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CHAPTER 5

TOKEN DEFINITIONS

The microcode is accessed by sending tokens and data parameters down the FIFO. The microcode gets
the token and uses its associated data parameter values to perform the desired function. If the
function is expected to return any data the results are placed in known locations of the microcode
data RAM. These locations are read by the host software to get the return data. The following
paragraphs define the tokens available in the MGR version of the GE5 microcode. Each token
description has the following sections:

- token description

- data parameter definitions

- return values in the GE5 data RAM

- example usage

The example usage is intended to show the token and data parameter type and order of usage.It is not
intended to necessarily show an exact real world usage. However the examples are intended to show
the steps the host software must take to property interface with the microcode for each token.

The tokens are listed in alphabetical order.
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GE_ABNORMAL

This token is used to set the ABNORMAL flag in microcode data RAM to the specified value. The
ABNORMAL flag indicates if the normal is to be renormalized. The host sets this flag whenever the
normal matrix stack is changed.

Data Parameters :

data type

int

parameter name

abflag

parameter description

indicates if renormaiiiation is needed or not.
-1 renormaliiation is not needed
1 renormaiiiation is needed

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include 7msetup.h”
#include “gecmds.h”

im_GEsetup;

int abfiag - 1; r indicate renormalization needed ‘1

GEVVAlTi
GE[GE_ABNORMAL].i  = 0;
GE[GE_DATA].i = abflag;
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GE_ANTIALIAS

This token is used to enable or disable antialiasing of lines. If the data parameter is 0 then
antialiasing is turned off. If the data parameter is not 0 then antialiasing is turned on.

Data Parameters

data type

int

:

parameter name

aliasflag

parameter description

sets the anitialiase mode or disables antlallasing
0 - antialiasing off
3 - 4 bit double buffer Cl mode
9 - 8 bit single buffer Cl mode
9 - 12 bit double buffer Cl mode

Return Data from Mlcrocode Data RAM :

Example Usage :

#lnc:ude ‘;ng;.h’
#include 7msetup.h’
#include “gecmds.h’

im_GEsetup;

lnt aliasflag - 0; /’ turn off antialiasing ‘/

GEWAIT;
GE[GE_ANTIAlJASJ.i  = 0;
GE[GE_DATA].i  = aliasflag;
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GE_AUXWRITEMASK

This token is used to set the Raster Engine AUXMASK register. This register contains 9 bits which
are used as a write mask for the PUP, UAUX, WID and 2 buffer bitpfanes. A 0 bit disables writes
and a 1 bit enables writes. The base configuration has only two auxiliary bitplanes and two window
ID bitplanes. In this configuration bits 7-6 and 3-2 have no meaning and should be set to zero. The
PUP, UAUX or WID bitplanes to be written to are selected with the GE_DRAWMODE token. Since
these bitplanes can only be selected individually the GE_AUXWRITEMASK should be set
appropriately for the biilanes being accessed. The following settings allow the various bitplanes to
be accessed without affecting the other bitptanes.

0x003
oxooc
OxOFO
0x100

to write to just the PUP bitplanes
to write to just the UAUX bitplanes
to write to just the WID bitplanes
to write to just the 2 Suffer bitplanes

Data Parameters :

data type parameter name

int auxmask

bits

parameter description

auxiliary write mask value

bitplanes masked

1 - o PUP bitplanes
3 - 2 UAUX bitplanes
7 - 4 WI D bitplanes

6 2 buffer bitplanes

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include “imsetup.h’
#include ‘gecmds.h’

im_GEsetup;

Int auxmask = 0x10; r set mask for WID bitplane 0 ‘1

GEWAIT;
GE(GE_AUXWRITEMASKj.i  - 0;
GE[GE_DATA].i = auxmask;
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GE_BACKFACE

This token is used to enable and disable backface polygon
vertices defined in a clockwise order.

Data Parameters :

MGR Technical Reference

removal. A backface polygon has it’s

data type parameter name parameter description

int bf_flag badcface polygon removal flag
1 enable backface poly removal

-1 disable backface poly removal

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include 3msetup.h’
4iicddti *gem &.h’

im_GEsetup;

int bf_flag - 1;

GEWAlT;
GE[GE_SACKFACE].I = 0;
GE[GE_DATA].I - bf_flag;
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GE_BEGINBBOX

This token is used to begin bounding box mode. Two culling parameters specify the x and y size for
the smallest displayable feature. The bounding box is then specified using the GE-POLYGON,
GE_VEFITEX3 and GE_ENDPOLYGON  bkens

Data Parameters :

data type

int
Int

parameter name

minx
miny

Return Data from Microcode Data RAM :

Example Usage : .

#include ‘mgr.h”
#include ‘imsetup.h”
#include “gecmds.h’

im_GEsetup;

int minx - 10, miny - 20;

parameter description

minimum x size in pixels
minimum y size in pixels

GEWAIT;
GQGE_BEGINBBOX].i  - 0;
GE(GE_0ATAJ.i  = minx:
GE[GE_DATA].i  - miny;
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_* GE_BEGINMESH

This to&en is used to mark the start of a list of vertex routines interpreted as points in a triangle
mesh.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include ‘imsetup.h’
#include “gecmdsh”

im_GEsetup;

GEWAIT;
GE[GE_BEGINMESH].i  - 0;
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GE_CLOSEDLINE

This token is used to mark the start of closed line mode which draws line segments between the
specified vertices.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include ‘imsetup.h’
#include ‘gecmds.h’

im_GEsetup;

GEVVAIT;
GE[GE_CLOSEDLINE).i - 0;
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GE_CMOV2
-__-

This token is used to move the current character position to the 2-D location specified by the
absolute world coordinate floating point data parameters. The next GE_DRAWCHAR token sent will
display it’s character at the specified x, y location.

Data Parameters :

data type parameter name

float
float

cx
cY

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h”
#include ‘imsetup.h’
!!?~s!ude “gesmdzh”

im_GEsetup;

-
float cx = 4.0, cy - 2.0;

GEWAIT;
GE[GE_CMOV2].i  = 0;
GE[GE_DATA].f = cx;
GE[GE_DATA].f  = cy;

--

5-9
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GE_CMOV21

This token is used to move the current character position to the 2-D location specified by the
absolute world coordinate integer data parameters. The next GE_DRAWCHAR  token sent will display
it’s character at the specified x, y location.

Data Parameters :

d-type
int
int

parameter name

cx
cY

parameter description

character x location
character y location

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include 7msetup.h”
#include “gecmds.h”

im_GEsetup;

int cx - 4, cy = 2;

GEWAIT;
GE[GE_CMOVPI].i  - 0;
GE[GE_DATA].i  - cx;
GE[GE_DATA].i  = cy;
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GE_CMOVS

This token is used to move the current character position to the 3-D location specified by the
absolute world coordinate floating point data parameters. The next GE_DRAWCHAFl  token sent will
display it’s character at the specified x, y, z location.

Data Parameters :

parameter name

float
float
float

cx
CY
a

Return Data from Mlcrocode Data RAM :

Example Usage :

#include “mgr.h”
#include “insetuph’
#include “gecmdsh”

im_GEsetup;
_-

float cx = 4.0, cy = 2.0, a = 6.0;

GEWAIT;
GE[GE_CMOV3].i  - 0;
GE[GE_DATA].f - cx;
GE[GE_DATA].f  = cy;
GQGE_DATAJ.1  = cz;

-_
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character x bcatbn
character y bcatbn
character 2 location
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This token is used to move the current character position to the 3-D location specified by the
absolute world coordinate integer data parameters. The next GE_DRAWCHAR token sent will display

GE_CMOV3I

it’s character at the specified x, y, z location.

Data Parameters :

d-type parameter name

int cx
int cY
int a

Return Data from Microcode Data RAM :

parameter description

character x location
character y location
character 2 location

Example Usage :

#include ‘mgr.h”
#include 7msetup.h”
#include ‘gecmds.h

im_GEsetup;

int cx - 4, cy = 2, cz - 6;

GEWAIT;
GE(GE_CMOV31].i - 0;
GE[GE_DATA].i  = cx;
GE[GE_DATA].i  - cy;
GE[GE_DATA].i  = a;
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GE_CMOV4

This token is used to move the current character position to the 3-D location specified by the
absolute homogeneous coordinate floating point data parameters. The next GE_DRAWCHAR token
sent will display it’s character at the specified x, y, z, w location.

Data Parameters :

data type parameter name

float
float
float
float

cx
cY
u
cw

Return Data from Microcode Data RAM :

Example Usage :

#include “r;1gr.h’
#include ‘imse!up.h’
#include ‘g8cmds.h’

im_GEsetup;

float cx = 4.0, cy - 2.0, cz - 6.0, cw = 1.0;

GEWAIT;
GE[GE_CMOV4)J  = 0;
GE[GE_DATA].f - cx:
GE[GE_DATA].f  = cy;
GqGE_DATA].1  - cz;
GE[GE_DATA].f = cw;

-’
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GE_CMOV41

This token is used to move the current character position to the 3-D location specified by the
absolute homogeneous coordinate integer data parameters. The next GE_DRAWCHAR token sent will
display it’s character at the specified x, y, z, w bcatipn.

Data Parameters :

data type parameter name

int cx
int cY
int a
int cw

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include 7msetup.h”
#include “gecmds.h’

im_GEsetup;

int cx-4,cy=2,a=6,cw-1:

GEWAIT;
GE[GE_CMOV4l].i k 0;
GE[GE_DATAJ.i - cx;
GE[GE_DATA].i = cy;
GE[GE_DATA].i  = a;
GE[GE_DATA].i  = cw;

parameter description

character x location
character y location
character 2 location
character w b&on

, . . . . -9

-
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GE_COLOR

This token is used to set a color index value using an integer data parameter. The GE_DRAWMODE
token determines which bitplanes the color value is written to. It can be be written to the Frame
Buffer biplane for color index pixels (see GE_PIXTYPE) or It can be written to the PUP, UAUX or
WID bitplanes.

Data Parameters :

data type

int

parameter name

color

parameter description

ootor index color value for drawing
0 - OxFF for base configuration
0 - OxFFF for enhanced configuration

Return Data from Mlcrocode Data RAM :

Example Usage :

?!L!ZC!*X!Z “mgr.h’
#include ‘imsetup.h”
#include ‘gecmds.h”

. im_GEsetup;

int color - 5; r Magenta ‘I

GEWAIT;
GE[GE_COLOR].i - 0;
GE[GE_DATA].i = color;
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GE_COLORF

This token is used to set a color index value with the floating point cobr index. The GE_DRAWMODE
token determines which bitplanes the color value is written to. It can be be written to the Frame
Buffer bitplane for color index pixels (see GE_PIXTYPE) or it can be written to the PUP, UAUX or
WID bitplanes.

Data Parameters :

parameter name parameter description

float colorf color index color value for drawing

Return Data from Mlcrocode  Data RAM :

Example Usage :

#include ‘mgr.h”
#include 7msetup.h’
#include ‘gecmds.h”

im_GEsetup;

float colorf - 1.0: I* Red 7

GEWAIT;
GE[GE_COLOR].i = 0;
GE[GE_DATA].f  = colorf;
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GE_COMPOSEMATRIX

This token is used to ancatenate two matrices whii are located on the special PHlGSs matrix stack.
The PHlGSs stack occupies the bottom six matrix entries of the sixteen total matrix entries. This
allows the matrix concatenation to be done at the Geometry Engine speeds rather than at the host
speeds which are considerably slower. The data parameters specify the matrix index of the two
matrices which are to be concatenated and the index of the matrix in which the result is to be stored.
This token is not currently used by any of the graphics library calls.

Data Parameters :

data type

int
int
int

parameter name

src index1
srcIindex2

result-index

parameter description

source matrix index 1
source matrix index 2
result matrix index

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include ‘imsetup.h”
#include ‘gecmds.h”

im_GEsetup;

lnt
int

src_Index1 - 11, src_index2 = 12;
result-index - 13;

GEWAIT;
GE(GE_CCMPCSEMATRI~.i  = 0;
GEiGElDATA1.i = src_index1  ;
GE[GE_DATA].i = src_index2;
GE[GE_DATA].i = result-index;
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GE-CONCAVE

This token is used to enable and disable concave polygon mode. When concave polygon mode is
enabled the micro&e expects concave polygons.

Data Parameters :

data type parameter name parameter description

lnt cp-flag concave polygon flag
1 concave polygon mode enabled

-1 concave polygon mode disabled

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include ‘ims8tup.h’
#include ‘gecmds.h’

im_GEsetup;

int *-flag - 1;

GEWAK;
GE[GE_CONCAVEJ.i = 0;
GE[GE_DATA].I  = cp_flags;
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GE_COPYMATRIX

This token is used to copy a matrix from one location to another on the special PHlGSs matrix stack.
The PHlGSs stack occupies the bottom six matrix entries of the sixteen total matrix entries. The
data parameters specify the source matrix index which is to be copied and the destination matrix
index where the copy will be stored. This token is not currently used by any of the graphics library
calls.

Data Parameters

data type

int
int

Return Data from

Example Usage :

..

parameter name

src_index
dest_index

Microcode Data RAM :

_ tinclxk3  ‘m(;:.k’
#include ‘imsetup.h’
#include “gecmdsh”

-- im_GEsetup;

Int src_index = 13;
int dest_index = 15;

GEWAlT;
GE[GE_COPYMATRIXJ.i = 0;
GE[GE_DATA].i = src_index;
GE]GE_DATA].i  = dest_index;

parameter description

source matrfx index
destination matrix index

.
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G E_CTXO

This token is used to initiate a graphics context switch in the microcode. It has a value of OxFO
which causes the HQl to recognize the token as a context switch token. Before this token is sent the
finish 1 flag must be cleared because it will be set when the microcode is ready to do a DMA of the
current context or of the new context.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include ‘gecmds.h’

Jw4 zero - 0

FlNlSH_WR(FINlSHl_OFF, 0); r clear finish flag 1 ‘/

FIFO_WR(GE_CTXO, zero):
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GE_CTXl

--

This token is used to oontinue the start of a graphics context switch. It has a value of OxFF which
causes the HQl to recognize it as a context switch token. This token is sent immediately after the
GE CTXO token. This is to handle the case where the microcode was in the process of doing two FIFO
reaz operations when the GE_CTXO token was sent. The GE7CTXl token prevents the second FIFO
read from stalling the microcode forever (or until the kernel timed out and did a reset).

This token is followed by two data parameters. The first parameter indicates if the current context
needs to be saved or not. If it does then it has to be DMAed out of the microcode data ram to the host.
The second parameter indicates the DMA s&e of the new incoming context.

Data Parameters

data type

float

float

:

parameter name

old-state .

new-site

parameter description

the state of the current context
-1.0 - CTX_DEAD (can be overwritten) ’
1.0 - CTX_ALIVE (needs saving)

the DMA size of the incoming context
-1.0 - CTX_SMALL
1.0.CTX 8!C
2.0 - CTXINEW

Return Data from Microcode Data RAM :

Address Description

DMA_CCUNT Contains the DMA word count for the amtext to be removed
‘PCSAVE Contains the microinstruction where the restored context will resume
l PCSAVE + 1 (+2) Next microinstruction

Example Usage :

#include “mgr.h’
#include ‘gecmds.h”
#include ‘ge5,giob.h’

.

zero - 0;

bng context-state = CTX_ALIVE;

FIFO_WR(GE_CTXl, zero):

FiFO_WR(GE_DATA,  Cm_ALtVE):
FiFO_WR(GE_DATA,  CTX_SMALL);

for (i-0 ; i < TiMEOUT_CXRDY : i++) (
if (FiNiSH_POLL(FiNiSHl_OFF))

break:
r Don’t poll every time through the loop ‘1
DELAY(P); r a small 2 microsecond delay ‘1
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r if a timeout occurred then the MGR adapter must have some probtem or the microcode is
stalled. Can report the error or initiate a full adapter reset and reinitialiration ‘1

if ( i =I TIMEOUT_CXRDY)
r do a return with an error code so the error can be handled ‘1

r if the current context is alive and must be saved ‘1

tf (context-state - -  CTX_AUVE ) {
FINISH_RD(FINISHO_OFF,  curcxp->flnishO); p save finish 0 gag in host context area l f
HQM_WR(DMA_COUNT); P set address to the DMA_COUNT  address ‘1
DRAM_RD(DMA_COUNT, count); r get the DMA word count of the context to save *I

P set up Eddy chip for microcode data RAM to host context save buffer DMA transfer ‘1

1
if (new-context-state -- CTX_SMALL  jj new-context-state == CTX_BIG) {

FINlSH_WR(FINlSHO_OFF, newcxp->finishO);  /’ restore finish 0 flag of incoming ctx ‘1

P Do the ctx rollback operation to adjust the microcode to account for context switching in
the middle of a token parameter list ‘/

HQMMSB_WR(l); P set HQ mid address MSB reg to access ucode RAM ‘1

HQRDPC(savepc); r save the current GE5 PC ‘1

r get the saved pc from the outgoing context which is still in host memory l I

pc = ‘(long ‘)(gfxcxp + GFll_GETOCX(PCSAVE)) 8 Ox7FFF; r low 15 bits only ‘1

HQM_WR(pc); r set the HQMAR to the saved pc address ‘1

URAM_RD(pc, inst); r read the microcode instruction at that address ‘1

r check the microcode instruction and the following one for a memptr autolncrement, an
reptr autoincrement. If either type is found then decrement the MEMPTR or the REPTR field
in the context to be loaded l /

H (inst 6 CX_INCMEM) {
‘(gfxcxp + GRl_GETOCX(MEMPTR)) -- 1; r decrement memptr to be restored ‘1

ff (inst 8 CX_INCRE) {
‘(gfxcxp + GRl_GETOCX(REPTR)) -= 1; r decrement memptr to be restored ‘/

if (inst 8 CX_FIELDP) (
pc +-2; r adjust pc by 2 for double word instruction ‘/

elSe
PC++; r adjust pc by 1 for single word instruction l /

HQM_WR(pc);
URAM_RD(pc, inst); r read the microcode instruction ‘/
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if (inst 8 CXJNCMEM) {
‘(gfxcxp + GRl_GETOCX(MEMPTR)) -= 1; /’ decrement memptr to be restored ‘1

if (inst 8 CX_iNCRE) {
‘(gfxcxp + GRl_GETOCX(REPTR)) -- 1; r decrement memptr to be restored l /

r restore the GE5 PC saved above so the context switch microcode can continue 7

HQM_WR((iong)savepc);

,URAM_RD((long)savepc,  inst); r reading URAM resets the PC to the specified address l /

P now get the HQ MAR register previously saved value and restore it l /

HQM_WR(*(long l )(gfxcxp + GRl_GETOCX(HQMSAV));

HQMMSB_WR(O); r reset MAR MSB reg to 0 l /

/‘ The outgoing context’s rollback operation is now complete ‘/

r Set up the second Eddy DMA channel for the host to ucode data ram DMA transfer ‘/

FINISH_WR(FINISHl_OFF, 0): I’ clear finish flag 1 l I
-

. P Unstall the GE5 so it can do the DMA operation ‘/

HQMMSB_WR(l); r set MSB reg to 1 to issue clear stall command 7
HQCLRSTL& r issue the clear stall command l /
HQMMSB_WR(O); r reset the MSB reg ‘I

r Start the ucode data RAM to host buffer DMA transfer on channel 0. Channel 1 DMA will
continue as soon as channel one DMA completes ‘/

for (l=O ; i < TIMEOUT_CXDONE ; i++) (
if (FINISH_POLL(FINISHl_OFF))

break:
;Ert(2z41 every time through the loop *I

.I r a small 2 microsecond delay ‘1
1

r if a timeout occurred then the MGR adapter must have some problem or the microcode is not
happy about something. Can report the error or initiate a full adapter reset and reinitialiration
‘/

if ( i =- TIMEOUT_CXDONE)
r do a return with an error code so the error can be handled ‘/

r The old context is saved in the host memory and the outgoing context has been loaded and
should be active as far as the adapter is concerned ‘I
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GE_CURRENTWlD

This token is used to se1 the CURWID register in the Raster Engine. The CURWID register is used to
hold the current window ID (WID) used for window ID checking. When window ID checking is
enabled, a pixel write to the frame buffer occurs only when the current window ID matches the
window ID bitplanes for the selected pixel. For the base configuration the current WID Is only 2
bits. For the enhanced configuration the current WID is 4 bits. If the fast 2 clear mode is enabled
(DEPTHFN bit 3 set) then only the upper 3 bits of the current WID are used for the comparison.

Data Parameters :

data type parameter name parameter description

int currenlwid specified current Window ID

Return Data from Microcode Data RAM : _

Example Usage :

- #include ‘mgr.h’
#include ‘imsetup.h”
#include ‘gecmds.h”

im_GEsetup;

Int currentwid - 1;

GEWAIT;
GE[GE_CURRENTWID].i  - 0;
GE(GE_DATA].f  = currentwid;

r Window ID equal 1 l /
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GE_CURVEIT

MGR Technical Reference

This token is used to perform fast curve rendering by specifying an iteration count. The iteration
count is used to iterate th8 matrix on the top of the matrix stack as a forward difference matrix.
This token is preceded by a GE-MOVE31 tOk8n and its coordinate data. The curve is then drawn by
performing th8 matrix iteration and drawn the appropriate line segments.

Data Parameters :

d-type
float

parameter name parameter description

itcount the matrix iteration count

Return Data from Microcode Data RAM :

ExampIe  Usage :

#include ‘mgr.h’
#include ‘imsetup.h’
itin&Xfc ‘gccmdsh”

im_GEsetup;

float itcount - 10.0;

GEVVAIT;
GE[GE_CURVEITJ.I - 0;
GE[GE_DATA].f = itcount;
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GE_CZCLEAR

This token is used to clear the image bitplanes and the Zbuffer bitplanes. The image bitplanes are
cleared to the specified color. The color is either an RGB color or a color index depending on the
pixel type specified by the GE_PIXTYPE token. The fastzfiag indicates if the fast z dear mode should
be used to clear the 2 Buffer. If faSk&ar  is set to 1 then a fast Z buffer clear is done by setting bit
3 of GE_DEPTHFN and by setting the least significant bit of the window ID bits. The fast Z clear
mode can only be used on the enhanced adapter. Refer to the Raster Subsystem chapter for additional
details on the fast z clear method of clearing the Z buffer bitplanes. If the faskclear bit is -1 then
the Z buffer is actually cleared to the value in the zvalue parameter. If a raster operation other
than 3 has been specified by the GE_RASTEROP token then the faskclear flag is ignored and the Z
Buffer is cleared using the slower method of writing the zvalue to the Z Buffer bitplanes.

If PICKMODE  is active the bitplanes will not be cleared and the MOREHITS  flag will be set. If the
SIMPLE flag is set to 1 then the fast block write clear will be performed unless the faskciear flag
is set for a slow clear. The SIMPLE flag should be set to 1 if the window is 1 to 4 pieces and it
should be set to -1 if the window is five or more pieces. The czciear microcode clears only the ,
rectangles described by the piece list set using the GE_SETPIECES token. Also the RE2 hardware
screen mask set with the GE_SCRMASK token clips the pixel writes which are outside the screen
mask rectangle. Refer to the GE_SCREENCLEAR token for additional information.

Data Parameters :

data type

int
int
lnt
lnt
lnt

parameter name

redcolor
greencolor
bluecolor

tvalue
faskflag

parameter description

Red color value or Cl value
Green color value or 0 if Cl mode
Blue color value or 0 if Cl mode
Z Value to be loaded into Z buffer
Fast Zbuffer clear flag

.-1 - disable fast zciear
1 - enable fast zciear

Return Data from iWcrocode Data RAM :

.

Example Usage :

#include ‘mgr.h’
#include ‘1msetup.h’
#include “gecmds.h’

im_GEsetup;

int redcolor = OxFF, greencolor - 0, bluecolor = 0x80; r some strange color l /
int zvaiue = 0; r z-value isn’t used if doing a
lnt faskflag - 1; r Enable fast t clear (only on

GEWAIT;
GE[GE_CZCLEAR].i - 0;
GE[GE_DATA].i  I redcolor;

fast z clear ‘1
the enhanced adapter) ‘1
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GE[GE_DATA].i - greencolor;
GE(GE_DATA].f  - bluecolor;
GE[GE_DATA].i  = zvalue;
GE[GE_DATAJ.I  - fastzflag;

MGR Technical Reference
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GE-DATA

This token is not a command token but is instead used to send parameter data for the other tokens.
The data can be either a 32 bit integer or an IEEE format 32 bit floating point value. The use of this
token is shown in the other token descriptions which have data parameters. The value written can
be a constant or a variable.

Example Usage :

P An integer constant, refer to the various token descriptions for examples of integer variable
usage l /

GE[GE_DATA].i  = 1; /’ integer parameter l /

r A floating point constant, refer to the various token descriptions for examples of floating
point variable usage l /

GE(GE_DATA].f  - 2.0; P floating point parameter ‘1

P If floating point data cannot be sent down the FIFO a work around example ‘1

float temp; 1

temp = 2.0;

GE[GE_DATA].i  - ‘(int’)&temp;

.-
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GE_DEPTHCUE

This token is used to enable or disable depth cueing. When depth cueing is enabled the shaderange or
RGB shaderange value along with the z value determine the pixels color.

Data Parameters :

data type

int

parameter name

h-flag

parameter description

depth cue mod8 flag
0 - disable depth cue mode
1 - enable depth cue mode

Return Data from Microcode Data RAM : .

Example Usage :

#include “mgr.h’
#include “ims8tup.h”
tlncludo “gczn5z.h’

im_GEsetup;

int dc_flag - 1;

GEWAIT;
GE[GE_DEPTHCUEJ.i = 0;
GE[GE_DATA].I  = dc_flag;
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GE_DEPTtiFN

This token is used to specify the comparison function for the 2 comparison circuitry in the RE2..
This token causes the DEPTHFN register in the RE2 to be immediately changed. Normally the
GE_ZFUNCTION token specifies the depth function used during 2 Buffer mode and this token would be
used to temporarily override the current 2 function value while doing a 2 Buffer clear.

The depth function is composed of four bits with the first three specifying the relational comparison
function and the fourth bit controlling the enabling or disabling of the fast Z clear mode of
operation. If bit 3 is set and the least significant bit in the Window ID is set then the source value
is made invalid and the compare passes. The function specified would cause the Z compare to always
pass and would enable the fast Z dear for the enhanced system and would disable it for the base
system.

Data Parameters :

data type

int

parameter name

depthfn

parameter description

desired Z depth comparison function
0x7 for base system so Z compare always

passes and fast Z dear is disabled
OxF for enhanced system 50 Z compare a

always passes and fast Z clear is enabled

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include ‘imsetup.h’
#include ‘gecmds.h’

im_GEsetup;

int depthfn I OxF; r sat for fast Z clear on enhanced system ‘/

GEwAlTl
GE[GE_DEPTHFNJ.1  - 0;
GE[GE_DATAJ.i  = depthfn;
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GE-DRAW2

This token is used to draw a line from the current graphics drawing position to the specified 2-D
position. The destination position is specified in absolute world coordinates and the coordinate data
parameters are specified using floating point format. After the line is drawn the current graphics
position is updated to the destination position.

Data Parameters :

data type

float
float

parameter name

mx
my

parameter description

absolute x graphics position
absolute y graphics position

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
,Yinc!udc “imsa:up.h”
#include “gecmds.h’

im_GEsetup;

float mx - 4.0, my - 2.0;

GEWAIT;
GE(GE_DRAWP].i  - 0;
GE[GE_DATA].f = mx;
GE[GE_DATA].f = my:

5-31



Chapter 5 Token Definitions Silicon Graphics Confidential

GE-DRAW21 ’

This token is used to draw a line from the current graphics drawing position to the specified 2-D
position. The destination position is spedfied in absolute world coordinates and the coordinate data
parameters are specified using integer format. After the line is drawn the current graphics
position is updated to the destination position.

Data Parameters :

data type parameter name parameter description

Int
int

mx
my

absolute x graphics position
absolute y graphics position

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h”
#include “imsetup.h”
#include ‘gecmdsh”

im_GEsetup;

int mx = 4, my I 2;

GEwrn,
GE[GE_DRAWPI].i  I 0;
GE[GE_DATA).i  = mx;
GE(GE_DATA].i  = my;
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GE-DRAW3

This token is used to draw a line from the current graphics drawing position to the specified 3-D
wsition. The destination Position is specified in absolute world coordinates and the coordinate data
barameters are specified ‘using floating point format. After the line is drawn the current graphics
position is updated to the destination position.

Data Parameters :

data type parameter name parameter description

float
float
float

mx
my
mz

absolute x graphics position
absolute y graphics position
absolute t graphics position

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#Include “imsetup.h’
#include “gecmds.h”

lm_GEsetup;

float mx = 4.0, my = 2.0, mz - 6.0;

GEWAIT;
GE[GE_DRAW3].i I 0;
GE[GE_DATA].f = mx;
GE[GE_DATA].f  = my;
GE[GE_DATA]f  = n-u;
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GE-DRAW31

This token is used to draw a line from the current graphics drawing position to the specified 3-D
position. The destination position is specified in absolute world coordinates and the coordinate data
parameters are specified using integer format. After the line is drawn the current graphics
position is updated to the destination position.

Data Parameters :

data type parameter name parameter description

int
int
int

mx
my
mr

absolute x graphics position
absolute y graphics position
absolute 2 graphics position

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include 7msetup.h”
#include ‘gecmds.h”

im_GEsetup;

int mx = 4, my = 2, mr = 6;

GEWAJT;
GE[GE_DRAW3l].l - 0;
GE[GE_DATA].i  - mx;
GE[GE_DATA].i  - my;
GE[GE_DATA].i  - mr;
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GE-DRAW4

This token is used to draw a line from the current graphics drawing position to the specified 3-D
position. The destination position Is specified in absolute homogeneous coordinates and the
coordinate data parameters are specified using floating point format. After the line is drawn the
current graphics position is updated to the destination position.

Data Parameters

data type

float
float
float
float

Return Data from

Example Usage :

..

parameter name parameter description

mx
my
mz
mw

Microcode Data RAM :

absolute x graphics position
absolute y graphics position
absolute 2 graphics position
absolute w graphics position

#include “mgr.h”
#include “imsetup.h’
#include ‘gecmds.h”

im_GEsetup:

float mx = 4.0, my - 2.0, mz = 6.0, mw = 1.0:

GEWAIT;
GE[GE_DRAW4].i - 0;
GE[GE_DATA].f = mx;
GE[GE_DATA].f  = my;
GE[GE_DATA].f  = mz;
GE[GE_DATAJ.f = mw; .
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GE_DRAW4I

This token is used to draw a line from the current graphics drawing position to the specified 3-D
position. The destination position is specified in absolute homogeneous coordinates and the
coordinate data parameters are specified using integer format. After the line is drawn the current
graphics position is updated to the destination position.

Data Parameters :

data type parameter name parameter description

int
int
int
int

mx
my
mz
mw

absolute x graphics position
absolute y graphics position
absolute z graphics position
absolute w graphics position

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h”
#include 7msetup.h’
#include “gecmds.h”

im_GEsetup;

lnt mx=4,my-2,mz-6,mw-1;

GEWAIT;
GE[GE_DRAW4l].i - 0;
GE[GE_DATA].i  = mx;
GE[GE_DATA].i  - my;
GE[GE_DATA].i - mz:
GE[GE_DATA].i  - mw;
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GE_DRAWCHAR

This token is used to draw a character bitmap on the screen at the current
(cpos). After the character is drawn the cpos is updated to the next character

character position
position. The data. . . . . _parameters include the character metrics as shown in Figure 5.1. After the character metrics are

sent the character bitmap data is sent.

xJrJI xsize
W

ymove - 0 for
non-rotated chars

c yorg

curren’t
cpos (x*Y)

xmove
&ted

cpos (x9 Y)
Figure 5.1 Character Metrics

Dara Parameters :

data type

int
int

parameter name

xsize
ysite

character
character

parameter description

bitmap x dimension in bits
bitmap y dimension in bits

int
int

int

int

int

int

sper
xorig

yorig

xmove

ymove

bitmask

specifies the number of bitmask values per row
x offset size in bits from current char position
to left side of bitmap
y offset size in bits from current char position
to bottom of bitmap
distance in bits to be added to cpos x value for new
opos x value
distance in bits to be added to cpos y value for new
opos y value
bitmask data (sper X ysire)

Return Data from Microcode Data RAM

Example Usage :

#include ‘mgr.h”
#include ‘imsetup.h’
#include ‘gecrndsh”

im_GEsetup;

int
int

xsize = 16, ysize - 16, sper = 1;
xorig = 0, yorig - 4;
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int xmove = 16, ymove - 0;
int I, bitmask_size = sper l ysize;
short bitmask[l6] - (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 , 0, 0, 0, 0); /’space ‘/

GEWAIT;
GQGE_DRAWCHAR].i  I 0;
GE[GE_DATA].i  = xsize;
GE[GE_DATA].i  = ysize;
GE[GE_DATA].i  - sper;
GE[GE_DATA].I  I xorig;
GE[GE_DATA].i = yorig;
GE[GE_DATA].i I xmove;
GE[GE_DATA].i I ymove;
for (i = 0 ; I < bitmask size ; i++)

GE[GE_DATA].i = bitmask[i];
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GE_DRAWMODE

This token is used to set the drawing mode. This mode determines which bitplanes will be accessed
for drawing operations. Three data-parameters are sent down to the micro&de which are used as
branch flags for setting the appropriate microcode and Raster Engine drawing mode parameters.
This token does not affect the 2 buffer bitplanes, refer to the GE_ZFUNCTION token to enable or
disable drawing into the 2 Buffer Mtplanes.

Data Parameters :

data type parameter name parameter description

int brflagl microcode branch flag 1
int brflag2 microcode branch flag 2
int brflag3 microcode branch flag 3

brflag 1 brflag2 brflag3 drawing mode ,

1 1 1

- 1 1 1

- 1 - 1 1

- 1 - 1 -1

NORMALDRAW, FBUFFERDRAW, ZBUFFERDFtAW mode
destination bitplanes are Frame Buffer bitplanes

WIDDRAW mode
destination titplanes are WY3 bitpianes

PUPDRAW
destination bitplanes are PUP bitplanes

OVERDRAW or UNDERDRAW
destination bitplanes are UAUX bitplanes

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include “imsetup.h”
#include ‘gecrnds.h’

im_GEsetup;

int brflagl - 1,

GEVVAIT;
GE[GE_DRAWMODE].i = 0;
GE[G E_DATA].i = brflag 1;
GE[GE_DATA].i I brflag2;
GE[GE_DATA].i I brflag3;

brffag2 = 1, brflag3 - 1; r NORMALDRAW ‘I
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GE_ENABDITH

This token is used to enable or disable dithering.

Data Parameters :

data type

int

parameter name

dflag

parameter description

dither flag enable/disable value
0 - disable dithering
1 - enable dithering

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h”
#include ‘imsetup.h’
#include ‘gecmds.h’

im_GEsetup;

int dflag = 1;

GEWAIT;
GE[GE_ENABDITH].i - 0;
GE[GE_DATA].i = dflag; r Enable dithering ‘/
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.-

GE_ENABLWID

This token is used to enable window ID checking for lines. For rectangular windows which are
unobscured (1 piece) the Geometry Engine clips lines to the window boundary using the screen
mask values so window ID checking for lines should be disabled. For other window shapes or
obscured windows ( more than 1 piece) the window ID checking for lines should be enabled. When
window ID checking is enabled, pixels can only be written that have a window ID the same as the
current window ID set by GE_CURRENTWlD.  The window manager normally changes the ENABLWID
value in the context and when the context is restored the ENABLWID value takes affect. This token is
not normally used to enable line wid checking since it is a window manager responsibility.

Data Parameters :

data type

int

parameter name

l_wid_flag

parameter description

window ID checking for lines flag
0 - disable WID checking for lines
1 - enable WID checking for lines

Return Data from Microcode Data RAM :

Norii

Example Usage :

#include ‘mgr.h’
#include ‘imsetup.h”
#Include ‘gecmds.h’

im_GEsetup;

lnt l_wid_flag - 1;

GEWAIT;
GE[GE_ENABLWID].i - 0;
GE[GE_DATA].i - I_wid_flag;

-
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GE_ENABWID

This token is used to enable window ID checking. When window ID checking is enabled the current
WID (set by GE_CURRENTWID)  is compared to the WID bltplane for the current pixel. If they are
the same then the new pixel value is written to the frame buffer. The FLATMODE  and FIATDX vaiues
in the data MM would need to be set also. The window manager normally changes these values in the
context and when th8 context is restored th8 FLATMODE  and FLATDX values take affect. The
FLATMODE variable WOUM be set to 1 and the FLAT DX variable would be set to 0x4000. This only
affects polygon drawing and rectangular drawing w6ch USBS shaded spans such as the sbox and
rectangle drawing tokens. The GE_ENABLWID  token is us8d to enabfe fine drawing wid Cheting.

Data Parameters :

data type

int

parameter name

wid_flag

parameter description

window ID checking flag
0 - disable WID checking
1 - 8nabl8 WID checking

Return Data from Microcode Data RAM :

-None

Example Usage :

#inClud8 ‘mgr.h”
#include  “ims8tup.h’
#include “gecmds.h’

im_GEsetup;

int wid_flag - 1:

GEWAIT;
GE[GE_ENABWID].i  = 0;
GE[GE_DATA].i - wid_flag;
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GE_ENDBBOX

This token is used to end the bounding box mode.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h”
#include “imsetup.h”
#include “gecmds.h’

im_GEsetup;

GEWAIT;
CE[GE_ENGZOXj.i - 0;

MGR Technical Reference
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GE_ENDCLOSEDLINE

This token is used to end closed line mode. A line segment is drawn between the final vertex and the
first vertex which was specified after the GE_BGNCLOSEDLINE token. The current graphics
position becomes undefined.

Data Parameters ..

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include “imsetup.h”
#include ‘gecmds.h”

im_GEsetup;*
GEWM;
GE[GE_ENDCLOSEDLINE].i - 0;
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GE_ENDFEEDBACK

This token is used to end feedback mode. The microcode will cause a GE interrupt when the feedback
data buffer is full. The microcode will generate a final GE interrupt when this token is received so
the host can read the partial feedback data buffer contents. The address and size of the data will be
stored in microcode data RAM locations. When the GE interrupt occurs the feedback data is read
from microcode data RAM and is placed in a host buffer.

Data Parameters :

Return Data from Microcode Data RAM :

Address Description

PICKPTR
PtCKSPACE

address pointer to picking or feedback data
size of the picking or feedback data

Example Usage :

5;tlnctuda -ingr.h”
#include “gecmds.h’
#include “ge5_glob.h’

r DATA-SIZE would need to be defined to be large enough to hold the feedback data ‘1

kml addr, size, buffer[DATA_SIZE);
register long i;

FlFO_WR(GE_ENDFEEDBACK, 0);

P This code is assumed to be part of the interrupt service routine for the GE interrupt ‘/

r GE interrupt handler processes the GE interrupt and reads the feedback data from microcode
RAM. The interrupt handler would have to save the HQ MAR register since it gets changed. ‘1

HQM_WR(PICKPTR);
DRAM_RD(PICKPTR, a d d r ) ;  ’P feedback data address ‘/

HQM_WR(PICKSPACE);
DRAM_RD(PICKSPACE,  size): r word count ‘/

r Transfer the feedback data from microcode data RAM to a host buffer ‘/

HQM_WR(addr);

for (I - 0 ; i < size ; i++) {
DRAM_RD(addr++, buffer++);
if ((addr % HQM_PG_SIZE) -= 0)

HQM_WR(addr);
1
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r Clear GE interrupt in HQ and on EDDY module 7

P Restore the HQ MAR register and return from interrupt handier ‘1

.4’

5-46



Silicon Graphics Confidential

GE_ENDMESH

This token is used to stop interpreting vertices as triangle mesh vertices.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include “imsetup.h”
#include “gecmds.h”

im_GEsetup;

GEVVAIT;
GE[GE_ENDMESH].i  - 0;

MGR Technical Reference
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GE_ENDOLDPOLYGON

This token is used to indicate that all of the vertices and  any Other n8c8ssary information haV8 been
sent and the previously specified drawing operation can be performed. The drawing operations
inClUd8 the fill polygon operation, the draw a shaded polygon operation or the draw a filled rectangle
operation.

Data Parameters :

Return Data from Microcode  Data RAM :

Example Usage :

#include  “mgr.h”
#include  “ims8tup.h’
#include  ‘g8cmds.h”

im_GEsetup;

GEWAIT;
GqGE_ENDOLDPOLYGONi - 0;
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GE_ENDPICKMODE

This token is used to end pick mode. The microcode will cause a GE interrupt when the pick data
buffer is full. The address and size of the data will be stored in microcode data RAM locations. When
the GE interrupt occurs the pi& data is read from microcode data RAM and is placed in a host buffer.
When this token is received by the microcode one final GE interrupt is generated so the partial pick
buffer can be read. The method of reading the pick mode data from the microcode data RAM is the
same as for reading the feedback data.

Data Parameters :
.

Return Data from Microcode Data RAM :

Address

PICKPTR
PCKSPACE

Description

address pointer to picking or feedback data
size of the picking or feedback data

Example Usage :

#include “mgr.h”
#include ‘gecmds.h”
#include “ge5-glob.h”

r DATA-SIZE would need to be defined to be large enough to hold the pick data l I

font3 addr, size, buffer[DATA_SIZE];
register long i;

FlFO_WR(GE_ENDPICKMODE,  0);

r This code is assumed to be part of the interrupt service routine for the GE interrupt ‘1

-r The GE interrupt handier processes the GE Interrupt and reads the pick data from microcode
RAM. The Interrupt handler would have to save the HQ MAR register since it gets changed. ‘1

HOM_WR(PICKPTR);
DRAM_RD(PICKPTR, addr);

HQM_WR(PICKSPACE);

r pick data address ‘1

DRAM_RD(PICKSPACE,  size): r word  count ‘1

r Transfer the pick data from microcode data RAM to a host buffer ‘I

HQM_WR(addr);
for (i - 0 ; i < size ; I++) {

DRAM_RD(addr++, buffer++);
if ((addr % HQM_PG_SIZE) -= 0)

HQM_WR(addr);
1
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r Clear GE interrupt In HO and on EDDY module ‘/

: 1’ Restore the HO MAR register and return from interrupt handler ‘/

‘I
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GE_ENDPOLYGON

MGR Technical Reference

This token is used to indicate that the scope of GE-POLYGON has ended and that all the vertices of the
current polygon have been received. The current graphics position is undefined after the microcode
receives this token.

Data Parameters

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include “imsetup.h”
#include “gecmds.h

im_GEsetup;

GEWAIT;
GE[GE_ENDPOLYGON].i  = 0;
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GE_FATPOLY

This token is used enable or disable an old style of polygon drawing. This mode when enabled causes
the polygon edge lines to be slightly wider.

Data Parameters :

data type

int

parameter name

fp-flag

parameter description

fat polygon mode flag
0 - disable fat polygon mode
1 - enable fat polygon mode

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h’
#include “imsetup.h’
#include “gecmds.h”

im_GEsetup;

l n t fp_flag - 0;

GEWAC
GE[GE_FATPOLYJ.i = 0;
GE[GE_DATA].l = Q-flag;
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This token is used to perform a fast 2-D line draw operation from the current graphics position to
the specified x, y coordinates. This token is not currently used by any of the graphics library calls.

Data Parameters :

GE_FDRAW

data typ8

float
float

parameter name parameter description

x graphics coordinate
y graphics coordinate

Return Data from Mlcrocode  Data RAM :

Example Usage :

#include “mgr.h”
#fnClud8 ‘ims8tup.h’
#include  ‘g8cmds.h’

im_GEsetup;

float PX = 100, py =300;

GEWAIT;
GE[GE_FDRAWJ.i - 0;
GE[GE_0ATAJ.f  - px;
GE[GE_DATA].f  = py;
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GE-FEEDBACK

This token is used to turn on feedback mode.

Data Parameters :

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include “imsetup.h”
#include “gecmds.h”

im_GEsetup;

GEWAIT;
GE[GE_FEEDBACK].i  - 0;

Silicon Graphics Confidential
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GE_FINISHO

This token is used to tell the microcode to set the FIFO empty finish flag. When the microcode
encounters this token it sets finish flag 0 to indicate that the FIFO is empty.

Data Parameters

Return Data from Microcode Data RAM :

Example Usage :

#include ‘mgr.h”
#include 7msetup.h”
#include ‘gecmds.h

im_GEsetup;

GEWAT;
GE[GE_FINISHO].I  I 0;

.
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GE_FLATMODE

This token is used by the window manager to set the flat mode used when a polygon is filled. If the
GE_SHADEMODEL token selects shaded fill mode then the f&mode value is ignored. If the shaded fill
mode is flat then the flatmode determines whether the RE2 shaded span instruction is used to draw a
flat span or whether the flat span instruction is used. If WID checking is required then the window
manager should set the flatmode to 1 so that the shaded span instruction is used since the shaded
span instructions are WID checked. If WID checking is not needed then the window manager should
set the flatmode to 2 so that the flat spans are used which are not WID checked and are faster than
the shaded span instructions. The flatdx parameter specifies the RE2 DX parameter. If flatmode is
set to 1 then the flatdx value should be set to 0x4000 (DX - +l). If flatmode is set to 2 then the
flatdx should be set to 0 (DX - 0).

Data Parameters :

data type

Int

int

parameter name

flatmode

flatdx

parameter description

specifies the polygon flat fill mode
1 - if WID checking enabled
2 - If WID checking disabled

specifies the RE2 DX parameter
0x4000 if flatmode - 1
0 if flatmode = 2

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include 7msetup.h”
#include “gecmds.h’

im_GEsetup;

int
int

flatmode - 1; r WID checking required ‘I
flatdx - 0x4000; P DX I. +l -1

GE[GE_FLATMODE].i  = 0;
GE[GE_DATA].i = flatmode;
GE[GE_DATA).I  = flatdx;
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GE_FLINE

This token is used to perform a fast 2-D line draw operation from the first set of x, y coordinates to
the second set of x, y coordinates. This token is not currently used by any of the graphics library
calls.

Data Parameters :

data type

float
float
float
float

parameter name

PXl
PYl
PX2
PY2

parameter description

starting x graphics coordinate
starting y graphics coordinate
ending x graphics wordinat8
ending y graphics coordinate

Return Data from Microcode Data RAM :

Example Usage :

.#inckde 'Kai.h"
#include “ims8tup.h”
#include “gecmds.h”

im_GEsetup;

float PXl - 100, pyl -300, px2 I 300, py2 = 600;

GEWAfT;
GE[GE_FLINE].i = 0;
GE[GE_DATA].f  = pxl ;
GE[GE_DATA].f = pyl ;
GE[GE_DATA].f = px2;
GE[GE_DATA].f = py2;
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GE_FMOVE

This token is used to set a new graphics drawing position to the specified x, i coordinates for fast 2D
line draw operations. This token is not currently used by any of the graphics library calls.

Data Parameters :

data type

float
float

parameter name

Px
PY

parameter description

x graphics coordinate
y graphics coordinate

Return Data from Microcode Data RAM :

Example Usage :

#include “mgr.h’
#include “imsetup.h’
#Include ‘gecmds.h’

im_GEsetup:

float Px - 100, py -300;

GEWM;
GE[GE_FMOVE].i  - 0;
GE(GE_DATA].1  - px;
GE[GE_DATA].f  - py;
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