intensity,

with Two Volumes) with Two Volumes)
0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 X 0x04 X
0x08 Y 0x08 Y
0xoC z 0xoC z
0x10 BaseColor 0 0x10 Base Intensity 0
0x14 BaseColor 1 0x14 Base Intensity 1
0x18 Reserved 0x18 Reserved
0x1C Reserved 0x1C Reserved
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Typell (Textured, Packed Color,
with Two Volumes)

Typel2 (Textured, Packed Color, 16bit

UV, with Two Volumes)

0x00 Parameter Control Word
0x04 X

0x08 Y

0x0C Z

0x10 uo

0x14 VO

0x18 Base Color 0
0x1C Offset Color 0
0x20 U1

0x24 V1

0x28 Base Color 1
0x2C Offset Color 1
0x30 Reserved
0x34 Reserved
0x38 Reserved
0x3C Reserved

0x00 Parameter Control Word
0x04 X

0x08 Y

0x0C A

0x10 uojVvo
0x14 Reserved
0x18 Base Color 0
0x1C Offset Color 0
0x20 uljvi
0x24 Reserved
0x28 Base Color 1
0x2C Offset Color 1
0x30 Reserved
0x34 Reserved
0x38 Reserved
0x3C Reserved

Typel3 (Textured, Intensity,
with Two Volumes)

Typeld (Textured, Intensity, 16-bit UV,

with Two Volumes)

0x00 Parameter Control Word
0x04 X

0x08 Y

0x0C z

0x10 uo

0x14 VO

0x18 Base Intensity 0
0x1C Offset Intensity 0
0x20 U1

0x24 V1

0x28 Base Intensity 1
0x2C Offset Intensity 1
0x30 Reserved
0x34 Reserved
0x38 Reserved
0x3C Reserved

0x00 Parameter Control Word
0x04 X

0x08 Y

0x0C z

0x10 uojVvo
0x14 Reserved
0x18 Base Intensity 0
0x1C Offset Intensity 0
0x20 uljvi
0x24 Reserved
0x28 Base Intensity 1
0x2C Offset Intensity 1
0x30 Reserved
0x34 Reserved
0x38 Reserved
0x3C Reserved

KAM-82




3. Kamui Functions

Sprite type 0 (Typel5) Sprite type 1 (Typel6)
0x00 Parameter Control Word 0x00 Parameter Control Word
0x04 AX 0x04 AX
0x08 AY 0x08 AY
0x0C AZ 0x0C AZ
0x10 BX 0x10 BX
0x14 BY 0x14 BY
0x18 BZ 0x18 BZ
0x1C CX 0x1C CX
0x20 CcY 0x20 CY
0x24 Ccz 0x24 Ccz
0x28 DX 0x28 DX
0x2C DY 0x2C DY
0x30 Reserved 0x30 Reserved
0x34 Reserved 0x34 AU AV
0x38 Reserved 0x38 BU|BV
0x3C Reserved 0x3C cujcv

Shadow Volume (Type 17)

0x00 Parameter Control Word
0x04 AX
0x08 AY
0x0C AZ
0x10 BX
0x14 BY
0x18 BZ
0x1C CX
0x20 CY
0x24 cz
0x28 Reserved
0x2C Reserved
0x30 Reserved
0x34 Reserved
0x38 Reserved
0x3C Reserved
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The corresponding vertex data structures (18 types) are defined as follows:

typedef struct tagKM/ERTEX n (n=00..17)

{
KMDWORD Par anCont r ol Wr d;
KMFLQAT f X;
KMFLQAT fY;
uni on{
KMFLQAT f Z;
KMFLQAT f I nvW
Py

} KWERTEX_n, *PKWERTEX n;

The parameter types and names in a vertex data structure are listed below.
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For the details of a vertex data structure, see the header file "kmver t ex. h".

KMFLQAT
Y- coor di nat es

KMFLQAT
KMDWORD

KMFLQAT

KMPACKEDAREB uBaseREB
KMFLQAT

KMFLQAT

KMFLQAT

KMFLQAT

KMFLQAT

KMPACKEDAREB u(X f set R@B
KMFLQAT

KMFLQAT

KMFLQAT

KMFLQAT

KMFLQAT

KMBUMPPARAM uBUNpK1K2K3Q
KMFLQOAT

KMFLQAT

KMDWORD

KMDWORD

KMPACKEDARE uBaseREB0mM

KMPACKEDAR@EB uBaseR@B1m

KMPACKEDARGB uCF f set RGBOm

KMPACKEDARGB uCr f set RGB1m

KMFLOAT

KMFLOAT

KMFLQAT

KMFLQAT

KMFLQAT fAX fAY, fAZ ...fDZ

KVMDWORD dwWWVA, dwlvB, dwvC

fX fy

fZ, flnvW
dwlv

fu fv

fBaselntensity
f BaseAl pha

f BaseRed

f Base& een

f BaseBl ue

fOfsetintensity
f O fset Al pha
fOfset Red
fCOrfset Geen
fCOrfsetBl ue

f WOm f\VOm

fUlm fVim

dwu\VOm

dwlvim

f Basel nt ensi t yOm
f Basel ntensitylm
fOf fsetlntensityOm

fCOfsetlntensitylm

Pol ygon vertex X- and

Pol ygon vertex Z-coordinate

Packed texture U- and
V- coor di nat es

Texture U and V-coordi nat es
Packed base col or REB
Base intensity

Base color a

Base col or red

Base col or green

Base col or bl ue

Packed of fset col or REB
O fset intensity

Cfset color a

Cfset color red

O fset color green
Crfset col or blue

Packed bunp map paraneter

First texture U and

V-coordi nates for two-

par anet er pol ygons

Second texture U and

V- coordi nates for two-

par anet er pol ygons

First packed texture U and
V-coordi nates for two-paraneter
pol ygons

Second packed texture U and
V-coordi nates for two-paraneter
pol ygons

Fi rst packed base col or R&B for
t wo- par anet er pol ygons

Second packed base col or RGB
for two-paraneter polygons

First packed of fset col or REB
for two- paraneterpol ygons

Second packed of f set col or REB
for two-paraneter pol ygons
First base intensity for

t wo- par anmet er pol ygons

Second base intensity for

t wo- par anet er pol ygons

First offset intensity for

t wo- par anet er pol ygons

Second offset intensity for

t wo- par anet er pol ygons

Sprite/ modifier pol ygon vertex
coor di nat es

Sprite packed texture U and
V- coor di nat es

KAM-85



Kamui

3.6.4 Combining Parameters and Selecting Vertex Types

The type of a vertex to be used is determined according to the setting made for each VERTEXCONTEXT parameter.
The following table lists the combinations of parameters corresponding to each vertex type.

FaceColor /
ParamType ColorType UVFormat ShadingMode SelectModifier bUseSpecular VertexType OffsetColor
KM_PACKEDCOLOR Invalid NO TEXTURE KM_NOMODIFIER FALSE 0 From Vertex Data
KM_FLOATINGCOLOR Invalid NO TEXTURE KM_NOMODIFIER FALSE 1 From Vertex Data
KM_INTENSITY Invalid NO TEXTURE KM_NOMODIFIER FALSE 2 From
VERTEXCONTEXT
KM_INTENSITY_PREV... Invalid NO TEXTURE KM_NOMODIFIER FALSE 2 Non
KM_PACKEDCOLOR Invalid NO TEXTURE KM_MODIFIER_A FALSE 9 From Vertex Data
KM_OPAQUE_POLYGON KM_POLYGON KM_INTENSITY Invalid NO TEXTURE KM_MODIFIER_A FALSE 10 From
VERTEXCONTEXT
KM_TRANS_POLYGON KM_INTENSITY_PREV... Invalid NO TEXTURE KM_MODIFIER_A FALSE 10 Non
KM_PACKEDCOLOR KM_32BITUV USE TEXTURE KM_NOMODIFIER * 3 From Vertex Data
KM_PUNCHTHROUGH_POLYGON
KM_PACKEDCOLOR KM_16BITUV USE TEXTURE KM_NOMODIFIER * 4 From Vertex Data
KM_FLOATINGCOLOR KM_32BITUV USE TEXTURE KM_NOMODIFIER * 5 From Vertex Data
KM_FLOATINGCOLOR KM_16BITUV USE TEXTURE KM_NOMODIFIER * 6 From Vertex Data
KM_INTENSITY KM_32BITUV USE TEXTURE KM_NOMODIFIER FALSE 7 From
VERTEXCONTEXT
KM_INTENSITY KM_32BITUV USE TEXTURE KM_NOMODIFIER TRUE 7 From
VERTEXCONTEXT
KM_INTENSITY KM_16BITUV USE TEXTURE KM_NOMODIFIER FALSE 8 From
VERTEXCONTEXT
KM_INTENSITY KM_16BITUV USE TEXTURE KM_NOMODIFIER TRUE 8 From
VERTEXCONTEXT
KM_INTENSITY_PREV... KM_32BITUV USE TEXTURE KM_NOMODIFIER * 7 Non
KM_INTENSITY_PREV... KM_16BITUV USE TEXTURE KM_NOMODIFIER * 8 Non
KM_PACKEDCOLOR KM_32BITUV USE TEXTURE KM_MODIFIER_A * 11 From Vertex Data
KM_PACKEDCOLOR KM_16BITUV USE TEXTURE KM_MODIFIER_A * 12 From Vertex Data
KM_INTENSITY KM_32BITUV USE TEXTURE KM_MODIFIER_A * 13 From
VERTEXCONTEXT
KM_INTENSITY KM_16BITUV USE TEXTURE KM_MODIFIER_A * 14 From
VERTEXCONTEXT
KM_INTENSITY_PREV... KM_32BITUV USE TEXTURE KM_MODIFIER_A * 13 Non
KM_INTENSITY_PREV... KM_16BITUV USE TEXTURE KM_MODIFIER_A * 14 Non
KM_SPRITE KM_PACKEDCOLOR Invalid NO TEXTURE KM_NOMODIFIER FALSE 15 From
VERTEXCONTEXT
KM_PACKEDCOLOR KM_16BITUV USE TEXTURE KM_NOMODIFIER * 16 From
VERTEXCONTEXT
KM_OPAQUE_MODIFIER KM_MODIFIERVOLUME Invalid Invalid Invalid Invalid Invalid 17 Non
KM_TRANS_MODIFIER
« "NO TEXTURE" in the ShadingMode column means that either KM_NOTEXTUREFLAT or KM_NOTEXTUREGOURAUD is selected. Similarly, "USE TEXTURE" means that either KM_TEXTUREFLAT or KM_TEXTUREGOURAUD
is selected
« The asterisk means that any value can be specified
« The FaceColor/OffsetColor column indicates the data that determines the FaceColor/OffsetColor of the polygons. "From Vertex Data" means that the color data in the data for each vertex is to be used (it can be specified
separately for individual vertices). "From VERTEXCONTEXT" means that the color data in VERTEXCONTEXT is to be used (it can specified separately for individual strips).
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3.6.5 Setting a Modifier Volume

The modifier volume is polygon data for determining the area that is to be used for adding a shadow to ordinary
polygons "three-dimensionally." The modifier volume is not actually drawn on the screen. A polygon in a scene can
be divided into two sections, that is, the inside and outside of the modifier volume. A color and texture can be
specified for each section separately. This makes effects such as a shadow and a spotlight.

A polygon to be divided into two, using the modifier volume, is called a two-parameter polygon. A two-parameter
polygon has two texture/shading parameters. An object to be influenced by the modifier volume shall be registered
with KAMUI using two-parameter polygons.

The use of two-parameter polygons results in an increased amount of data. This problem can be avoided by using
the cheap (simple) shadow mode, which can still be used for representing shadows. This mode represents the
shadow of a polygon by decreasing the luminance of a polygon portion approaching a modifier volume. This is set
using the knSet CheapShadowivbde function. Once this function has been executed, all modifier volumes enter
the cheap shadow mode. The cheap shadow mode cannot be used together with two-parameter polygons in

one scene.

This section explains how to set a modifier volume.

Setting a two-parameter volume

(Polygon influenced by modifier volume)

= Setting of VERTEXCONTEXT

Set KM_MODI FI ER_Aas the Sel ect Mbdi fi er member. Set the two parameters (CONTEXT) for
knSet Ver t exRender St at e for area 0 (explained below) and knSet Mbdi fi er Render St at e
for area 1.

= Format of vertex data
Define the vertex data with one of KMWERTEX 09 to KWERTEX 14.

= When using cheap shadow mode

The cheap shadow mode cannot be used simultaneously with two-parameter volumes in the same
scene. The cheap shadow mode is turned on and off by issuing knSet CheapShadow\bde before
knProcessVert exRender St at e for the VERTEXCONTEXT of polygons to be influenced by the
mode. When the cheap shadow mode is to be used, therefore, kimSet CheapShadowibde must be
executed at the beginning of the scene. After knSet CheapShadowivbde is executed,
knProcessVert exRender St at e is executed by setting KM_MODI FI ER_Ain the

Sel ect Modi fi er member of VERTEXCONTEXT to be used for the polygon, in much the same way
as a two-parameter volume. In this case, ordinary one-parameter polygons are used as vertex data.
The cheap shadow mode does not operate if two-parameter polygons are used. Once the cheap
shadow mode is set, knPr ocessVer t exRender St at e need not be executed after

ket CheapShadowivbde, if only the intensity of a shadow is to be changed.
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Setting of modifier volume

There are two types of modifier volumes. The first type is the opaque modifier volume that is effective only
for opaque polygons. The second type is the translucent modifier volume that is effective only for
translucent/transparent polygons. Each modifier type is further classified as either inclusion or exclusion
volume. In the inclusion volume, a polygon portion inside the volume is defined as area 1, while in the
exclusion volume, a polygon portion inside the volume is defined as area 0. The exclusion volume is used
to generate area 0 inside the portion that was defined as area 1 in the inclusion volume.

« A modifier volume is registered to dedicated Ver t exBuf f er .

Secure buffer for an opaque modifier and translucent modifier by knCr eat eVer t exBuf f er.

Setting of VERTEXCONTEXT

The polygons constituting a modifier volume must be classified into three types by using
VERTEXCONTEXT: the first, the last, and others.

Specify KM_MODI FI ER | NCLUDE_FI RST_POLY or KM_MODI FI ER_EXCLUDE_FI RST_POLY as
the Modi fi erl nstructi on member for the first polygon. For the last polygon, specify
KM_MODI FI ER_I NCLUDE_LAST_POLY or KM_MODI FI ER_EXCLUDE_LAST_PQOLY as the

Modi fi erl nstructi on member. Specify KM MODI FI ER_NORMAL _POLY as the

Modi fi erl nstructi on member for the other polygons. In any case, specify

KM_MODI FI ERVOLUME as the Par amly pe member and KM_OPAQUE_MODI FI ERor
KM_TRANS_ MODI FI ERas Li st Type. ARC1 sets the screen coordinates at which the modifier
volume is validated for each member of f Boundi ngBoxXmi n, f Boundi ngBoxYni n,

f Boundi ngBoxXmax, and f Boundi ngBox Ymax (this setting is not necessary with CLX1/2).

Format of vertex data
Define vertex data by KMWWERTEX 17.
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3.6.6 Pointer to Buffer for Registering Vertex Data

KMVERTEXBUFFDESC

KAMUI uses this structure to hold pointers to KAMUI's internal areas where different types of information
related to the vertex data buffer are saved. It is prepared for reference by the knSt art Vert exSt ri p and
ket Ver t ex macros in the buffer mode. If illegal data is written into an area indicated by any of these
pointers, KAMUI cannot operate normally. The application program should avoid using the values in this
structure as much as possible.

KAMUI sets values (pointers) in each member of the structure when knSet Syst enConf i gur ati on (or
knCr eat eVer t exBuf f er, described later) is called. KAMUI updates the contents of the areas indicated
by these pointers when knmRender , knRender Di r ect , or knmRender Text ur e is executed.

typedef struct _tagKMWERTEXBUFFDESC

{
PKMOWORD *pQurrentPtr;
PKMDWCRD pd obal Par am
PKMOURRENTLI STSTATE pQurrentLi st State;
PPKMWERTEXBUFFERPQO NTER ppBuf f er;
KMDWERD r eser vedO;
KMDWCRD reservedl;
KMDWORD reserved2;
KMDWORD reserveds;

} KMVERTEXBUFFDESC, * PKMVERTEXBUFFDESC,

pCurrent Ptr

KAMUI sets this area with the start address of its internal area where the current vertex data buffer pointer
is held. (See the description of the Cur r ent Ver t ex pointer array, below.)

pd obal Param

In this area, KAMUI sets the start address of the internal area used to generate hardware control parameters
(global parameters) within KAMUI.

pCurrentlListState

In this area, KAMUI sets the start address of the internal area where those types of information related to
the vertex data buffer are held. (See the description of the Current List status, below.)

ppBuf f er

In this area, KAMUI sets the start address of the internal pointer area that indicates a pointer to the first
vertex data buffer. (See the description of the Vertex buffer pointer structure, below.)

reservedO to reserved3

These areas are reserved for future use. They are used to align the structure with a 32-byte boundary.
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[Reference]
The following functions can be used to update the contents of KMVERT EXBUFFDESC.

knCr eat eVert exBuf f er, knBet Syst enConfi gurati on,
knBtartVertexStrip, knbetVertex, knBetUserd i pping,
knRender, knRender Text ure, knChangeVertexO fset,
knChangeVer t exPCW

CurrentVertex pointer array
This is KAMUI's internal variable in which it stores the current vertex data buffer pointer.

KAMUI divides the system memory area prepared by the application program into five sections (actually,
ten sections because of double buffering). These areas are used as vertex data buffers, one for each vertex
type. This pointer indicates the location in each buffer where KAMUI will store polygon data the next time
KAMUI is called by knSet Ver t ex. The buffers are initialized by knCr eat eVer t exBuf f er and
kmRender . (Put another way, the pointer indicates the start address of each buffer in a new bank.) Each
time the buffer is loaded with data by calling kimSet Ver t ex or knSet User d i ppi ng, KAMUI
increments the relevant pointer.

Current List status

This area is used for holding the information related to the vertex data buffer. It is a KAMUI internal
variable. KAMUI defines it as follows:

typedef struct _tagKMOURRENTLI STSTATE

{

KMDWORD Li st Type;
KVDWORD d obal Par anti ze;
KMDWORD reser vedO;
KMDWORD Ver t exBank;

} KMOURRENTLI STSTATE, * PKMOURRENTLI STSTATE;

Li st Type

Into this area, KAMUI loads a polygon list type used the next time ket Ver t ex iscalled. The Li st Type
values have the following meanings:

: Qpaque pol ygon

: Qpaque nodifier polygon
Transl ucent pol ygon
Transl ucent nodifier polygon
Puncht hr ough pol ygon

A WNPEFO

d obal Par anfSi ze

Into this area, KAMUI loads the size of a hardware control parameter (global parameter) transferred the
next time kSt art Vert exSt ri p is called.

reservedO
This area is reserved for future use. Its contents are undefined.

Ver t exBank

Into this are, KAMUI loads a bank number for a vertex data buffer into which vertex data is to be stored the
next time kSt art Vert exSt ri p or knSet Vert ex is called.
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Vertex buffer pointer structure

This is an area for storing pointers to the beginning of each vertex data buffer. It is a KAMUI internal
variable. KAMUI defines it as follows:

typedef struct _tagKM/ERTEXBUFFERPO NTER

{

PKMDWORD pQpaquePol ygonBuf f er;
PKMDWCRD pQpaqueModi fi er Buf f er;
PKMOWORD pTransPol ygonBuf f er;
PKMDWCRD pTranshodi fi er Buf f er;;
PKMDWCRD pPunchThr oughPol ygonBuf f er;

} KWERTEXBUFFERPQ NTER, * PKMVERTEXBUFFERPQO NTER, * * PPKMVERTEXBUFFERPO NTER

The pointers to two areas (for banks 0 and 1) are allocated consecutively, as follows:

PKM/ERTEXBUFFERPQO NTER Ver t exBuf f [ 2] ;

KAMUI loads ppBuf f er of KMWWERTEXBUFFDESC with the start address (Ver t exBuf f ) of these
consecutive pointer areas. Its contents are fixed when kiCr eat eVer t exBuf f er is called.
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3.7 Registering Vertex Data in the Buffer Mode

In the buffer mode, the following functions are used to register vertex data and to direct the start of rendering.

The buffer mode cannot be used together with the direct mode. The mode to be used is specified using
ket Syst emConfi gurati on.

3.7.1

(o
=

Allocating a Vertex Data Registration Buffer

KMBTATUS kn(Cr eat eVer t exBuf f er ( PKMVERTEXBUFFDESC pBuf f er Desc,
KM NT32 QpaquePol ygonBuf f er,
KM NT32 (paqueModi fi er Buf fer,
KM NT32 TransPol ygonBuf f er,
KM NT32 TransModi fi er Buf f er)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function allocates vertex data and native data buffers as double buffers in the following locations:

Vertex data buffer ... Main memory
Native data buffer ... Frame buffer memory

The size of the native buffer is calculated from the size of each list specified using an argument.

In the buffer mode, k5t art Vert exSt ri p or knSet Ver t ex is used to register vertex data. Rendering
is started after knRender registers data for one scene in each vertex data buffer and sends the data for all
scene together to hardware. Itis impossible to useknCr eat eVert exBuf f er and knCr eat eTAbuf f er
simultaneously in one application program.

Caution: This function is provided to maintain compatibility with the conventional specification (Ver 1.28).
Use knSet Syst entConf i gur at i on whenever possible. This function cannot specify the
capacity of the punchthrough polygon buffer, which will be supported by CLX2.

One application cannot use knCr eat eVer t exBuf f er and knCr eat e TABuUf f er
simultaneously.

Arguments

pBuf f er Desc (1/0O)

Input a pointer to a vertex buffer descriptor of PKMVERTEXBUFFDESC type. The first addresses of the four
buffers allocated here are set to the members of the vertex buffer descriptor.

OpaquePol ygonBuf f er (input)
= Size of the vertex data buffer in which the data of opaque polygons is stored
« Given as the number of DWORDs (number of bytes/4).
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OpaqueModi fi er Buf f er (input)
= Size of the vertex data buffer in which the data of opaque modifier volumes is stored
= Given as the number of DWORDs (number of bytes/4).

Tr ansPol ygonBuf f er (input)
= Size of the vertex data buffer in which the data of translucent/transparent polygons is stored
= Given as the number of DWORDs (number of bytes/4).

TransModi fi er Buf f er (input)

= Size of the vertex data buffer in which the data of translucent/transparent modifier volumes is
stored

= Given as the number of DWORDs (number of bytes/4).

Return Value

KMSTATUS SUCCESS Vertex data buffers successfully allocated
KMSTATUS_NOT_ENOUGH_MEMORY Insufficient memory

3.7.2 Releasing Vertex Data Registration Buffers

KMBTATUS knDi scar dVer t exBuf f er ( PKMVERTEXBUFFDESC pBuf f er Desc)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function releases the four types of vertex data buffers (double buffer) for vertex data registration that
have been allocated by kmCreateVertexBuffer. It also releases the native data buffer that was allocated in
the frame buffer memory at the same time.

Argument

pBuf f er Desc (1/0O)
This argument inputs a pointer to a vertex data buffer descriptor of PKMVERTEXBUFFDESC type.

Return Value

KMSTATUS _SUCCESS Vertex data buffer released successfully
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3.7.3

i

Starting Registering Vertex Data Strips

KMBTATUS kngtart VertexStri p( PKMERTEXBUFFDESC pBuf f er Desc)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function directs KAMUI to begin registering vertex data strips. KAMUI writes VERTEXCONTEXT
information set by knSet Ver t exRender St at e and knSet Modi f i er Render St at e to one of the five
different vertex data buffers. The vertex data buffer to be used is determined from the Li st Type member
of KMVERTEXCONTEXT.

Arguments

pBuf f er Desc (input)
This is a pointer to a vertex buffer descriptor of PKMVERTEXBUFFDESC type.
Return Value

KMSTATUS _SUCCESS VERTEXCONTEXT information successfully written
KMSTATUS _NOT_ENOUGH MEMORY  Vertex data buffer capacity insufficient

Caution: If the VERTEXCONTEXT information written in this argument does not match the type of a vertex
parameter written later by knSet Ver t ex, normal operation is not guaranteed.
This function is required to run quickly, so it is defined as a macro to be developed in-line.

To enable use of the macro, code the following:

#defi ne _KM USE_VERTEX NMACRO_
#i ncl ude <kamui . h>
#i ncl ude <kamui x. h>
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3.7.4 Writing Vertex Data in a Buffer

KVBTATUS ket Ver t ex( PKMVERTEXBUFFDESC pBuf f er Desc,
PVA D pVert ex,
KMVERTEXTYPE Vert exType,
KM NT32 StructSi ze)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function writes vertex data indicated by pVer t ex to a vertex data list specified by Li st Type of
KMWERTEXCONTEXT, already registered with the system. If Parameter Control Word of the vertex data at
the end of the strip is not KM_VERTEXPARAM ENDOFSTRI P, the operation is not guaranteed.

Arguments

pBuf f er Desc (input)
Pointer to a vertex data buffer descriptor of PKMVERTEXBUFFDESC type

pVert ex (input)
Pointer to the vertex data structure

Vert exType (input)
Vertex data type
Specify one of the following:

KM VERTEXTYPE_00 /1 Vertex data Type O
KM VERTEXTYPE 01 /1 Vertex data Type 1
KM VERTEXTYPE_02 /l Vertex data Type 2
KM VERTEXTYPE_03 /1l Vertex data Type 3
KM VERTEXTYPE 04 /1l Vertex data Type 4
KM VERTEXTYPE 05 /1 Vertex data Type 5
KM VERTEXTYPE 06 /1 Vertex data Type 6
KM VERTEXTYPE_07 /1 Vertex data Type 7
KM VERTEXTYPE_08 /1 Vertex data Type 8
KM VERTEXTYPE_09 /l Vertex data Type 9
KM VERTEXTYPE 10 /1l Vertex data Type 10
KM VERTEXTYPE 11 /1l Vertex data Type 11
KM VERTEXTYPE 12 /1l Vertex data Type 12
KM VERTEXTYPE 13 /1 Vertex data Type 13
KM VERTEXTYPE 14 /1 Vertex data Type 14
KM VERTEXTYPE_15 /1 Vertex data Type 15
KM VERTEXTYPE 16 /1 Vertex data Type 16
KM VERTEXTYPE 17 /1 Vertex data Type 17
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Struct Si ze (input)
Size of the vertex data structure. Specify a size according to the selected vertex data type in the
sizeof(KMVERTEX_01) format.

Caution: If the format of the vertex parameters written here does not match the format of global parameters
H_ specified by preceding knfSet Ver t exRender St at e, the operation may be adversely affected.

Return Value

KMSTATUS SUCCESS Vertex data successfully written
KMSTATUS_NOT_ENOUGH_MEMORY  Insufficient vertex data buffer space

This function is defined as a macro of inline expansion because high-speed execution is demanded.
To use the macro, code the following:

#defi ne _KM USE_VERTEX MACRO_

#i ncl ude <kamui . h>
#i ncl ude <kamui x. h>
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3.7.5 Setting a User Clipping Area (for Buffer Mode)

KMBTATUS ket User A i ppi ng(
PKMVERTEXBUFFDESC pBuf f er Desc,
KM.I STTYPE Li st Type,
KM NT32 Xm n, KM NT32Yni n,
KM NT32 Xmax, KM NT32Ymax)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function specifies a user clipping area. The user clipping area specified using this function is effective
for polygons for which KM _USERCLI P_| NSI DE or KM _USERCLI P_QUTSI DE is specified in the
User C i pMbde member of the KMVERTEXCONTEXT structure.

Arguments

pBuf f er Desc (input)
Input a pointer to a vertex data buffer descriptor of PKMVERTEXBUFFDESC type.

Li st Type (input)
Specify a vertex data list in which a user clipping area is specified.
One of the following values can be specified:

KMLI STTYPE

KM CPAQUE_PCLYGON =
KM OPAQUE_MODI FI ER

KM TRANS POLYGON

KM TRANS MODI FI ER =
KM PUNCHTHROUGH PCLYGON =

/1 Qpaque pol ygon

/1 Qpaque nodi fier vol une

/1 Transl ucent/transparent polygon

/1 Translucent/transparent modifier vol ume
/1 Puncht hr ough pol ygon (for only CLX2)

A WNPEFELO

Xmn, Ymn, Xmax, Ymax (input)

Specify the coordinates of the top left and bottom right corners of the user clip area. Specify the values in
tiles (1 = 32 pixels).

Just the six low-order bits of Xm n and Xnmax are valid. As for Ym n and Yrmax, just the four low-order bits
are valid.

Caution: It is impossible to clip part of a vertex strip when it is being registered. Specifically, do not issue
ﬂ ket User C i ppi ng to clip part of a vertex strip for which registration has been started using
kntt art Vert exSt ri p before ENDOFSTRI P is specified by knSet Ver t ex.

Return Value

KMSTATUS_SUCCESS Set successfully
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3.7.6 Notifying the End of Vertex Data Writing

KMBTATUS knRender (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function notifies KAMUI that all vertex data of a single scene has been written. The renderer begins
rendering for a back buffer after data expansion has been completed.

Argument

None

Return Value

KMSTATUS SUCCESS Notified successfully
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3.7.7 Rendering into the Texture Memory

vy

i

KMBTATUS krRender Text ur e( PKMBURFACEDESC pText ur eSur f ace)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function notifies KAMUI that all vertex data of a single scene has been written. The renderer begins
rendering for a texture surface specified after vertex data expansion is completed.

Usually, when 640 x 480 rendering is performed, a 1,024 x 512 texture surface is specified as the rendering
destination. As a result, the result of rendering is written to the UV coordinates (0.0f,0.0f)-(0.625f,0.9375f)
of this texture. (The lowest line of the texture serves as the highest line of the screen.) If a texture surface
less than the screen resolution is specified as the rendering destination surface, the upper-left part of the
screen is rendered to the texture. For example, if rendering is performed to a 256 x 256 texture surface where
the screen resolution is 640 x 480, the upper-left part (0,0)-(255,255) of the screen is written to the texture.

Argument

pText ur eSur f ace (output)
Texture of which rendering result is stored

Caution: When using this function, make sure that BPP of the frame buffer is the same as BPP of the texture
at the rendering destination by using knSet Di spl ayMbde. Otherwise, the performance will
drop. Note that the texture surface specified here must be of RECTANGLE or STRI DE type.

Return Value

KMSTATUS _SUCCESS Notified successfully
KMSTATUS | NVALI D TEXTURE Invalid texture specified
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3.7.8 Specifying a Modifier Volume List

KMBTATUS kmuseAnot her Modi fi er (
KM.I STTYPE kmModi fi er Li st Type)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function uses the modifier volume list specified by input parameter kmModifierListType as another
modifier volume list.

This function only rewrites the pointer to OPAQUE- MODI FI ERand TRANS- MODI FI ER of the region array
in native data. If KM_OPAQUE_MODI FI ERis specified and TRANS- MODI FI ERobject data is registered, the
data of OPAQUE- MODI FI ERis overwritten (the converse holds true).

Argument

kmvodi fi er Li st Type (input)

This argument specifies the usage of the modifier volume list. Specify it in either of the following ways:
KM_OPAQUE_MODI FI ER Also uses Opaque Modifier as Trans Modifier.

KM _TRANS_ MODI FI ER Also uses Trans Modifier as Opaque Modifier.

Return Value

KMSTATUS _SUCCESS Set successfully
KMSTATUS | NVALI D_LI ST_TYPE  Setting failed
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3.7.9 Obtaining Current Writing Position of VertexBuffer

KMDWCRD ket Qurrent Vert exCr f set ( KMLI STTYPE Li st Type )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function returns the number of vertex data items currently held in the specified list type vertex data
buffer, using a 32-bit word number.

By using the value obtained by this function in combination with knChangeVert exCf f set or
kmChangeVer t exPCW the value of Ver t exBuf f er can be changed.

Argument
Li st Type (input)

KM QPAQUE_PCLYGON =
KM CPAQUE_MCDI FI ER =
KM TRANS_PCLYGON =
KM TRANS_MODI FI ER

KM PUNCHTHROUGH_PCLYGON

/1 Qpaque pol ygon

/1 Qpaque nodifier volume

/1 Transl ucent/transparent pol ygon

/1 Transl ucent/transparent mnodifier vol une
/1 Puncht hrough pol ygon (for only CLX2)

A WODNPEFO

Return Value

The current writing position in vertex data of the specified list type is returned. The value is a 32-bit word
offset from the beginning of Ver t exBuf f er of the specified list type (i.e., currently used capacity of the
vertex data buffer).
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3.7.10 Changing Current Writing Position of VertexBuffer

KMBTATUS knChangeVertexXf f set (
KM.I STTYPE Li st Type,
KMDWORD Vert exCr f set )

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function changes the current writing position of the vertex data buffer of the specified list type.
Arguments
Li st Type (input)

KM CPAQUE._PCLYGON

KM CPAQUE_MCDI FI ER

KM TRANS_PCLYGON

KM TRANS MOD FI ER

KM PUNCHTHROUGH_PCLYGON

A W NP O

/1 Qpaque pol ygon

/1 QOpaque nodifier volune

/1 Transl ucent/transparent polygon

/1 Transl ucent/transparent nodifier vol une
/1 Puncht hrough pol ygon (for only CQLX2)

Vertext Of f set (input)

This argument specifies the writing position of the specified list type. The value obtained by
kmCet Cur rent Vert exXf f set is used.

Return Value

KMSTATUS _SUCCESS Set successfully
KMSTATUS | NVALI D_VALUE A value that must not be specified is specified
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3.7.11 Direct Rewriting of Vertex Control Word

KMBTATUS kmChangeVer t exPCW (
KM.I STTYPE Li st Type,
KMDWCRD Ver t exPCW
KMDWORD | ncPtr)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function writes a value specified by Ver t ex PCWto the current writing position of the vertex data
buffer of the specified list type. The pointer of the vertex data buffer is incremented by IncPtr. It is used to
abort a strip after strip writing of a triangle is finished.

Exercise care when using this function because it may destroy matching in the vertex data buffer. This
function must not be used when direct mode is used to write vertex data.

Arguments

Li st Type (input)

KM CPAQUE_PCOLYGON = /1 Qpaque pol ygon

KM CPAQUE_MXD FI ER =1 /1 Qpaque nodi fier vol ume

KM TRANS_PCLYGON =2 /1 Transl ucent/transparent polygon

KM TRANS MXDI FI ER = /1 Transl ucent/transparent nodifier volune
KM_PUNCHTHROUGH _PCLYGON =4 /1 Puncht hrough pol ygon (for only CLX2)

Ver t exPCW(input)
This argument specifies a type of a control word.

0xE0000000 /1 Normal vertex data
0xF0000000 /l Vertex data at the end of the strip

KM VERTEXPARAM NCRVAL
KM VERTEXPARAM ENDCFSTRI P

I ncPtr (input)

This argument specifies how much the pointer of the vertex data buffer advances after the parameter
specified by Ver t ex PCWhas been written. Usually, specify the size of the vertex data structure because it
is used like si zeof (...)/ 4.

Return Value

KMSTATUS _SUCCESS Set successfully
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3.7.12 Flushing VertexBuffer

KMBTATUS kntl ushVert exBuf f er (KM.I STTYPE Li st Type)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Partially Implemented Implemented

@ Note: COSMOS+ARCI1 only supports Opaque.

Explanation

This function flushes Ver t exBuf f er of the specified list type. KAMUI begins transferring the contents of
a vertex data buffer of a specified list type to the hardware in DMA mode. This function is used to save the
capacity of the vertex data buffer used for Opaque list by using the fact that the list is sent from Opaque
with the CLX1/2 and by sending the list little by little. This function must not be used with a direct mode
function. If the previous DMA transfer has not been completed when this function is called, waiting for the
completion of DMA takes place. Make sure that waiting does not occur when using this function.

Argument

Li st Type (input)

KM_OPAQUE_POLYGON =0// Opague polygon
KM_OPAQUE_MODIFIER = 1// Opague modifier volume
KM_TRANS_POLYGON = 2// Translucent/transparent polygon
KM_TRANS_MODIFIER = 3// Translucent/transparent modifier volume

KM_PUNCHTHROUGH_POLYGON = 4// Punchthrough polygon (for only CLX2)

Return Value

KMSTATUS SUCCESS Set successfully
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3.8 Registering Vertex Data in the Direct Mode

In the direct mode, the following functions are used to register vertex data and to direct the start
of rendering.

The direct mode cannot be used together with the buffer mode. Which mode to use is specified using
ket Syst enConfi gur ati on.

3.8.1 Allocating the Native Data Buffer

e

KMBTATUS knCr eat eTABuUf f er (
PKM/ERTEXBUFFDESC pBuf f er Desc,
KM NT32 TABuffer)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Not Implemented

Explanation

This function allocates a native data buffer in frame buffer memory. In the direct mode, vertex data is
registered by sending it directly to the tiling accelerator, using the following functions.

knBtartVertexStripD rect
knBet Vert exDi r ect

ket User A i ppi ngDi r ect
knBet Endf Li st D r ect
knRender D r ect

Caution: It is impossible to use kimCr eat eVer t exBuf f er and knCr eat eTABUf f er simultaneously in
one application program. Do not allocate a texture surface before calling this function. Holly
(CLX1/2) cannot use the function, because it uses a different method to generate a native data
buffer. ket Syst entConf i gur at i on should be used for Holly (CLX1/2).

Arguments

pBuf f er Desc (input)
This is a pointer to a vertex buffer descriptor of PKMVERTEXBUFFDESC type.

TABuf f er (input)
Native data buffer size (in bytes).
Return Value

KMSTATUS SUCCESS Native data buffer successfully allocated
KMSTATUS _NOT_ENOUGH MEMORY  Insufficient memory
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3.8.2 Starting the Registration of Vertex Data Strips

i

4

KMBTATUS kngtart VertexStri pDi rect (VA D

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function begins the registration of vertex data strips. It writes rendering parameters (created by
knmPr ocessVer t exRender St at e and registered with the system by knfSet Ver t exRender St at e)
directly to the tiling accelerator. It is necessary to simultaneously supply each type of vertex data for the
same scene to the tiling accelerator.

Example: After opaque and translucent polygons are registered in the stated order, it is impossible to
register the opaque polygon again.

Caution: If the rendering parameter information written by this function does not match the type of a vertex
parameter written later by knSet Ver t ex, normal operation is not guaranteed. Once the
registration of vertices in a list is completed, it is necessary to notify the tiling accelerator of the
completion of registration using knSet EndXf Li st Di r ect before starting registration in
another list.

Argument

None

Return Value

KMSTATUS SUCCESS Rendering parameters successfully written
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3.8.3 Directly Writing Vertex Data

KMBTATUS ket Vert exDi rect (PVA D pVert ex,
KMVERTEXTYPE Vert exType,
KM NT32 StructSi ze)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation
The function directly writes the vertex data specified by pVertex into the tiling accelerator.
It is necessary to simultaneously supply each type of vertex data for the same scene to the tiling accelerator.

Arguments

pVert ex (input)
Pointer to the vertex data structure

Ver t exType (input)
Vertex data type.
Specify one of the following:

KM VERTEXTYPE_00 /1l Vertex data Type O
KM VERTEXTYPE 01 /1l Vertex data Type 1
KM VERTEXTYPE_02 /1 Vertex data Type 2
KM VERTEXTYPE_03 /1 Vertex data Type 3
KM VERTEXTYPE 04 /1 Vertex data Type 4
KM VERTEXTYPE_05 /1 Vertex data Type 5
KM VERTEXTYPE_06 [/l Vertex data Type 6
KM VERTEXTYPE 07 /l Vertex data Type 7
KM VERTEXTYPE 08 /1 Vertex data Type 8
KM VERTEXTYPE 09 /1 Vertex data Type 9
KM VERTEXTYPE_10 /1 Vertex data Type 10
KM VERTEXTYPE 11 /1 Vertex data Type 11
KM VERTEXTYPE_12 /1 Vertex data Type 12
KM VERTEXTYPE 13 /1l Vertex data Type 13
KM VERTEXTYPE 14 /1l Vertex data Type 14
KM VERTEXTYPE 15 /1 Vertex data Type 15
KM VERTEXTYPE 16 /1 Vertex data Type 16
KM VERTEXTYPE 17 /1 Vertex data Type 17
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Struct Si ze (input)
Vertex data type size. Specify a size according to the selected vertex data type in the
si zeof (KMVERTEX_01) format.

If Parameter Control Word of the vertex data at the end of the strip is not

KM _VERTEXPARAM ENDOFSTRI P, the operation is not guaranteed. If the format of the vertex parameters
written here does not match the format of rendering parameters specified by preceding

ket Ver t exRender St at e, the operation may be adversely affected.

Return Value

KMSTATUS _SUCCESS Vertex data successfully written
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3.8.4 Setting a User Clipping Area (for Direct Mode)

KMBTATUS ket User d i ppi ngDi rect (
KM NT32 Xmn, KM NT32 Ym n,
KM NT32 Xmax, KM NT32 Yax)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Partially Implemented

Explanation

This function specifies a user clipping area. The user clipping area specified using this function is effective
for polygons for which KM_USERCLI P_| NSI DE or KM_USERCLI P_QUTSI DE is specified in the
User C i pMbde member of the KMVERTEXCONTEXT structure.

For the difference between this function and knSet User Cl i ppi ng, see Section 3.6.
Arguments

Xmn, Ymin, Xnmax, Ymax (input)

Specify the coordinates of the upper-left and lower-right corners of the user clip area. Specify the values in
tiles (1 = 32 pixels).

Just the six low-order bits of Xm n and Xnax are valid. As for Yni n and Ymax, just the four low-order bits
are valid.

Return Value

KMSTATUS _SUCCESS Set successfully

Caution: knSet User Cl i ppi ngDi r ect must not be issued between knSt art Vert exStri pDi r ect
ﬂ and knSet Vert exDi rect .
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3.8.5 Notifying the End of Vertex Registration

KMBTATUS ket EndCf Li st D rect (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function directly notifies the end of a vertex data list of a specific type to the tiling accelerator. Vertex
data must be classified by the type of vertex and input to the tiling accelerator in the same scene. The end
of the type of the currently registered vertex is reported by issuing knSet EndCf Li st Di r ect at the end
of each of five types of vertices.

Argument

None

Caution: Do not call this function if kmSetVertex is used for vertex data registration.

o

Return Value

KMSTATUS SUCCESS Notified successfully

3.8.6 Notifying the End of Vertex Data Writing

KMBTATUS knRender D rect (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function notifies KAMUI that all vertex data of a single scene has been written. The renderer begins
rendering for a back buffer after vertex data expansion has been completed.

Argument

None

Return Value

KMSTATUS SUCCESS Notified successfully
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3.8.7 Rendering into the Texture Memory

iz

KMBTATUS knmRender Text ur eDi rect (
PKIVBURFACEDESC pText ur eSur f ace)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function notifies KAMUI that all vertex data of a single scene has been written. The renderer begins
rendering for a texture surface specified after vertex data expansion has been completed.

Usually, when 640 x 480 rendering is performed, a 1,024 x 512 texture surface is specified as the rendering
destination. As a result, the result of rendering is written to the UV coordinates (0.0f,0.0f)-(0.625f,0.9375f)
of this texture. (The lowest line of the texture serves as the highest line of the screen.) If a texture surface
less than the screen resolution is specified as the rendering destination surface, the upper-left part of the
screen is rendered to the texture. For example, if rendering is performed to a 256 x 256 texture surface where
the screen resolution is 640 x 480, the upper-left part (0,0)-(255,255) of the screen is written to the texture.

Argument

pText ur eSur f ace (output)
Texture of which rendering result is stored

Caution: When using this function, make sure that BPP of the frame buffer is the same as BPP of the texture
at the rendering destination by using knSet Di spl ayMbde. Otherwise, the performance will
drop. Note that the texture surface specified here must be of RECTANGLE/ STRI DE type.

Return Value

KMSTATUS _SUCCESS Notified successfully
KMSTATUS_| NVALI D_TEXTURE Invalid texture specified
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3.9 Callback Functions and Callback Auxiliary Functions

KAMUI can specify callback functions that modify rendering conditions and do other operation at a particular
timing. The functions are called at particular events (end of rendering, for example), irrespective of the normal
processing flow.

3.9.1 Specifying a Rendering End Callback Function

KMBTATUS knSet ECRCal | back( PKMCALLBACKFUNC pECRCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies the callback function to be called at the end of rendering.
Code the callback function in the following format:

VA D ECRCal | backFunc(PvA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pEORCal | back (input)
Pointer to the function to be called at the end of rendering
If NULL is specified, the callback function is canceled.

pCal | backAr gunent s (input)
Pointer to argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.2 Specifying a V-Sync Callback Function

KMBTATUS ket VSyncCal | back( PKMCALLBACKFUNC pVSyncCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies the callback function to be called at an entry into the vertical flyback segment
(Vsync).

Code the callback function in the following format:
VA D VSyncCal | backFunc(PvVA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pVSyncCal | back (input)
Pointer to the function to be called at an entry into Vsync
If NULL is specified, the callback function is canceled.

pCal | backAr gunent s (input)
Pointer to argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.3 Specifying a V-Sync Wait Callback Function

KMBTATUS ket Vi t VSyncCal | back(
PKMCALLBACKFUNC pWai t VSyncCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies a callback function to be called during a Vsync wait state. It is used when reading
from CD-ROM is carried out in the background or when processing is performed asynchronously with
other V periods. Do not try to call too large function or to use an endless loop in a callback.

Code the callback function in the following format:
VA D Wi t VSyncCal | backFunc(PVA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pWai t VSyncCal | back (input)
Pointer to the function in a Vsync wait state.
If NULL is specified, the callback function is canceled.

pCal | backAr gunment s (input)
Pointer to an argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.4 Specifying an H-Sync Interrupt Callback Function

KMBTATUS ket HSyncCal | back( PKMCALLBACKFUNC pHSyncCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies the callback function to be called at an entry into the horizontal flyback segment
(Hsync). Code the callback function in the following format:

VA D HSyncCal | backFunc(PvA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pHSyncCal | back (input)
Pointer to the function to be called at an entry into Hsync
If NULL is specified, the callback function is canceled.

pCal | backAr gunent s (input)

Pointer to argument to be passed to the function called at callback. The line number specified by
KnSet HSyncLi ne is not passed. Hold the value specified by knSet HSyncLi ne in the area specified by
this pointer. Alternatively, obtain the current scanline count using kntet Cur r ent Scanl i ne().

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.5 Setting the H-Sync Interrupt Line

KMBTATUS knget HSyncLi ne( KM NT32 nl nt er rupt Li ne)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies the display line on which an interrupt is caused.
Argument

nl nt er rupt Li ne (input)
Specify the line on which an interrupt is caused. Specify a value within the range of 0 to 240/480.

Return Value

KMSTATUS _SUCCESS Set successfully

3.9.6 Reading the Current H-Sync Line

KIVBTATUS ket Qur rent Scanl i ne( PKM NT32 pScanl i ne)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function reads the current H-Sync line. Zero is returned for the first line of the display area and a
negative value is returned for a line of an area other than the display area. The negative value is counted up
to -1 which indicates one line before the first line of the display area.

Argument

pScanl i ne (input)
Pointer to KM NT32 where the current H-Sync line is stored

Return Value

KMSTATUS SUCCESS Set successfully
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3.9.7 Specifying a Texture Memory Overflow Callback Function

KVBTATUS ket TexOver f | owCal | back(
PKMCALLBACKFUNC pTexOver f | owCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function registers a callback function that is called when a texture surface is to be allocated by
knCr eat eText ur eSur f ace or knCr eat eConbi nedText ur eSur f ace.

Code the callback function in the following format:
VA D TexOQver fl owCal | backFunc(PvA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pTexQver fl owCal | back (input)
Pointer to the callback function to be called at texture overflow
If NULL is specified, the callback function is canceled.

pCal | backAr gunent s (input)
Pointer to argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.8 Specifying a Strip Buffer Overrun Callback Function

KMBTATUS knget Stri pOver RunCal | back (
PKMCALLBACKFUNC pStri pOver RunCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function specifies the callback function to be called when the rendering of the next strip is not
completed during the display period of the vertical dimension of a strip buffer.

Code the callback function in the following format:
VA D Stri pOver RunCal | backFunc(PVA D pCal | backAr gurrent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pStri pOver RunCal | back (input)
Pointer to the callback function
If NULL is specified, the callback function is canceled.

pCal | backAr gunment s (input)
Pointer to argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully

KAM-118



3. Kamui Functions

3.9.9 Specifying a Vertex Data Transfer End Callback Function

KMBTATUS ket EndCr Ver t exCal | back (
PKMCALLBACKFUNC pEndCF Vert exCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function specifies the callback function to be called at the end of transfer of the data of one scene from
KAMUI to the rendering hardware.

Code the callback function in the following format:
VA D EndC Ver t exCal | backFunc(PvA D pCal | backAr gunent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pEndOf Ver t exCal | back (input)
Pointer to the callback function
If NULL is specified, the callback function is canceled.

pCal | backAr gunent s (input)
Pointer to argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.9.10 Specifying a YUV Converter End Callback Function

KMBTATUS knSet Enddf YUVCal | back (
PKMCALLBACKFUNC pEndCF YUVCal | back,
PVA D pCal | backAr gunent s)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function specifies a callback function to be called when YUV converter processing (started by
kmLoadYUVText ur e) ends. The YUV converter is incorporated in the Holly PowerVR hardware (tiling
accelerator). It is designed for conversion from YUV420 format to YUV422 format.

Code the callback function in the following format:
VA D EndCr YWVCal | backFunc(PVA D pCal | backAr gurent s) ;

pCal | backAr gunent s (input)
Pointer to the parameter set at the specification

Arguments

pEndCf YWVCal | back (input)
Pointer to the callback function.
If NULL is specified, the callback function is canceled.

pCal | backAr gunment s (input)
Pointer to an argument to be passed to the function called at callback

Return Value

KMSTATUS SUCCESS Specified successfully
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3.10 Other Functions
3.10.1 Stopping the Frame Buffer Display

KMBTATUS kit opD spl ayFrameBuf fer (VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function stops the frame buffer display. The function just causes the CRT controller to stop display and
does not change the frame buffer status.

Argument

None

Return Value

KMSTATUS_SUCCESS Success

3.10.2 Obtaining the Version Information

KMBTATUS ket Ver si onl nf o( PKM/ERSI ONI NFO pVer si onl nf 0)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function obtains the version information of the library. For the contents of the version information
structure, see the structure list.

The version information becomes definite only after the km ni t Devi ce function has been issued. This
function should be called after the knl ni t Devi ce function has been issued.

Argument

pVer si onl nf o (output)
Indicates a pointer to the KMVERSI ONI NFOstructure allocated in advance.

Return Value

KMSTATUS SUCCESS Success
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3.11 Texture Handling Functions of KAMUI

The figure below shows the texture flow with KAMUI.

Tool Kamui format
BMP | BMP to VQ |——»| Kamui_VQ |
| BMPtoTwiddled |3 Kamui_Twiddied || [ createsurface |
o BMP to Twiddled | Load | . AtRC“CLXl
oata g (Auto Mipmap) |, m— exture memory
Source | Other | 83 Kamui_Twiddled | " o | —
S @ X L) i inked list structure
formats 8‘ , BmP BMP to T\.N'ddled Mipmap le_,| for managing data
' - ' (User Mipmap) | Delete 1 texture in Kamui
| BMP to Rectangular |‘—*| Kamui_Rectangular | | TexMem size |
| BWPtoBMP [  KamuiBMP |
...etc. ...etc.

Header: Size, type, etc.
Data: ARC1/CLX1 texture memory format

The texture control function of KAMUI transfers texture in the image format on texture memory. The texture must
be converted beforehand by a tool into the KAMUI texture format having the image on texture memory.

KAMUI uses the following procedures to register and use textures.

Texture data preparation

The application program prepares texture data in system memory. It also allocates the
Sur f aceDesc structure (see Section 5.1) for saving texture information. The application program
need not set the contents of the structure.

Texture surface preparation

The knCr eat eText ur eSur f ace function is used to allocate a texture surface in frame buffer
memory. KAMUI fixes the contents of the Sur f aceDesc structure. The texture surface must be
allocated separately for each texture.

Texture data loading

The kmLoadText ur e function is used to transfer data to a texture surface.

VERTEXCONTEXT setting

The address of the Sur f aceDesc structure for a texture is set in VERTEXCONTEXT
(pText ur eSur f aceDesc member) for the vertex data for which the texture is to be used.

For the details of the texture format, see Chapter 6.
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3.11.1 Loading Texture Data

KMBTATUS krmoadText ur e( PKMBURFACEDESC pSur f aceDesc,
PKMDWORD pText ur e,
KMBOCLEAN bAut oM pMap,
KMBOCLEAN bDi t her)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Partially Implemented

Explanation

This function loads the texture on main memory specified by pText ur e into the texture memory area
allocated by knCr eat eText ur eSur f ace.

The format and size of the texture to be read are identified by the surface descriptor specified by
pSur f aceDesc. If the actual format and size of the texture are different from the contents of the surface
descriptor specified by pSur f aceDesc, the display is illegal.

In the Holly (CLX1/2) version of KAMUI, bAut oM pMap andbDi t her cannot be set to TRUE. They must
always be set to FALSE.

In addition, mipmap dither generation is the responsibility of the application program.

If the start address of texture data in system memory is aligned with a 32-byte boundary, and its size is a
multiple of 32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that
high-speed transfer becomes possible.

If the DMA mode is used to transfer texture data, it is possible to select whether to wait until the transfer
ends. If knSet Syst emConf i gur at i on sets the KM_CONFI GFLAG_NOWAI T_FI NI SH_TEXTUREDVA
flag, the function ends without waiting for the completion of a DMA transfer. In this case, the

kmQuer yFi ni shLast Text ur eDMVA function can be used to check for the end of DMA transfer.

If the CPU directly rewrites texture data in main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwb instruction.)

Arguments

pSur f aceDesc (input)

Texture surface allocated by knCr eat eText ur eSur f ace, kntCr eat eConbi nedText ur eSur f ace,
or knCr eat eCont i guousText ur eSur f ace

pText ur e (input)

Pointer to the pixel data portion of the texture in main memory. The address specified for this pointer is the
first address of the texture file of KAMUI texture format + 16. Specify an address aligned with a 32-byte
boundary (16 bytes of the header portion of KAMUI are skipped).

If this address is not on a 32-byte boundary, DMA transfer cannot be used, resulting in the processing
being slow.
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bAut oM pMap (input)
(This option cannot be specified for CLX1/2. If it is set to TRUE for CLX1/2,
KMSTATUS | NVALI D_TEXTURE_TYPE is returned.)

Specify whether M PMAP is automatically generated. When TRUE is specified, M PMAP is automatically
generated. If TRUE is specified, the pixel data must have KM TEXTURE_ BMP as a category code of texture
type and be a square texture of 512 x 512 texels or less.

In this case, the read texture is converted into KM TEXTURE _TW DDLED MMformat. Therefore, the type of
the surface specified by pSur f aceDesc must be KM_TEXTURE_TW DDLED MM

If TRUE is specified as bAut oM pMap, a work area of 512 KB is allocated in the stack. The operation is not
guaranteed unless sufficient memory is allocated.

bDi t her (input)

(This option cannot be specified for CLX1/2. If it is set to TRUE for CLX1/2,
KMSTATUS | NVALI D_TEXTURE_TYPE is returned.)

Specifies whether dither is applied to the texture to be read. If TRUE is specified, dither is applied. If TRUE
is specified, the pixel data must have KM TEXTURE_BMP as a category code of texture type and be a square
texture of 512 x 512 texels or less.

In this case, the read texture is converted into KM TEXTURE _TW DDLED/KM TEXTURE TW DDLED MM
format. Therefore, the type of the surface specified by pSur f aceDesc must be
KM _TEXTURE_TW DDLED/KM TEXTURE_TW DDLED WM

If TRUE is specified for bDi t her, a work area of 512 KB is allocated in the stack.
The operation is not guaranteed unless sufficient memory is allocated.

Return Value

KMSTATUS _SUCCESS Read successfully
KMSTATUS | NVALI D_ADDRESS The specified area (Surface) is not allocated.
KNMSTATUS | NVALI D TEXTURE TYPE Invalid texture type specified

KMSTATUS | NVALI DM PMAPED TEXTURE Use of Aut oM PMAP/ Aut oDi t her is attempted for a
texture for which use of M PMAP/ Di t her is inhibited.

KAM-124



3. Kamui Functions

3.11.2 Loading Texture Data Blocks

KMBTATUS kmioadText ur eBl ock(
PKIVBURFACEDESC pSur f aceDesc,
PKMDWORD pText ur e,
KMJ NT32 nBl ockNum
KMJ NT32 nBl ockS ze)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

Explanation

This function loads texture blocks from a main memory area specified by pText ur e into a texture memory
area allocated using knCr eat eText ur eSur f ace.

Texture data is divided into blocks before it is loaded. It makes it possible to load large texture data without
allocating a large work area in main memory.

To load texture data by dividing it in BUFFSI ZE* 32 byte units, for example, code the following:

i =0;
Load the first BUFFSI ZE*32 byte bl ock into pTexture;
whi | e( KMBTATUS_SUCCESS == knioadText ur eBl ock(
&TexSur f aceDesc,
pTexture,
i ++,
BUFFSI ZE

)) |
Load the next BUFFSI ZE*32 byte block into pTexture;

}

Even if the size of the whole texture data is not an integer multiple of the block size, loading is
performed normally.

Itis impossible to change the BUFFSI ZE value in a loop in which one set of texture blocks is being loaded.
If the value is changed, the texture display becomes illegal.

The format and size of the texture data to be loaded are identified by the surface descriptor specified by
pSur f aceDesc. If the actual format and size of the texture data are different from the contents of the
surface descriptor specified by pSur f aceDesc, the display becomes illegal.

If the start address of texture data in system memory is on a 32-byte boundary, and its size is a multiple of
32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that high-speed transfer
becomes possible.

If the DMA mode is used to transfer texture data, it is possible to select whether to wait until the transfer
ends. If knSet Syst enConf i gur at i on sets the KM_CONFI GFLAG_NOWAI T_FI NI SH_TEXTUREDVA
flag, the function ends without waiting for the completion of DMA transfer. In this case, the
kmQuer yFi ni shLast Text ur eDMA function can be used to check for the end of DMA transfer.

If the CPU directly rewrites texture data into main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwb instruction.)
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Arguments

pSur f aceDesc (input)

Texture surface allocated by knCr eat eText ur eSur f ace, kntCr eat eConbi nedText ur eSur f ace,
or knmCr eat eCont i guousText ur eSur f ace

pText ur e (input)

Pointer to the beginning of a texture block in main memory. If the pointer is not on a 32-byte boundary,
DMA transfer cannot be used, resulting in the processing becoming slow.

nBl ockNum(input)
Specify a texture block number from 0 to n (n varies with the format and size).

nBl ockSi ze (input)

Specify the size of a texture block in 32-byte units, that is, an actual block size (in bytes) divided by 32.
Even if the size of the entire texture block is not an integer multiple of the block size, loading is
performed normally.

Caution: This function does not support texture data of Small VQ format. If pSur f aceDesc of Small VQ
ﬂ format is specified, KMSTATUS | NVALI D_TEXTURE_TYPE is returned. ARC1 does not support
a format (like VQ, VQ-mipmap, or Twiddled-mipmap) that involves interleaving.

Return Value

KMSTATUS SUCCESS Read successfully
KMSTATUS_| NVALI D_BLOCKNUMBER Illegal block number
KMSTATUS | NVALI D_ADDRESS Specified area (Surface) not allocated.

KMSTATUS | NVALI D TEXTURE_TYPE Invalid texture type specified.
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3.11.3 Loading Part of Texture Data

KMBTATUS krmLoadText ur ePart (
PKIVBURFACEDESC pSur f aceDesc,
PKMDWORD pText ur e,
KMJ NT32 nCf f set
KMJ NT32 nSi ze)

IRIS+ARC1 COSMOS+ARC1

Partially Implemented | Partially Implemented Implemented

Explanation

This function loads texture portions from a main memory area specified by pText ur e into a texture
memory area allocated using knCr eat eText ur eSur f ace.

Texture data is divided into portions before it is loaded. This makes it possible to load a large amount of
texture data without allocating a large work area in main memory.

Unlike knmLoadText ur eBl ock, kmLoadText ur ePart can load one texture data item by dividing it
into portions of different sizes. The user is responsible for managing the size (offset from the beginning of
the texture data) of each texture portion that has already been loaded.

The format and size of the texture data to be loaded are identified by the surface descriptor specified by
pSur f aceDesc. If the actual format and size of the texture data are different from the contents of the
surface descriptor specified by pSur f aceDesc, the display becomes illegal.

If the start address of texture data in system memory is on a 32-byte boundary, and its size is a multiple of
32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that high-speed transfer
becomes possible.

If the DMA mode is used to transfer texture data, it is possible to select whether to wait until the transfer
ends. If kmSetSystemConfiguration sets the KM_CONFI GFLAG_NOMI T_FI NI SH_TEXTUREDMNA flag,
the function ends without waiting for the completion of a DMA transfer. In this case, the

kmQuer yFi ni shLast Text ur eDVA function can be used to check for the end of DMA transfer.

If the CPU directly rewrites texture data into main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwb instruction.)

Arguments

pSur f aceDesc (input)

Texture surface allocated by knCr eat eText ur eSur f ace, kntCr eat eConbi nedText ur eSur f ace,
or knCr eat eCont i guousText ur eSur f ace

pText ur e (input)

Pointer to the beginning of a texture data portion (work area) in main memory. If the pointer is noton a
32-byte boundary, DMA transfer cannot be used, resulting in the processing becoming slow.
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nO f set (input)

Specify the size of the texture data portion that has already been loaded (the offset from the beginning of
the entire texture data) in byte units. This size must be an integer multiple of 4, because it is used to obtain
the address of the transfer destination texture area in frame buffer memory.

nSi ze (input)

Specify the size of the texture data portion to be loaded, in byte units. This size must be an integer multiple
of 4. If nSize is greater than the size of the remaining texture portion (= texture size - nOffset), texture data
loading is completed by loading only the rest of the texture data.

Caution: This function does not support texture data of Small VQ format. If pSurfaceDesc for the Small VQ
ﬂ format is specified, KMSTATUS | NVALI D_TEXTURE_TYPE is returned. ARC1 does not support
a format (like VQ, VQ-mipmap, or Twiddled-mipmap) that involves interleaving.

Example
nCf fset = 0;
nSi ze = ***;

Load the first nSize byte portion of texture data into an area specified by pTexture;
whi | e( KMBTATUS_SUCCESS == knioadTexturePart(...);

ndfset = nOfset + nSize;

nS ze = ???7?,

Load the next nS ze byte portion into an area specified by pTexture;

}

Return Value

KMSTATUS _SUCCESS Read successfully

KMSTATUS | NVALI D_ADDRESS nOffset greater than the texture size.
KMSTATUS | NVALI D TEXTURE _TYPE Invalid texture type specified.
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3.11.4 Re-reading the Code Book Portion of VQ Texture

KMBTATUS kmoadVQCodebook( PKMSURFACEDESC pSur f aceDesc,
PKMDWORD pText ur e)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function reads only the code book portion of the VQ or small VQ texture in main memory as specified
by pText ur e to the VQ or small VQ texture surface specified by pSur f aceDesc. It is used to rewrite
only the code book of the VQ or small VQ texture already loaded and use the color palette effect.

If the start address of texture data in system memory is on a 32-byte boundary, and its size is a multiple of
32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that high-speed transfer
becomes possible.

If the DMA mode is used to transfer texture data, it is possible to select whether to wait until the transfer
ends. If knSet Syst enConf i gur at i on sets the KM_CONFI GFLAG_NOWAI T_FI NI SH_TEXTUREDVA
flag, the function ends without waiting for the completion of DMA transfer. In this case, the

kmQuer yFi ni shLast Text ur eDMA function can be used to check for the end of DMA transfer.

If the CPU directly rewrites texture data into main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwhb instruction.)

Arguments

pSur f aceDesc (input)

Texture surface allocated by kimCr eat eText ur eSur f ace or
knmCr eat eConbi nedText ur eSur f ace. The category of this surface must be one of the following types:

KM TEXTURE \VQ

KM TEXTURE_VQ MM

KM TEXTURE_SMALLVQ

KM TEXTURE_SMALLVQ MV

pText ure (input)

Pointer indicating a texture (code book) in main memory. Specify an address aligned with a 32-byte
boundary. This does not have to be in the complete VQ or small VQ texture format, but a code book (its size
in bytes is indicated below) must be included in the beginning.
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The following table lists the relationships between the texture size and code book size.

Texture type/size Code book size (byte)

VQ/VQ mipmap 0x800
16 x 16 small VQ 0x80
16 x 16 small VQ mipmap 0x80
32 x 32 small VQ 0x100
32 x 32 small VQ mipmap 0x200
64 x 64 small VQ 0x400
Return Value
KMSTATUS _SUCCESS Read successfully

KMSTATUS | NVALI D_TEXTURE _TYPE Invalid texture surface specified
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3.11.5 Reloading a Particular Mipmap Texture

KMBTATUS kmReLoadM prap( PKMSURFACEDESC pSur f aceDesc,
PKM/Q D pText ure,
KM NT32 nM prapCount )

IRIS+ARC1

COSMOS+ARC1

Implemented

Implemented

Implemented

Explanation

This function overwrites the mipmap texture on main memory specified by pText ur e and loads it into
the texture memory area allocated by knCr eat eText ur eSur f ace.

The type of the texture (surface) that can be specified is one of the following types:

KM TEXTURE_TW DDLED MM
KM TEXTURE_VQ MM

KM TEXTURE_PALETTI ZE4_MM
KM TEXTURE_PALETTI ZES_MM
KM TEXTURE_SMALLVQ MV

The format and size of the texture to be read are identified by the surface descriptor specified by

pSur f aceDesc.

[ Ref erence]

Offset from the beginning of Twiddled mipmap file in KAMUI texture format to each mipmap level and

the number of bytes of each mipmap level (except 16 bytes of header section)

SIZE OFFSET BYTES
1x1 6 2
22 8 8
4x4 16 (10h) 32 (20h)
8x8 48 (30h) 128 (80h)
16x 16 176 (BOh) 512 (200h)
32x32 688 (2B0h) 2,048 (800h)
64 x 64 2,736 (ABOh) 8,192 (2000h)
128128 10,928 (2ABOh) 32,768 (8000h)
256 x 256 43,696 (AABOh) | 13,1072 (20000h)
512x512 | 174,768 (2AABOh) | 524,288 (80000h)
1,024x 1,024 | 699,056 (AAABOh) | 2,097,152 (200000h)
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Offset from the beginning of VQ mipmap file in KAMUI texture format to each mipmap level and the
number of bytes of each mipmap level (except 16 bytes of header section)

SIZE OFFSET BYTES
1x1
2X2 2,048 +1 1
4x4 2,048 +2 4
8x8 2,048 + 6 16 (10h)
16 x 16 2,048 + 22 (16h) 64 (40h)
32x32 2,048 + 86 (56h) 256 (100h)
64 x 64 2,048 + 342 (156h) 1,024 (400h)
128 x 128 2,048 + 1,366 (556h) 4,096 (1000h)
256 x 256 2,048 + 5,462 (1556h) 16,384 (4000h)
512 x 512 2,048 + 21,846 (5556h) | 65,536 (10000h)
1,024 x 1,024 | 2,048 + 87,382 (15556h) | 262,144 (40000h)

Offset from the beginning of the palettized 4-bpp mipmap file in KAMUI texture format to each mipmap
level and the number of bytes of each mipmap level (except 16 bytes of the header section)

SIZE OFFSET BYTES
1x1 1 0.5
2x2 2 2
4x4 4 8
8x8 12 (och) 32 (20h)

16 x 16 44 (2Ch) 128 (80h)

32X 32 172 (ACh) 512 (200h)

64 x 64 684 (2ACh) 2,048 (800h)
128x 128 2,732 (AACh) 8,192 (2000h)
256 x 256 10,924 (2AACh) | 32,768 (8000h)
512x512 | 43,692 (AAACh) | 131,072 (20000h)

1,024x1,024 | 174,764 (2AAACh) | 524,288 (80000h)
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Offset from the beginning of the palettized 8-bpp mipmap file in KAMUI texture format to each mipmap
level and the number of bytes of each mipmap level (except 16 bytes of the header section)

SIZE OFFSET BYTES
1x1 3 1
2x2 4 4
4x4 8 16 (10h)
8x8 24 (18h) 64 (40h)
16x16 88 (58h) 256 (100h)
32x32 344 (158h) 1,024 (400h)
64 x 64 1,368 (558h) 4,096 (1000h)
128 x 128 5,464 (1558h) 16,384 (4000h)
256 X 256 21,848 (5558h) 65,536 (10000h)
512x512 | 87,384 (15558h) | 262,144 (40000h)
1,024x 1,024 | 349,528 (55558h) | 1,048,576 (100000h)

If the start address of texture data in system memory is on a 32-byte boundary, and its size is a multiple of
32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that high-speed transfer
becomes possible.

If the DMA mode is used to transfer texture data, it is possible to select whether to wait until the transfer
ends. If knSet Syst emConf i gur at i on sets the KM_CONFI GFLAG_NOWAI T_FI NI SH_TEXTUREDVA
flag, the function ends without waiting for the completion of DMA transfer. In this case, the

kmQuer yFi ni shLast Text ur eDVA function can be used to check for the end of DMA transfer.

If the CPU directly rewrites texture data into main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwb instruction.)

Arguments

pSur f aceDesc (input)
Texture surface allocated by knCr eat eText ur eSur f ace or knCr eat eConbi nedText ur eSur f ace
<Reload destination>

pText ur e (input)

Pointer indicating the pixel data portion of the texture in main memory. Indicates the beginning of the
texture data of the mipmap level specified by nMipmapCount.

<Reload source>
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nM prmapCount (input)
Specify the level of the mipmap texture to be read. One of the following enum values can be specified.

nMipmapCount | Texture Size

KM_MAPSIZE_1 1x1
KM_MAPSIZE_2 2x2
KM_MAPSIZE_4 4x4
KM_MAPSIZE_8 8x8
KM_MAPSIZE_16 16x 16
KM_MAPSIZE_32 32x32
KM_MAPSIZE_64 64 x 64

KM_MAPSIZE_128 128 x 128

KM_MAPSIZE_256 256 X 256

KM_MAPSIZE_512 512x 512

KM_MAPSIZE_1024 | 1,024 x 1,024

Caution: No DMA transfer can be used in CLX1/2, resulting in this function being slower than
kmLoadText ur e. This is because, in texture data transfer by the function, the address of the data
transfer source and destination areas is not necessarily on a 32-byte boundary.

The correct picture is not displayed if the code book at the reloading destination and that at the
reloading source coincide when reloading VQ-Mipmap. Nothing is performed if 1 x 1 Mipmap is
specified when reloading VQ-Mipmap.

The correct picture is not displayed if the texture palette data at the reloading destination and that
at the reloading source coincide when reloading Palettized-Mipmap.

(o
=

Return Value

KMSTATUS SUCCESS Success
KMSTATUS | NVALI D_PARAVETER  Invalid parameter
KMSTATUS | NVALI D_TEXTURE Invalid texture specified
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3.11.6 Reading the YUV-Format Texture Data

KMBTATUS krmoadYWVText ur e( PPKVBURFACEDESC ppSur f aceDesc,
PKMDWORD pText ur e,
KM NT32 nWdt h,
KM NT32 nHei ght,
KM NT32 nFor nat ,
KMBOCLEAN bWéi t EndCf DVA

)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function converts the YUV420-data/YUV422-data in main memory specified by pText ur e into
Non-Twiddled YUV422 texture and reads it into a texture memory area allocated by

knCr eat eText ur eSur f ace/knCr eat eConbi nedText ur eSur f ace/

kmCr eat eCont i guousText ur eSur f ace.

In doing so, the YUV-data converter built into tiling accelerator of the CLX1/2 is used. Because the output
of the YUV-data converter is Non-Twiddled, the texture surface at the read destination specified by this API
must be in either of the following formats:

KM TEXTURE_RECTANGLE | KM TEXTURE YW422// Rectangul ar
KM TEXTURE_STRIDE | KM TEXTURE_YWA422// Rectangular (with stride specification)

If two or more YUV-data are read successively at one time (nWidth x nHeight > 1), the size of each texture
must be 16 x 16 texels. Exercise care in specifying the size of texture surface at the read destination specified
by this function. In this case, texture surface at read destination must be allocated to contiguous addresses
in the frame buffer. Specify the texture surface allocated by knCr eat eCont i guousText ur eSur f ace
function.

When one YUV-data item is loaded (when nWidth x nHeight = 1), both the vertical and horizontal texture
sizes must be 16, 32, 64, 128, 256, 512, or 1,024. In this case, the texture sizes are identified according to the
contents of ppSur f aceDesc, that is, a value specified at texture surface generation is used.

If the CPU directly rewrites texture data into main memory before it is loaded, it is necessary to purge the
cache before executing the load function in order to maintain cache coherency. (Specifically, execute the SH4
ocbwb instruction.)

Arguments

ppSur f aceDesc (input)

Pointer of pointer array to KMSURFACEDESC structure indicating the texture surface that has already
been allocated

pText ur e (input)

Pointer indicating YUV420-data/YUV422-data in main memory. Specify an address aligned with a 32-byte
boundary. If the address is not on a 32-byte boundary, the YUV converter cannot operate because of
hardware constraints. In this case, KMSTATUS | NVALI D_ADDRESS is returned.
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nW dt h and nHei ght (input)

Specify the horizontal and vertical numbers of the 16 x 16 texel macro blocks to be loaded consecutively. A
value between 1 and 64 can be specified. As many macro blocks as nWidth x nHeight are loaded.

nFor mat (input)
Specifies the format of the data to be read. Specify either of the following:

KM TEXTURE_YWV420 // Indicates that the input data is YUV420-data.
KM TEXTURE _YUV422 // Indicates that the input data is YUV422-data.

bWai t EndCf DMVA (input)

If TRUE is specified, the function waits until the DMA transfer of data to the YUV converter has been
completed. This APl does not end until DMA transfer ends. If FALSE is specified, the function does not wait
until DMA transfer ends. To detect the end of DMA transfer, use the knSet EndOf YUVCal | back
function.

Return Value

KMSTATUS SUCCESS Success
KMSTATUS | NVALI D TEXTURE _TYPE Invalid texture specified
KVMSTATUS | NVALI D_ADDRESS pText ur e not on a 32-byte boundary.
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3.11.7 Deleting Texture Data

KMVBTATUS knr eeText ur e( PKMBURFACEDESC pSur f aceDesc)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function releases a specified texture surface.
Argument

pSur f aceDesc (1/0O)
Texture surface allocated by knCr eat eText ur eSur f ace
Return Value

KMSTATUS_SUCCESS Released successfully
KMSTATUS | NVALI D_ADDRESS Specified area (Surface) is not allocated.
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3.11.8 Obtaining the Available Texture Memory Space

KMBTATUS ket Fr eeText ur eMen{ PKMU NT32 pSi zeI Text ur e
PKMUN T32 pMaxBl ockSi zef Text ure

)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function returns the unused capacity of the texture memory.

The texture memory is managed in block units. If it is repeatedly allocated and released, the texture memory
is divided into many blocks. This API can check the total size (pSi zeOf Text ur e) of all the vacant blocks
of texture memory and the size of the largest vacant block (pMaxBl ockSi zeOf Text ur e).

Even if the total size of the vacant blocks is sufficient, if the size of the largest vacant block is not sufficient,
KMSTATUS_NOT_ENOUGH_MEMORY (insufficient memory) is returned when a texture surface is allocated
(knCr eat eText ur eSur f ace or knCr eat eConbi nedText ur eSur f ace).

With ARC1, the VQ and mipmap textures are interleaved in memory. Therefore, these surfaces may not be
secured even if pMaxBl ockSi zeCf Text ur e is sufficient.

To use the texture memory efficiently, secure and release as many texture surfaces as possible.
Argument

pSi zeOF Text ur e (input)
Pointer to the KMDWORD area to which the available texture memory space is returned

pMaxBl ockSi zeOr Text ur e (input)
Pointer to the KMDWORD area to which the largest vacant block in the texture memory is to be returned.

Return Value

KMSTATUS SUCCESS Success
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3.11.9 Reading the Texture in Texture Memory

KMVBTATUS ket Text ure( PKMDWIRD pText ure,
PKIVBURFACEDESC pSur f aceDesc)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function reads the texture in texture memory specified by pSur f aceDesc to the main memory
specified by pText ur e. Only the texture pixel data of the KAMUI texture format is output. No header is
appended. If Sur f aceDesc of the frame buffer is specified for pSur f aceDesc, the contents of the
specified frame buffer can be read into main memory.

If the start address of texture data in system memory is on a 32-byte boundary, and its size is a multiple of
32 bytes, the DMA mode is used to transfer the texture data to texture memory, so that high-speed transfer
becomes possible.

Arguments

pText ur e (output)

Pointer indicating the area in main memory where the texture is to be saved. Secure a multiple of 32 bytes,
aligned with a 32-byte boundary.

<Read destination>

pSur f aceDesc (input)
Texture surface to which the texture is saved.
<Read source>

Return Value

KMSTATUS_SUCCESS Read successfully
KMSTATUS | NVALI D_ADDRESS Specified texture surface is not allocated.
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3.11.10 Garbage Collection of Texture Memory

KMBTATUS knGar bageCol | ect Texture( VA D)

IRIS+ARC1 COSMOS+ARC1

Implemented Implemented Implemented

Explanation

This function performs garbage collection for the frame buffer memory. If there is a vacant area at addresses
lower than the already allocated texture surface, the texture is moved and aligned with the lower addresses.

The address of the texture is changed after this function has been called (the contents of pSur f ace of the
KMBURFACEDESC structure are rewritten). Consequently, kmPr ocessVer t exRender St at e and
knSet Ver t exRender St at e must be re-executed for all the KMVERTEXCONTEXT structures using
texture after this function is used.

Note that the frame buffer area for display, native data buffer, and VQ/Mipmap texture area of ARCL1 are
not subject to garbage collection. To use the memory efficiently, call the functions that create a frame buffer
area for display and native data buffer (knCr eat eFr ameBuf f er Sur f ace and

knCr eat eVer t exBuf f er API) before creating the texture surface and, whenever possible, release and
re-create these areas after the end of AP. With ARC1, allocate or release VQ/Mipmap texture areas at the
same time and in combination.

Argument

None

Return Value

KMSTATUS_SUCCESS Garbage collection successful
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3.11.11 Checking for Texture Load DMA Transfer End

KMBTATUS kmQuer yFi ni shLast Text ur eDMA KMQA D)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Implemented

Explanation

This function checks whether a DMA transfer started by the previous texture load function
(kmLoadText ur e, kmLoadText ur eBl ock, knLoadText ur ePart , knLoadVQCodebook, or
kmReLoadM pnap) has ended. The function is valid only if knSet Syst emConf i gur at i on sets the
KM_CONFI GFLAG_NOWAI T_FI NI SH_TEXTUREDVA flag. Otherwise, KMSTATUS_SUCCESS is returned.

Argument
None

Return Value

KMSTATUS SUCCESS Previous texture load DMA transfer ended.
KMSTATUS_NOT_FI NI SH_DVA Previous texture load DMA transfer not ended.
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4. Kamui Utility Library

This chapter explains the utility library.

Those functions that do not access the hardware but which are closely related to the hardware are supplied as a
utility library. To use these functions, include knut i | . h in the source code of the application, and link
kmutil.lib.

The names of all the functions included in this library start with kmu.

4.1 Selecting Environments

4.1.1 Selecting a Target Environment

KMSTATUS kmuSet Tar get (  KMDWORD dwTar get )

Explanation

This function specifies a target system for the KAMUI utility library. Before using the Krrut i | library,
execute this function.

Argument

dwTar get (input)
Specifies a target system by selecting it from the following:

KMJ_TARGET_ARCL ARC1 is selected as the target.
KMJ TARGET_CLX1 CLX1 is selected as the target.
KMJ TARGET_CLX2 CLX2 is selected as the target.

Return Value

KMSTATUS_SUCCESS Selected successfully
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4.2 Texture-Related Functions
4.2.1 Conversion from KAMUI Bit Map Format to Twiddled Format

KMSTATUS kmuCr eat eTwi ddl edTexture (
PKMDWORD pQut put Text ur e,
PKNVDWORD pl nput Text ur e,
KMBOOLEAN bAut oM pMap,
KMBOOLEAN bDi t her,
KM NT32 USi ze,
KMIEXTURETYPE nText ureType
)

Explanation

This function converts a texture in KM_TEXTURE_BMP format (ABGR8888) in main memory into a texture
in Twiddled/Twiddled Mipmap format. If TRUE is specified for bAut oM pMap, a mipmap is created
automatically. If TRUE is specified for bDi t her , dither is effected.

Caution: The contents of the input texture data are destroyed if mipmap or dither is specified.

o

Arguments

pQut put Text ur e (output)

Address in main memory to which converted texture data is to be written.

pl nput Text ur e (input)

Pointer indicating an input texture in KM_TEXTURE _BMP format.

bAut oM pMap (input)

Specifies whether a mipmap is created automatically. If TRUE is specified, a mipmap is automatically
created (the output is in KM TEXTURE_TW DDLED MMformat). If FALSE is specified, a mipmap is not
created (output is in KM_TEXTURE _TW DDLED format).

bDi t her (input)

Specifies whether dither is effected. If TRUE is specified, dither is effected.
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USi ze (input)
Specifies the number of texels per side of texture. Select one of the following:

KM MAPS| ZE 8
KM MAPS| ZE 16
KM MAPS| ZE 32
KM MAPS| ZE_64
KM MAPS| ZE 128
KM MAPS| ZE 256
KM MAPS| ZE 512
KM MAPS| ZE 1024

nText ur eType (input)

Specifies the pixel format of the converted texture. Select one of the following:

KM TEXTURE_ARGB1555
KM TEXTURE_RGB565
KM TEXTURE_ARGB4444

Return Values

KMSTATUS_SUCCESS Converted successfully
KMSTATUS | NVALI D_TEXTURE_TYPE Invalid texture type specified
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4.2.2 Conversion from Rectangle Format to Windows BMP Format

KMBTATUSknuConver t FBt oBMP (

PKMDWORD pQut put Dat a,
PKMDWORD p! nput Dat a,
KM NT32 nW dt h,

KM NT32 nHei ght,
KMBPPMCDE nBpp

)

Explanation

This function converts the contents of the frame buffer (rectangle format) read into main memory by
kmCet Text ur e into pixel data in Windows full-color BMP format (BGR888) and writes it into memory.
This is a debug function in that it saves the contents of the frame buffer in Windows BMP format.

This function does not create the 54 bytes of the header in Windows BMP format.
Arguments

pQut put Dat a (output)

Address of main memory into which the converted pixel data is to be written.

p! nput Dat a (input)

Pointer indicating the contents of the frame buffer. Pointer to the pixel data of the frame buffer read by
specifying a descriptor of the frame buffer surface by using kimGet Text ur e.

nW dt h and nHei ght (input)
Specifies the screen size of the read frame buffer.

nBpp (input)

Specifies the pixel format of the read frame buffer. One of the following can be specified.

KM DSPBPP_RGB565
KM DSPBPP_RGB555

KM DSPBPP_ARGBA4444
KM DSPBPP_ARGB1555

Return Value

KMSTATUS SUCCESS Converted successfully
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4.3 Functions Related to VERTEXCONTEXT
4.3.1 Multipass VERTEXCONTEXT Automatic Generation

KMUPASSSTATUS knuGener at ePassTabl e(

PKMVERTEXCONTEXT pVert exCont ext ,

KMJ NT32 nNunCont ext ,
PPKIMWERTEXCONTEXT ppVert exCont ext Tabl e,
PKMU NT32 pPass

)

IRIS+ARC1 COSMOS+ARC1

Not Implemented Not Implemented Partially Implemented

Explanation

This function generates the context for each pass of the multipass process (Trilinear) according to the
rendering specification (context) set by the user.

A multipass process requires that VERTEXCONTEXT be set (when a trilinear filter is used). This function
automatically generates VERTEXCONTEXT to relieve the user from the task of setting it for
individual passes.

When a trilinear filter is used in pVer t exCont ext , specifying a VERTEXCONTEXT value for pass 1
generates the VERTEXCONTEXT required for each pass according to the specified value. (The opaque
polygon uses a two-pass process, while the transparent polygon uses a three-pass process.) When a
trilinear filter is used for the transparent polygon, the blending mode for pass 3 can be set to any value.
However, this function sets the blending mode as follows:

SRCBl endi ngMbde = KM SRCALPHA
DSTBl endi ngbde = KM | NVSRCALPHA

If NULL is specified in ppVer t exCont ext Tabl e, only the required number of passes is returned
to pPass.

Arguments

pVer t exCont ext (input)

Pointer to the context for specifying rendering conditions

nNuntCont ext (input)

Specifies the number of entries (passes) in the prepared pVer t exCont ext Tabl e. If the specified value
is smaller than the number of actually required passes, KMJ PASS ERROR VERTEXCONTEXT PASS s
returned. In this case, the function ends only by setting the number of required passes in pPass.

ppVer t exCont ext Tabl e (output)

Specifies a pointer to an array of pointers to VERTEXCONTEXT where the generated multipass context is to
be received. If NULL is specified in this argument, only the number of required passes is returned to pPass.
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pPass (output)

KAMUI returns the number of multipasses required in the specified rendering to this argument.
Return Value

KMJ_PASS K Set successfully

KMJ_PASS ERROR_VERTEXCONTEXT Invalid (NULL) VERTEXCONTEXT

KMJ PASS ERROR _VERTEXCONTEXT_ PASS The number of specified passes is insufficient.
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4.3.2 Checking VERTEXCONTEXT

KMUPASSSTATUS knuCheckPassTabl e(

PPKMWERTEXCONTEXT ppVert exCont ext Tabl e,
KMU NT32 nNunCont ext ,
PKMU NT32 pPass

)

IRIS+ARC1

COSMOS+ARC1

Partially Implemented

Partially Implemented

Partially Implemented

Explanation

This function checks whether the content of each context in the specified VERTEXCONTEXT table is correct.
The function is intended mainly for debugging when multiple passes are used.

Arguments

ppVer t exCont ext Tabl e (input)

Specifies a pointer to an array of pointers to the prepared VERTEXCONTEXT.

nNunCont ext (input)

Specifies the entries (passes) in the prepared ppVer t exCont ext Tabl e.

pPass (output)

If an error is detected, KAMUI sets the invalid VERTEXCONTEXT in pPass.
(If KMJ_PASS_ (X is returned, the contents of pPass will be undefined.)

Return Values

KMJ_PASS_OK
KMJ_PASS_ERROR_VERTEXCONTEXT
KMJ_PASS_ERROR_VERTEXCONTEXT_PASS
KMJ_PASS_ERROR_SPRI TE_SETTI NG
KMJ_PASS_ERROR TRI LI NEAR_SETTI NG
KMJ_PASS_ERROR_BUVP_SETTI NG
KMJ_PASS_ERROR BLENDI NGMODE_SETTI NG
KMJ_PASS_ERROR_MODI FI ER_SETTI NG
KMJ_PASS_ERROR_PARAMTYPE
KMJ_PASS_ERROR LI STTYPE
KMJ_PASS_ERROR_PI| XELFORVAT
KMJ_PASS_ERROR M PMAP_D ADJUST
KMJ_PASS_ERROR_SHADI NGVIODE

Set successfully

Invalid (NULL) Ver t exCont ext
Invalid nNunCont ext (less than 1)
Invalid combination of sprite settings
Invalid combination of trilinear settings
Invalid combination of bump settings
Invalid combination of blending settings
Invalid combination of modifier settings
Invalid parameter type

Invalid list type

Invalid pixel format

Invalid M pnap_D_Adj ust

Invalid shading mode (for ARC1)
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KMJ_PASS ERROR FOGVIODE Invalid fog mode (for ARC1)
KMJ_PASS_ERROR_FI LTERMODE Invalid filter mode (for ARC1)
KMJ_PASS ERROR_TEXTURESHADI NGVIODE Invalid texture shading mode (for ARC1)
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5. Structures

5.1 Frame Buffer/Texture Surface Structure

t ypedef struct tagKVBURFACEDESC

{

KMDWORD Sur f aceType; /1 0... FrameBuffer 1...Texture
/1 KM SURFACETYPE FRAMEBUFFER
/1 KM SURFACETYPE TEXTURE
/1 KM SURFACETYPE _SNALLVQ TEXTURE
// Note The higher 16 bits of this nenber are reserved for N nja.

KMDWORD Bi t Dept h; /1 Indicates nunber of bits per pixel (e.g., 16 for
16 bpp)

// KM BI TDEPTH 16

/1 KM Bl TDEPTH 24

/1 KM Bl TDEPTH 32
KMDWCRD Pi xel Format ;// 1555, 4444, etc.

/1 KM Pl XELFCRVAT ARGB1555

/1 KM Pl XELFCRVAT _R@EB565

/1 KM Pl XELFCRVAT AR@B4444

/1 KM Pl XELFCRVAT _YWv422

/1 KM Pl XELFCRVAT _BUWP

/1 KM Pl XELFCRVAT_PALETTI ZED 4BPP

/1 KM Pl XELFCRVAT_PALETTI ZED 8BPP
uni on{

KMDWRD USi ze; /1 Wsize 8 — 1024

/1 KM NMAPSI ZE 8

/1 KM NMAPSI ZE 16

/1 KM MAPSI ZE 32

/1 KM NAPSI ZE 64

/1 KM MAPSI ZE 128

/1 KM NMAPSI ZE 256

/1 KM NAPSI ZE 512

/1 KM NAPSI ZE 1024
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KMDWORD nW dt h; /! For Frame Buffer, Horizontal S ze
}u0;
uni on{
KMDWORD VS ze; /1 Vsize 8 — 1024

/1 KM MAPSI ZE 8
/1 KM MAPS| ZE 16
/1 KM MAPSI ZE 32
/1 KM MAPS| ZE_64
/1 KM MAPSI ZE_128
/1 KM MAPS| ZE 256
/1 KM MAPS| ZE 512
/1 KM MAPSI ZE 1024

KMDWORD nHei ght ; /!l For Frane Buffer, Vertical S ze
jul;
uni on {
KMDWCRD dwText ur eSi ze; /1 Texture Size (byte)
KMDWCRD dwkr ameBuffer Size; // FraneBuffer Size (byte)
}uSi ze;
KMDWORD f Sur f aceFl ags; !/ Surface Fl ags
PKMDWORD pSur f ace; // Pointer to Surface |nstance
PKVDWORD pVirtual ; /* Texture instance(Mirtual address on SH4)*/
PKVDWORD pPhysi cal ; /* Texture instance(physical address on SH4)*/

} KMBURFACEDESC, * PKIVBURFACEDESC,

f Sur f aceFl ags
---- For texture

bit 0 0... Non M pMap 1... M pMapped
bit 2 0... Rectangle 1... Twiddl ed

bit 3 0... NonVQ 1... VQed Texture
bit 4 0... NonStride 1... Stride Select
bit 5 0... Non Palettized 1... Palettized
Specify the CR of the follow ng fl ags:

KM SURFACEFLAGS M PNAPED 0x001

KM _SURFACEFLAGS _TW DDLED 0x004

KM _SURFACEFLAGS VQ 0x008

KM SURFACEFLAGS_STR DE 0x010

KM SURFACEFLAGS _PALETTI ZED 0x020

---- For frame buffer
bit 0 O0... Full-Screen Buffer 1... StripBuffer
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5.2 Version Information Structure

typedef struct KWERSI ONI NFO

5.3

{

KMDWORD ki) or Ver si on;

KMDWCRD kniocal Ver si on;

KMDWCRD knfr aneBuf fer Si ze;

} KWERSI ONNFO  * PKMVERSI ONL NFQ

Vertex Context

typedef struct tagKM/ERTEXCONTEXT

{
KVDWORD

/* for 4 obal Paraneter
KMPARAMIYPE
KM.I STTYPE
KMOOLCRTYPE
KMWVFCRVAT

/* for ISP/ TSP Instructi
KVDEPTHMCDE

KMCULLI NGVODE
KIVBOREENCOOCRDI NATI ON
KIVBHADI NGVODE

KMVCD FI ER

KMBOCOLEAN

/* for TSP Control Word
KMVBLENDI NGVCDE
KMVBLENDI NGVCDE
KMBOCOLEAN

KMBOCOLEAN

KMFOGMODE

KVBOCLEAN

KMBOCLEAN

KMBOCLEAN

KMFLI PMCDE
KMCLAMPMODE

KMFI LTERMODE
KMBOOLEAN

KMDWCRD
KMIEXTURESHADI NGMCDE
KMBOCLEAN

KMDWCRD

Render St at e;

*/

Par anType
Li st Type
Col or Type
WFor mat

on Wrd */

Dept hMode;

Qul I'i ngMode;
ScreenCoordi nati on;
Shadi ngMbde;

Sel ect Modi fi er;
bZwWi t eDi sabl e;

*/

SRCBIl endi nghbde;
DSTBl endi ngMode;
bSRCSel ;

bDSTSel ;

FogMode;

bUseSpecul ar;

bUseAl pha;

bl gnor eText ur eAl pha;
FlipWV,

ad anpWv,

Fi | t er Mode;

bSuper Sanpl e;

M pMapAdj ust ;

Text ur eShadi nghbde;
bCol or d anp;

Pal et t eBank;

/1 Total

Size of Texture and Franme Buffer

11l

Il
11l
11
11

/1
11l
11l
11
/1l
I

/1
11
/1
/1
Il
11
11l
11
11
/1
I
Il
Il
/1
11
11

/1 1 for IRS, 2 for QOBMXB, 3 for HOLLY

Render Cont ext

Par anet er Type
Li st Type

Col or Type

W for mat

Dept h Mode Specification

Qi l'i ng Mode

Screen Coordi nation(ignored by Holly)

Shadi ng Mode

Modi fier Vol une Vali ant

Z Wite D sable

Sour ce Bl endi ng Mbde

Desitination Bl endi ng Mdde

Sour ce Sel ect

Di stination Sel ect
Foggi ng

Specul ar H ghl i ght
Al pha

I gnore Texture Al pha

Flip UV

danp UV

Texture Filter

Ani sotoropic Filter
M pmap D Adj ust
Texture Shadi ng Mode
Color A anp

Pal ette Bank

KAM-153



Kamui

/* for Texture Control Bits/Address */
PKIVBURFACEDESC pText ur eSur f aceDesc; /1 Texture DESC Poi nter

/* FaceCol or Setting for Intensity */

KMFLQOAT f FaceCol or Al pha; /1 Face Color A pha
KMFLQAT f FaceCol or Red; /! Face Col or Red
KMFLQAT f FaceCol or G een; /1 Face Color G een
KMFLQAT f FaceCol or Bl ue; /'l Face Col or Bl ue

/* Specul ar H ghlight Specification for Intensity */

KMFLQOAT f O f set Col or Al pha; /1 Specul ar Al pha
KMFLQAT f O f set Col or Red; /1 Specul ar Red
KMFLQAT f O f set Col or @ een; /1 Specul ar G een
KMFLQAT f O f set Col or Bl ue; /1 Specul ar Bl ue

/* Internal Variables */

KMDWORD A_CBALPARAMBUFFER, // Qobal Paraneter Buffer
KMDWORD | SPPARAMBUFFER, /] | SP Paraneter Buffer
KVDWORD TSPPARAMBUFFER, /] TSP Paraneter Buffer
KMDWORD Text ur ePARAMBUFFER, /] TextureParaneter Buffer

/* for Mudifierlnstruction */

KMDWORD Modi fi erlnstruction; /* Modifierlnstruction*/

KMFLQOAT f Boundi ngBoxXni n; /* Boundi ngBoxXm n( ShadowMol ure) */
KMFLOAT f Boundi ngBoxYni n; /* Boundi ngBoxYm n( ShadowMol urre) */
KMFLOAT f Boundi ngBoxXmax; /* Boundi ngBoxXmax( Shadowol urre) */
KMFLQOAT f Boundi ngBox Ynax; /* Boundi ngBox Ymax( Shadowol urre) */

/* Added on Ver.1.30 */

KMBOCOLEAN bDCal cExact ; /1 D paramcal c
KVBTR PLENGTH StriplLength /1 Strip Length
KMUSERCLI PMCDE User d i pMode /1 Userdip Mde

} KMWERTEXCONTEXT, * PKMVERTEXCONTEXT;
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5.4 Packed 32-Bit Colors

typedef union _t agkMPACKEDAREB

5.5

{
KVDWCRD

struct {
BYTE
BYTE
BYTE
BYTE
}byte;

dwPacked;

bBl ue;
bQG een;
bRed:;
bAl pha;

} KMPACKEDARGB, * PKMPACKEDARGSB;

Palette Definition Structure

typedef union _t agKMPALETTEDATA

{

struct {

KMACRD wDunmy;
KMAXCRD wPal et t eDat a;

} 16bpp;

KMDWORD dwPal et t eDat a;
} KMPALETTEDATA, * PKMPALETTEDATA,

[* for 16 bpp */

/* for 32 bpp */
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6. Texture Format

6.1 Texture Formats Supported by ARC1/CLX1

The ARC1 and CLX1/2 supports the following textures. ARCL1 in the figure indicates the texture supported by both
ARC1 and CLX1/2. CLX1 indicates the texture supported only by CLX1/2. X indicates a format that is not supported.

Texture Format ARGB 1555 | RGB565 | ARGB4444 | YUV422 | Bump | ARGB 8888

Twiddled Non VQ Square ARC1 ARC1 ARC1 CLX1 CLX1 X
Square Mipmap ARC1 ARC1 ARC1 CLX1 CLX1 X
Rectangle CLX1 CLX1 CLX1 CLX1 CLX1 X

Palettized (4, or 8bpp) CLX1 CLX1 CLX1 X X CLX1

Palettized Mipmap (4 or 8 bpp) CLX1 CLX1 CLX1 X X CLX1

Palettized Rectangle (4 or 8 bpp) CLX1 CLX1 CLX1 X X CLX1
VQ Square ARC1 ARC1 ARC1 X X X
Square Mipmap ARC1 ARC1 ARC1 X X X
Small VQ Square ARC1 ARC1 ARC1 X X X
Square Mipmap ARC1 ARC1 ARC1 X X X
Scan Order Non VQ Rectangle ARC1 ARC1 ARC1 CLX1 CLX1 X
Stride ARC1 ARC1 ARC1 CLX1 CLX1 X
VQ Square X X X X X X
Square Mipmap X X X X X X
Small VQ Square X X X X X X
Square Mipmap X X X X X X
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The ARGB8888 color uses 32 bits (4 bytes) for each pixel. The other colors use 16 bits (2 bytes) for each pixel.

The number of bits of the index for Palettized 4 bpp is 4.
The number of bits of the index for Palettized 8 bpp is 8.
The number of bits of the index in VQ or small VQ format is 8.

When the texture is input or output (knmLoadText ur e, knLoadVQCodebook, knRel oadM pmap,
krmLoadYUVText ur e, or kmGet Text ur e), if the start address of texture data in system memory is on a 32-byte
boundary, and its size is a multiple of 32 bytes, the DMA mode is used to transfer the texture data to texture
memory, so that high-speed transfer is possible.

6.2 ARC1/CLX1 Texture Formats
6.2.1 Texture Format of KAMUI

The texture format of KAMUI is the pixel data of a texture with headers (4 x 32 bits) indicating size and type
appended. The headers are not referenced by KAMUI. Instead, KAMUI identifies the format of a texture based on
information on the texture surface descriptor at the load destination specified by a load function. The headers are
appended data for high-level applications such as Ninja.

When specifying the address of a texture by using a load function of KAMUI, skip the headers and specify the first
address of pixel data.

If the start address of this pixel data portion is on a 32-byte boundary, and its size is a multiple of 32 bytes, the DMA
mode is used to transfer the texture data to texture memory, so that high-speed transfer becomes possible. KAMUI
defines an appropriate number of dummy bytes to make the size of the pixel data portion a multiple of 32 bytes.

“PVRT” (4 bytes) KAMUI identifier
Texture Data Size (4 bytes) Size of pixel data + 8
nTextureType (4 bytes) Texture format
nWidth (2 bytes) nHeight (2 bytes)

Texture Data

Pixel data

“PVRT”

The KAMUI texture starts with four half-width characters “ PVRT” , which constitute an identifier
indicating a KAMUI texture.

Texture Data Size

Saves the number of bytes of pixel data of the texture + 8. If two or more texture files are successively
synthesized into one file, the first position of the next texture can be checked by using this value.
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nText ureType

Specifies the format of the texture by using a category code and pixel format. The following enum values
are ORed and specified (see the description of kmCr eat eText ur eSur f ace).

Note that the higher 16 bits of this field are reserved for Ninja.

Category codes

KM TEXTURE_TW DDLED( 0x00000100)
Texture in Twiddled-Non VQ-Square format

Texture of special pixel array used for PCX1/PCX2

KM TEXTURE_TW DDLED MV 0x00000200)
Twiddled-Non VQ-Square format with mipmap

KM TEXTURE_TW DDLED RECTANGLE( 0x00000D00)
Twiddled-Non VQ-Rectangle format. Rectangular texture

Can be used with CLX1/2 only.

KM TEXTURE_VQ( 0x00000300)

Texture in Twiddled-VQ-Square format. Texture on which VQ (Vector Quantization) compression is
performed. The first half of the texture data includes a code book table.

KM TEXTURE_VQ MM 0x00000400)
In Twiddled-VQ-Square format with mipmap

KM TEXTURE_SMALLVQ 0x00000F00)

Texture in Twiddled-small-VQ-Square format. Texture on which VQ (Vector Quantization) compression is
performed. The first half of the texture data includes a code book table.

KM TEXTURE_SMALLVQ MV 0x00001000)
In Twiddled-small-VQ-Square format with mipmap

KM TEXTURE_PALETTI ZE4( 0x00000500)
KM TEXTURE_PALETTI ZE4_MV 0x00000600)

Texture in Twiddled-NonVQ-Palettized format

Palettized texture with index of 4 bpp (16 colors). Because only one palette can be used in a system, texture
data does not include palette information. To set a palette, use kmSetPaletteMode or kmSetPaletteData.

KM TEXTURE_PALETTI ZE8( 0x00000700)
KM TEXTURE_PALETTI ZES_MV 0x00000800)

Palettized texture with an index of 8 bpp (256 colors) in Twiddled-Non VQ-Palettized format

KM TEXTURE_RECTANGLE( 0x00000900)

Rectangular texture in Scan Order-Rectangle format. The arrangement of the pixel data conforms to
Windows BMP format.

KM TEXTURE_STRI DE( 0x00000B00)

Rectangular texture in Scan Order-Stride format. The arrangement of the pixel data conforms to Windows
BMP format.
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KM TEXTURE_BMP( 0x00000EQ0)

Input-dedicated format for MIPMAP automatic creation/dithering of kmLoadText ur e. The texture data
is ABGR8888 conforming to the pixel data in Windows BMP format (24 bpp). In this case, specifying the
pixel format in a header is not necessary.

The texture in this format is Twiddled (or Twiddled Mipmap) when read by knLoadText ur e, and the
pixel format is RGB565, ARGB1555, or ARGB4444. Specify the pixel format by
knCr eat eText ur eSur f ace.

Pixel format codes

KM TEXTURE_ARGB1555 ( 0x00000000)
Format consisting of one bit of alpha value and five bits of RGB values

The alpha value indicates transparent when it is 0 and opaque when it is 1.

KM TEXTURE_RGB565 ( 0x00000001)
Format without alpha value and consisting of five bits of RB values and six bits of G value

KM TEXTURE_ARGB4444 ( 0x00000002)
Format consisting of four bits of alpha value and four bits of RGB values.

The alpha value indicates completely transparent when it is 0x0 and completely opaque when it is OxF.

KM TEXTURE _YWV422 (0x00000003)
YUV422 format

KM TEXTURE_BUWP ( 0x00000004)
Specifies a texture for bump mapping

ARGB8888 color can be specified in Palettized format only. In this case, it is set for a palette by
kmPaletteMode API instead of nTextureType.

nW dt h, nHei ght

Specifies the horizontal and vertical sizes of a texture. The horizontal and vertical sizes of a texture must be
8, 16, 32, 64, 128, 256, 512, or 1,024.

For details, see the description of knCr eat eText ur eSur f ace.

Texture Data

Pixel data of a texture. Basically, conforms to the image in the texture memory of ARC1 and CLX1/2.

The address of the texture-specified parameter pText ur e of the texture-related API of KAMUI is the first
address of this portion. Note that the header may be skipped.

The start address of the pixel data should preferably be on a 32-byte boundary.
For details of the pixel data, see the following sections.
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6.2.2 Twiddled Format and Twiddled Mipmap Format

Twiddled-NonVQ-Square and Twiddled-NonVQ-Square Mipmap formats are usually called Twiddled and
Twiddled Mipmap formats. Twiddled format is the basic format of the PowerVR texture. Because this format
executes texture filtering such as Bilinear filter at high speeds, addressing is optimized by hardware. Therefore,
pixels in Twiddled format must not be arranged in raster order. The pixel order in Twiddled format is as shown
below. Because Twiddled format is 16 bpp, it must be doubled to obtain the actual byte addresses.

028 10|32 | 128130
13 :9:11 I I 129:131
4 16 |12 14 |
517 |13 :15 I 47
16 | 18
17 119
20
31 63
64 192

Twiddled format is as follows in KAMUI texture format:

+00h  KAMUI texture header (10h bytes)

+10h  Texture pixel data
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The size of the pixel data of a texture is as follows (with ARC1, Twiddled format must be always a square).

Vertical/horizontal size | Pixel data size

8x8 80h bytes
16 x 16 200h bytes
32x32 800h bytes
64 x 64 2000h bytes
128 x 128 8000h bytes
256 x 256 20000h bytes
512 x 512 80000h bytes
1,024 x 1,024 200000h bytes

With ARC1, the mipmap texture in Twiddled format is specially arranged in memory. ARC1 has a 64-bit texture data
bus. This bus is divided into two 32-bit banks and arranged so that each mipmap level is interleaved. To enhance
the efficiency of the memory, two sets of textures are usually interleaved and registered as one set. The level of a
mipmap is 1 x 1, i.e., the lowest level is registered first. An example of interleaving is shown below.

+0h
+8h
+10h

32

32

ARC1

[ ]

Texture A

[ ]

Texture B
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The byte address image in ARCL1 viewed from the PCI/SH4 is as follows:

+00h Dummy zero (6h bytes) +00h | Dummy zero (6h bytes)

+06h Texture Al x 1 map (2h bytes) +06h | Texture B1 x 1 map (2h bytes)
+08h Texture B2 x 2 map (8h bytes) +08h | Texture A2 x 2 map (8h bytes)
+10h Texture A4 x 4 map (20h bytes) +10h | Texture B4 x 4 map (20h hytes)
+30h Texture B8 x 8 map (80h bytes): +30h | Texture A8 x 8 map (80h bytes):

In the above example, two textures, Aand B, are interleaved and located. With KAMUI, the start address of a texture
is always aligned with an eight-byte boundary.

With KAMUI, the bank size is set to 4 MB. Where the start address of a 1 x 1 mipmap of texture Awritten into Bank0
is 00000006h, the start address of a 1 x 1 mipmap of texture B is 00400006h.

The Twiddled mipmap is interleaved and located only with ARCL1. Because KAMUI absorbs the differences
between the ARC1 and CLX1, interleaving is unnecessary in KAMUI texture format. To maintain compatibility
with SGL, two dummy bytes are provided after each header.

In KAMUI texture format, the Twiddled mipmap format is as follows (Twiddled mipmap format must always be

a square).

+00h KAMUI texture header (10h bytes)

+10h Dummy zero (2h bytes)

+12h 1 x 1 mipmap texture (2h bytes)

+14h 2 X 2 mipmap texture (8h bytes)

+1Ch 4 x 4 mipmap texture (20h bytes)

+3Ch 8 x 8 mipmap texture (80h bytes)

+BCh 16 x 16 mipmap texture (200h bytes)
+2BCh 32 x 32 mipmap texture (800h bytes)
+ABCh 64 x 64 mipmap texture (2000h bytes)
+2ABCh 128 x 128 mipmap texture (8000h bytes)
+AABCh 256 x 256 mipmap texture (20000h bytes)
+2AABCh 512 x 512 mipmap texture (80000h bytes)
+AAABCh 1,024 x 1,024 mipmap texture (200000h bytes)
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6.2.3 VQ Format and VQ Mipmap Format

Twiddled-VQ-Square and Twiddled-VQ-Square-Mipmap formats are usually called VQ/VQ Mipmap formats.

VQ (Vector Quantization) format is a compressed texture format with a high compression rate. VQ format largely
consists of two areas. One is a color table called a code book, while the other is index data that indicates the position
of this code book. The VQ format structure is very close to the palette texture in that it expands index data by a code
book and creates an image. However, this code book can be set for each texture.

In VQ format, each pixel index is arranged in Twiddled format. With the ARC1, the code book and index are
interleaved in memory to enable high-speed access. The memory mapping if mipmap is effected is shown below (if
mipmap is not effected, only the index of the registered size is registered).

Codebook for TexA Codebook for TexB I:I
Texture A
Index for 1x1: Index for 1x1
Index for 2x2 Index for 2x2 I:I
Index for 4x4 Index for 4x4 Texture B
32 32
CLX1/ARC1

A texture of VQ format consists of a code book and index data. The size of a code book is always 256 entries. Each
entry contains data for four texels.

Codebook

+0 | Pixel A Low
Pixel A High I

+

-

+2 | Pixel B Low

Pixel B High

+

w

+4 | Pixel C Low.

+5 | Pixel C High

+7 | Pixel DiLow,

+8 | Pixel DiHigh

+7FE | Codebook end

Index (Bank opposite to codebook

+0 | Index#0

+1 | Index#l

+2 | Index#2

+3 | Index#3
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If a texture of 256 x 256 is compressed by VQ, the size is reduced to about 1/7, as follows:

(256 x 256 x 16) / ((128 X 128 x 8) + (256 X 16 X 4)) = 7.1:1

1t Index

+ Code book

The byte address image in ARCL1 viewed from the PCI/SH4 is as follows:

(Y

+00h

+800h

[VQ Mipmap]

+00h

+800h

+801h

+802h

+806h

+816h

+2?2%h

Bank 0

Texture A
Code book
(800h bytes)

Texture B
Index

Bank 0

Texture A
Code hook
(800h bytes)

Dummy zero (1h byte)

Texture B
2 x 2 mipmap index (1h byte)

Texture B
4 x 4 mipmap index (4h bytes)

Texture B
8 x 8 mipmap index (10h bytes)

Texture B
16 x 16 mipmap index (40h bytes)

Dummy zero (Ah byte)

+00h

+800h

+00h

+800h

+801h

+802h

+806h

+816h

+2?7%h

Bank 1

Texture B
Code hook
(800h bytes)

Texture A
Index

Bank 1

Texture B
Code hook
(800h bytes)

Dummy zero (1h byte)

Texture A
2 x 2 mipmap index (1h byte)

Texture A
4 x 4 mipmap index (4h bytes)

Texture A
8 x 8 mipmap index (10h bytes)

Texture A
16 x 16 mipmap index(40h bytes)

Dummy zero (Ah byte)

Note that, unlike in Twiddled format, the mipmap of each level is not interleaved. In VQ, the index ofalx 1

mipmap does not exist.

With KAMUI, the bank size is set to 4 MB. If the start address of a 2 x 2 mipmap of texture B written into Bank 0 is
00000801h, the start address of a 2 x 2 mipmap of texture A is 00400801h.

The code book is interleaved only with ARCL1.

In KAMUI texture format, it is possible to safely ignore VQ interleaving.
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The VQ format of KAMUI is as follows (VQ format must be always a square).

+00h KAMUI texture header (10h bytes)

+10h Code book (800h bytes)

+810h | Index

The size of the index of a texture is as follows:

Vertical/horizontal size = Index size

8x8 10h bytes1
16 x 16 40h bytes
32x32 100h bytes
64 x 64 400h bytes
128x128 1000h bytes
256 x 256 4000h bytes
512 x 512 10000h bytes
1,024 x 1,024 40000h bytes
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The VQ mipmap format of KAMUI is as follows (VQ mipmap format must always be a square).

+00h KAMUI texture header (10h bytes)
+10h Code book (800h bytes)

+810h | Dummy zero (1h byte)

+811h | 2x 2 mipmap index (1h bytes)

+812h | 4 x4 mipmap index (4h bytes)

+816h | 8x 8 mipmap index (10h bytes)

+826h | 16 x 16 mipmap index (40h bytes)
+866h | 32 x 32 mipmap index (100h bytes)
+966h | 64 x 64 mipmap index (400h bytes)
+D66h | 128 x 128 mipmap index (1000h bytes)
;1D66 256 x 256 mipmap index (4000h bytes)
+5D66 | 512 x 512 mipmap index (10000h

h bytes)

+15D6 | 1,024 x 1,024 mipmap index (40000h
6h bytes)

+nnnh | Dummy zero (Ah byte)

Dummy data of 1 byte between the code book and index data or of 10 bytes after the index data is necessary for VQ

mipmap texture.
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6.2.4 Small VQ and Small VQ Mipmap Formats

Twiddled-small-VQ-Square and Twiddled-small-VQ-Square-Mipmap formats are usually called the small VQ and
small VQ Mipmap formats, respectively.

With the VQ/VQ Mipmap formats (described earlier), the compression ratio becomes low if the vertical and
horizontal texture sizes are smaller than 64 x 64 texels, thus requiring a texture surface that is larger than that
required by the Twiddled format, because the code book size is fixed to 256 entries (2,048 bytes). To avoid this
problem, a VQ-compressed texture is prepared by reducing the code book size to make it match the vertical and
horizontal texture sizes. This texture is called a small VQ texture.

The basic structure of the small VQ texture is the same as that in the VQ/VQ Mipmap format. For the VQ texture
in the PowerVR hardware, the code book size can be selected from 16, 32, 64, 128, and 256 entries. The relative
distance between the start address of the code book section and the start address of the index section must always
be 2,048 bytes. So, a small-sized VQ texture can be defined by grouping (combining) several VQ textures having a
small size, as shown below. This is a small VQ texture.

Code book A (64 entries) VQ texture
Code book B (64 entries) z:fg(rjESbGOng:t?ireesa)l
Code book C (64 entries)
Code book D (64 entries)
Index A VQ texture
Vacant index area
Index B
Vacant
Index C
Vacant
Index D
Vacant

In this example, the code book is divided into four 64-entry sections, into each of which a small VQ texture is loaded.
Each texture is referenced by specifying the start address of the corresponding code book.
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To increase the memory use efficiency for the small VQ texture, it is necessary to minimize the vacant area in the
index section shown in the above diagram. To satisfy this requirement, the index size must be smaller than or equal
to the small VQ code book size. So, a maximum memory use efficiency can be attained with the following
combinations of small VQ texture and code book sizes.

Size MipMap Code book size Index size (Bytes) Vacantareasize  Number of textures that can be grouped

Entry Bytes

8x8 No 16 128 (80h) 16 (10h) 112 (70h) 16
Yes 16 128 (80h) 32 (20h) 96 (60h) 16
16x 16 No 16 128 (80h) 64 (40h) 64 (40h) 16
Yes 16 128 (80h) 96 (60h) 32 (20n) 16
32x32 No 32 | 256(100h) 256 (100h) 0 8
Yes 64 | 512 (200h) 352 (160h) 160 (AOh) 4
64 x 64 No 128 | 1,024 (400h) 1,024 (400h) 0 2
Yes 256 | 2,048 (800h) 1,376 (560h) 672 (2A0h) 1

As can be seen from the table, a combination of 32 x 32 or 64 x 64 and no-mipmap achieves the highest memory use
efficiency (because the vacant area size is zero), and a combination of 64 x 64 and mipmap lowers the memory use
efficiency (because the required code book and index sizes become larger than that of an ordinary VQ texture).

The total number of pixels in an 8 x 8 texture is 64. So, compression takes effect only if the code book is smaller than
16 entries. The PowerVR does no support a code book smaller than 16 entries, so using the small VQ format for 8 x
8 textures cannot take advantage of the compression. Similarly, the size of an 8 x 8 texture in the small VQ format
combined with mipmap becomes larger than an 8 x 8 texture in the Twiddled format.

KAMUI does not support the combinations indicated by shading in the above table, because in these combinations,
the Twiddled or ordinary VQ format offers a higher memory use efficiency than the small VQ format.

KAMUI groups small VQ textures having the same size when saving them into memory. The number of textures

having the same size that are assembled into one group affects the memory use efficiency. The same texture memory
capacity ([256 + 256]*8 = 4,096 bytes) is reserved for one 32 x 32 no-mipmap texture and eight 32 x 32 no-mipmap
textures; however, kmGetFreeTextureMem offers the appropriate capacity for both cases.

When using small VQ textures, pay attention to how many are used simultaneously. The highest efficiency can be
achieved by using a multiple of the quantity stated in the "Number of textures that can be grouped" column.
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KAMUI performs the grouping of textures automatically when they are loaded.

The following tables list the small VQ formats prepared by the application program.

16 x 16 small VQ file format

+00h KAMUI texture header (10h bytes)
+10h Code book (80h bytes)
+90h Index (40h bytes)

32 x 32 small VQ file format

+00h KAMUI texture header (10h bytes)
+10h Code book (100h bytes)
+110h Index (100h bytes)

64 x 64 small VQ file format

+00h KAMUI texture header (10h bytes)
+10h Code book (400h bytes)
+410h Index (400h bytes)
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The following tables list the small VQ mipmap formats.

16 x 16 small VP mipmap

+00h KAMUI texture header (10h bytes)
+10h Code book (80h bytes)

+90h Dummy zero (1h byte)

+91h 2 x 2 mipmap index (1h bytes)
+92h 4 x 4 mipmap index (4h bytes)
+96h 8 x 8 mipmap index (10h bytes)
+A6h 16 x 16 mipmap index (40h bytes)
+E6h Dummy zero (Ah byte)

32 x 32 small VQ mipmap

+00h KAMUI texture header (10h bytes)
+10h Code book (200h bytes)

+210h Dummy zero (1h byte)

+211h 2 x 2 mipmap index (1h bytes)
+212h 4 x 4 mipmap index (4h bytes)
+216h 8 x 8 mipmap index (10h bytes)
+226h 16 x 16 mipmap index (40h hytes)
+266h 32 x 32 mipmap index (100h bytes)
+366h Dummy zero (Ah byte)
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6.2.5 Palettized 4-bpp/8-bpp Format

Twiddled-NonVQ-Palettized format is usually called Palettized format.

There are two types of Palettized format: 4 bpp and 8 bpp. A system has only one palette with a total of 1,024 entries.
For Palettized-4 bpp, the 1,024 entries are divided into 64 banks (1,024 entries/16 colors = 64 banks). For
Palettized-8 bpp, the 1,024 entries are divided into 4 banks (1,024 entries/256 colors = 4 banks). Each bank is not
physically separated, but is created by obtaining a pointer to the 1,024 entries through calculation. The 4 bpp texture
and 8 bpp texture can exist together in one scene, but the overlapping entries of the 1,024 entries are shared.
Therefore, changing the contents of the palette affects both the 4 bpp and 8 bpp textures.

The bank of the palette can be specified in VERTEX (polygon) units. A bank number is specified by Pal et t eBank
member of KMVERTEXCONTEXT. The entry that can actually be used is selected as follows using the palette bank
number (Pal et t eBank) and index value (i ndex_dat a) of each texel of a texture.

if (Pixel Format == 8BPP)

{
pal ette_entry = (Pal etteBank << 4) & 0x300 + i ndex_dat a;
}
i f (Pixel Format == 4BPP)
{
pal ette entry = (Pal etteBank << 4) + index_dat a;
}

Avalue of 0 to 63 can be specified as PaletteBank in the case of 4 bpp. Itis also 0 to 63 for 8 bpp. In this case, however,
only the higher 2 bits of the 6 bits are valid, and only four types of values can be used: 0 (0 to 15), 16 (16 to 31), 32
(32 to 47), and 48 (48 to 63).

The format in memory is almost the same as the Twiddled format. However, four dots constitute 1 (16-bit) word for
4 bpp, and four dots constitute 2 (16-bit) words for 8 bpp.
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The format of a texture is as follows:

0:2 8110 3|2 128130
113:9:11 ! ! 129:131
4 16 )12 14 |
517113115 ! 47
16 | 18
17| 19
20
31 63
64 192

The address sequence dose not differ from that of Twiddled. This is packed in little Endian, in the order of (U =0,
V=0),U=0V=1),(U=1V=0),(U=1,V =1). Therefore, the address sequence is as follows in the case of 4 bpp
and 8 bpp (Palettized/Palettized mipmap format must always be a square).

Texel arrangement for 4 bpp

Texel arrangement for 8 bpp

Bits 15-12 Bits 11-8 Bits 7-4 Bits 3-0
Texel Texel Texel Texel
U=1v=1 | U=1Vv=0 | U=0V=1 | U=0V=0
Bits 15-8 Bits 7-0
Texel Texel
U=0V=1 | U=0V=0

Palettized format in KAMUI texture format is as follows:

+00h

KAMUI texture header (10h bytes)

+10h

Texture pixel data
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The size of the pixel data of a texture is as follows:

Vertical/horizontal size Pixel data size

8x8 20h bytes 40h
16 x 16 80h bytes 100h
32x32 200h bytes 400h
64 x 64 800h bytes 1000h
128 x 128 2000h bytes 4000h
256 x 256 8000h bytes 10000h
512 x 512 20000h bytes | 40000h
1,024 x 1,024 80000h bytes | 100000h

The Palettized mipmap format in KAMUI texture format is as follows:

8 bpp
Length | Offset
+00h 10h KAMUI texture header 10h +00h
+10h 1h Dummy zero 3h +10h
+11h 1h 1 x 1 mipmap index 1h +13h
+12h 2h 2 X 2 mipmap index 4h +14h
+14h 8h 4 x 4 mipmap index 10h +18h
+1Ch 20h 8 x 8 mipmap index 40h +28h
+3Ch 80h 16 x 16 mipmap index 100h +68h
+BCh 200h 32 x 32 mipmap index 400h +168h
+2BCh 800h 64 x 64 mipmap index 1000h +568h
+ABCh 2000h 128 x 128 mipmap index 4000h +1568h
+2ABCh 8000h 256 x 256 mipmap index 10000h | +5568h
+AABCh 20000h 512 x 512 mipmap index 40000h | +15568h
+2AABCh 80000h | 1,024 x 1,024 mipmap index | 100000h | +55568h
+272%h 14h Dummy zero 8h +277?
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In the Palettized 4-bpp mipmap format, index data must be preceded by one byte of dummy data and followed by
20 bytes of dummy data. Similarly, in the Palettized 8-bpp mipmap format, index data must be preceded by three
bytes of dummy data and followed by eight bytes of dummy data.

With ARC1, a palettized texture cannot be used.

6.2.6 Rectangle Format

Scan Order-Rectangle format is usually called Rectangle format. Note that, with the CLX1/2,
Twiddled-NonVQ-Rectangle format texture also exists.

Rectangle format is a texture that can set different values for the U and V sizes. When this format is used, mipmap
cannot be effected and the performance drops relative to that in Twiddled format.

In Rectangle format, however, access is extremely easy because pixel data are arranged in raster order (complicated
addressing does not have to be performed, unlike in Twiddled format). Rectangle format can be subject to rendering
and, therefore, can be used for environment mapping.

The vertical/horizontal size of the texture that can be specified in Rectangle format is 8, 16, 32, 64, 128, 256, 512,
or 1,024.

Rectangle format in KAMUI texture format is as follows:

+00h KAMUI texture header (10h bytes)

+10h Texture pixel data

Like the location of pixel data in the Windows BMP (24 bpp), 2-byte pixel data of (U =0, V = 0) (lower left of texture)
is first located, followed by (U=1,V=0),(U=2,V=0),..(U=Umax,V=0),(U=0,V=1) and so on.
The size of the pixel data of a texture can be calculated as follows:

Size =

Number of horizontal texels (U-size) x Number of vertical texels (V-size) x 2 (bytes per texel)
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6.2.7 Stride Format

Scan Order-Stride format is usually called Stride format.

Stride format is a special type of Rectangle format. First, a global Stride value is set, after which texel is determined
by using the following addressing.

Addr = u + v*stride

Therefore, the number of horizontal texels of a texture can be varied by the Stride value. Note, however, that a Stride
value must be a multiple of 32 (see the description of knSet St ri deW dt h).

For example, when creating 640 x 480 areas in a texture of 1,024 x 1,024 when environment mapping is used, specify
640 as the Stride value. When rendering is performed on this texture surface by using knmRender Text ur e, the
portion on the first one line ((x,y) = (0,0)-(639,0)) on the screen is written to (U,V) = (0,0)-(639,0) of the texture surface,
and the portion on the second line ((x,y) = (0,1)-(639,1) is written to (U,V) = (640,0)-(1023,0) and (0,1)-(255,1) of the
texture surface.

1023

Stride
2nd Line(2) 3rd Line
2nd Line(1)
» U
640 1023
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When performing texture mapping by using this texture, the entire screen can be pasted as a texture where (U,V) =
(0.0f,0.0f)-(0.625f,0.46875f).

1024

Stride

480 |«

0 1
0,0 640 1024

The Stride format of KAMUI is exactly the same as Rectangle format. The only difference is the flag of the texture
type that is specified for nTextureType of a header.

6.2.8 BUMP-Mapping Format

With PVR2, BUMP-Mapping is implemented by the following technique. BUMP-Mapping information expresses
projections and recesses on a surface by storing a normal vector as texture data, instead of pixel data of a normal
texture. In addition, light source data is set to a bit of offset color, and the inner product of each dot is calculated
based on this light source data. Therefore, BUMP-Mapping can be used only with a polygon with texture offset.

Within PVR2, a polar coordinate system is used for calculating BUMP-Mapping. The normal vector stored in a
texture is expressed as follows:

Xs = COs(s’)cos(r’) s'=TY, %

Y; =sin(s’) where , r

Z, = cos(s’)sin(r’) r=m 5=
Angle s
Angler

s and r are stored in the texture. In this case, s and r are 8-bit data and indicate an angle of elevation and azimuth
angle of the BUMP data in the texture. Since the texture of the PVR2 is 16 bits long, one set of s and r exists per texel.
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The light source vector for the polygon to which this texture is pasted is also expressed by using polar coordinates.

X = cos(t’)cos(q’)
Y, =sin(t’)
Z, =cos(t’)sin(q")

In this case, t and q are expressed as follows, like the normal vector in a texture:

oot
t' = /2256
= ﬂ_
=T 5%

In introducing this light source vector to a polygon, a Scale Factor is introduced. This Scale Factor is hereafter called
Strength because it indicates the intensity of the light source.

By using Strength, the following K1, K2, and K3 are calculated.

k, =1 —strength
k, = strength.sin(t’)
k., =

, = strength.cos(t’)

Strength and K value are 8-bit values normalized to 1.

To give this light source information to a polygon, the following 32-bit offset color data is used.

Base Color: xRGB
K K, K, q

1

To use a Floating Color VertexType such as VertexType5, the above data is normalized to 1 and input. To use Packed
Color VertexType such as VertexType4, it must be converted into 8-bit data and packed.

The ultimate brightness of each texel is calculated from the above texture normal vector and light source normal
vector by the inner product.

X[ | X,
DotProduct = |y ||y, | = XX, +VY.y, +Z.Z
z|.|z

S |

No further textures can be pasted to a polygon on which BUMP-Mapping has been performed. To paste a texture,
the fact that translucent auto sort is GreaterEqual with the CLX1/2 is used and translucent polygon at the same
coordinates as the BUMP-Mapped polygon are registered in duplicate. In this way, a texture can be pasted to the
BUMP-Mapped polygon.
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How to use a bump map

To make KAMUI display polygons using a bump map, make the following setting. This setting is only an
example. Other settings may be able to offer diverse video representations.

Drawing polygons with only a bump map pasted

= Specifying a texture surface

Specify a pixel format by setting nText ur eType to KM_TEXTURE_BUMP. To generate a texture
surface for a twiddled mipmap bump texture, for example, specify the following:

nText ureType = KM TEXTURE TW DDLED MM KM TEXTURE_BUWP

= Setting VERTEXCONTEXT

Shadi nghbde = KM_TEXTUREFLAT
Text ur eShadi ngvbde= KM _DECAL_ALPHA
bUseSpecul ar = TRUE

ShadingMode may be set to KM_TEXTUREGOURAUD, in which case, however, the base color applies
gouraud. A luminance change made by a bump map is akin to flat shading.

= \ertex format

Itis necessary to use a vertex format that supports the specification of an offset color, such as TYPEO3,
TYPEO4, TYPE11, or TYPE12.

= Specifying a vertex color

Abump map is generated as a white texture where roughness is represented using an a value. If the
vertex color is black, and KM_DECAL_ALPHA is specified, the roughness is represented in gray
scale. The vertex color specified for polygons is added as shading to the bump. The use of a bump
map imposes flat shading. So, the color of the third or subsequent vertex becomes effective.

= Specifying an offset color

As stated above, the offset color of a polygon must be specified using parameters K1, K2, K3, and Q
(in the stated order) for indicating the direction in which light strikes the polygon. The use of a bump
map imposes flat shading. So, the offset color (K1, K2, K3, or Q) of the third or subsequent vertex
becomes effective.

Overlapping a bump map with other textures

Using a translucent polygon can overlap a bump map with another texture. In this case, a polygon with a
bump map pasted and a polygon with another texture pasted are drawn by overlapping them with each
other in the same coordinate system. Either polygon can be translucent. The resulting picture display varies
depending on which polygon is translucent and how the blend mode is specified.

The polygon with a bump map pasted is specified in the same way as stated earlier. The translucent
polygon is specified in the same way as ordinary translucent polygons, as follows:

Li st Type

bUseAl pha

Text ur eShadi nghbde

SRCBI endi nghvbde, DSTBI endi nghbde

KM _TRANS_ POLYGON
TRUE

KM_MODULATE_ALPHA
Any bl endi ng node
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6.2.9 KAMUI Bit Map Format

Because KAMUI creates a texture on which mipmap and dither have automatically been performed when a texture
is read by using kmLoadTexture API, it defines a texture in "KAMUI bit map format (KAMUI-BMP)" as its input
format. The pixel format of this texture is ABGR8888 (note that the location is not ARGB) in conformance with pixel
data in Windows BMP format (24 bpp).

(The Holly (CLX1/2) version of KAMUI does not support automatic mipmap and dither. So, it cannot use the
KAMUI bit map format. See the descriptions about kmLoadTexture for details.)

The KAMUI bit map format in KAMUI texture format is as follows:

+00h KAMUI texture header (10h bytes)

+10h | U=0,V =0 pixel data (Alpha) (1h byte)

+11h U =0,V =0 pixel data (Blue) (1h byte)

+12h | U=0,V =0 pixel data (Green) (1h byte)

+13h U =0,V =0 pixel data (Red) (1h byte)

+14h | U=1V =0 pixel data (Alpha) (1h byte)

In the same manner as the Windows BMP (24 bpp) format, pixel data of 4 bytes of (U =0, V =0) (lower left of texture)
are located first, followed by (U=1,V=0),(U=2,V=0), .. (U=Umax,V=0),(U=0,V=1),and so on.

For automatic creation of mipmap and dither, a work area of the same capacity as in the Twiddled format is
necessary in stack. Therefore, the vertical and horizontal size of a texture in bit map format handled by KAMUI is
up to 512 texels.

KAMUI bit map texture is converted into Twiddled/Twiddled Mipmap when itis read by knLoadText ur e. The
pixel format at this time is converted into KM_TEXTURE _ARGB1555, KM TEXTURE RGB565, or
KM_TEXTURE_ARGB4444 in accordance with the setting of the surface at the load destination. When creating the
load destination texture surface of KAMUI bit map texture by using knCr eat eText ur eSur f ace, specify

KM TEXTURE_TW DDLEDor KM TEXTURE _TW DDLED_ MMas a category code, and KM_TEXTURE ARGB1555,
KM_TEXTURE_RGB565, or KM_TEXTURE_ARCGB4444 as a pixel format.
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