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THE IKONAS BUS

The IKONAS BUS connects all elements of the RDS3000 system.

The IKONAS bus:
o is synchronous
o starts a bus cycle every 200 ns

o checks for a new bus master every cycle

Each IKONAS bus cycle transfers the following information:
0 24 bits of address
o5 bits of function code

o 32 bits of data
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IKONAS Conventions

The IKONAS is a 32-bit machine, so we have some
conventions for representing 24-bit addresses and 32-bit
data items:

0 yyyyysxxxx to represent a 24-bit number whose upper
14 bits are yyyyy and whose lower 10 bits are xxxx

o hhhhh\11111 to represent a 32-bit number whose

upper 16 bits are hhhhh and whose lower 16 bits are
11111

All numbers are octal. Examples:

20200%0, 100$100, 202\0

O »

98763%4321

H hhhhh ! 11111 ! 32-bit number

' . Yyyyy ' XRXX { 24-bit address
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IKONAS Bus Addressing

The following rules apply to IKONAS addresses in general:

o The lower half of memory (bit 23=0) is for DRb4As -
image memory.

o The upper eight of memory (bit 21-23=111) is for
MPC RAM and I/0.

o Everything in between is for IKONAS modules and
tfast RAM.

o The ypper eight bits of address are used to
distinguish between IKONAS modules
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3770081777
3410080

3407781777

3403781777
3400080

3370081777

3020091777
30200842
30200841
3020080

3010081777
301006
3010089
3010080

300008777

IKONAG MEMORY MAP
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IKONAS MEMORY MAP (continued)

2777781777
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2000080
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os0
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reserved
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COM4 Base Control Block
BPS writes as control register
reads as current PC
MAL1024
reserved
control registers
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transformation matriz memory
Luvo
reserved
channel crossbar control
caloresap memory
SR8 8K (1080) words per SR8 — maxisum of 8
reserved
MCM4 8K (1080) words per MCM4 - saximum of 8
DR&4 framebuffer memory ~ up to 12 DR&4As

each DR6S provides 312x512:0 pizels LORES
1024x1024x2 pisels HIRES
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IKONAG BUS FUNCTION CODES

The S=bit function code is present for each IKONAS bus
operation. The function code tells:

o whether the operation is a read or a write

o how the address will be interpreted by the
addressed module

o what operation will be performed by the addressed
module

for example, if the address is 100$100, then:

if the function code is: the operation will bel
0 nothing — invalid address
2 LORES read from pixel (40, 40)
3 HIRES read from pixel (100, 100)
20 nothing — invalid address
22 LORES write to pixel (40, 40)

23 HIRES write to pixel (100, 100)
32 set write mask in all LORES cards



THE IKONAS DRo4
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Features:

THE DR64 IMAGE MEMORY

provides 512x512 pixels of 8 bits each or 1024x1024
pixels of 2 bits each

configurable into images of up to 512x512x32 or
1024x1024x24

software selectable between 512x512 and 1024x1024
display

may be used as &64Kx32 bulk memory
separate port for input at video rate

allows each bitplane to be protected from
modification
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Configuring the DR64 Image Memory

A system is configured by specifying how each DR&4
contributes its 8 bits at 512x512 or 2 bits at 1024x1024 to
the pixel memory.

MnmuMmMmMuﬂl

respond o the address. Each DR&4 which is configured %o
contribute %o the pixel will respond. All DR&4s may respond

to the same pixel address.

In 512x512 (LORES) display, three DR64s provide a
24-pit full-color image. If you have more than three DRé&4s.
you can have more than one full 512x512 image stored.

e
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Addressing the DR64 in LORES mode

In 9512x512 mode, pixels are addressed as (x,y)
coordinates. The IKONAS address is y$x. In LORES mode the
y and x coordinates must be multiplied by 2. The IKONAS bus

function code is 2 (read) or @2 (write).

The following diagram gives the y$x addresses of pixels
on the screen, as addressed and displayed in LORES mode.

Top left DR&64 PIXEL ADDRESSES

pinel
\\

1 080 ! os2 ' os4 144 0817721 os17741 0817761
A\

! 280 ! -3 - H 264 144 2017721 2817741 2017761
\\

} 480 H 402 ! 494 /7 4817721 4817741 A817741
A\

! &80 1 o682 ! &84 144 &817721 6817741 6817761

SI770200787202082700872787722277000N\N\NP2700702007070707000770270772777777

ATHATATHAAALTATATLATARAATALLAALZZ8 00 LR AR LA R LR LAV

1177080 1177082 117704 \\17708177211770817741 1770817741
44

11772%0 1177292 117724 \\1772817721 177281774117 72817761
144

1177480 1177482 1177494 \\17748877211774817741 1774817761

1177680 1177683 1177684 \\17768L77211776817741177681776!
44

Bottom right
pizel

raye

Ly
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In 1024x1024 mode. pixels are addressed as (x.y)
coordinates. The IKONAS address is ysx. The IKONAS bus
function code is 3 (read) or 23 (write).

/ The following diagram gives the y$x addresses of pixels
on the screen, as addressed and displayed in HIRES mode.

Top lets DR6A PIXEL ADDRESSES
pixel
\\
t 080 ! os1 ! o /7/ 0817791 0817761} 0817771
N\
! 180 t 101 H 182 /77 1817731 1817761 181777}
\\
! 230 ! 281 4 202 144 2817731 201776 2817771
\\
H 3s0 ! 3s1 ] 382 124 381779 3917761} 777!

//////III////////l/l//////////\\II/////IIIIIIIIIIIIIIIIIIIIIII
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\//\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1177480 11774081 1177442 \\17748177311774817761177481777!

4
11773¢0 11779812 1177962 \\17798177511779817761 1773817771}

44
11774680 1177681 1177602 \\ 1776817751 177681775611776817771

44
11777%0 1177781 117772 \\177781773117778177611777817771
. 24

Bottom right
pixel



Accessing the DR64 in WORD mode

In WORD mode each DR64 is a 6LAKx32-bit bulk memory.

The WORD mode addresses start at 1000%0 and go for as far as
you have DR64 memory.

Therefore, the first DR64 has word mode addresses from

100080 ¢to 1077$1777; the second DR&4 has addresses 110080
to 1177$1777; and so on.

The IKONAS bus function code is O (read) or 20 write).
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Notes on different addressing modes

Remember., even though there are three different
addressing modes for the DR&64, only one set of data bits is
stored. Addressing in the different modes only gives yovu
different views of the same data.

In particular this means:

o when you store an image in HIRES you cannot
meaningfully display it in LORES

o when you store an image in LORES you cannot
meaningfully display it in HIRES

o when you store an image, you are overwriting any
data you previously stored in those DR&64s., even if
you stored the previous data wusing a different
addressing mode

In the configuration example given above., storing into
LORES image O will destroy HIRES bits 0-3; storing into the
HIRES image will destroy all LORES bits for images O and 1;
storing into card O in word mode will destroy the red
component of image O (bits 0-7).
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The DRG4 Write Hask

The write mask allows you to protect bitplanes of the
image memory from modification.

There is one bit in the write mask to correspond to
each bit of a pixel. When a write is performed, only those
bits which have 1s in the corresponding bit positions of the
write mask will be modified. Bits which have Os in the
corresponding positions of the write mask will be unchanged.

The write mask is always active.

Whatever is in the write mask will always be vused to
mask any write to a DR64.

To set the write mask:

1. use the IKONAS bus function code corresponding ¢to
the kind of writes you will be using: 32 for
LORES, 33 for HIRES.

2. use the IKONAS address of any pixel in the image
you want to set the write mask in. For example,
0%0 for image O0; 200080 for image 1; etc.

3. write the data which will become the write mask.

Example (8 bits per pixel):

0Old data 11111111
Write mask 00001111
Data written. 01100110
Result data 11110110

Because of the write mask, only bits 0-3 are modified;
bits 4-7 are unchanged.
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The GM&4 Oraphics Memory

The GMé4 Graphics Memory Module is largely compatible
with the DR&4 Image Memory.

o Features compatible with the DRé&4

512x512 8-bit pixels or 1024x1024 2-bit pixels
per card

Programmably switched between 512x512 and
1024x1024 mode

HIRES and LORES read and write identical ¢to
DR&4A

WORD mode read identical to DRé&4

Video input port allows real-time image capture

features

Mask—-mode writes: any or all of 32 pixels may
be written simultaneously with a preset value

Enhanced video input port allows real-time
generation of polygons

Z-buffer option: wup to 24 bits may be used to

store 1; t—comparison and conditional write
occur with no performance degradation.

"\

Page 19



Mask Mode Writes

Mask mode allows you to write up to 32 pixels with one
operation. The operation of function code 20 (write word
mode) is altered, and new function codes 24, 34, and 37 are
added.

Mask mode consists of two steps:

1. Use a set shade function to store the data value to
be used by subsequent mask-mode writes. Function
codes to use are

36 for LORES

37 for HIRES

2 Use the mask-mode write function to write up to 32
pixels (HIRES) or 16 pixels (LORES). Function
codes to use are

24 for LORES. Bits 0-15 of the IKONAS
bus data will be the mask.

20 for HIRES. Bits 0-31 of the IKONAS
bus data will be the mask.

Each of the 32 data bits (for LORES, the low
16 bits) of the mask—-mode write data corresponds to
one pixel in the GM&4 memory. A one-bit in a pixel
position cavuses that pixel to remain unchanged; a
zero-bit in a pixel position causes the previously
set shade to be stored in that pixel. All GM64
cards respond to the set-shade and mask-mode write
operations.

Page 20



The sender id is a three-bit field, set in each IKONAS
bus write, indicating the originator of the write. Each
IKONAS module appends its sender id to each write operation.
Most modules allow the sender id to be set under program
control; for example, the BPS32, the IF/IK, and the MPC
allow the user to specify the sender id. Other modules use
a fixed sender id: the FBC always uses sender id O.

The sender id is useful in cases where an operation is
a two—-step process -— for example:, in mask-mode writes or
use of the write mask. The second step of the process uses

the data stored by the first step which had the same sender

id as the second step.

In the GM64, the sender id is used by all write
operations. Each sender id has its own write mask and
mask—-mode shade. A write operation uses the write mask and
shade corresponding to the sender id for that write.

This means that you may have up to eight write masks
and mask—mode shade values active at one time. Each process
using the memory may be alloted its own write mask and shade
value, which will not interfere with any other.
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Example of Mask-mode Write — LORES

S;;p 1. Use function code 36 to set the shade.
Step 2. Issue the mask—mode write using function code 24. Note
the setting of the top four address bits:

adéress data
1t 4 0 1 4 3 35 2 0 0 0 0 0 O\M7 O 3 1 2
011000000011000011101010 00000000000000001111000011001010
] =11 [ 3 Ronnat | { {mm—unused=—=>11 - |
bits 20—-23= ! H !
0110 for ! 1
mask maode i

bits 19-19=0

'
]
!
H !
H
!
bits b6-14my address $
(here, line 303 octal)-—I
bits 1-9=top 35 bits of

x address. Pizels numbered
101010000 to 101011111 will———
correspond to the mask. These
numbers are 920 to 537 octal.

bit O is unused.

Image memory

t
1
H
columns 4
-0 ! 7
— o i 2 3 4 ! 7
0123496701 01234567012343670123 t 012343671
N\ AN\ ! t
line O ! H §
line 1 1 !
! ! !
¢ v i
\ these pixels !
\ correspond !
H to the mask !
line 302 ! (ommamwe -2 !
line 303 ! ! 2xxx 13 x x} =x°d pixels have the preset !
line 304 | shade stored in them !
\ \
\ \
line 776 1 '
line 777 ~ !




Page =

Example of Mask-mode Write - HIRE

-

Step 1. Use function code 37 to set the shade.
Step 2. Issue the mask-mode write using function code 20. Note
the setting of the top four address bits:

address data
1 4 0 1 4 3 35 2 0O 0 0 0 0 O\ 7 0 3 1 2
011000000011000011101010 00000000000000001 11 1000011001010
et B E g B RS 1 1 '
bits 20—-23= ! H
0110 for —=——| 1
mask mode

bits 15~19=0

H
H
{ H
H !
! !
H
bits S—14=y address !
(here, line 607 octal)—|

bits O-4mtop 3 bits of

: address. Pizels numbered
0101000000 to 0101011111 will———
correspond to the mask. These
numbers are 300 to 337 octal.

!
!
!
!
!
i
!
!
|
!
!
[

—————— .

t
Image memory i
H
!
!

columsns 1

o S 7

— o 1 o 1 2 3 t 4 7
0123436701 01234567012345670123436701234567012 01234367
\\ 1 N\ 1
line O { 1 $
line 1 § e !
4 ! !
! ! !
\ ! \
\ v \
{ these pizels correspond to the mask }
line 407 ! < > !
line 610 1| IzxxsxxxxeExARRXR xxxx xx x =} !
line 4611 2’d pizels have the preset shade l§
\ stored in them \
\ \
line 17761 t
line 17771 1

”
7

N\



Z-buffer Option

When the Z-buffer option is installed, an additional
memory function is added: Certain bitplanes are configured
as z-planes by wire—wrap Jumpers on the GMb64. When a
conditional write is performed for a given function. the
value to be written into those bitplanes is compared against
the value currently stored there.

If the old value is less than the new value, the write
is suppressed and the location remains unchanged.

I1f the old value is greater than or equal to the new
valve, the write is performed as a normal memory write
operation.

The conditional write operation takes no more time than
a normal write.

The ©GMb4 is wire-wrap Jumpered to allow LORES
conditional write or HIRES conditional  write. Use the
proper function code for the cards in your system:

26 for LORES conditional write
27 for HIRES conditional write.
Normal operation of the GM&4 is unaltered by the

Z-buffer option. HIRES and LORES normal writes
(unconditional) are unchanged.
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THE VIDEQ DATA PATH

| CAMERA 1 ! COLOR !
———————— {MONITOR !
! H i
’ D e ————
, PO ——— [ ——— ~
H ! H ! } H
H ! v H i H
l ! ! H t { $ !
v i { v ! v i v i
i
LI {: ] ! 1//DR&6&/ /1 1Y {//FBC//71} 1//7XBS34/ ! t/7/LUvO/ /78
{ VIDEO ! 1/IMAGE//11 ) {/VIDEO//} 1/VIDEQ// | 1 /COLOR=-/!
t INPUT | 1 /MEMORY/ 1} 1 /CONTROL | 1 /CROSS~/ ! {/MAP//
! MODULE ! V111777770 8~ 1 /MODULE/ i/BAR/V /77! {/VIDED/ /¢
H t 111177770 - 117777710 1 /SWITCH/ L {/OUTPUT/ ¢
~ -~ ~ -~ )
H ! ! 1 !
v v v v v
!
IKONAS BUS !
H
H
! H t ! H H '
v v v v v H !
H {
i BPS H ! MCHM4e | ! SR8 H i MA1024 ! VOIF/IRK 8 1 !
!GRAPHICS! ! PROGRAM! | FAST ' { 30 & 2D} ! HOST H i t
{PROCESS-! ! MEMORY ! { MEMORY ! {ROTATION! 1 INTERFACE ! H }
{ OR H { MODWE ! i MODUWLE 1 i MODUWLE ! ! H ] !
! t t ! H { ' H H ! H H
4 ! t H : i {
—————eacae —————— ==>to host H H
! !
——— - ———————— i t
external { mMPC t it CcMs ! ! H
interfaces<~=>! 68000 ! {CHARACTER ! ! l
and ) |COMPUTER ! { GENERATOR { ! '
peripherals ! MODULE ! ! MODILE ! H t
| —————— ! H ! I
1296K RAMI ———————— { I
- ~ ' '
~ ! ! t
! ! t 1
v ~ v i !
t
!
H
1
'

IKONAS BUS
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THE IKONAS VIDEQ CHAIN

The video chain is the set of modules which process
data at pixel rates. This consists of three modules:

o FBC - figures out what data to display, fetches it
from the DR&A4, and starts it on its way through the
video chain. Also inserts sync, planking, cursor.

o XBS — rearranges bits of a pixel at pixel rates.

o LUVO - (colormap) performs a table lookup on each

color of the pixel, and sends the result of the
lookup to the digital-to-analog converters which

produce standard video.
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THE FRAME BUFFER CONTROLLER
I CAMERA ] i} COLOR !
e rm—— {MONITOR !
! H )
! ! ! ! ! i
{ H v t i }
' 1 ! ! ! i ! H
v ! ! v ! v i v !
1R}
I vie 4 | DR&4 11} t//FBC///1} | XBS34 ¢ 1 LUvo ¢
{ VIDEG | I IMAGE 1t I /VIDEO//1} t VIDEO ! ! COLOR- !
! INPUT ¢ ! MEMORY 11} { /CONTROL ! { CROSS~ ! I MAP & !
! MODULE ! ! 1 { /MODULE/ ! ! BAR ! ! VIDED ¢
H ! ! {=- V211177778 ! SWITCH ! ! OUTPUT ¢
-~ ~ ~ ~ -~
¢ ! ! ! !
v v v v v
[}
IKONAS BUS 1
1
!
i ! ! ! { } i
v v v v v t H
! 1
! BPS ! ! MCMae | ! SR8 t i MAL1024 | 1 IF/IRK 1 ! !
{GRAPHICS! ! PROGRAMI! 1 FAST ! { 3D &« 20! 1 HOST § ! !
{PROCESS~| ! MEMORY | { MEMORY ! {ROTATION! | INTERFACE! ! i
! OR ! { MODWLE ! { MODWWE ! ! MODULE ! ! [ 4 )
: 1 ] ! ! ! H H t ! ! H
4 !
! ! ' ! H 1 !
———————— e —-=>to host ! |
! !
— ——————————— | !
external { MPC t 1 CoM4 ! ! !
interfaces{-—>! 68000 1 {CHARACTER! ! !
and ICOMPUTER! 1GENERATOR ! ! '
peripherals | MODUWLE | { MODWLE | i !
- ! 1 ! ! [} !
1296K RAMI r 1
———— ~ ! H
~ ! ! 4
1 ! ! i
v N v i H
1
1
1
1
!

IKONAS BUS
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Buffer Controller

-4
=2
:
E
ﬁ

The Frame Buffer Controller (FBC) controls the format
and content of the display. Items controlled by the FBC

are:

The
conform

video sync rates — number of lines per field and
time per line

viewport — the size and position on the screen of
the displayed data

window — the position of the frame buffer data
within the viewport

zoom — the magnification factaor for each pixel

cursor — the shape and location of the 32x32-bit
programmable cursor

aspect ratio - the ratio of the width of the
picture to the height
avtomatic erase - avtomatically erases the screen

after display

and others.

FBC produces correct video sync information to
to the EIA RS-170A standard or the RS—-343 standard.

selectable programmably.
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Definitiong of Video Yerms

Since the FBC produces a video signal, you must
understand what the video signal looks like and how it can
be controlled by the FBC.

The diagram on the next page shows the video signal as
a sequence of lines, Just as it appears on the color
monitor. One such sequence, from the top of the monitor to
the bottom, is called a field  Note that part of each line,
and several lines at the top and bottom of the picture, are
not displayed at all. This part of the picture is called
the blanked portion of the picture. Blanked portions of the
picture are denoted by / in the diagram.

Embedded in the blanked portion of the picture are
reference pulses used by the monitor. The horizontal drive
pulse occurs during each line. The vertical drive pulse
occurs during the top of each field. The horizontal and
vertical drive pulses are denoted by \ in the diagram.
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Video Terms Diagram

Horizontal Blanking Interval
-1 [ R
t {
ATHARAALATALATALLALAALLLANAAN AL LA L LR
\\\\ Vertical Drive Pulse = 3 lines long\\\\\\\\\\
ATLALAATHLLLALLTLALALLA LA R LA LA VLAV ALY
L17177727707272770722707772777727727772777727772772727\\7¢77
(1177777272777 27770777027277277727277772772777272727/7\\/77
//7/7 Vertical Blanking Interval - 14 lines///\\///
LI177727707777277720077777077727272772772727277272727777\\2/7
V2117770777707 770702777027777200772777772777727777\\¢277
11172702727 7222777777 TANYZ 44
TANYZ 44
TANYZ 24
TANYZ 44
IANYZ 24
TANYZ 24
TANYZ 24
IANYZ 44
Unblanked picture - 1ANYZ 24
YANYZ 44
corresponds to the face TANYZ {4
IN\/?7
of the picture tude INNZ/7
TANYZ 44
TANYZ 74
INN\Z//
ANYZZ4
TANYZ 74
. TANYZ 44
INN\/77
INN\/77
LITI7P2270720272708770777787777770777727227210722277\\777
///7/ Vertical Blanking Interval ~ 3 lines///7/\\/7/
V1077777772070 7727220070777772777777727027272277/\\777
i
-
Horizontal Drive Pulse

14
lines -

K =N\ -=- )



FBC Video Fgrmatting — Sunc Control

The FBC controls the sync information ip
signal by controlling the number of lines per fie

length of time

faor each line. This information

FBC register at 30000%4.

I N N R ] |

the
id,
is

Horizontal Blanking Interval

-1 1R

! !
ATLABLLATALALARALALLLALALALLLLALLA LAY
\\\\ Vertical Drive Pulse = 3 lines long\\\\\\\\\\
ATLALATALALTLLALALALLLALALALALLALLAR LAY
1000777 777772720072077007727770717777277277777\\/77
1110170 072772772770727220777207277777277727727277777\\¢/7
/7777 Vertical Blanking Interval - 14 lines///\\///
L101700720707727270077002220007020707727207777277777\N\/2V7
V002000072072000000070707027087020020270020207772277\N\/77
111177270070 277702¢227 ANYZ 44

rANYZZ4
1ANYZZ4
IANYZ A4
TANYZZ4

number of lines TANYZ 44

per field as
specified at
3000094

PC == o= om om e vm am e en we e as o e

TANYZ {4

INN\//7

INN/V/

INN/1Y

INN///

ANYZ 44

. ANYZZ4

ANYZZ4

INNI 1Y

INN2/?

INNIIY

{{~=~ duration as specified at I000084———————=D{

TANY X 24

TANYZ 4

INN/1Y

V117770070 70028007707727277720772777770772777777\\/77

//// Vertical Blanking Interval ~ 3 lines////\\///

V110000070007 2000007207022770227077277072727777\\7¢7
R

e —>} |

Horizontal Drive Pulse

an
in

video
d the
the
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FBC Video Formatting - Viewport

The unblanked portion of the picture corresponds to the
face of the color monitor (roughly), but the FBC allows you
to display less than the full 1024 lines and columns, and
allows you to position the displayed data anywhere on the
monitor. Two control registers, at 3000080 and 30000%1,

control the start of viewport and length of yviewport
respectively.

Horizontal Blanking Interval
a4 | (o

! !
ATHALAATAHALHLALALAAALL AL LA LA AR LA L LAV VAAD
\\\\ Vertical Drive Pulse - 3 lines long\\\\\\\\\\
ATTATTATALAAALALAALALALAA LA L AL AL AL AL ANV
1170770707707 07720027027720777721272777277777777727\\7¢/
V1770777077277 20777777277272777277272727277777727\\77/
Yy viewport //// Vertical Blanking Interval - 14 lines///\\///
stavt, Pvom S//77771777770777722777777270727207772772272720227777\\/7/
3000080 L0177 777777027727707027027777772777727727227777777\\177

l 11177727771 7722¢22777 TANYZ 44

t TANYZ44

{ Black area (no picture on screen) YANYZ44

Y TANY 44

~ *+2 44 B2 » #8200 TANYZ 44

3 # 900 0 20000 *00 0 IANYZ 44

[} R0 -0 E0D BN H-0-0-5 8 B R R0 S0 /\\/77

H o Laaa g st g 222 o * *8 INNZ/7

{ seesetee® Picture data SSssansesss VANYZ 44

4§ viewpore * * e *& * /\\/7/
size, from a2®  from the DR6A framebuffer »aees TANYZ 44
3000081 *B 9w a2 220 * 4 SRS o8- TANYZ 44
H SR B2 DRI S BRI R SIS R RS SR IN\/7/

! o Laa 2l 2l pa s 2 2o 8ol 2 /I\\//7

! 222 LHBNBN » IANYZ 44

! L2 22 22222 2 2 2 TR AR AL RN 2 L R Y Y /\\//1/

1 [l 222222 2 22222222 222 2 22 Y e ey ¥y YANYZ 24

! BRDBRERPHLBH RS BN DR BB BB HTE D 0828 FHHH YANYZ 24

' "oe 2222 LSRR BBRD L2 o o YANYZ 44
{<==x viewport size., froa 3000081->! IANYZ 44

=21 1<~=x viewport start. from 3000060 'ANYZZ4

TANYZ 44

f7l//ll//l///I///ll//I////I////l///////l/l////\\///
//7// Vertical Blanking Interval - 3 lines////\\///
PIII720207717202007772877772707777777272272772727\\777
1N
—> i~
S Herizontal Drive Pulse
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FBC Video Formatting - Window

The viewport registers, defined above, specify where on
the color monitor the displayed picture will fall; ¢the
window controls what data from the DR64 framebuffer memory
will be displayed in the viewport. The window is controlled
by the register at 30000s%2.

In the diagram, let yw be the y window setting, xw the
x window setting, yv the y viewport setting, and xv the x
viewport setting. The diagram shows the 1line which will
appear on ¢the screen at each location. Note that as the
viewport changes, the visible picture moves, but the actgal
scene does not appear to move. Instead, data at the moving
edges is revealed or obscured.

Line Horizontal Blanking Interval
Displayed -—>1 {C—
' { !
! ALLLALATALALALLAL AL LA LLAL LR LA AL LV VAN
! \\\\ Vertical Drive Pulse — 3 lines long\\\\\\\\\\
v ALALTATATLATALLLLA AL AL LALAL LA LALLLLAALLLALLLAY
(yw) V171770777 7207727777722772772077077777722727272777\\777
(ywel) LI177077777770770077707272222722777777777272777\\¢277
(yw+2) //// Vertical Blanking Interval ~ 18 lines//7/\\///
e LI1177077777007008007778287707720227027277727277\\277
CQWwel2) S/ II777770827772770777770072727727727222722/\\7¢7

(qwel3)Y //777777772777777277 IANYZ A4
(yweisd) (2xw) TANYZZ4
I xwexv TANYZ 44

. LI ANYZZ 4
ywtyv SV D2E0S 222 T T TR TN 3 +4 40 TANYZ 44
ywryvel taaa s 21222 2 B9 855548 * 205880 /\\///
yutyv+2 BHSTHR BB RVRHHLR LB HBRRBS +oe IANYZ A4
$ 1222 22 a2 X LAl o 5 -5 300 -0 TANYZ 44

{ 222 HRIBBES vaaa s s 222 T 2T Y #8050 IANYZ 44

! #2200 RRRRREY o 2222 2 TANYZ 44

{ Laadad ot 4 g gl ot d )2 2 LT Y T T Y YAy TANYZZ4

] Laaaaag s g s s s g 202 22 T T Y T VR NEINY YANYZ 24

H sesssessesee e s 2222 TN ) TANYZ 42

] - *a 0000 H2 00000 TANYZZ4

! 222222 2000 - e a2 o2 2 YT 2 Y IANYZZ4

] [y - # 84444 S0 2 g g 22 TANYZ 74

f (T2 222 aa s s 2o 2 2o 2 T Y Y IANYZ 44

! - Lot 22 22 0 2 T2 T Y PSR *esae IANYZ 24
yutyveys—1 e» SRR 00 2520000800 IANYZ 44
TANYZ 24

A ANY Y 74

L17177770727220028020728777277027702727227727777\\777
//// Vertical Blanking Interval — 3 lines////\\777/
L200777702208227720877272772720000072722222222277\\777
t!
—_—>1 i
Horizontal Drive Pulse
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Zoom is a magnification of the picture by repeating
pixels and lines. The effect of zoom is to make each pixel
grow, thus making the image grow.

On the IKONAS, zoom in the x and y directions is
independent.

You may zoom only in integral multiples: so the
smallest zoom is a factor of 2. The largest zoom is a
factor of 256.

Zoom is controlled by the register at 30000%3.
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Cursar

The IKONAS cursor is a 32x32 programmable overlay.
There are two steps to displaying a cursor:

o first, define the cursor by specifying the 32x32
matrix

o then specify the location of the 32x32 oaverlay on
the screen

Once you define the cursor, you can move it around on
the screen by changing the location register. You do not
have to redefine the cursor unless you want the overlay
pattern to change.
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Defining the cursor

The cursor is a 32x32 matrix, for a total of 1024 bits.
You define these 1024 bits by writing 256 4-bit numbers into
the cursor definition table at 30000%400-30000%777.

The diagram below shows the correspondence of addresses
and bits to pixels in the 32x32 cursor matrix.

The nuﬁbors 0, 1, 2, and 3 denote the bit position in

the 4-bit word at the address specified. Each digit
corresponds to one pixel of the cursor.

| mm—n————————gddress 300008400

address 300008401

t address 300008402 bit O
i address 300008402 bit 1
(R R address 300008402 dit 2
v lti=——gddress J00008402 bit 3

t

! !
! !
' !
H !
! '
v

=] | =—{vvvy

01230123012301230123012301230123 cursor line O
300009410->01230123012301230123012301230123 cursor line 1
30000$420->01230123012301230123012301230123 cursor line 2
300008430->01230123012301230123012301230123 cursor line 3

(...cursor lines 4-27...)
300008740->01230123012301230123012301230123 cursor line 28
30000$730->01230123012301230123012301230123 cursor line 29
300008760~->01230123012301230123012301230123 cursor line 30
30000$770->01230123012301230123012301230123 cursor line 31

} '
cursor col O cursor col 31
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Positioning the Cursor

The cursor is positioned by setting the cursor position
register, 30000%6, to the desired (x,y) coordinates. The
cursor must be turned on in the flag register before it will
be displayed.

When the cursor is active, the 32x32 cursor matrix
appears as an overlay upon the framebuffer picture.

The cursor location register gives the location (x.,y)
of the togp left point of the cursor. Pixels x to x+31 on
lines y to y+31 then correspond to the 32x32 cursor matrix.

Any of these pixels which corresponds to a 1-bit in the
32x32 cursor matrix will be ‘in the cursor’; any which
corresponds to a O will ‘outside the cursor’. Any pixel
outside of the 32x32 overlay will also be outside the
CUTSOT.

Pixels in the cursor are denoted by a tag bit appended
to them as they pass through the video chain. This bit is
used by the LUVO to select the shade displayed at the pixel.
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Example of cursor display

Cursor matrix: 1000000000000000000000000000001
0100000000000000000000000000010
0010000000000000000000000000100
0001000000000000000000000001000
0000100000000000000000000010000

etc.
0000100000000000000000000010000
0001000000000000000000000001000
0010000000000000000000000000100
0100000000000000000000000000010
10000000000000000000G0000000001

Cursor location set to (100, 100)

Screen will be:

100$100
[]
v
*

» *

137%137

The *s represent
pixels in the cursor.
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Q.

FBC Flag Bits and Mode Settings

The rTegister at 3000095 contains flag bits which
specify modes of operation of the FBC. This register is
allocated as follows:

Bits 332222232322322 11123111111
109876954321098763543210987468%543210

O

{ ! pizel clock | IRI3IPC IXIE! [H!IC! '

Definitions of these bits are as follouws:

C (bit 2) — ON to cause the cursor to be displayed, OFF
to suppress the cursor

H (bit 3) — ON for 1024x1024 (HIRES) display, OFF for
512x512 display

E (bit 5) — ON for auvtomatic erase, OFF for normal

display. When avuvtomatic erase is in effect, the
data in the DR64 framebuffer will be erased every
field.

X (bit &) — ON if external sync informafion (from the
LUVO) is to be wused, OFF if video sync is to be
generated by the FBC.

PG (bits 7-8) — colormap page. These bits are appended
to the pixel data as two tag bits for processing in
the video chain.

3 (bit 9) — ON if RS-343 sync is to be generated, OFF if
RS-170A sync is to be generated. This bit should
be off for 512x512 30 Hz NTSC standard video, on
otherwise.

R (bit 10) — ON for repeat field operation., OFF for
interlaced.

pixel clock (bits 16-22) - number of nanoseconds per
single pixel in LORES, or per two pixels in HIRES.
This field may be used to change the aspect ratio.
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Notes:

Summary of FBC Control Registers

3322222222221 111111111

109876%54321098763%543210987693543210
300000 ! | y viewport start | I 2 viewport start !
30000¢1 ! ! y viewport size ! ! x viewport size 4
3000082 | | y window location ! ! x window location 1
3000083 ! ! y zoom ' ! X toom !
3000084 1| inumber lines per frame ! t ‘"time per line {
3000083 | ! pixel clock ! IRIJIPG IXIE! IMIC! t
3000086 ! ! y cursor position ! ! = cursor position !

The two low—order bits of the x and y viewport
start and size values are ignored, and O is used
for them: s0o you can set the starting position and
size in multiples of four lines. The size used is
actually the size given+4, so the size ranges from
4 to 1024.

When the REPEAT FIELD bit is set in 30000%5, the y
viewport size should be multiplied by two.

In LORES display, the x window should be multiplied
by four.

Refer to the FBC Programming ©Guide for an exact
discussion of the relationship between y window and
y viewport.

Zoom counts should be set to one 1less than the
magnification desired. Zoom count of 0 =
unmagnified display, 1 = zoom by factor of 2, etc.

The number of lines per frame is more precisely the
number of half-lines per field plus one. This
number should be even for interlaced operation, odd
for repeat—field operation.

The pixel clock can range from 20 to 77. Operation
at settings below 26 is not guaranteed by IKONAS.
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The Video Data Path as it Leaves the FBC

The FBC starts data down the video
data as it leaves the FBC is as follows:

Bit number

NONOCUWBLWN~-=O

Contents

Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel
Pixel

chain.

data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data

bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit

In-cursor bit
Colormap page bit O
Colormap page bit 1

The

Nt gt o o et =2 = DN RS WRN O
CIAUNITPRLDWN~-O

GWNNRNNUNUNNURN
=~ OJONDTARAPLPWN =

pixel
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THE IKONAS XBS34 YIDEQ SWITCH

s e v

IRONAS BUS

{CAMERA 1 ! COLOR
- {MONITOR
{ H
! - —— e o
l Ee— A S — —— -~
! 1 ! { ! }
] ! v ! i H
i t —— ! § H ! ! 1
v ! ! v 1 v ! v }
ts
{ vie ! ! DR&4 it t FBC 1//XBSJ34/! i Luvo i
! VIDEO ! { IMAGE 1t { VIDEO t/VIDED/ /! { COLOR- |
! INPUT | i MEMORY {11 i CONTROL! {/CROSS~/ ! I MAP & !
i MODULE ! ! = ! MODULE ! 1/BAR/// 7/ { VIDEO ¢
§ ! ! i=- ! 1 /7SWHITCH/ ! t OUTPUT !
~ ~ -~ ~ ~
t ! ! ! !
v v v v v
t
IKONAS BUS !
!
H
H ! H ! H H H
v v v v v ! !
§ !
! BPS ! 1 MCM4 ! ! SR8 ! | MAL10R4 | ! IF/IRK 1t ! !
{ORAPHICS! { PROGRAM! i FAST ! t 30 & 208 I HOST t t !
{PROCESS-{ | MEMORY | t MEMORY | IROTATION! | INTERFACE! I !
! OR [} t MODWLE 1! | MODWWLE ! { MODULE ! l H t !
! H ] 1 ! 4 ! ! ! ! 1 H
! H
H ! ! ! { H :
—— e ————————— -=>to host ! !
H H
- ——————eamae— H i
external { mMPC ! I ComMa ! H H
interfaces<-->! 48000 ! { CHARACTER! ! ¢
and 1COMPUTER | GENERATOR ! } H
peripherals | MODWLE ! ! MODULE ¢ ! !
|- ' ! ! i }
1296K RAMI ——— o e e 4 1
—— ~ ! !
-~ ! ! !
) t 1 !
v v ! !
]
!
H
I
1
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XBS34 VIDEQO CROSSBAR SWITCH

allows arbitrary rearrangement of pixel data bits
allows bitplanes to be suppressed or repeated
processes at video pixel rates

switching path can be quickly modified by softuware
for frame—to-frame changes '

handles 35 inputs and produces 34 outputs



XBS34 Model

The XBS34 accepts up to 35 bits from the previous stage
of the video chain and produces 34 bits of output. Each
output bit may be selected from any of the 32 input pixel
data bits or the constant zero, according to the setting in
a register; in addition. the four most—-significant outputs
may be selected from any of the 35 input bits (which include
the in—cursor bit and the colormap page bits).

To set up the XBS34:. you specify, for each output bit,
the number of the input bits is to appear at that output
bit. A number of 77 is used to specify that zero is ¢to
appear at the output bit.

For each output bit x, the number controlling that
output is stored at 30200%«x.
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XBS34 Set Up in Transparent

Pixel
Pixel
Pirel
Pizel
Pixel
Pizel
Pixel
Pixel
Pixel
Pixel
Pixel
Pizel
Pixel
Pizel
Pizel
Pizel
Pizel
Pizel
Pixel
Pizxel
Pixel
Pizel
Pixzel
Pixel
Pixel
Pixel
Pixel
Pizel
Pixel
Pizel
Pizel
Pizel

data
data
data
data
data
date
dats
datas
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data

e of pixel data)

Input bdit
selected
H
v
o - 210 (0utput
1 -1 >11 10utput
2 -1 >12 10utput
3 -! 213 Qutput
4 - >i4 i0Output
9 -1 >3 10utput
6 -! >i6 0utput
7 -t >17 10utput
8 -~ >18 {Output
9 -1 >19 (Qutput
10-1 >11010Qutput
111 >111i0utput
12-1 >112:0utput
13-1 >11310utput
14~} >114i0utput
19—t >11510utput
16~1 >116i0utput
17-1 >{17i0utput
18-! >11810utput
19-1 >11910utput
20~1 >120i0utput
21~ >123 {0utput
23~ D>1221Cutput
23~1 >123{0utput
24-1 >12410Cutput
29-1 >123i0utput
26— >12610utput
27-1 >127{0utput
28-! >128:0utput
29-1 212910utput
301 >130i0utput
' 31-1 >13110utput

In-cursor bit-!
colormap pg O-!
colormap pg 1-t

>licriQutput

>1p0iQutput
!

VENOCBI2WN-O

cursor bit
colormap
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XBS34 Set Up to Transfer Red Channel Input to Al]l Three Qutputs

Pizel
Pizel
Pizel
Pizel
Pizel
Pizel
Pizel
Pixel
Pixel
Pixel
Pizel
Pixel
Pixel
Pixel
Pixel
Pizel
Pixel
Pizel
Pizel
Pizel
Pixel
Pizel
Pizel
Pizel
Pizel
Pizel
Pixel
Pizel
Pizel
Pizel
Pizel
Pizel

In-cursor bit-}
colormap pg O~}

data
data
data
data
data
data
data
data
data
data
data
data
data
datas
datae
dats
data
data
data
dats
data
data
data
data
data
data
data
data
dats
data
data
data

Input bit
selected
v
0o -1 >10 {Qutput
1 ===} >!1 {0utput
2 =l=——=1=} >i2 {Dutput
3 —fm——l=l=} >{3 {0utpus
§ ~|mmmf==]~] >i{4 10utput
S ~fmmm=l=l=l=t ->13 i0utput
& ===~} >t1é 0utput
PR b d B DA R R R B Y ] 217 iQutput
a8 - ! 210 1Qutput
9 -1 ' >11 {Qutput
10-! LI | >12 10utput
11-~t I I | 213 {0utput
12-1 LI T A I | 214 {0utput
13-} tr et 219 10utput
14-~1 |2 T T A I >16 10utput
19-1 2 T A I B A 217 {Qutput
16~} t >10 i0utput
17-1 1 >11 {0utput
168-1 [} 212 1Qutput
19~ t >13 10utput
20~ l >i4 10utput
21-1 ! 219 {0Output
22~1 ! 216 10utput
231 >17 10utput
24~ 1771 z2e@r0
25-1 . {77 2er0
26-1 1771 zer0
27-1 {77! zero
20~1 177 z2ev0
29-1 {77! zer0
30~1 {771 zer0
31-| {77 2er0

colormap pg 1-~!

>leriQutput
>ipO10utput
1

e e e QDN B W R
CArON=O * °

cursor bit
colormap
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IKONAS BUS

THE LUVQ COLORMAP AND YIDEQ QUTPUT MODUL
IHE LUVOD COLORMAP AND YIREQD QUTPUT MODULE
|CAMERA ] ! COLOR !
————— {MONITOR ¢
H : i
’ - ——— — < ——— ~
' H H ! H H
! H v ! ! !
H ! - H 4 ! H } !
v ! 3 v ! v ! v !
i
! vie H ! DR&A 11} ! FBC ! ! XBS34 ! 1/7/LUvV0/ /71
{ VIDED ! 1 IMAGE 111 ! VIDED ! { VIDEO ! 1 /COLOR=-/!
! INPUT ¢ ! MEMORY i} { CONTROL! ! CROSS- ! I/MAP/%//
! MODULE ! ] 11— ! MODWLE ! ! BAR ! {/VIDEQ/ /1
! 1 ! {=- { ! ! SWITCH ! {/QUTPUT /!
~ -~ ~ ~ ~
] ! ! ! !
v v v v v
]
IKONAS BUS H
H
1
! ! ! ! L ! !
v v v v v [ H
t ]
{ BPS t { MCMe | ! SRS ! ! MA1024 it IF7IK ¢ ] '
{ORAPHICS! ! PROGRAM! ! FAST ] ! 3D & 2! 1 HOST ! ! t
!PROCESS-! { MEMORY | I MEMORY ! {ROTATION! { INTERFACE! ! !
! OR { ! NODWLE | ! MODWE | | MODULE | ! | ! 1
H i s t ! i H { { ! { i
: {
{ { ! 4 } H i
- -—————————— -=>to host ! 4
' !
—————— ———— H !
external I mMPC H I CcCms ! ! !
interfaces<~=>1! 48000 | { CHARACTER! 1 t
and . {COMPUTER ! {GENERATOR ! ! !
peripherals i MODWLE ! | MODUWE | ! !
{ == [} ! ! ! [}
1296K RAMI e ! !
~ H H
~ ! ! H
! ' ! !
v N v ! H
!
§
!
!
]



Page 4o

The LUVO Colormap and Video Qutput Module

performs a color lookup on all three video
channels, ten bits each

full 30-bit output at video rates

contains three independent lookup tables, one for
each video channel

fast access from IKONAS bus

channel crossbar switch supports full-color images
and pseudocolor

NTSC standard video output and sync output
accepts externally generated sync
options to allow overlay bitplanes

data—-dependent cursor — allows solid, transparent,
complementing, or more complex cursor functions



TMmaps

A colormap is a device which converts an input pixel
value into an intensity to be used for gne component (red,
green, or blue) of the video output.

The LUVO contains three independent colormaps. one for
each video output channel (red, green, and blue).

A colormap treats each pixel independently. Whenever a
particular value appears at the input to the colormap., the
output value is always the same.

The value produced by a colormap for each input value
can be set by the programmer.

Colormaps have two main classes of use:

1. When the input pixels are in full color, with a
red, green, and blue component, each component can
be passed through a colormap which compensates for
the characteristics of the display monitor and the
observer’s eye. This is called color correction.

2. When the input pixels are eight bits or fewer, each
value of the input pixels may correspond to a
different color. The same pixel value is passed to
the three different colormaps. one for each output
component (red, green, and blue); the resulting
mixture of components gives the desired color for
that input pixel valve. This is called
pseudocolor.
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The ¢ map used for color correction

Since the colormap implements a function of the inputs,
color correction can be shown in that way:

Output

Intensity

Input pizel value 1023

The pixel value for a particular channel «consists of
eight bits of pixel data, the in—-cursor bit, and colormap
page bit O, as follows:

_.'=colormap page bit O, C=in—-cursor bit, both inserted by the FBC)

bit 987 6543210

red channel: IP!C! data bits 0-7 |

bit 287 6543210

green channel: I(PiCidata bits 8-15 |

bit 987 6543210

blue channel: iP!Cidata bits 16-23!




Colgormaps used for pseudocolor

Cblormaps used for pseudocolor resemble a translation
table memory mare than a mathematical function. The same
pixel value is applied as the address of each memory, and
the values stored at that address are wused for the
components of the color displayed.

In the example following, the colormap has been loaded
with a palette of randam colors.

Input
pirel
value
o]
! t t
! ! !
addr H i H
H v v v
v — — e e —— —
o ! (o] { e i .9 | == ! 3 }————
e e H - —— H ——— —— H
1 ! 1 ! ! { o) H H { [+] $
————e——eeeae [ et e ! ————————— i
a @ . & H ! { .4 H i H .2 H H
e e ! —— ! ———————— t
3 ! .3 ! ! } .3 1 ! t 7 ! !
= e -t st H —————— ' — !
etec. / / i / / H / / i
e a—— i ———————— e ! —————— H
‘RED TABLE | CREEN TABLE ! BLUE TABLE {
! H H
¢
i H '
v v v
i o ! .9 $ .3 ! Qutput color
(cyan)

RED OREEN BLUE
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Colormaps used for pseudocolor = continued

Inpus
pixel
value
1
! H !
4 ! '
addr 4 i t
! v v v
v ——— SIS S,
o ¢ o ! ! .3 ! t -] !
1 ! 1 § e 1 (] | ———— ! [+ § m—
— 1 t e e s H
2 . & ! ! } .4 ! ! t .2 I '
e e e et ! t e e e et o ot e !
3 | .9 } | ! .3 ! ! { 7 ! H
= o o i e 1 ¢ ———— !
etec./ / ! / / t / / !
e e e t - ! !
RED TABLE ! GREEN TABLE t BLUE TABLE 1
t 1 !
!
! ] 1
v v v
4 1 ! [+ 1 o ! Qutput color
(red)
RED GREEN BLUE

In pseudocolor, the pixel value is taken from gsome one
of the red, green, or blue inputs, and the same value is
sent to all three colormaps. The pixel value will be:

(P=colormap page bit O, C=in—cursor bit. both inserted by the FBC)

bit 9876543210

IPIC! data bits ##% |

where ### is O-7 for the red channel input, 8-195 for the
green channel input, or 16-23 for the blue.

Page



Colormap Pages and the Cursor

As can be seen from the format of the inputs to the
colormaps, the colormap page bit and the in-cursor bit from
the FBC become part of the pixel value applied ¢to each
colormap.

The jn—cursgr bit is applied as bit 8 of each <colormap
input. This bit 1is 1 for each pixel defined to be in the
programmable cursor, and is 0O for all other pixels. In
effect: you have two separate colormaps, one for pixels in
the cursor and one for pixels not in the cursor. You may
use this feature to provide a cursor whose value depends on
the pixel value; for example, a complementing cursor, or a
‘transparent’ cursor which merely brightens the pixels.

The colormap page bit (bit 7 of 30000%5) is applied as
bit 9 of each colormap. This gives you the effect of having
two colormaps, one with the page bit on and the other with
the page bit off. You may switch between the colormaps
merely by changing the value of the page bit in the FBC.
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The channel switch

The channel switch on the LUVO allows you to select
either full-color or pseudocolor operation. The channel
switch is similar to the XBS34 crossbar switch, but you
route entire video channels instead of single bits.

The channel switch has one output channel for each of
the three colormaps; each output channel may be selected
from any of the three input channels.
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LUVO data routing

LUYQ data routina - Evll-color Qperation

= Full-color

Operation

Digital—to~

Data from Analog
FBC or XBS Channel switch Color Laokup Conversion
1< >1< 1< >1 | L=
red pixel data H H
in-cursor bitl///// /=20 L0017/ RED l}
colormap page |2 S | ! —
O R —_— COLORMAP H H \
LI I ] 1 VLLL (=200 L0001 DAC >
L2 T T T I, | ! [} | S 4
e 1 ! [
LI S T N I B SN ! Pt
L2 T T N N A T | ! HE
I T T T A A A | 1
I T T T N N A [
2 T O N T N B | 1
R N Lo
i ! GREEN ! [
green pizel data_3 J 1 3 ¢ 1 1 ! 1 i t \
in—cursor bitL/LL/LLLL7LL=20 L1710 COL.ORMAP VOLLLLLLLLS L4 =20 140 DAC D>
colormap page A § l§ oyl ! /
| 2 T T A | i ! | I S A
LI A | ! [ I T A |
LI I B R O B BN ! | I T B
LI T A S AN S B | ! Pt
LI A T T A A | Ly 1
2 T T N A A | [ I T A |
I T T T B T A | L T A |
LI T S IO A I O 1 | I T A |
H { BLUE ! | I S A
. LI I S ! | T . ! \
i  COLORMAP VOLLLILLLLLTLLLI =20
blus pixel data | I T R | H N Vol LI /
in—cursor bit//// /2 /=2/17020027710 H | 2 T T T A
colormap page 1Lt ! [ P [
Vot H I T T A
| I H I T T A |
I3 | I T R
[ 0~9 10~19 20-29
IKONAS bus IKONAS bus data bits

address bits
0-9
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LUVO data routing — Pseudocolor Operation

(Example shows pseudocolor from the green channel)

Digital-to-
Data from Analog
FBC or XBS Channel switch Color Lookup Conversion
1< >1< 1< > ([ {—m—m =21
red pizel data H !
in-cursor bit { RED !
colormap page | . H
IDR R Y VLI TR TATIR] COLORMAP ! i} \
Lo § VLLLI L2027 DAC D>
2 T 28 T R | ' Vot H /
[ 20 T ' S N S | t ]
L T T T A R | ' 1
20 T 2 T T N A | t I
LI T % T N T A | [ —
|2 T % T A I T 1
L I T % O T I A 11
LI T 2 O N O N T 3 1}
b oo ! OREEN H 1t
green pixel data_}{ { _t/3 } 1 1 | ¢ ' | ! \
in-cursor bi&/LL// L0070 =2LL00L1 0 COLORMAP S LLLLLL 17404 =2L/,) DAC >
colormap page LI I 4 T T T S I ! |2 T i /7
LI S 4 B IS | ! LI S
LI T % T T T B O ! L A
I T % T T N R ! [0 A |
vz v vt ! | I T
LI T V% B O I t
[ T 4 T N I A LI T |
I T 7 T T O A I T T |
[ T V2 W 4 ot
| . ! BLUE ! L N —_—
| 7 T O T T T H I T { \
VL 4=2011021010 COLORMAP VOLLLLL222072277/=2F DAC >
blue pixel data I T . ! LA A /
in-cursor bit 1 H ! L] LI
colaormap page Pt t [ ] I L]
LI i L I T T )
LI ) ¢ O T T T T
. 1t [ S T T R T |
> [} o-9 10-19 20-29
INONAS bus IKONAS bus data bdite

address bits
o9



Setting up the colormaps

The colormaps are initialized by writing for each input
pixel value the output which the colormaps are to provide
when that input is applied.

When a value is written to the LUVOD, one entry in each
of the three colormaps is modified with a single IKONAS bus
write. When a value is read from the LUVO, one entry from
each of the three colormaps is read with a single read.

The address used in the IKONAS operation is 20300%vvvy
where vvvvy is the input pixel value whose entries you want
to read or modify.

Of the 32 IKONAS bus data bits, bits 0-9 correspond to
the RED colormapi hits 10-19 correspond to the GREEN
colormap; bits 20-29 correspond to the BLUE colormap; and
bits 30-31 are reserved for future use.

Example:

The address is 20300850, the IKONAS bus data is
4402\57720. The entries in the colormaps corresponding to
input pixel value 50 are:

4402\57720 = 00001001000000100101111111010000
! blue ! green i vred H
220 227 1720

The entries in the colormaps range from O (dark) to
1777 (bright). .
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LUVO data routing — IKONAS bus access

Digital-to-
Data from Analog
FBC or XBS Channel switch Color Lookup Canversion
1< >1< >i< >4 | (e —eme=) |
red pixel data H H
in-cursor bit { RED H
colormap page LI R | !
LI T T | COLORMAP t ! \
t 188 H S {=217 { DAC >
L T I t ! i/t | p—
L T T O O S | 3 17t
L T A B I 2> 3 t 171
LJ T T T O TR V8 I ! it
[ J I T I I I A | Ivi
[ 20 O T I B B ot | /1t
L T T T I B B 1/
A N VA VS
! ! GREEN { /e ———
green pixel dota_{ 1 L} 1 1 {71 ¢ H YAl ! \
in-cursor bi¢ H COLORMAP LYY IXTI] >
colormap page [ I B I VA R | ! VAT A /
[ T | 1 ! VA A
|20 T T I B A VR | ! 17y 1
L T T I A A L 3 | ! 178 vl
S T T S N A A I | t s/ /¢
[ T T O B ot | 17y /0
[ I T T A I B B R I YA VA
LI T T I I I 4| t7y /1
L I T S A O O A | ! VAR VA
WL 1 BLUE H 7y i/}
| I TS T I 7 Y | ! Y7y /74 ! \
! COLORMAP V=100 02 07727 ' DAC >
blue pixel data P L izt ! H AN A N YA B /
in-cursor bit ! ! 171 121 /8
colormap page 173 1 H 1 a1 IR
1/7=21 ! 71 17! vl
/71 1 ! 171 171 171
17! 17 A1 /1
1A 0~-9 10-19 20-29
IKONAS bus IKONAS bus data bits

address bits
o-9



THE IKONAS BPS3

GRAPHICS PROCESSOR

s e et 40 e e e

{CAMERA ] ! COLOR !
—————— IMONITOR |
H ! !
! ~
H ! t 4 ! i
¢ ! v ! ! {
H ' e e e H H ! t { t
v H — i v L v { v !
i
I VIB ! ! DR&4 I} 1 FBC | XBS34 ! t Luva !
{ VIDED ! I IMAGE 111 ! VIDED ! VIDEO ! t COLOR- !
tINPUT ! MEMORY (!} ! CONTROL:! { CROSS- | ! MAP & !
! MODWLE | | 1= ! MODULE ! ! BAR { { VIDEOD !
! H ' 1R ! ! SWITCH ! ! QUTPUT @
A - ~ -~ ~
! ! ! ! !
v v v v v
!
IKONAS BUS !
H
!
H ! 1 ! i ! !
v v v v v ! !
! !
{//BPS//7 1//MCMa/ /71y { SR8 ! t MAL1024 t IF/IK ¢ I !
{GRAPHICS! | /PROGRAM| { FAST 1 1 3D & 2D! 1 HOST { t !
{PROCESS~-| { /MEMORY/ ) | MEMORY ! IROTATIONI | INTERFACE! ! !
V/OR//7771% {/MOQDULE/ ! ! MODULE ! ! MODWLE ! H ! t 1
V1117 1777777718 1 H : H H H ! !
H i H H ! ! !
- ke -—————————a ~=>¢to host H !
H {
A - —— ! |
externael i MPC ! ! CCMa H ! !
interfaces<-->! 48000 { CHARACTER! ! {
and |COMPUTER 1 GENERATOR ! ! t
peripherals { MODULE ! ! MODWE | ¢ !
§ 1 ! ! ! t
1296M RAM! ———————— $ !
i ~ ! 1
~ ! t !
{ ! ! !
v v ! !
I
!
1
!
!

IKONAS BUS
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The BPS32 Graphics Processor

32-bit processor for high precision

can simultaneously perform two 16-bit operations
for high speed

S million instructions per second

writable control store — fully user—programmable
assembler is provided, written in standard FORTRAN
control store can be used as scratch memory

powerful instruction set allows overlapped
arithmetic, branches, and 1/0

fast multiply option allows S5 million multiplies
per second



Microcode Development Togls

Microcode development ¢tools consist of the BPS32
assembler (IKASM), the object—-file loader (IKLOD), and the
debugging tool (IKDEB).

All these programs run on the user’s host computer.

IKASM converts a symbolic assembler—language file into
an object file containing BPS32 machine code.

IKLOD is a subroutine which loads an IKASM object file
into the IKONAS address space.

IKDEB allows you to start and start the processor, load
files, and examine locations in the IKONAS address space.

I IKASHM }

T ! user ! { IKDEB :
! H ! ! program } H ¢
H iassemblert P m—— H { debugger !
H —— It IKLOD ———————————
! ~ \ { troutine ! ~

! / \ ———— H

H \ ~ \ H

o / BPS32 ! \ I4 \ $

S ! programi \ / \ t

T —————— \ / hY V]

! v / \ '

H ——— \ H

H ! object ! \ !

<
>
-
—
L}
-~

€ v o= oo e

I IKONAS
! RDS3000
! SYSTEM

—_——

BPZO X

$
!
!
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IKASM Assembler Language Syntax

The IKASM assembler has the following syntax rules:

1.

each statement corresponds to one BPS32 microcode
instruction

one instruction per line

one line per instruction unless continued by slash
in column 1 of next line

symbols are separated by spaces

symbols may be up to eight characters long

the first symbol may be followed by a <colon,
denoting a label; the value of the current
location counter will be assigned to the label

fields may appear in any order

all characters after 3 semicolon are comments and
are ignored by the assembler
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The IKLQD sybroutine

The object file output of IKASM is an unformatted
FORTRAN file described in the IKONAS Loader Format and BPS32
Host Programming Guide documents.

To load an object file into the IKONAS, your FORTRAN
program should do the following:

1. open the file for input
2. call the IKLOD subroutine, passing it the wunit

number of the file. On return your program should
close the unit.

Example: CALL IKLODC(IUNIT)
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IKASM Statements

IKASM statements fall into two categories:

1. Pseudo—operations: directives to the assembler
which do not generate BPS32 instructions

2. Instructions: any line representing a BPS32

instruction.

The syntax of instructions and pseudo-operations is
identical. Pseudo-operations are distinguished by the first
symbol in the statement.

Pseudo—-operations are:

1. assignment ~ explicitly assign a value to a symbol

ORG - set location counter

DEFAULT — establish default settings for fields

P W N

END - end the IKASM run



Ingtructions

Any IKASM statement which 1is not a pseudo-operation
represents a BPS32 instruction.

In the hardware, BPS32 instruction words are composed

of fields. Since the BPS32 is a microprogrammed machine,
each field corresponds to some section of the harduware: a

data path, a register, or a control signal.

An IKASM instruction is & specification of all the
settings of all the fields.

Each field in the hardware microinstruction corresponds
to a set of keywgrds in IKASM, one keyword for each possible
setting of the field. For example, the hardware component
called the 'R selector’ can be loaded from the MDR or the
MAR; the keywords ‘RMAR’ and ‘RMDR’ correspond to the
appropriate settings of the ‘R selector’ field of the
microinstruction.

In IKASM, you code the keywords which indicate the
desired settings of the microinstruction fields. Eack
keyword specifies simultaneously the field it refers to and
the value for ¢that field. You must avoid conflicts: two
keywords which specify different value for the same field.

Symbols may be defined in your program by the
assignment pseudo-operation and by coding the symbol as the
label of a statement. Symbols other than keywords may be
used in instructions; they will be assembled in the data
field of the instruction. The data field is a 16-bit field
which holds immediate data and branch addresses.

If you code a symbol which is not defined (has not been
defined in your program and is not a keyword), an error
message is printed.
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Examples of statements

LABEL: RA1 RPS B2 BD JUMPDF FRED ;i r2 <- ril+r2

The keywords are: RA1L - R operand from register 1;
RPS - add R operand to S operand; B2 - S operand from
register 2; BD - write result to register 2; JMPDF -
branch to the value in the data field.

The symbol FRED, which must be defined elsewhere in the
program, will be assembled into the data field as the branch
target.

The symbol LABEL will be assigned a value equal to the

location of this instruction. This label can be the target
of branch instructions.

RA1 RA2 PR ALUMDR ; MDR <- rxx

This statement contains a conflict: the R operand is
specified as register 1 and register 2.



The Assignment Pseudo-operation

Exgmpie:

QBASE = 10 ; define offset to base of queve

The assignment statement defines the first symbol, and
gives it a value equal to the value of the symbol following
the equals sign.

The symbol thus defined may be used as a data field in
IKASM instructions.

A symbol need not be defined before it is referenced.
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The DEFAULT Pseudo—operation

DEFAULT NANOP CCNOP LDNOP PR YD CARO SS80 ALUBR SB MDRIKD MARIKA

The DEFAULT statement gives the default setting for
fields in the BP832 instruction.

The DEFAULT statement should be the first statement in
a praogram.

When an IKASM instruction is assembled, all keywords
appearing in the instruction will set the corresponding
fields in the microinstruction; fields which are not set by

a keyword in the instruction will assume the setting of the
DEFAULT statement.

The DEFAULT statement saves a lot of typing, since you
don’t have to specify fields whose values equal the default.
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The ORQ Pseudo-—operation

ORG valuel
ORG 256
ORG PGMSTRT

The ORG pseudo—instruction specifies a new value for
the location counter. The location counter is auvtomatically
incremented by every IKASM instruction; the ORG statement
may be used to skip a block of memory or start a program at

a desired address.
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END

The END Pseudo—operation

The END pseudo-operation is the last
IKASM program.

statement

in

an

raye

 w



The BPS32 hardware consists of two components: the
processor section and the seguencer section.

The processor section executes instructions, performs
arithmetic and I/0, and saves results.

The sequencer section figures out what instructions to
execute. During each instruction it computes the address of
the next instruction.
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The BPS32 Processor Section

The processor section contains the following
components:

1. 17 32-bit registers
2. a 32-bit ALU including shifter

3. a 32-bit Memory Data Register (MDR), to hold data
to be written to the IKONAS bus

4. a 32-bit Memory Address Register (MAR), to hold the
IKONAS bus address for IKONAS bus operations

9. (optional) a 16x16-bit two’s complement multiplier

The connections within the processor secton are
illustrated in the diagram on the next page.
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The BPS32 Processor Section

i1<-B addr
(rd/write)

1
H
1
16 32-bdit registers

- . v o es wo oo we o=

A addr=2>I|
(read-only)l

—!onn'l
- oo vo o= o oo e - an

o g =

— e m me we me -
—I-'nll

32-bit
ALV

2
2
carry in=d!

(R
tyl

32-bit
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l”ﬂlllim.ﬂm

1
t
!
161

DATA

tvi
IKONAS

address

- —-> -

- _llll

[

»
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The BPS32 Sequencer Section

The sequencer section consists of the following
components:

1. @ 16-bit program counter to hold the address of the
next instruction

2. & 146-bit register to hold the data #field of the
previous instruction

3. a four-word by 16-bit stack to hold subroutine and
loop addresses

4. a 16-bit loop counter
9. condition—-code—-testing logic
During each instruction., the microcode word and
condition codes are examined to determine the address of the
next instruction, which will be one of the following:

1. the current program counter plus one

2. the wvalue in the data field of the current
instruction (branch instruction)

3. the value at the top of ¢the subroutine stack
(subroutine return)

4. the value in the data field of the previous
instruction (two-way branch)

5. the vélue on the IKONAS bus during the previous
instruction (indirect branch)

Based on the microcode word, the sequencer may
decrement the loop counter and set a flag if the count
becomes zero.
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The Sequencer Subrouytine Stack

The subroutine stack in the sequencer has room to hold
four addresses. to allow for subroutines nested up to four
deep. If subroutines are nested more than four deep. the
Tesults are unpredictable.

A subroutine call consists of pushing the address of
the current instruction plus one onto the stack (this will
be the return address, the address of the instruction
following the subroutine call), and branching ¢to the
subroutine. A return from subroutine consists of branching
to the address contained in the top of the stack, and
popping the stack. If the stack is empty when a return from
subroutine is executed, the results are unpredictable.

The subroutine stack may be used to mark the top of
loops by pushing the address of the top of the loop onto the
stack. Special instructions may be used to branch to the
address on the top of the stack without removing it from the
stack.

You must be careful to remove any addresses pushed onto
the stack, since no address except the one on the top of the
stack can be referenced by the sequencer.
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S TR T TR SETESRESSNEEER SR M

NEXT ADDRESS SELECT
If CC false: I<-I+1 except as
noted. CTR not incremented
NANOP [<-I+1
JMPDF I<-DF
JMPRDF True: I<-DF
False: I<-prev. DF
JMPIB I<-previous IB
JSBxx push I+1 & do JMPxx
NAPUSH I<{~-I+f, push I+1i
NALUP True. I<-STK
False: I<-I+1, pop STK
EXTLUP I<-DF., pop STK
JMPCNT  [<-DF, incr. CTR
LUPCNT I<~STK, incr. CTR
NARETN I{-STK, pop STK
NAZERO O
zzzamna=zz=
LQAD CONTROL
LDNOP DF not locaded to any
other register
L.DCON control reg<-DF
LDCNT CTR<-DF
L.DUDR UDRZ-DF
T=czzssmassTosssssSocsnsamss=sazm
Y _BUS CONTROL, src &% dst
ALUYD
ALUMDR ALUMAR
ALUMP X # ALUMPY»
TKMP X # IKMPY®
* wait 1| cycle for completion
IKMDR IKMAR
MPZYD MPZMDR
{KONAS ADDRESS CONTROL
MAR [KA addr=MARO-23
MASHIKA addr=MAR16-29$MARO-F

e

Page 76

BPS32 QUICK REFERENCE CARD
==

H COND CODE SELECT H R SELECTOR
‘ Prefix N to negate condition ! RAx REGx .
CCNOP always true ! RIMM UDR\DF »
CCCNTZ CTR=0 after JUMPCNT or LUPCNT ! RLIMM O\DF #
CCBLK vertical drive pulse ! RMDR MDR
CCMAAC MA1024 busy ! RLMDR O\MDRO-193
CCHOST host request { RMAR MAR
CCOVR ALU overflow ! RLMAR O0O\MARO-19%
CCNEG ALU negative ! RBHR BRO~135\BR146-31
CCZERD Y bus zero # ! RBHS 0\BR156~31
CCCAR carry from ALU31 ! RBBR BRO-7, 24-31\BRB-23
CCvyib Y-bus 19=1 ! RBBS GR24-31\BR8~-23
CCeTZ ALU >= O &% Y bus = 0 # i % not valid during IKWR
*1nvalid during read from IB or MPLR i== = =nm
T=zcummrxz=o==o === s SELECTOR
SPECIAL FUNCTIONS t Bx REGx ! sa a
INCRS BR<-BR+1+cry iEXsExsaa
SMTC convert BR sign-magnitude to | ALY OPERATIONS
two’s-complement ¢ SMR S-R-1+cry ! ALUZ O
SUNML single length normalize ! RMS R-~S-1+cry ! NRAS (“R)"S
DLNML double length normalize i RPS R+S+try i RENS ~(RyS)
UMPY unsigned multiply ¢ PS S+cry ! REOS RvyS
TCMPY signed multiply ¢ MS ~-S-1+cry ! RAS R~S
TCMPL end of signed multiply ¢t PR R+cry ! RNRS ~(RvS)
TCDIV divide MR ~R-1+cry ! RNAS <~ (R"S)
TCDIVC end of divide : ¢! RORS RvS

e o e e L T T L L L B L P P O P P s
UNSIGNED MULTIPLY - Rx # Ry ALU SHIFT/DEST
Product = Rz\Q =_wr =

BD no shift

ALUZ Bz BD

RAx PR GD LDCNT 1-32. aD no shift¢

UMPY RAy Bz LSO UMPCNT NCCCNTZ YD no shift¢

==zan=s BDAD no shift (write both)
TWO’'S COMPLEMENT MULTIPLY - Rx # Ry RAFBD single right arithmetic

AlLUZ Bz 8D RLFBD single right logical

RAx PR GD LDCNT 1-31. LAFBD single left arithmetic
TCMPY RAy Bz CARO LSO JUMPCNT NCCCNTZ LLFBD single left logical

TCHMPL RAy Bz CARZ LSO

_IKONAS BUS FUNCTIONS

K

RD word mode read

=E=s==o=

TWO'S COMPLEMENT DIVISION

RAFLABD double
RLFLQABD double
LAFLGBD double

right arithmetic
right logical
left arithmetic

TKWR

HRESRD
LRESRD
HRESWR
LRESWR
HMASKW
LMASKWI
HSHADW
LSHADW
WRSTRT
CONTMA
STOPMA

word mode write
HIRES read
LORES read
HIRES write
LORES write
R HIRES set write
R LORES set write
R HIRES set shade
R LORES set shade
MA
restart MA1024
stop MA1024

GLOSSARY.

mask
mask

write & start MA1024

ALU
BR
CTR
OF
1

I8
MP X
MPY
MPZ

UDR
~Zoper
~oper

7

v
v

shifter outpout
B register

loap counter
data field
program counter
IKONAS bus

MPLR X input
MPLR Y input
MPLR output

Q@ register
stack
upper
and>
and>
AND
OR
EXCLUSIVE OR

data register
one’s complement
two’s complement

Ry\@ = dividend (&4 bits) LLFLABD double left logical

Rx = divisor (32 bits) LLAYD Q left logical
Q = quotient, n bits; Ry = remainder RLGYD Q right logical
{n = degree of precision wanted) SxB ALUL&-I1<-ALYL
LNML RAx By LR LDCNT -t-n Note: logical = shift all bits

arith = leave ALU31 unchanged:
single = shift ALU only;
doudle = shift ALU(NiI) & Q(lo)

CDIVC RAx By SS1 CARZ

D
TCDIV RAx By LR CARZ JMPCNT NCCCNTZ
T

= =mmm
Test Fectn CC (32 bits/16 bits) SHIFT CONTR (shj )
R >= § RMS NCCNECG/NCCY16 Single Double
R > § SMR CCNEG/CCY16 550 LSO Shifet in O
R (= § SMR NCCNEG/NCCY16 SS1 Ls1 Shift in 1
R ¢ § RMS CCNEG/CCY16 SR LR Rotate
R = g REOS CCZERO EET ] P EE L L] =—w

R XN IECSISSIRTSNSCATIARAWEBWREBR

CARRY 1IN CONTROL,

____LOCICAL COMPARISONS bito bitls

R »=§ RMS CCCAR CAROQ o c1$

R > § SMR NCCCAR CARt 1 c13

R <= § SMR CCCAR CAR31 c3a1 c13

R < S RMS NCCCAR CARN31 ~C31 c19
CARZ cCz c13
CARHO o o]
CARH}E 1 1

C15 = ALU carry from 13
C31 = ALU carry from 31
CCZ =1 if ALU = O

>
r
[~y
4
I
X
¢
o
0
o
X
l
>
Q
r4
I

SAMP DEFAULT STAT NT
DEFAULT NANOP CCNOP LDNOP PR YD CARO SSO ALUYD SB MDRIKD MARIKA




-

! — NMAR RBUS
U 4
[ 4
I l
] VLTINS I T 7777771 ¢
[ 1 1/ t
L iyl 173 !
LI ! ] 1/ :
L] A addr->| 16 32-bit registers {<~-B addr 171 f
[ 2 ! 1 3 171 1
11! 174 L] 171 }
i 171 [(RR] 173 !
' 17 3 <= rotated vi 11 !
[ 1 1_ 1 VAR
t 1 1 ! 1 ‘. 71
! =>! R ! 1t 8 ¢ 1 V2 B

{ OPERAND | ! OPERAND | t 3 8/ 1

! SELECTOR ! ! SELECTOR ! [ 173 !
$ =21 i ! [} [ 173 H
LI ! H { ! i1 171 H
'l | RN 111 1] 171 !
N iy} 1572 B —tt 178 3
[ ] ' J2-bit ! [ Q { ¥4} !
1 0 carry in-Dt¢ ALV ! I__rea ! 171 !
t $ ! Ishifter! 171 }
t 171 ALU=R [kal} 171 }
L] 1/t 1714 !
[ 't/ t/1 !
[} 13 173 !

- [} . tyl 171 !
il ! 32-bit H 1/ ]
[} i shiftor ! 171 t
[ t ! ¥4} i
I 1 data field it 173 !
[} [ ] tvi 173 1
1 1 1 1 PLLLLLLL Y LLINLBNSI T L7 LTI T 77747} H
] 11 111 1l [ It [} [} [ !
1L iyl tvi teb___ 1 it SR SO Y N Y B !
L] | UPPER | |} ! ! [} ! l [ I 4 Y ! L 4
LI { DATA ! 11 4 MDR | |} I MAR ! ! i LI {
[ IREQISTER! [ 4 ! L} ! ! t M'PLIER! [} !
N T [ B I S I R | ! 1 Tty
1t R 111 111 t T [ t
[ v’ vl lwvi LI | tvl ! -2 ! !
i 113 111 [} [ ] [ ] t
t 1t 161 146} | ] 11 t 1 !
! ! 11 1 h
18 1~ (2 ¥]
. tw) 11t ivl
IRONAS IKONAS
data address

Operation: Move register 2 to register 3

nstruction: RA2 PR B3 BD

G T R T Gn CE Se Cw e Gw eE WP e GE S Ew Ge GE O Tw CE T S AR TP e TE SE PE SE Te Be G= e =e Sm Se Ae . Se Te Se ok ve Se @8 on
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Page 7

Operation: register 3 <- register 3 + 200
Instruction: RLIMM 200 RPS B3 BD

! HAR BUG !
L] Pt
HEH HIER
ot [ 3
1 VILLLLLLLL LIS INIBIRL LI L LLLLLL Y (B
L 1 171 [
it iyl t/1 [
1 H ! 1/ [
[ A addr->1| 16 32-bit registers {<-B addr 171 [}
t o ] 1 3 /71 !
Y L} 171 71 [
] IR 71 t /1 [
L fvl | S- rotated /3 /4 i
] — 7 i1 Pt
HE t H ! e i71 ot
H =2! R H i S 1¢- 1/t [

! OPERAND ! ! OPERAND ! [ 171 [}

! S8ELECTOR ! | SELECTOR ! N | 171 11!
VLTI ITIT=3} ' ! ! o VA
1/ [} [} ! ! 1 17t 11
HVA . (R R y ot /1 1
178 ) iy i —tt 121 1t
VS ] 2-bit ! ! (<] H /1 [
1/ 0 carry in->i ALY | {_reg ! 71 1t
VA ! ! tshifter! 171 [ ]
Ve 1/ ALU=R+S ~1 171 [}
VA 1/t $ 1/t t 1
HV A 14 H 171 [}
i/ 13 171 1
Y . iyt /7t Pl
VA 1 32-bit H 171 [
VA H shifter H 171 Pt
VA 200 t ! 174 Pt
i/7{ dats field [ R 1/t t
i1 71 vl i/ [
171 CILLLLLLLLIY t PLLLLLLLS LLLINIBSLL 11107 24047470 1
VA 1t 171 b [ [ L S B | [ [
/iyl /1 [ 54 PN R S J JOE O DU B [ [
/7 L UPPER t 1/t 1} LI T R ! X Y ! [ 1
/71 | DATA | B | MDR ! 1 | 1 MAR ! H t 1 L
i/{ IREGISTER! /1 LI A B | ! t M’PLIER! | [
U8 B - [ 4 B | I A A ! } ! t 1 [
/1 (] 111 1 1! 1t LI DR A | i
173 [ Ivi ivi [} fvi | PR ZEE R A |
i/ t | (R Y] [} [ [ [
17! Vot 1861 [ ] 11 1t t 1
VILLLLLLLLLL2 220 2YL, 1 1t { Al !

(AR} 1~ 113
ivi RN} ivi
IKONAS IKONAS

data address
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Operation: Write MDR to the IKONAS bus at addr in MAR; subtract R4 from MAR
k truction: IKWR RMAR RMS B4 CAR1

VI LLLLLLLLL L IMARIBUBL L1428 LL L L L LLLLLLLL L L8 LLLLLLLLLLL LS
i/ i/t
t/7¢ 171
1/ /71
i1 [ Y Bus 1/t
171 171
i1 171
/71 ! H 171
171 A addr->1 16 32-8it registers 1<-D addr 171
/71 i § 4 Lt/
171 [} 1/ 171
1/ 1t t/¢
11 vt} S=_rotated /1 1/t
it N N L Y 11 1t
1WA } 171
VLLLLLLLLLLLLLLLLLD)Y R /1
171
171
171
(V4]
1A
i1
1/
1/
171
171
171
1 ¥4 ]
171
171
173
171
173
171
/8
1t/
171
171
i1
i/1
171
171
/1 Y4
t71 171
171 1/
171 171
VILLLLLLLLLLRILLLLLLLLLLLLLLLLLLN
XK

twl

INONAS IRONAS

data address

=2

1 carry in=Di ALY

! 32-bit T
1
1 1

/71 ALUsR-S-—-1+cry ~
171

1/

e

. iyl

! 32-bit
i shifter

. B h Be G - e e v Se we =e "e e v e e Ce Se Gu Te we we S8 ==

data field i
e Ivt
—_— s Y B
(BB} 1R} !

R L1 P iyt
! [ H

MAR ! ' t
! ! M'PLIER!
! ! 1

en oo = - S8 me v B B v A S e e SE SN Sm Ge Se *m wE Ee Be Te Ge Su Ce Sv W oo

!

1 t 11
iyt ' vi_
! UPPER | ! Y
| DATA bt
IREQISTER! !

! [

1 t
tvi tvi 171
1y 113 171
168 168 11

e Sm ow wn > = G wa T Sn Em we e Ss Be

- Gn ws Pr ee Be mm e - . S e e P e A P Le Gw e EE ST BN e S S =
-
-

e Ge s v 4 G BE mm mm hm e Pe Sm Ew e e Pe e FU S8 Ye Se Se 0% S6 Se e == e

-
~

“t o6 wn on av =n oo eo on we o= we o

“n or an se an mn ox on ov on we o= =
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Operation: Increment RS by 2
Instruction: B5 INCRS CAR1

3 fes Bua T
[ | 1
' bl
o VI LLLLLLLLLLL CLNIRNSL LI LI LLL ALY )
[ 12N} (X&) L]
L iyl 171 U |
1 [ [} t/t bl
Pl A addr=D>| 14 32-hit registers 1<-D addr 171 L]
L ! t 9 171 [
[ 1/ 171 s
L ¥4} 1/ H]
L ! <- rotated /8 171 t
L] RN G DU D V7 171 bt
HE 1 § H H 171 [
H =21 R H H S = ! 171 [
{ OPERAND | ! OPERAND ! fol 171 U]

{ SELECTOR ! | SELECTOR ! [ 171 [

! 2! { ! t tt 171 [
L] ! H t ! [} 171 (I
[ [ER} 14l [} 171 1t
Pt iy i [N N S 171 L]
o 32-bit [} { Q ! 1/t t
] 1 carry in=>} ALY [ f_req ! 1 4] 1
[ ! ! Igshiftert /3 I
Pt 171 ALU=S+1+cry [ 3ad} 171 (]
1t - : 171 [RR} 171 [
1 1/ t 171 ]
ol 11! 171 (]
tt Iyl 171 L
L . t 32-bit ! YA ot
L shifter ' 1/t HE
1! i 171 L
1 data field it 171 ]
L H ivi 171 i
IR [ [ ! SLLLLLLLYLLUNLBUSL LS 700207 (L4044 7 U}
L 1t (AR IR R it [ [ T | Pl ot
LI S, 12 (577 RN, |2 PN R B S SR [ O O I bl [
't'T L UPPER I 1t T R | ! [ Y ! [ L
1 1 | DATA | I T ) MDR I 1 I | MAR { H ' L L
It IREGISTERI 1 1t 1 [ | ] I M'PLIER! [ t
[ . [ R T | I N R ! ! ! 1 4
ol (R} [RE] IR [} tEl [ . I | (I}
11 tvl ivi fvl [} tvi b= 1 [}
1 151 111 1! 11 L} 1t
1t 161 161 { [} [ (I}
§ ! [ ! 1

it 1~ 11! B
‘vl it Ivi
IKONAS IKONAS

data address



Operation: Read IKONAS bus into MDR; load Q@ from RS
(second half of dynamic memory read)
Instruction: IKMDR RAS5 PR @D

f MAR BUS ]
i 1t
LI [ ]
i [ ]
' Y BUS Tt
[ [} [}
1 I I
1 ] 1 ty 4
11 A addr->1 16 32-bit registers 1<-B addr Lo
1 S H ! [ ] L]
1 171 T 1 tro
LI | t7t 1t i1 Pt
b 71 1 <- rotated vi P4
Pt PN 2 S B 1ot 1t 1t
L] ! H ! i L] [
] =i R 1 i1 8 1< 1 b

! OPERAND | ! OPERAND | Tt 1L

! SELECTOR ! ! SELECTOR 1 ' v
H =21 { H ! [ ] 11! 11
] H { H ! [ t ! L ]
o 111 ) Py
Pt —- 1yl __ N % P T S
Pt H 32-bis } ] Q H ' L)
L 0 carry in->! ALY ! t_reae ! [ | L}
] 1 H igshifter! Lt
bl 171 ALU=R 1~ tE o1
{ ] 21 11t [ ] [ ]
1l 2/L{[{““(“(L‘L““((‘Ll [ ] 11
1o . T 1ty
1 1_t 1 11
b 1 32-bit 1 I
bt 1 shifter i trot
L] ! ! t 1 [ I |
| | data field 11 R
[ [} 11 11 [}
oy i 1 172222171/ Y BUS P
LI i1 14 IR 17 11l R R 1 [ ] [
I RN V1 vt (572 DU V2 BN 11 B VX SN 172 DR P 13
[ { UPPER | L ] H ! it/ ! ] 1 X H [ ] [ ]
t ! DATA ! U} ! MDR | I/} | MAR ! ! 1 [ ] L]
| | IREGISTERI [ | i VIR ! | MPLIERY 1 1 1
LS S PO S B T SN B V2 ! 1 [ I R
i 111 1 11t 171 T T 11 11
1 tvi tvi ™ 171 vl ! = 11
1 14 11 11 171 13 11
1 161 161 1 11 1 N 1t
1 ' 12 1 '

LR} | ad 113
tvl (R R vl
INONAS INONAS
data addrass
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THE MA1024 3-D TRANSFORMATION UNIT

{CAMERA ] ! COLOR
———————— {MONITOR
‘ ——— e e— ——
1 -
! ! ! ! } H
! ! v ! { !
! H ———— ] ! ] ! ! $
v i - I v ! v H v {
1t
!t vis t { DR&4 It} i FBC H i XBS34 | i Luvo ¢
{ VIDED ! ! IMAGE 11! { VIDEQ ! { VIDEO ! ! COLOR- !
t INPUT ! MEMORY 1! ! CONTRQOL.! | CROSS8- ! I MAP &
! MODULE ! ! 11- ! MODULE 1 { BAR ! { VIDEO ¢
H ! H i- t 1 | SWITCH ! ! OUTPUT |
~ ~ -~ -~ ~
! ! { ! 1
v v v v v
[
IKONAS BUS !
|
!
! t H ] [ H !
v v v v v ! {
! 4
! BPS t ! MCMe | 17/8R8//7/1} 1 /MAL024/! t IF/IR 1} H H
{ORAPHICS| ! PROORAM! {/FABT//7/1 1/73D/%/2D1 ! HOST 1 ! H
{PROCESS-~1 ! MEMORY | I /MEMORY/ } {ROTATION! i INTERFACE! ! !
! OR ! ! MODULE ! {/MODWLE/ 1 /7MODWLE/ } t ! H !
! ' H s $/77/72777710 32777727771} ! ! H ¢
{ i H 4 1 H !
—————————— ————— ==>to host s ’
H 1
———— [ !
external [ MPC H i CoMs ! { !
interfaces<—>! 48000 ! {CHARACTER! ! !
and {COMPUTER! {CENERATOR ! : {
peripherals | MODULE | { MODUWLE ! i !
R e | 1 ! H !
236K RAM! ——————— ! i
~ ! !
~ ! ! !
~ 1 ! ! !
v N v { i
|}
!
!
!
!
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Performs 3-D rotation of vector endpoints and
polygon vertices

Fast - 300,000 transformations per second

Allows storage of 64 rotation angles simultaneously
Option allows rotation with perspective

Calculates dot—-product for lighting simulation

Calculates cross—product of vectors for
normal~-vector computation

Fully user—programmable with writable contral store

Full parallel processing — does not require access
to IKONAS bus during operation

Uses up to seven SRB dual-port memories for data
input and output
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HA1024 Inputs and Qutputs

o Input points can be 3-D [x y z1 or homogeneous
(x y z wl

o Output is same format as input

0 4x4 coefficient matrix controls rotation

The MA1024 accepts a list of input points, matrix

multiplies them by a matrix representing the desired
rotation (the coefficient matrix), and stores the resulting

ovtput points.

The MA1024 input and output points, which are stored in
the SR8 memory, represent points in three—-space or points in
homogeneous coordinates. A point in three—-space is a vector
Cx y z23; a point in homogeneous coordinates is a vector
£x y z wl.

The MA1024 always uses homogeneous coordinates in its
multiplication, so a point in three—space is extended by
setting w=1: ([x y z 1].

The output points produced by the MA1024 are the same
format as the inputs: either points in three-space or
points in homogeneous coordinates. Input points in
three~space carry with them a tag field which is copied
unchanged to the output.

The examples below will all vuse input points in
three-space.
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The Rotation Qperation in the MA1024

Each input point to the MA1024 is transformed to
produce a corresponding output point by a matrix
multiplication defined as follows:

! Cxx Cxy Cxz

{ Cyx Cyy Cyz
[Xo Yo Zo 1] = CXi Yi Zi 13 | Czx Czy Cz:z
i Tx Ty Tz

I -0 0Q0

[Xo Yo Zol is the output point;
[Xi Yi Zi] is the input point;

Ciy is the contribution of input coordinate i to output

“ coordinate Ji

Tk is the amount of translation (lateral movement) in
coordinate k.

Computation of the coordinate matrix is the
responsibility of the user. Helpful formulas can be found
in Rogers & Adams, Mathematical Elements for Computer
Graphics, pp. 47-48, 54-55, 207-208; and Newman % Sproull,
Principles of Interactive Computer Graphicg. pp. 333-352.



Data Formats

All numbers in the MA1024 are 16-bit two’s—complement
fractions ranging in value from =-1.0 to +0.9999. The
most-significant bit of such a number (bit 15) is the sign
bit; bits 0-14 are the fractional part. The implied binary
point lies between bits 14 and 15.

An [x y 2] point or an [x y z wl point requires four
16-bit numbers, or two 32-bit IKONAS data words. The two
words for @ point occupy consecutive locations in the SRS
memoty, as follows:

For Cx ¢ 2] points:

Bits 3322222222221 111111111
1098746954321098769%94321098763543210
first word ! ¥ coordinate H ® coordinate !
second word! (E! tag field ! T coordinate !

E (bit 30) is the end-of~list bit. set in the last
point to be rotated.

For (x y z wl] points:

Bits 3322222222221 111111111
10987695432109876%954321098769543210
first word | y coordinate $ t coordinate !

second word! w coordinate ! t coordinate t

reye c



Coeffjicient Matrix Format

'The coefficient matrix to be used for a rotation is
stored in the cogfficient memory of the MA1023.

The MA1024 can hold up to 64 coefficient matrices
simultaneously, though only one may be used for a single
list of points. '

Each coefficient matrix occupies 16 consecutive words
of the coefficient memory, as follows (refer to the diagram
above for the meaning of Cxx etc.):

Word O Cxx
Word 1 Cxy
Word 2 Cxx
Word 3 Tx
Word 4 Cyx
Word 5 Cyy
Word 6 Cyz
Word 7 Ty
Word 8 Czx
Word 9 Czy
Word 10 Czz
Word 11 Tz
Word 12 O
Word 13 O

Word 14 O (used by the perspective division option)

Word 15 . 9999
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MA1024 Operating Seguence

The steps to use of the MA1024 are the following:

1. Load the correct MA1024 microcode routine into

program memorTy. Microcode routines to perform
operations described in this document are supplied
by IKDONAS and may be loaded using the IKLOD

subroutine. The routine to perform rvotation
named MMEOL.

2. Load the coefficient matrix for the rotation
the coefficient memory.

3. Load the points to be transformed into the SRS8.
sure E (bit 30) is set in the last word.

4. Load the correct values into the MA1024 control

registers for the following:
1. MA1024 program address

2. Coefficient matrix offset
3. Input data address
) .

Qutput data address

See below for the formats of these control

registers.

5. Start the MA1024 by storing O into address 20402%3

using a function code of 25.

Note

The procedure described above is the proper sequence
for wusing the MA1024 to perform rotation. It does
not use all the features of the MA1024. If you want
to write custom MA1024 microcode, you should learn
about the full power of the MA1024 by reading the

MA1024 Programming Quide.
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MA1024 Control Registers

The registers described below control the operation of
MA1024. All the registers may be accessed from the

IKONAS bus in the address range 20402%0-20402%2.

Bits 3322222222221 1111 11111
1098763954321098765954 3210987434321 0

2040280 1 ! coefficient offset! W ! program address !
20402¢1 ! output list offset in SRE ! input list offset in SRS H
2040282 ! { loop O counter value !

Rrogram address is the offset to the MA1024 micraprogram
to be used. For the IKONAS rotation program MMEOL,
this value will be 0. For custom microcode, the
value will be the same as the value of the ORG
statement in the IKASM assembly of the microcoade.

Aﬂ (bit 13) should be set to O for MMEOL. When this bit

is 1, the MA1024 will expect input points in
homogeneocus coordinates: C[x Yy z wl. IKONAS does
not supply microcode which Tequires W set to 1.

Coefficient address is the offset to the coefficient
matrix to be used. If this offset is specified as
ccee, the coefficient matrix must start at

20400%cccc.

Input and gytpyt offsets are the offsets to the input
and o0tput areas in the SRS. If one of these
offsets is specified as xxxx, the area at

202008xxxx will be used for input or output. The
last point in the input 1list must have the
end—-of~-list (E) bit set.

Loop O counter value is a value which may be wused by

user microcode. IKONAS microcode does not use the
loop O counter, which may be left uninitialized.

Page 89



Diagram of MA1024
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THE MA1024 3-D TRANSFORMATION UNIT WITH CLIPPING SUPPORT
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The MA1024 3-D Transformation Unit with Clipping Support

Performs 3-D rotation of vector endpoints and polygon
vertices

Fast - 300,000 transformations per second
Allows storage of 64 rotation angles simultaneously
Allows rotation with perspective

High—precision perspective divider allows perspective
rendering of complex scenes

Clipping assist feature detects and flags points out of
view in six «clipping planes — allows savings of 50-80
percent of time spent in clipping

Calculates dot-product for lighting simulation

Calculates cross-product of vectors for normal-vector
computation.

Fully user—-programmable with writable control store

Full parallel processing — does not require access to
IKONAS bus during operation

Uses up to seven SR8 dval-port memories for data input
and output
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MA1024 Inputs and Qutouts

o Input points can be 3-D [x Yy z1 or homogeneous [x y z w]
o Output is same format as input

0 4x4 coefficient matrix controls rotation

The MA1024 accepts a list of input points. matrix

multiolies them by a matrix Tepresenting the desired
rotation (the coefficient matrix), and stores the resulting
qutput points.

The MA1024 input and output points, which are stored in
the SR8 memory, represent points in three-space or points in
homogeneous coordinates. A point in three—space is a vector
Cx y z3; @ point in homogeneous coordinates is a vector
€x y z wl.

The MA1024 always uses homogeneous coordinates in its
multiplication, $0 a point in three-space is extended by
setting w=1: [x y z 11

The output points produced by the MA1024 are the same
format as the inputs: either points in three-space or
points in homogeneous coordinates. Input points in
three—-space carry with them a tag field which is copied
unchanged to the output.

The examples below will all use input points in
three-space.

]
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The Rotation QOperation ip the MA1024

Each input point to the MA1024 is ¢transformed to
produce a corresponding output point by a matrix
multiplication defined as follows:

! Cxx Cxy Cxz O |
{ Cyx Cyy Cyz O !
C(Xo Yo Zo 1) = CXi Yi Zi 11 | Czx Czy Czz O !

{ Tx Ty Tz p

[Xo Yo Zol is the output point;
CXi Yi Zi) is the input point;

Cij is the contribution of input coordinate i ¢to output
coordinate j;

Tk is ¢the amount of translation (lateral movement) in
coordinate k.

Computation of the coordinate matrix is the
responsibility of the user. Helpful formulas can be found
in Rogers & Adams, Mathematical Elements for Computer

Graphics:, pp. 47-48, 54-55, 207-208; and Newman & Sproull,
Principles of Interactive Computer Qraphics. pp. 333-352



All numbers in the
fractions ranging in
most—-significant bit of
bit; bits O0-14 are the
point lies between bits

Data Formats

MA1024 are 16-bit two’s—-complement
value from -1.0 ¢to +0.9999. The
such a number (bit 15) is the sign
fractional part. The implied binary
14 and 15,

An [x y 2] point or an Lx y z wl point requires four
16-bit numbers, or two 32-bit IKONAS data words. The two
words for & point occupy consecutive locations in the SR8

memory, as follows:

For Cx y 131 points:

Bits 3322223222222 111111111 1
1098764354321098763%432 1098749343210
first word | Yy coordinate ’ 2 coovdinate H
second word! (E! clip flags! tag field t 2 coordinate H

E (bit 30) is the end-of-list bit. set in the last
point to be rotated.

The clip flags are set by the clipping assist feature.

if it is

enabled. More about ¢this feature under

‘perspactive transformation’

For Cx y 2 w] points

Bits 332222
109876

222211113111111
43210987454321098765432 10

first word ! . ¥ coordinate ’ z coordinate H

second werd! w coeordinate ] 2 coordinate H
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Coefficient Matrix Format

The coefficient matrix to be used for a rotation is
stored in the gcoefficient memory of the MA1024.

The MA1024 can hold up to 64 coefficient matrices
simultaneously, though only one may be used for a single
list of points.

Each coefficient matrix occupies 16 consecutive words
of the coefficient memory, as follows (refer to the diagram
above for the meaning of Cxx etc.):

Word O Cxx
Word 1 Cxy
Word 2 Cxx
Word 3 Tx
Word 4 Cyx
Word 5 Cyy
Word & Cyz
Word 7 Ty
Word B Czx
Word 9 Cuzy
Word 10 Czz
Word 11 Tz
word 12 O
Word 13 0

Word 14 O (used by the perspective division option)

Word 15 . 9999
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The Perspective Transformation and Clipping

The MA1024 allows perspective transformation by

dividing the coordinates by a value dependent upon the
distance of the object from the observer.

The clipping assist feature of the MA1024 may be used

to compare the transformed coordinates of each point against

six

clipping planes; the MA1024 will set six flags, one for

each clipping plane, to show whether the point is beyond the
plane or not.

are:

1.

The steps in perspective transformation with clipping

The input points are defined to be in ‘world
coordinates’, with values ranging from -1 to +. 9999.

Use the MAI1024 to rotate the input points and
simultaneously convert then to ‘clipping coordinates’.
Clipping coordinates are similar to world coordinates,
except that w (the perspective coordinate) is computed.,
and x, y, and w are scaled to allow clipping of x and y
against w. Examples of this ¢transformation follow.
During this step the <clipping assist feature is
activated to cause the MA1024 to set flag bits if a
coordinate is outside the clipping planes. The
z-coordinate is left in world coordinates, except that
the distance of the near clipping plane is subtracted
from it.

Use the BPS32 to handle the clipped points. This may
involve discarding them or replacing clipped vectors.

Use the H31024 again the perform the perspective
division by w. Since w is not stored in the point list,
it is recalculated from z.
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The Gonversion from World Coordinates to Clipping Coordinates

The MALOZ4-s conversion from world coordinates to
clipping coordinates consists of three componentls:

1. Calculation of the transformed x, y, and 2 coordinates
in the same manner as described above for simple

rotation

2. Calculation of w — the perspective coordinate - as &
function of tlhe transformed z and the desired viewing
pyramid i

3. Adjustmenl of z by subtracting the distance to the near
clipping plane

W (the perspactlive coordinate) is significant because
the final operation in the perspeclive transformation is
division of x and y by w W represents the apparent
distance of the object from the observer. If the
transformation is to simulatle the view of a telescopic lens.,
i. e, if the object is to be made to appear close to the
observer, w will be made a fraction of =z I¥f  the
transformation is to give a wide-angle view, 1. e, the
object is Lo appear far away, x and y will be scaled down
accordingly. X and y are scaled down instead of scaling up
w, since it is impossible to scale up using the MAL102Z4.
Since x and y will be divided by w later, scaling down X and
y is equivalent to scaling up w.

Z is the_gbsolute distance from the objecl to the
obsierver. Z is adjusted by subtracting a constant, which
represents the nearest object which may be viewed. i
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The Clipping Assist Feature

Conversion to clipping coordinates defines a viewing
pyramid within which all points are visible, and outside of
which all points are off the screen. This viewing pyramid
is defined by the equations:

- < x < +u
-w < gy < +u
0 €z < zrange

That is, all points for which x or Yy are greater than w
in absolute value are off the screen. When the viewing
pyramid is defined in this way, the division by w results in
numbers in the range -1 to +. 9999, the legal range for the
MA1024.

The zrange given in the equations above is the distance
between the nearest object to be displayed and the farthest.
It will be remembered that z was adjusted by subtracting the
distance to the nearest object; so cliiping against O and
the zrange will discard all points which are either too near
or too far away.

The clipping assist feature sets six flags in the tag
field of each point. The six bits are defined as follows:

Bits 3322223232221!1111111!
. l099763‘321098763432109876943210
! P21yt gy tag field ! transformed : 1
! ‘thilthilinils ! - vetve :

N

(o

x1 (bit 24) is set if x is less than -

h (bit 25) is set if x is greater than w
(bit 26) is set if y is less than w
(bit 27) is set if y is greater than w
(bit 28) is set if z is less than zero
(bit 29) is set if z is greater than zrange
Zrange must have been Previously stored at 20402%3.
The «clipping assist bit (bit 13) must have been set in

20402%0. If w is negative, the sense of each test is
Teversed: x1 is set if x is greater than ~w, etc.
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The P tive Divisi

Perspective division is simply division of x, y, and 2
w. The MBINW operation in the MA1024 is used to perform

the division. The following observations apply:

1.

W must be greater than the number being divided. Any x,
y» or z values greater than w must be clipped by the BPS
before division.

W is not stored with the point:. but must be recalculated
from z and rescaled. I# w is scaled down from 2, z must
also be scaled so that it is less than w.

After the perspective division. a translation (to the
center of the screen, usuvally) may be performed.
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MA1024 Operating Seguence

The steps to use of the MA1024 are the following:
Load the correct MA1024 microcode routine into the
program memory. Microcode routines to perform
operations described in this document are supplied by
IKONAS and may be loaded using the IKLOD subroutine.
The routine to perform rotation is named MMEOL.

Load the coefficient matrix for the rotation into the
coefficient memory.

Load the points to be transformed into the SRS. Be sure
E (bit 30) is set in the last word.

Load the correct values into the MA1024 control
registers for the following:

1. MA1024 program address
Coefficient matrix offset
Input data address

Output data address

Clipping assist, if needed

o v+ LW N

Zrange for clipping, if needed
See below for the formats of these control registers.

Start the MA1024 by storing O into address 20402$3 using
a function> code of 25.

Note

The praocedure described above is the proper sequence
for wusing the MA1024 to perform rotation. It does
not use all the features of the MA1024. If you want
to write custom MA1024 microcode. you should learn
about the full power of the MA1024 by reading the
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MA1024 Control Registers

The registers described below control the operation of
the MA1024. All the registers may be accessed from the
IKONAS bus in the address range 20402%$0-20402%2.

Bits 3322222222221 111111111
10987654321090763432109876943210
20402¢0 { ! coefficient offsetICINIWI { program address !
2040281 ! output list offset in SRS ! input list offset in SRE !
2040282 ! !t loop O counter value !
2040243 H ! irange for clipping assist !
program address is the offset to the MA1024 microprogram to

be used. For the IKONAS rotation program MMEOL., this
value will be O. For custom microcode, the value will
be the same as the value of the ORC statement in the
IKASM assembly of the microcode.

W (bit 13) should be set to O for MMEOL. When this bit is 1,
the MA1024 will expect input points in homogeneous
coordinates: [x y z wl. IKONAS does not supply
microcode which requires W set to 1.

N (bit 14) is set ¢to suppress normalization during
perspective division and computation of w. N should be
off unless perspective division is being performed; in
particular, it should be off when the clipping assist
feature is on (see bit 15 below). For compatibility
with the IKONAS RDS-2000 MA1024. N should be off.

C (bit 15) is set to engage ¢the clipping assist feature.
When this bit is on, bits 24-29 of the tag field of each
output point will contain the clipping flags, calculated
as described under the ‘perspective transformation’

page.
Coefficient address is the offset to the coefficient matrix
to be used. I# this offset is specified as cccc, the

coefficient matrix must start at 20400€cccc.

Input and gutput goffsets are the offsets to the input and
output areas in the SR8. I# one of these offsets is
specified as xxxx, the area at 202008xxxx will be used

- for input or output. The last point in the input list
must have the end—-of~-list (E) bit set.

Logp O counter value is a value which may be wused by wuser
microcode. IKONAS microcode does not use the loop O

P T L Lk memi: e T ablid sreecme e wml o emdd
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Zrange for 24%3ist is the distance between the
nearest and farthest objects to be displayed. The

setting is meaningful only if clipping assist is
engaged.
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THE CGM4 CHARACTER GENERATOR
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The COM4 Character Generator

Writes characters directly into the DR&64 framebuffer
Character shade is set by user

Fast — writes 1 million pixels per second after startup
Allows variable character size — up to 32x32

Allows variable spacing between characters

Uses SR8 for font memory to allow user-programmed
character set

Up to 32 full ASCII fonts available at one time with one
SR8

Allows magnification of characters without changing font
Allows variable direction: left. right, up, down

Can £ill background of character with specified shade,
or leave it unchanged

On-board—font option gives standard 7x9 font without
requiring an SR8 or font programming
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CGM4 Programming

The CGM4 converts a character string in memory into
pixels in <the DR&4 framebuffer. The pixels drawn into the
framebuffer will be a visible representation of the
character string when viewed on the display monitor.

When the COM4 starts to draw a character, it consults a
font table which indicates which pixels should be written
for the character code. The font table is stored in an SR8
memory in coded form.

To draw characters with the COM4, the following
information is needed:

1. Description of the font:

1. the font table - a map of each character
the address of the font table
the width of each character

the height of each character

“a & LW N

the spacing between characters

2. Color of the characters. and background color if
applicable

3. Magnification factor for the characters
4. Address of the character string to be displayed

~

3. Address in‘tho DR&4 framebuffer at which the characters
are to be draun

6. The character string itsels

7. Mode settings, including the GO bit to start the
operation (see CCM4 Base Control Block)
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Coding the Font Table Entry for a Character

The font table consists of one entry for each character
in the character set. Each entry indicate which pixels
should be written for the corresponding character.

To create a font table entry for a character, follow
this procedure:

1. Note the width and height (in pixels) of the
characters in the font. Call the width W and the height H:
in thi example W=7 and H=9. Each character in the font will
occupy the same amount of space on the screen.

(continued)
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Font—table Entry Example - continued

2. Draw a picture of the character, W pixels wide and
H pixels high, noting which pixels should be written for the
character:

1<=7->1
*

* *

» *
*
*

La s 222 2]

*

»

L

*

*

| € = Qo= )|
] *

*

3. Change each cell within the WxH grid to a 0 i it
is @ space, or a 1 if it is not:

0001000
0010100
0100010
1000001
1111111
1000001
1000001
1000001
1000001

4. Join the rows of the grid into one long string of
bits. There will be WxH bits. The last bit in each row
will be immediately followed by the first bit of the next
Tow.

itow 1iirow 2!irow 3! !row 4iivow Siirow 6!!row 7!!irow 8!irow 9!
000100000101000100010100000111111111000001100000110000011000001
AY

9. Break the string into 32-bit words. If there is
not an even multiple of 32 bits in the string, add bits to
the end to fill out the last 32-bit word. Copy the string
from Jeft %o right, and fill up the 32-bit words from

high—order bit to low—order bit.

Word O: 00010000010100010001010000011111
Word 1: 1111000001100000110000011000001 x

6. You now have the font entry for the character.
Install it in the font table at the proper address, as shown
below.



After you have created the font table entry for a
character, you must still store the entry into the font
table at the address expected by the COM4.

The CCM4 uses three pieces of information to calculate
the address of the font table entry for a character it is

about to display: ¢the font table address: the number of
words per font table entry. and the ASCII code for the

The address of the font table entry for a character
should be equal to:

font table address+(number of words per entry # ASCII code)

In other words, the COM4 uses the ASCII character code
to index into the font table.

Example. If the base address of a 7x9 font is 201000,
what is the address of the entry for uppercase A? Sglution.
The ASCII code for A is 101 octal. There are 2 words per
font table entry, so the address of the entry for A will be
2010080+ (2+#101)=201009202.

font table
20100%0

H H
20100%202! entry |
i for A |
201008204 entry |
H {

tor B

2010082061 entry |
{ for C |
R T AT
201008376 i
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Installing the Character String %o be Displauved

The character string is stored into memovry as a
sequence of B8-bit characters, four characters per IKONAS
32-bit word.

Within each IKONAS word, the +first character to be
displayed is the low—order character (bits 0-7); then bits
8-15; etc.

When all four characters from an IKONAS word have been
displayed, the next sequential IKONAS word is Potchod and
the characters in it are displayed. -

The end of the character string is indicated by a
character consisting of eight zero bits (character code 000,
the ASCII NUL character). This may come in the middle of an
IKONAS word, so that the display need not be a multiple of
four characters.

The characters will be displayed in the order shown:

202008200 ! 4 | 3 | 2 + 1t 1
20200%201 | 8 { 7 | & | 5 !
202008202 | 12 ¢ 11! 10! 9

etc.
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Starting the CEM4

After the font has been loaded and the character string
has been loaded, all that remains is to set up the CCM4
control blocks. There are two: the CCM4 base control block
at 2060080 and the COM4 auxiliary control block (CGMCB),
which can be anywhere in memotmy and is pointed to by the
CCM4 base control block.

Tormat of the COMCB:

Bits 2332222222222111111111 1
1090876354321098765%54321098 769543210
COMCB+0 | char. height | char. width ! font table offset !
comcB+1l I shade to use for pixels in the character t
comes+2 | shade to use for background pixels, if bit 12 of 2060080=1 |

COMCB+3 | char. spacing ! starting pizel address for output (yyyyysazxaa)i

concs+4 ! 4 address of character string to display $

char, hejght: height of a character in pixels

char, width: width of a character in pixels
font table offset: offset of the font table within the SR8
memoTy. If the SRS base address is 20100%0, the font

table will be at 201008font—table—offset.

character shade:: shade to be written to pixels written in
the character

backaround shade: shade to use for background pixels. This
applies only if NON-TRANSPARENT mode is selected (see
the CGM4 base contral block)

char., spacing: number of pixels to skip between characters

starting gutpyt address: pixel address to use for the
top-left pixel of the #irst character

address:  address of characters to be
displayed e o | _ S -




Page 114

CeM4 Base Control Block

“Format of the CCM4 base control block (except for bit 8 of 20600%0,
these locations are read-only):

Bits 33222522222211!1111111
l0987630321093763432109876543210
2060080 ¢ {DIRITIWIF! iQix zoom iy zoom |
2060081 @ ! address of COMCE !

DIR (bits 13-14): gives the orientation to be used.
O0O=normal left-to-right, Ol=top~-to-bottom.
10=bottom—to—-top., li=right—to-left.

I (bit 12): if on, transparent mode is used: background
pixels are left unchanged. If off, non—transparent mode
is used: the background shade is written to background
pixels.

W (bit 11): on for word mode writes, off (normal) for pixel
mode.

E (bit 10): on to use the optional on-board 7x9 font, off to
vse to SR8 font memory.

€ (bit 8): the GO bit. When this bit is set, the CGCM4
starts to draw the character string. All information
needed by the CGM4 should bhe ready when the GO bit is
set. When 20600%0 is read from, bit 8 will be on if the
CGM4 is busy, off if it is idle and can start another

operation.
X z900om (bits 4-7): the magnification factor in the
x-direction: a setting of 1 (normal) is no

magnification; a setting of 2-17 oactal magnifies the
x—direction by that amount; a setting of O magnifies
the x-direction 16 times.

4 zo0om (bits 0-3): magnification in the y—direction, similar
to x zoom.
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peripherals ! MODULE | ! MODWE ! { !
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THE IF/IK HOST INTERFACE
Direct DMA connection to user’s host computer
Fast — 2 million bytes per second transfer rate

Allows non-DMA I/0 of single words to avoid host DMA
overhead

Multiple modes: 32-bit word, 14-bit halfword, and 8-bit
byte:

0 32-bit word mode allows easy access to 32-bit data

o 16-bit halfword mode allows efficient access of
16-bit and smaller items

o 8-bit byte mode allows efficient access to a single
rTed, green, or blue image component
Vectored interrupts to host based on IKONAS events
Allows host-programmable system reset

Allows transfer to be inhibited except during blanking
interval '
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IEZJR Transfer Modes

The IF/IK is the connection from ¢the IKONAS to the
user’s host computer. Use ¢the IF/IK to start a transfer
between the IKONAS bus and the host computer’s memory.

The examples here will assume a host computer with a

16-bit word; for example, a DEC PDP-11 or VAX-11 with a
UNIBUS.

The IF/IK supports three transfer modes:

1. WORD mode: two host 16-bit words correspond ¢to one
IKONAS 32-bit words.

2. HALFWORD mode: one host 16-bit word corresponds to the
low—order bits (bits O-15) of one IKONAS 32-bit word.
Bits 16—-31 of the IKONAS 32-bit word are zero.

3. BYTE mode: each 8-bit byte of host data corresponds ¢to
one IKONA8 32-bit word. The IKONAS8 32-bit word is
addressed as four bytes (bits O0-7, 8-15, 16-23, and
24-31); the vuser specifies which byte receives of
transmits with the host.
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Iransfer Mode Examples
Word Mode
H word O 1<
HOST !
H word 1 i< H
! i
! !
v \'4
IKONAS ! bits 16-31 | bits 0-13 !}
Halfword Mode
HOST H word i<
!
!
v
’ IKONAS ! 0 { bits 0-15 !

Byte Mode (exgmple using byte 1)

.S

!
v

HOST {Hi byteilLo bytei<C

v
word O | x H X { data ! X H
IKONAS
word 1 | x { x | data ! x !

The bytes marked x are undefined.

Y L wwse oA



Notes on the Transfer Mgdes

In word mode, the even host words correspond to the
low-order half of the IKONAS words; the odd host word
correspond to the high—gorder half of the IKONAS words.
This is in accordance with the host computer’s numbering
of words in INTECER#4 variables.

In halfword mode, each host word corresponds ¢to the
Low—order half of an IKONAS word. However., during write

operations, all 32 bits are written; bits 16-31‘ are

written as O.

In byte mode, each host byte corresponds to a selected
byte of an IKONAS word. However, during write
cperations, all 32 bits are wuwritten; bits in bytes
other than the selected byte are undefined. I¢ you want
to write to # single channel of the DR64 framebuffer
(for example, the green component, byte 1), you should
set the write mask to protect all bits except the
channel to be written.
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are:

Starting an 1/0 Qperation

The steps to starting an I/0 operation with the IF/IK

Set up the host hal# of the interface, as specified in
the programming guide for your host interface. (See the
IKONAS PROCRAMMING REFERENCE MANUAL. )

Set up the IKONAS CONTROL REGISTER., described below

Start the 1/0 operation as described in the programming
guide.

Wait for completion interrupt from the IF/IK.
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Ihe IKONAD Control Register

The IKONAS control register defines the transfer mode
for all 1I/0 operations using the IF/IK. The format is as
follows:

Bits

111
2109876543210
F R

IBIRIXI+IIIDIH!I func ¢

func (bits O-4): the IKONAS bus function codo “Bit 4 is
always set for write operations, off for read
operations. For most RDS3000 modules., the write
function code is octal 20, read is 00; but each module
may accept special function codes. Refer ¢to the
individual module descriptions. In particular. the DR&4
uses many function codes.

H (bit 5): set for halfword mode, off for word or butc mode.
When bit 5 is set, bit 11 must be reset.

D (bit &6): set for DMA transfers, reset for programmed 1/0.
the IKONAS I/0 driver in the host will normally set this
bit avtomatically without special action by the user.

L (bit 7): set for invisible 1/0, reset normally. Invisible
I/0 occurs during the blanking portion of the picture.
It is useful mainly for accesses to the LUVO, since any
access to the LUVO during the picture causes an
interruption of the video signal.

I+

(bit 8): set> to increment the IKONAS address between
words. This bit should always be set.

X (bit 9): set to allow the BPS32 to execute. When this bit
is reset, the BPS32 will stop; setting the bit again
will cause the BPS32 to resume from the point at which
it stopped.

R (bit 10): set to force an IKONAS system reset.

'if(tontinuod)'i "  7”




The IKONAS Control Register - continyed

B (bit 11): set for byte mode, off for word or halfword
mode.

Specific to read tions:
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E (bit 12): this bit is read-only. When it is on, the vjdoo’if;

signal is in the vertical blanking interval.

P (bit 13): this bit is Tead—-only. When it is on,
IKONAS system has requested service from the host. =
request may be from the MPC or from the BPS32.

BYT (bits 14-15): the byte number to be selected for byte
mode transfers. This field is meaningful only when bit
11 (B) is set. OO=byte O (bits 0-7), Ol=byte 1 (bits
8-15), 10=byte 2 (bits 16-23), 11=byte 3 (bits 24-31).
Set by user for read operations.

Specjific to write operations;

(bits 12-14): these 3 bits contain the sender id for write
operations; they specify the write mask to be written
or used for the DR&4 or DR256 and the write mask and
shade register for the CMo4. Set by user for write
operations.

(bit 15): write-only; reserved for future use.
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The MPC 68000 Computer Module

Powerful 68000 processor to give minicomputer
flexibility and power

Allows standalone processing in the RDS3000 system
236K bytes of memory
Up to 32K bytes of ROM for fixed—-function systems

Four RS8-232 serial ports to allow terminals, data
tablets. and other devices

Programmable event timer

Connects to VERSAbus and Multibus - gives full range of
device support

Connects to the IKONAS PCP:
0 4 RS-232 ports
o 16 analog ports (dials, joysticks, etc.)

o 16 parallel ports (buttons, LEDs, etc.)




MPC Memory Map

(All Addresses in hex)

FCO000~FFFFEF
FB0000~FBFFFF
C40000-F7FFFF
CO0000-CIFFFF
800000-BFFFFE
4FFEO2-7FFFFF
4FFEQO-4FFEO1
AFFDCO-4FFDFF
4FFDB0~-4FFDBF

4FFDOO

4FFCB0-4FFCFF
4FFC0-4FFC7F
4FFCOO-4FFC1F
040000-4FFBFF
008000—-03FFFF
000000—-007FFF

- o er wo o

18 az Q

IKONAS bus space segment 13 H

IKONAS bus space segment 14 t

IKONAS bus space segments 1-13 1

IKONAS bus space segment O i

IKONAS image Space = 102411024 pizxels!

reserved for VERSAbus devices !

reserved i MHost interrupt {

reserved for VERSABUS devices !

M translation and control registers |

rTeserved for VERSBABUS devices !

! Timer no. 3 value ]
! Timer no. 2 value |
sven byte reserved! Timer ne. 1 value !
i Ctl. reg. 2/status!
1 Ctl. reg O or 3 !

.reserved for VERSAbus devices !

port 3 baud rate | port 3 zxmt/rcv dta!
reserved ! pors 3 ctl/status |
port 2 baud rate ! port 2 xmt/rcv dte!
reserved | port 2 ctl/status |
port 1 bdaud rate | port 1 xmt/rev dtal
reserved I port 1 ctl/status |
port O baud rate | port O zmt/rcv dtal
reserved | port O ctli/status |

PCP registers, as defined by PCP i

reserved for VERSAbus devices !

IKONAS space address translation tadle)

reserved for VERSAMuS devices t

prograa or data memory ]

program ROM and data RAM-same address |

rage 1«2
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IKONAS bus is directly mapped to 68000 address space

Two kinds of access:

o Image mode: the image memory (1024x1024 pixels) is
mapped to locations 800000-BFFFFF

o Segment mode: COO000-FFFFFF is divided into 16
segments, each mapped to an area of IKONAS control

space

IKONAS bus function codes and sender IDs can be
specified

Fast interface allows 68000 to run while write cycles
complete
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IKONAS Address Iranslation Tables

There are 16 address translation table entries.
and one for each segment 1-15.
pecifies:

image mode and segment O,
Each translation table entry s

The upper IKONAS address bits to use

The IKONAS bus function code to use

The IKONAS bus sender id to use

Whether the segment is to be ma
VERSAbus

pped to the IKONAS bus or

The translation table looks like:

111111
5432109876543210

4FFC1E (segment 15) i func | sid !VIIKONAS ad 16231
4FFC1C (segment 14) i func | sid !VIIKONAS ad 16-23!
4FFCO2 (segment 1) I func ! sid !V!IKONAS ad 16-23!
4FFCO0 (image & seg 0)! func ! sid IV!IKONAS ad 16-23}

func will be used for IKONAS bus

function bits 0-3

$id will be used for the IKONAS sender id

¥ should be set to cause this s
IKONAS bus. It should c
or a bus error will result

IKONAS ad 16-23 will be supplied as the vupper bits of

IKONAS bus address

one for

the

egment not to be mapped to the
orrespond to VERSAbus devices,

the

rayws

A



Image Memory

Bit numbers:

48000 address:
binary:

bits 22-23=10——————o=|

select imag
mode

image mode

translation table

4FFC00: 0010000000000000

read/
write

€ o=~ -
P S

»
38
o

IKONAS
function

code
(2=LORES)

~——nust be O

————

!
1
!

v
000
0-2

INONAS

sendeor
id

2221111111111

321098765432109876343210
2
100000011001100011100010

[-) 1 L 4 8 E

!
[ | 1 IKONAS 1 IKONAS
| . | laddress . laddress
[ 120-23 10—-19
[} '
[
| ==unused
[

P

v

0000000001 10011000111000

023
IRONAS
address

- e an

Page

Address Translation

bits O & 1 Uy
specify which
IKONAS byte %o

use: in this case.
byte 2 (bits 16-23)

‘= 3181070

(biss 20-23=LORES imsage number)

128



Page 129

Seqment Memory Address Translation

Bit numbers:

68000 address:
binary:

bits 22~23wl]-———ae—] !

select segment
mode

Q2221111111111

3210987634321096874343210
[ 4 o o 1 [+)

110001 00000000000001 0000

[ —— —
!
{=——w——— bits O & 1§
specify which

IKONAS byte to

! bits 18-21=segment number
!
AFFC02: 0000000011000000

!
§
! 1
! '
: !
i !
! 1
! [
' !
[} !
! !
1 !
i

[

!

!

68000
read/
write ———
! 1
l !
| !
v v v
x 0000 000
4 0~3 o-2
IKONAS IKONAS

function sender
code id

———s | e

I use: in this case,

byte O (bits 0-7)

% 26 Sw o o v wn me . me e ee

!

1 IKONAS | IKONAS
{ address faddress
I 16-23 10~-13

! 1

L JEE NP A U R
- em e e v = ww v on

v

110000000000000000000100 = 3000084
0~-23
IKONAS
address

AN



To start a serial port,
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Serial Port Setup

you must:

o Write the baud rate to the baud rate address

o Issue reset through the control register

o Initialize the control register

Baud Data
Rate Bits
0-3
50 1111
75 1110
110 1101
134 1100
Bits

Baud Data
Rate Bits
0-3

150 1011

300 1010

600 1001

1200 1000

7463543210

114

TC! W8 (CTL!

e o= mm ww v Sw Sm ew e e = v w=

Baud Data Baud Data
Rate Bits Rate Bits

0-3 0-3
1800 0111 4800 0011
2000 0110 7200 0010
2400 0101 2600 0001

3600 0100 19200 0000

store 11 to reset the serial port

store Ol for normal operation

—em—ee——ggt as follows to select number of

Dits per character and parity:

000=7
001=7
010=7
Olim7
100=8
101=8
110=8
111=8

-—-gset to O1 to

bits+even parity+2 stop bits
bits+odd parity+2 stop bits
bitsveven parity+l stop bit
bits+odd parity+l stop bit
bits+2 stap bits

bits+2 stop bits

bits+teven parity+l stop bit
bits+odd parity+l stop bdit

anable interrupts after

characters are transmitted, 00 to suppress

set ta enable interrupts when character

received, reses to disable.
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Serial Port Status Register

Bits 76%43210

D L p—

I!PIQIFICIDITIR!

LI

! | —=——~—c—cset when character available to read
1

| =——emee———get when character may be written

H

TTTTTES==——=set when modem carrier lost (should be Q)

TToTTEESs====—reset when modem can accept a character .

s e ve be ee ca ve .

set when framing error has occurred.,
or BREAK key pressed

"% me ov w0 eo 2o o0 =e o on o= o.

set when receiver overrun cccurred
(a character was received before the
program had read the previaus
character)

WP Tm 4v e ve ce em en we en e oe sh we ce w. .

{
H
|
!
'
=
t
!
!
!
H
t
i set when parity error detected
H

set when interrupt request pending
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Serial Port Programming Seguence

1. Setup

1.

2.

Store control register=03 to reset

Set character length, receiver interrupt enable
(example: control reg=8D for 7 bits, odd parity,
one stop bit, all interrupts enabled)

Set baud rate (example: baud rate generator=01 for
9600 baud)

2. Read sequence

1.

2.

Interrupt to level 2 (serial port interrupt level)

Read status registers to determine source of
interrupt — detect a received-character interrupt
Read the character from the data register. This

clears the interrupt request
Process the character

Wait for interrupt

3. Write Sequence

1.

Write character to data register and enable
transmitter interrupt

Wait for interrupt

Interrupt to level 2 — decode and detect transmitter
interrupt

I1# another character is ready to send, write it and
wait; else disable transmitter interrupt



Erogrammable Timer (MPC256)

The programmable timer consists of three separate
timers, each with seeral modes of operation possible. For a
complete description of the timer, see the Motorola MC&6840
data sheet. The following is an example of timer use.

S.t&.ﬂm:ml;tm;uu.uinnmlmgx

to create a timer interrupt every 146
milliseconds (&40 Hz interrupt rate) using timer number 1.

1. Select control register 1 by storing O1 at 4FFD33
(control register 2).

2. Set the timer mode by storing C2 into control register
1, location 4FFD31. Bit O of each timer control
Tegister has special meaning; for example, bit O in the
control register for timer 1 is a master—reset bit; so
if you wanted to set a different timer, the setting of
bit O in the timer control register would depend on the
timer being set.

3. Set the timeout value: 16000 (the number of
1-microsecond <clock ticks in 16 milliseconds). stored
into the timer 1 value, locations 4FFD35 (upper byte)
and A4FFD37 (lower byte). The MOVP instruction could be
used for this.

4. The timer is started. Wait for an intervrupt

9. When the timer expires, interrupt level 3 will be
entered.

6. The interrupt routine should Tead the timer status
register (4FFD33) to determine which timer interrupted.
The three low—-order bits of the status register indicate
which timers have interrupted: bit O on=timer 1, bit
1=timer 2, bit 2=timer 3.

7. For each timer which has interrupted, the interrupt
rouvtine should read the counter value. Reading the
- counter value clears the interrupt from that counter.

VB;STbo intnrruptffputinp performs its processing.

:‘-9..19 i'continuéuifroal-tiac clock is needed, the intorrup& Nk
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routine exits; the timer will interrupt again when thoagf
time expires. I# a single interval is needed, the.
interrupt should be disabled by storing O into contral -

register 1.
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IKONAS bus access %o the MPC

RAM occupies IKONAS addresses 340008$0-34377%1777

1/0 space occupies IKONAS addresses
34777%1000-34777%1777

Each IKONAS access transfers 16 bits (two bytes) to bits
0—-15 of the IKONAS bus

IKONAS accesses pass through the MMU for translation



Accessing MPC memory from

Bits:

IKONAS addr:

select MPC———=1!

he IKONAS BUS

——— 1

22221111111111

32109876543210 9876543210
3 4 0 O 3% 4 4 O
11100000000011 0100100000

! !
! 4 } 68000
select memory————1| taddress bits
space ! 11~18
t !
t s -—— gdd/even bit
1 : H
68000 addr: 00000 000000110100100000x
[+] o 1 A 4 x  1A40<=>IKONAS bus bits B-13
1A41<=>IKONAS bus bits 0-7
Accessing MPC I/Q seace from the IKONAS BUS
Bits: 2221111111111

IMONAS addr:

32109876543210 9876543210
3 4 7 7 71 1 O O (PCP register 0)
11100111111111 1001000000

[
select MPCo———1 | '
. H 1 68000
—~— select 1/0=-————w==i iaddress bits
space H 11-18
H H
H H -—— odd/even bdit
1 ! H
68000 addr: 01001 111111111001000000x

4 F F C 8 x AFFCBO<=>IKONAS bus bits 8-13
AFFCB1<=>IKONAS bus bits 0-7

" -y~



Table of 1/0 Addresses

Device

MPC address

IKONAS bus address

IKONAS translation
unit

PCP

Serial ports

Timer

MMU

Host interrupt

4FFCO0-4FFC1F
4FFCB0~4FFCFF
4FFDOO-4FFDOF
4FFD30-4FFD3E
4AFFDBO-4FFDBF
4FFEO1

34777%$1000-34777%$1037
34777$1100-34777%1177
34777%1200~-34777%1217-
34777%$1230-34777%$1247
34777%1300-34777%1337
34777%1400

" Wy -
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