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NOTES FOR THIS REVISION

This version of the IKONAS PROGRAMMING REFERENCE MANUAL con—
tains the following additions and changes:

1. The "MA1024 Host Programming Guide" 15 neuw. This
chapter explains the use of IKONAS—-supplied routines {zuch
as MM33) and custom microcode for rTotation. clipping assist,

and perspective division in the MA1024 Multiplier—
Accumulator.
2. The "Video Input Module Programming Guide" 1s new. This

chapter describes how to program the VIB/VI24 video input
modules.

3. The chapter entitled "Programming the Framebuffer Memory"
has been expanded to include descriptions of DR25&, GM&4,
and GM256 memotTy.

4. The chapter entitled "Routines for Communicating with the
IKONAS Processor” has been expanded to include information
about the routines for 32-bit arithmetic available in ALU3Z.

5. The "MPC Programming Guide” has been substantially
revised. .

b. The chapters describing hardware installation and diag-~
nostic tests have been deleted from this manual and are now
in revised form in the IKONAS INSTALLATION GUIDE.

7. Other chapters contain minort TEevVisions: noted with
change bars.
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INTRODUCTION AND CONVENTIONS

This document describes the IKONAS RDS-3000 display
system as seen from the host computer. Other docu-
ments describe: the principles of operation of the
system (IKONAS User’s Guide); how to write microcode
for the BPS32 micraoprocessor (BPS32 Programming
Guide); how to write microcode for the MA1024 3-D
multiplier unit (MA1024 Proqramming Guide). These
documents are available from IKONAS.

Conventions used in the document

Numbers appearing in this document are in decimal
except as follows: numbers denoting data values
within the IKONAS system (bus data values, addresses,
function codes, pixel wvalues, etc. ) are in octal.
Certain addresses and data in the MPC conform to
Motorola‘’s usage and are in hexadecimal.

Numbers larger than 16 bits are referred to in one of
two ways as appropriate in the context:

0 yy$xx for bus addresses which are normally thought
of as 14-bit y values and 10-bit x values;

o hh\1ll for other data items larger than 16 bits,
given as upper 16 bits and lower 16 bits.

For example, 1000%30 is equivalent to 10\30 and the

binary string 00000000000010000000000000011000:
00000000000010000000000000011000

i<—-16=bit hh——2>1i<~16~bit 11--D}
i<14-bit yy-2i1110-bit x:

Tombrmandiierd s an 1






IKONAS BUS ADDRESSING

Introduction

All transfers from a host computer to any portion of
the IKONAS graphics system take place over the IKONAS
bus. The host computer interface module can initiate
a transfer to or from any device connected to the
IKONAS bus. This includes microprogram memory
(writeable control store), video look—up memory
(color map), static memory, dynamic memory (frame
buffer) and device controllers.

The host interface WRITES data TO another device by

taking control of the bus (through a priority net-
work), and then placing data, address, and function
information on +the bus for the required interval.
The host interface then relinquishes control.

The host interface READS data FROM another device by
taking control of the bus as before, placing address
and function information on the bus, and then latch-
ing the returned data at the appropriate time before

relinquishing control.

[~ EatoWi-1 ]

The IKONAS system contains a separate 24-bit address
bus. The wupper 4 bits are wused to indicate the
memotry segment addressed, while the lower 20 bits
perform addressing within one-megaword segments. The
specific segment designations used are detailed in
the following sections. In general, however. the
IKONAS addressing scheme allows direct support of
almost all conceivable memory organizations.

Dynamic Memory

Segment O through 7 are reserved for dynamic
memories, These memories are typically wvused for
frame buffer storage, but may be used as general

TUORAD Divw Addemmrwimn 3 - 1
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purpose memories if desired.
segment O will be used.

For most systems,
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2.3 Summary of IKONAS Bus Addresses

DRé&4, DRZ2D6, GM&4, GM25&
0%0 ~ 17777%1777

20100%0

SR8
20200%0

Luvg
20300%0
20301 %0
2030141

MA1024

20400%0
20401%0
20402%0
20402%7
20403%0
20403$3
20403%4

BPS
20500%0
2050081

cGM4a
20600%0

20600%1
20600%2

20700%0

K]/20/7A1

20077%1777

2017741777

20277%1777

20300%1777

20377€1777

20400%1777
20401%$1777
20402%3

20403%2

2047761777

2057741777

20677%1777

27777%1777

Framebuffer Memory

8K words per MCM4
{(maximum of 8)

Reserved

8K words per SR8
(maximum of 8)

Colormap memory

Channel crossbar switch control register

Reserved

Coefficient Memory
Microprogram Memory (MPM)
MA1024 control registers
MA1024 start

Result registers

PC readback register
Reserved

Status register
Reserved

Base Control Block
Address of CGMCB
Reserved

Reserved

TUKNNAS Rus Addressinn



FBC

30000$0 - 30000%6
30000%0

30000%1

30000%2

30000%3

30000%4

30000%5

30000%6

30000%10 - 300004377
30000%400 - 30000%777

3000041000 ~ 30000%1777

vig/viza

3010080 - 30100%5
30100%0

30100%1

30100%2

30100%3

30100%4

30100%5

30100%6 - 30100%1777

XBS34
30200%0 ~ 30200%41
30200%42 — 30200%1777

30300%0

33700%1777

MPC
34000%0 - 34037%1777
34040%0 - 3407741777

MPC256

34000%0 ~ 34377%$1777

3440080 -~ 34477%1777
]/20741 TKNNAS

Ruae Addreoscinn

Control registers:
Viewport location
Viewport size
Window location
Zoom
Display rate control
Video control
Cursor location

Reserved
Programmable cursor

Reserved

Control registers:
Viewport location
Minification factor
Window location
Viewport size
Control register
Sampling frequency

Reserved

Control registers
Reserved

Reserved

Data RAM (lower 16 bits only)
I/0 space (lower 16 bits only)

Data RAM (lower 16 bits only)
I/0 space (lower 16 bits only)

k42 aSaTaRN
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HOST/IKONAS INTERFACE

UNIBUS - TM Digital Equipment Corp.

Note: all numbers in this document are octal except
bit numbers, which are decimal.

PHYSICAL ARRANGEMENT

The IKONAS interface to DEC computers consists of two
cards connected by two ribbon cables. One card, the
IK11B., is plugged into the UNIBUS; the other card,
the IKONAS IF/DMA, plugs into the IKONAS frame.

UNIBUS (IK11B)

The interface requires one quad size board slot in an
SPC~compatible backplane. This card contains direct
memory address (DMA) 1logic and control for data
transfers to and from the IKONAS graphics system. In
addition, logic is included for programmed control of
IKONAS bus addressing and operation.

IKONAS (IF/DMA)

Dne card is plugged into the IKONAS bus <to provide
interfacing and control to the IKONAS graphics sys-—
tem. A microprogrammed sequencer insures proper tim-
ing and protocol for both the UNIBUS and IKONAS sys-—
tems.

OPERATION

Ao+ /ITUANAS Théanara 3 - 1



3.2.1

UNIBUS ADDRESSING AND OPERATION

Eight sequential addresses are decoded to read or
load various 16 bit registers for control. Upper
address bits are jumper selected for a particular
machine configuration. The default board address for
the IK11B is 772460; the card 1is shipped from the
factory at this address. In the address assignments
below, ‘base address’ refers to the address jumpered
as the lowest address recognized by the card.

The IK11B provides three classes of interrupts-I1/0,
video field, and processor interrupts—which may be
enabled separately. Each kind of interrupt has its
own interrupt vector: in all, three interrupt vectors
are used. The interrupt vectors occupy contiguous

locations in memory and start at an address (the

3211

A AR s0OM

‘base interrupt vector address’) determined by
jumpers on the card. When the card is delivered from
the factory, the base interrupt vector address is
400.

UNIBUS CONTROL/STATUS REGISTERS

UNIBUS WORD COUNT (address=base address) — A 16-bit
read/write register which should be loaded with the
two’s complement of the number of 16 bit words to be
transferred. Incremented after every UNIBUS DMA
cycle.

UNIBUS ADDRESS REGISTER <(address=base address+2) — A
16-bit read/write register which should be loaded
with the starting address of memory area to be used.
The starting address must be even (that is, on a word
boundary?’.

UNIBUS STATUS/COMMAND REGISTER (address=base
address+4)- A 16-bit register vused to control DMA
operation. See section 2.2 for bit definition.

DATA 1/0 REGISTER (address=base address+6) - Two
separate registers, one for input and one for output,
used for data transfer during DMA cycles or pro-
grammed I/0. Both registers occupy the same address.

Uawdh FITUPMAL Taudbmnalama 3 ._.21



LOWER IKONAS ADDRESS REGISTER (address=base
address+10) - A 10 bit write-only register which
should be loaded with the lower 10 bits of the start-
ing IKONAS bus address. This will be X address for
frame buffer organization.

UPPER IKONAS ADDRESS REGISTER (address=base
address+12)- A 14 bit write-only register which
should be loaded with the upper 14 bhits of the start-
ing IKONAS bus address. This will be Y address for
frame buffer organization.

IKONAS STATUS/COMMAND REGISTER (address=base
address+14) - A 16 bit register used to control IKO-
NAS bus operation. See section 2.3 for bit defini-
tion.

3.2.2 UNIBUSASTATUS/COMMAND REGISTER BIT DEFINITIONS

bit function

(o GO - Set to start DMA operation. Clears
READY. Reads as zero

3-1 Not used.

5-4 EXTENDED BUS ADDRESS - Determine upper

two UNIBUS address bits (17-14) for DMA
operation. Read/write.

6 I1/0 INTERRUPT ENABLE - Set to allow
interrupt wupon completion of transfer.
When the bit is set, an interrupt at the
base interrupt vector address will be
taken when a DMA or programmed transfer
is complete.

7 READY - Set to indicate DMA transfer or
programmed 1/0 sequence complete.
Cleared by GO. Read-only.

8 Reserved for future use.
o PROCESSOR INTERRUPT ENABLE - Set to allow

interrupts from the IKONAS BPS32 proces-
sor. This interrupt is taken to the base

LAl Wi -1g] Uned /ITUNMAD Twnédanlamn 3 — 3



2.

10

11

12

13

14

15

interrupt vector address+10. When the
bit is set to 1 from O, an interrupt will
not be taken wuntil the next interrupt
requested by the processor.

FIELD INTERRUPT ENABLE - Set to allow
interrupts at the field rate. An inter-—
rupt to the base interrupt vector

address+4 will be taken at the start of
each field while this bit is on. When the
bit is set to 1 from O, an interrupt will
not be taken until the next field begins.

Reserved fur future use.

INTERFACE RESET (IK11B versions AB and

later) - Set to force a reset of the
IK11B. Always reads as O. When this bit
is stored, all other settings in the

IK11B are 1lost, and the interface 1is
reset to its initial state.

ATTN-H - set when any interupt is pend-
ing.

NEX — non-existent memory error

ERROR - NEX or address overflow error

IKONAS STATUS/COMMAND REGISTER BIT DEFINITIONS

bit

3-0

function

FUNCTION - Function code interpreted by par-
ticular IKONAS module addressed.

R/W — Set for IKONAS write (UNIBUS to IKONAS
data transfer). Cleared for IKONAS read (IKO-
NAS to UNIBUS data transfer). Read/Write.

HALFWORD — Set to indicate 16 bit transfers
(one UNIBUS word per IKONAS word). Cleared to
indicate 32 bit transfers (two UNIBUS words

per IKONAS word). Read/Write. When the bit

is cleared: two consecutive UNIBUS words are
taken together to form one IKONAS 32-bit word.
The number of IKONAS bus tranfers is one—half
the number of UNIBUS transfers. The lower
UNIBUS word corresponds to the 1lower half
(bits 0-15) of the IKONAS word.



10

11

12

13

When the bit is set, each UNIBUS word
corresponds to one IKONAS bus transfer. The
UNIBUS word corresponds to the lower half
(bits O-15) of the IKONAS bus word; The upper
hal$# (bits 16-31) remains unchanged from pre-—
vious loading for IKONAS bus write operations.
and is ignored for IKONAS bus read operations.

When bit 5 is on, bit 11 (byte mode) must be
off.

DMA ENABLE - Set to allow DMA transfers.
Cleared to allow programmed I/0 transfers.
Read/Write.

INVISIBLE I/O - Set to inhibit transfers
except during non-visible picture time (blank-
ing}. Cleared to allow continuous 1/0.
Read/Write.

INCREMENT — Set to force increment of IKONAS
bus address after each IKONAS word transfer.
Cleared to inhibit increment. Read/Write.
This bit should always be set.

RUN PROCESSOR - Set to allow IKONAS micropro-—
cessor to run. Cleared to halt processor.
Read/Write. See the "BPS Host Programming
Guide" in this manual for details.

RESET - Set to reset programmable elements of
the IKONAS system (e. g. the BPS32). When
this bit is set, program counters in all dev-
ices are set to O This bit must be cleared
to allow normal execution.

BYTE MODE -~ Set to engage byte mode (each 8-
bit host byte corresponds to one 32-bit IKONAS
word). Reset for word or halfword mode. When
bit 11 is on, bit 5 must be off.

FRAME INT ~ This bit reads as 1 during field O
of a video frame, O during field 1. When the
bit changes from O to 1, a frame interrupt
will be signaled if bit 10 of the UNIBUS
status register is set. Read-only.

PROC INT - This bit reads as 1 when the BPS32
processor is requesting service. When the bit
changes from O to 1, a processor interrupt
will be signaled if bit 9 of the UNIBUS status
register is set. Read-only.
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15-14

14-12

15

BYTE NUMBER - When bit 11 is set, these two
bits select the byte number of the IKONAS word
which will be read from. OO=byte O (bits O~
7)) Ol=byte 1 (bits 8-15), 10=byte 2 (bits
16—-23), 1l=byte 3 (bits 24-31). Set by vuser
for READ operations.

SENDER ID - This three-bit field specifies the
IKONAS bus sender id to be used for write
operations. The sender ID is used to specify
which write mask is to be written or used by
the DR&64 and GM&64; and to specify which shade
register 1is to be wused on the GM&4. The
sender id field is supported only on systems
with a printed-circuit-board IF/IK board. Set
by user for WRITE operations.

(write—only) Reserved for future use.

Llmad /ITUAKMAC Yaudbmalarca 3 — 6
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3.3 TYPICAL 1/0 PROGRAMMING

3.3.1 DMA TRANSFERS

Set
Set
Set
Set
Set
Set

IKONAS COMMAND REGISTER (include DMA bit)
UNIBUS WORD COUNT REGISTER

UNIBUS ADDRESS REGISTER

LOWER IKONAS ADDRESS REGISTER

UPPER IKONAS ADDRESS REGISTER

UNIBUS COMMAND REGISTER (set GO bit)

— wait for interrupt or check READY bit.

3.3.2 PROGRAMMED I/0 TRANSFERS

3.3.2. 1 READ OPERATIONS

Set

Set
Set
Set

IKONAS COMMAND REGISTER

(clear the DMA and WRITE bits)

LOWER IKONAS ADDRESS REGISTER

UPPER IKONAS ADDRESS REGISTER

UNIBUS COMMAND REGISTER (set GO bit)

- wait for interrupt or check READY bit.

READ DATA I/0 REGISTER

Note:

if the HALFWORD bit is off, you must read  from

the I1/0 register twice to get all 32 bits.

3.3.2.2 WRITE OPERATIONS

Set

Set
Set
Set

IKONAS COMMAND REGISTER

(clear DMA bit, set WRITE bit)

LOWER IKONAS ADDRESS REGISTER

UPPER IKONAS ADDRESS REGISTER
UNIBUS COMMAND REGISTER (set GO bit)

WRITE DATA I/0 REGISTER

Note
the

tion.

AR 7N

: if the HALFWORD bit is off, you must write ¢to

1/0 register twice to perform the write opera-—
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PROGRAMMING THE IKONAS FRAMEBUFFER MEMORY

NOTE: within this chapter, all numbers and addresses
are DECIMAL unless otherwise noted.

Introduction

The heart of any IKONAS system 1is the framebuffer
memory. There are four different types of memory
boards:
o DRé&4
o DR256&
o GMb64
o GM256

The following sections describe each type of memory
board in detail.

DR&64

An IKONAS system consisting of DRé&4 memory cards can
be viewed in two different ways, at the option of
user programming:

o pixel mode
o word moade
Having these different ways of looking at the same
memory gives great flexibility in the use of the IKO-
NAS framebuffer, but it also requires the wuser to
educate himself in the operation of the DR64. In

particular, a user must know:

o how to read and write pixels in LORES and HIRES
modes;

0 how to use WORD mode;

MOLA Comanmmbh (i 2D e a
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o what the visible effects of WORD—mode operations
are;

o how to use the write masks to write only desired
bits.

In addition, a user must know how his IKONAS frame-
buffer memory is configured, and how to use that con-
figuration.

Pixel Mode

In pixel mode, all DR&4’‘s can be viewed as one con-
tinuous memory that is addressable in x and y. Each
x,y memory location corresponds to a pixel. The bit
depth of each memory location —— the number of bits
which contribute to each pixel -~ depends on the sys-—
tem configuration, as follows:

In low resolution (LORES) mode, each DR&4 can provide
262,144 pixels of eight bits each, corresponding to a
512x512 display. Depending on the number of DR&64‘s in
the system configuration, the bit depth may be 8, 16,
24, or 32 bits. X addresses range from O to 511. The
y address range depends on the number of DRG4’s and
the bit depth; see Appendix 1 of this chapter, which
describes standard DR&4 configurations, for bit depth
and y address limits. ‘

In high resolution (HIRES) mode, each DR64 can pro-
vide 1,048, 576 (1024K) pixels of 2 bits each,
corresponding to a 1024 x 1024 display. Depending on
the number of DR&4’s in the system configuration, the
bit depth may be any multiple of 2 from 2-24 bits. X
addresses range from O to 1023 The y address range
depends on the number of DR64‘s and the bit depth;
see Appendix 1.

NOTE: in LORES mode, these x and y coordinates must
be multiplied by two.

NOLA Cwamahundfarn 4 - 2
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4.2.1.1

Examples of Configuration

Here are some example IKONAS memory organizations:

1. (Minimum system) The user has one DR&4. It has a
bit depth of 8 bits, x address range 0-511, y address
range 0-511 (LORES mode).

2. (Full-color 512x512 system) The wuser has three
DR&4 ’s. In LORES: bit depth is 24 bits. Card O sup-
plies bits 0-7 (red), card 1 supplies bits 8-15
(green), and card 2 supplies bits 16-23 (blue). The x
address range is 0-511, y address range 0-511.

In HIRES: bit depth is & bits. Card O supplies bits

0-1, card 1 supplies bits 2-3, and card 2 supplies
bits 4-5, so the user can use pseudocolor on a 6&-bit
HIRES image. The x address range is 0-1023; the y

address range is 0-1023.

3. (Large system) The user has twelve DR64‘s. In
LORES: the bit depth is 24 bits. The x address
Tange is 0-511; the y address range is 0-2047

In HIRES: the bit depth is 24 bits, with each card
contributing 2 bits, for a full-color HIRES image.

The x address range is 0-1023; the y address range,
0-1023.
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4. 2.2 Pixel-mode Addressing of the Framebuffer

In pixel mode (LORES or HIRES), each pixel 1is
addressed independently of all the others; however,
several DR64‘s may respond to the same pixel address.
depending on the bit depth. {See the preceding sec-
tion on configuration.)

When a program WRITES to a pixel address, any bits
which are not configured into any DR&4 are ignored.

When a program READS from a pixel address, any bits
which are not configured to any DR&4 are read as
zero, but displayed as 1.

4.2.2.1 Pixel I/0

To write a pixel, you must do the following:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. See
below for a discussion of the write mask.

2. LOAD THE PIXEL ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS interface contains two address registers,
corresponding to x—address and y—-address, sO0 you can
set the interface address registers with (x,y) coor-—
dinates.

However, fovr LORES mode only, you must load the x and
y registers with twice the coordinate desired. For
example, since the x or y address is a number between
O and 511, you will load the interface address regis-—
ters with an even number between O and 1022. If your
y address range is from 0-1023, you will load the y-
address register with an even number between O and
2046.

These registers correspond to a 24-bit IKONAS bus
address. In HIRES, bits 10-19 contain the y address;
bits 0-9, the x address. In LORES, bits 11-19 con-
tain the y address; bits 1-9, the x address.
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3. SET THE FUNCTION CODE:

22 octal for LORES
23 aoctal for HIRES

and the desired SENDER ID into the IKONAS interface
cammand register. The sender id selects the write
mask you will use (see below).

4., START THE 1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
I/0 or DMA); refer to the chapter "HOST/IKONAS INTER-
FACE" in this manual for details.

TO READ PIXELS, follow the same steps, with these
exceptions:

1. you do not need to load the write mask;

2. use a function code of

02 octal for LORES
03 octal for HIRES

Again, see the chapter concerning the interface
specification for details; in particular, for byte
mode transfers, you must set the "byte mode" bit in
the IKAONAS status/command register.
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4.2.2.2
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Write Mask

The write mask is a set of eight registers, one for
each sender id, which allows you ¢to write only
selected bits of a pixel when you write to the frame-
buffer. The write mask is used for all writes to the
framebuffer, but it does not apply to any other com-—-
ponent of the IKONAS system (for example, the LUVD).

Each bit of the write mask controls a single bit of
pixels written to the framebuffer. When a bit of the
write mask is on (set to 1), the corresponding bit of
each pixel in the +framebuffer may be modified by
writes to the framebuffer. When a bit if the  write
mask is off, however, the corresponding bit of each
pixel in the framebuffer is protected, and will not
be modified by writes to the framebuffer, even though
other bits in the same pixel may be modified.

The sender id is part of each IKONAS bus write opera-
tion. For the DRA4, it specifies which write mask is

to be set or wused. Having multiple write masks
allows you to have different bitplanes open to modif-
ication by different processes —-— for example, char-

acter graphics planes to be modified by the CGM4
ctharacter generator, image planes to be modified by
the DBPS32 processor, and background planes to be
modified by the host. The FBC always uses sender id
O for its display—and—erase function, so you may have
different write masks for erasing and writing memory.

The write mask must have been set before you issve a
write, or the rtesults are unpredictable; but once you
set the write mask, it remains wunchanged wuntil you
set it again.

There is only one write mask per sender id, but how
it is interpreted depends on the function code used
to set it. There are two ’‘set-write-mask’ IKONAS bus

function codes, one for LORES and one for HIRES.
Normally, you should use the set-~write-mask function
corresponding to the type of write you wish to con-—
trol.

TO SET THE WRITE MASK, perform all ¢the steps for
writing a4 single pixel to address (0,.0), but use a
function code of

32 aoctal for LORES
33 octal for HIRES
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The data written will be used as the write mask for
subsequent write operations.

In LORES made, there is a separate set of write masks
for every 512 lines in memory; the y address distin-—
guishes between these write masks. For example, if
your system has 1024 lines: you would need one write
mask for address (0,0) and another for address
(0,512), bearing in mind that LORES mode requires you
to specify twice the coordinates desired.

In HIRES mode, there is one write mask for every 1024
lines (usuvally the maximum in a system).

In wire-wrapped DR64‘s, there is only one write mask.,
shared by all sender ids.
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4.2.3.1

WORD Mode

In WORD mode, each DR&4 can provide 45,536 words of
32 bits each. An IKONAS system may have up to 12
DR&4 cards; each memory location can be addressed
with a card number and an offset. This is identical
to traditional random—access memoTy organization.

To determine the card number for word mode addresses

in your system, refer to the system configuration’

sheet.

WORD Mode 1/0

To write a 32-bit word in WORD mode:

1. SET THE WRITE MASK AS NEEDED. This step may be

omitted if the write mask has already been set. You
must load the write mask in LORES or HIRES mode,
depending on your display mode; see above for

instructions on setting the write mask in LORES or
HIRES mode.

5 LOAD THE WORD ADDRESS INTO THE IKONAS INTERFACE.
In WORD mode the ‘x—address’ and ‘y—address’ Tegis-
ters lose their physical significance as pixel coom—
dinates and merely hold 24 address bits. The IKONAS
bus address to use is a 24-bit quantity; the x-—
address register holds bits 0-9. and the y—address
register holds bits 10-23. Bits 16-19 contain the
card number, while bits 0-15 select a particular word
of memory within the DR6&64. Bits 20-23 must be 1zero
for word-mode accesses to a DRé64.

3. SET THE FUNCTION CODE
20 octal (for word mode)
and the SENDER ID into the IKONAS interface command

register. The sender id determines which write mask
is used for the write operation.
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4. START THE I1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); refer to the chapter "Host/IKONAS Interface"
in this manual for details.

TO READ 32-BIT WORDS, follow the same steps, with
these exceptions:
1. you do not need to load the write mask;

2. use a function code of 00 octal instead of 20
octal.

4 2. 3.2 Effects of the Write Mask in Word Mode

When the write mask is set to protect certain bit-
planes in LORES or HMIRES mode, those bitplanes will
be protected against WORD-mode writes also. If you
want to allow modifications to all bitplanes, write
all ones (37777777777 octal) to the write mask in
LORES or HIRES mode.

If you ever need to modify the write mask on exactly
one DR6&4, you may do so by writing to any WORD-mode
address on the DR64 wusing a function code of 30

octal. The low—-order four bits (bits 0-3) will be
used as bits 0-3 and 4-7 of the write mask for that
card. Normally this will not be necessary.

Since the WORD—mode operations refer to the same
memory as the pixel—mode operations, although using a
different addressing scheme, it is necessary for the
programmer to understand which pixels are modified by
WORD-mode writes.

4.2.3.3 The reason for using WORD mode

A 2e 2 700m
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WORD mode gives you a quick way ¢to modify several
different pixels at the same time, even though you
modify only a few bits (one in HIRES mode, four in
LORES) of each pixel. WORD mode will be more effi-
cient than pixel mode in the following cases:

1. You have fewer than 32 bits per pixel. Pixel—-mode
transfers are 32 bits wide; so you have unused bits
in each pixel-mode transfer. WORD mode will give you

higher transfer rate for loading large files.

2. Your pixels are organized as separate fields of

bits, presumably organized using a colormap. In this
case, you may frequently want to access portions -of
pixels (i. e. only the bits in a field). You can do

this using the write mask: but if you have a large
number of consecutive pixels in which you want to
access only a portion, word mode may be faster.

The correspondence of WORD-mode access to pixel—-mode
access depends on whether the pixel-mode access is
LORES or HIRES.

NRAA Framehutféfer 4 - 10



4.2.3. 4

AL L 70N

Correspondence of WORD access to HIRES access

A WORD operation on a DRG4 affects 32 bits of the
DR64. Those 32 bits are taken from 32 consecutive
HIRES pixels. The pixels affected may be determined
from the WORD address as follows:

If the WORD address is 0000CCCCPYYYYYYYyYyyxxxxx

where

cccc (address bits 16-19) is the WORD-mode card
address, used to select a particular card;

p (address bit 15) tells which bitplane is referenced
by the operation;

yuyyyyyyyyy (address bits 5-14) is the y—address being
referenced;

xxxxx (address bits 0-4) 1is the x—address being
referenced;

THEN the pixels modified will be the 32 pixels at Y-
address yyyyyyyyyy and x—address xxxxx00000 through
xxxxx11111, where the x’s and y’s are construed as
binary numbers.

The bit numbers within each pixel which are modified
by the operation depend on the configuration of the
memory card. Recall that each memory card furnishes
two bits of HIRES data per pixel;i The bit referenced
by the WORD operation is the lower of these bits if p
(address bit 15) is gff, or the higher bit, if p is
on.

WORD-mode writes to a DR&64 are controlled by the

write mask; if the write-mask bit corresponding to
the write is off, no modification will be made to the
contents of memory. The write mask should have been

set by a HIRES set-write—mask operation. The bits of
the write mask used on each DR&44 are the same as the
pixel data bits used by that DR&4 and are determined
by the configuration of the DR&4.
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4.2.3.5 Correspondence of WORD access to LORES access

A WORD operation on a DR&64 affects 32 bits of the
DR64. Those 32 bits are taken from B consecutive
LORES pixels. The pixels affected may be determined
from the WORD address as follows:

If the WORD address is O00Q0ccccpyyyyyyyyyxxxxxx
where

cccc {(address bits 16-19) is the WORD-mode <card
address, used to select a particular card;

p (address bit 15) determines which four—-bit section
is referenced by the operation;

yyuyyyyyy (address bits 6—14) are the y—address being
referenced;

xxxxxx (address bits 0-5) are the x—address being
referenced; '

THEN the pixels accessed will be the 8 pixels at y-
address yyyyyyyyy and x—address xxxxxx000 through’
xxxxxx111, where the x’s and y’s are construed as
binary numbers.

The bit numbers within each pixel which are modified
by the operation depend on the configuration of the
memorTy card. Recall that each memory card furnishes
eight bits of LORES data per pixel; The bits refer-—
enced by the WORD operation are the - four least-
significant of these bits if p (address bit 15) is
oft, or the four most—-significant bits, if p is an.

Four bits will be accessed in each of the eight pix-—
els addressed as described above. In particular, the
first pixel corresponds to bits 0-3 of the IKONAS bus
data word; the second corresponds to bits 4-7; and so
on. Within each pixel, the least significant bit of
the pixel corresponds ¢to 1least significant of the
corresponding IKONAS bus data bits.

WORD—mode writes to a DR&64 are controlled by the
write mask; if the write-mask bit corresponding to
the write is off, no modification will be made to the
contents of memory. The write mask should have been
set by a HIRES set-write-mask operation. The bits of
the write mask used on each DR&64 are the same as the
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pixel data bits used by that DR&4, and are determined
by the configuration of the DR6A4.

When the write mask is used to protect bitplanes of a
DRé&4, the correspondence of input IKONAS bus data
bits to pixels in the DR&4 is unchanged. For exam-—
ple, suppose the write mask is set to protect all
bitplanes except bitplane 1 (i. e. the write mask was
set to 02 octal). Then any write will not change
bitplanes O, 2, 3, 4, 5, 6, or 7; only bitplane 1 may
be affected; so only bits 1, 5, 9, 13, 17, 21, 25,
and 29 of the input word will be written; these will
be written into bitplane 1 of eight consecutive p1x—
els (provided bit 15=0 in the DRé64 address).

Graphically, the bits marked with an x will not be
written, while the bits marked with a 1 will be writ-
ten:

xxlxxxdixxxixxxixxxlxxxixxxixxxix

If the write mask allowed modification to bitplanes 1
and 2, the bits to be written would be:

x31xxlixx11xx1ixxilxxiixxilixxlix

-
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4.3 DR256

An IKONAS system consisting of DR256 memory cards can
be viewed in two different ways, at the option of
user programming:

0 pixel mode

o0 word mode

4 3.1 Pixel Mode

In pixel mode, all DR25&6’s can be viewed as one con-
tinuous memory that is addressable in x and y. Each
x,y memory location corresponds to a pixel. The bit
depth of each memory location —— the number of bits
which contribute to each pixel —— depends on the sys-—
tem configuration, as follows:

In low resolution (LORES) mode, each DR256 can pro-
vide 1,048,576 pixels of eight bits each, correspond-
ing to a 1024x1024 pixel display. Depending on the
number of DR256’s in the system configuration:. the
bit depth may be 8, 16, 24, or 32 bits. X addresses
range from O to 1023. The y address range depends on
the number of DR25&‘s and the bit depth. Appendix 2
contains information about ©bit depth and address
ranges in standard DR256 configurations.

In high resolution (HIRES) mode, each DR236 can pro-
vide 4,194,304 pixels of 2 bits each, corresponding
to a 2048x2048 pixel display. Depending on the number
of DR2564‘s in the system configuration, the bit depth
may be any multiple of 2 from 2-24 bits. X addresses
range from O to 2047. The y address range depends on
the number of DR256’s and the bit depth; see Appendix
2. :

4.3.1.1 Examples of Configuration
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Here are some example IKONAS memory organizations:

1. (Minimum system) The user has one DR2564. It has a
bit depth of 8 bits, x address range 0-1023, y
address range 0-1023 (LORES mode).

2. (Full—-color 1024x1024 system) The user has three
DR256’s. In LORES: bit depth is 24 bits. Card O sup-
plies bits 0-7 (red), card 1 supplies bits 8-15
(green), and card 2 supplies bits 16-23 (blue). The x
address range is 0-1023, y address range 0-1023.

In HIRES: bit depth is & bits. Card O supplies bits

0-1, card 1 supplies bits 2-3, and card 2 supplies
bits 4-5, so the user can use pseudocolor on a 6-bit
HIRES image. The x address range is 0-2047; the y

address range is 0-2047.

3. (Large system) The user has twelve DR25&6's. In
LORES: the bit depth is 24 bits. The x address
range is 0-1023; the y address range 1is 0-2047.
(Note that in LORES, you cannot wuse all twelve
cards. )

In HIRES: the bit depth is 24 bits, with each card
contributing 2 bits, for a full-color HIRES image.
The x address range is 0-2047; the y address range,
0-2047.

NOTE: in LORES mode, you must multiply the x and y
coordinates by two.
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4.3.2 Pixel-mode Addressing of the Framebuffer

In pixel mode (LORES or HIRES), each pixel is
addressed independently of all the others; however,
several DR2%96‘s may respond to the same pixel
address, depending on the hit depth. (See the
preceding section on configuration.)

When a program WRITES to a pixel address, any bits
which are not configured into any DR256 are ignored.

When a program READS from a pixel address, any bits
which are not configured to any DR256 are read as
zero, BUT DISPLAYED AS 1.

4.3.2.1 Pixel I/0
To write a pixel, you must do the following:

i. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. See
below for a discussion of the write mask.

2. LOAD THE PIXEL ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS interface contains two address registers,
corresponding to x—address and y-—address, so you can
set the interface address registers with (x,y) coor-
dinates.

However, for LORES mode only, you must load the x and
y rvegisters with twice the coordinate desired. For
example, since the x or y address is a number between
0 and 1023, you will 1load the interface address
Tegisters with an even number between O and 2046. If
your y address range is from 0-2047, you will load
the y—address register with an even number between O
and 4094.

These registers correspond to a 24-bit IKONAS bus
address. In HIRES, bits 10-20 contain the y address;
bits 21 and 0-9, the x address. In LORES, bits 11-20
contain the y address; bits 21 and 1-9, the x
address. (Bit 21 holds the high—order x address bit
in each case.)
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3. SET THE FUNCTION CODE:

22 octal for LORES
23 octal for HIRES

and the desired SENDER ID into the IKONAS interface

command register. The sender id selects the write
mask you will use (see below).

4. START THE 1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
1/0 or DMA); refer to the chapter "Host/IKONAS Inter-—
face" in this manual for details.

TO READ PIXELS, follow the same steps, with these
exceptions:

1. you do not need to load the write mask;
2. use a function code of

02 octal for LORES
03 octal for HIRES
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4. 3.2.2 MWrite Mask

The write mask is a set of eight registers. one for

each sender id, which allows you to write only
selected bits of a pixel when you write to the frame-
buffer. The write mask is used for all writes to the

framebuffer, but it does not apply to any other com-—
ponent of the IKONAS system (for example, the Luva).
Each bit of the write mask controls a single bit of
the pixels written to the framebuffer. When a bit of
the write mask is gn (set to 1), the corresponding
bit of each pixel in the framebuffer may be modified
by writes to the framebuffer. When a bit if the %
write mask is off, however. the corresponding bit of o
each pixel in the framebuffer is protected. and will

not be modified by writes to the framebuffer, even

though other bits in the same pixel may be modified.

The sender id is part of each IKONAS bus write opera-— M
tion. For the DR25&, it specifies which write mask e%

is to be set or used. Having multiple write masks 3§_
allows you te have different bitplanes open to modif-—
ication by different processes, for example, charac~

ter graphics planes to be modified by the CGM4 char—
acter generator., image planes to be modified by the
BPS32 processor., and background planes to be modified
by the host. The FBC always usés sender id O for its
display—and—erase function, so you may have different
write masks for erasing and writing memorTy.

T

The write mask must have been set before you issue 4
write, or the results are unpredictable; but once Yyou
set the write mask, it remains unchanged until you
set it again.

There is only one write mask per sender id. but how #
it is interpreted depends on the function code used

to set it. There are two 'set—write—-mask’ IKONAS bus

function codes, one for LORES and one for HIRES.

Normally., you should use the set—write—-mask function
corresponding to the type of write you wish to con—

trol.

TO SET THE WRITE MASK, perform all the steps for
writing a single pixel to address (0, 0), but use a
function code of

32 octal for LORES
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33 octal for HIRES

The data written wili be used as the write mask for
subsequent write operations.

In LORES mode, there is a separate set of write masks
for every 1024 lines in memory; the y address distin-—
guishes between these write masks. For example. if
your system has 2048 lines, you would need one write
mask for address (0,0) and another for address
(0, 1024), bearing in mind that LORES mode requires
you to specify twice the coordinates desired.

In HIRES mode. there is one write mask for every 2048
lines (usually the maximum in a system).

In wire—wrapped DR256's, there is only one write
mask, shared by all sender ids.
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4.3.3 WORD Mode

In WORD mode. each DR256 can provide 262, 144 words of

32 bits each. An IKONAS system may have up to 12
DR256&6 cards; each memory location can be addressed
with & card number and an offset. This is identical

to traditional random—access memory organization.

To determine the card number for word mode addresses
in your system, refer to Appendix 2.

4.3.3.1 WORD Mode 1/0
To write a 32-bit word in WORD mode:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. You
must load the write mask in LORES or HIRES mode,
depending vbn your display mode; see above for
instructions on setting the write mask in LORES or
HIRES mode. :

2. LOAD THE WORD ADDRESS INTO THE IKONAS INTERFACE.
In WORD mode the ‘x—address’ and ‘y—address’ regis-—
ters lose their physical significance as pixel coor-
dinates and merely hold 24 address bits. The IKONAS
bus address to use is a 24-bit quantity; the x-—
address register holds bits 0-9, and the y—address
register holds bits 10-23.

3. SET THE FUNCTION CODE
20 octal for word mode
and the SENDER ID into the IKONAS interface command

register. The sender id determines which write mask
is used for the write operation.

4. START THE 1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); refer to the chapter "Host/IKONAS Interface"
in this manuval for details.
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TO READ 32-BIT WORDS, follow the same steps, with
these exceptions:

1. you do not need to load the write mask;

2. use a function code of OO0 octal instead of 20
octal.

4.3.3.2 Effects of the Write Mask in Word Mode

When the write mask is set to protect certain bit-
planes in LORES or HIRES mode, those bitplanes will
be protected against WORD-mode writes also. I you
want to allow modifications to all bitplanes, write
all ones (37777777777 octal) to the write mask in
LORES or HIRES mode.

If you ever need to modify the write mask on exactly
one DR256, you may do so by writing to any WORD~mode
address on the DR25&4 using a function code of 30

octal. The low—order four bits (bits O0-3) will be
used as bits 0-3 and 4-7 of the write mask for that
card. Normally this will not be necessary.

Since the WORD-mode operations refer to the same
memory as the pixel-mode operations, although using a
different addressing scheme, it is necessary for the
programmer to understand which pixels are modified by
WORD-mode writes.

4.3.3.3 The reason for using WORD mode

WORD mode gives you a quick way to modify several
different pixels at the same time, even though you
modify only a few bits (one in HIRES mode. four in
LORES) of weach pixel. WORD mode will be more effi-
cient than pixel mode in the following cases:

1. You have fewer than 32 bits per pixel. Pixel-mode
transfers are 32 bits wide; so you have unused bits
in each pixel-mode transfer. WORD mode will give you
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higher transfer rate for loading large files.

2. Your pixels are organized as separate fields of

bits, presumably organized using a caolormap. In this
case, you may frequently want to access portions of
pixels (i. e. only the bits in a field). You can do

this using the write mask; but if you have 3 large
number of consecutive pixels 1in which you want to
access only a portion, word mode may be faster.

The correspondence of WORD-mode access to pixel—-mode
access depends on whether the pixel-mode access is
LORES or HIRES.
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4.3.3.4 Correspondence of WORD access to HIRES access

A WORD operation on a DR25é6 affects 32 bits of the
DR256. Those 32 bits are taken from 32 consecutive
HIRES pixels. The pixels affected may be determined
from the WORD address as follows: '

If the WORD address is 00CCcCCXYPYYYYYYYYyYyxxxxx
where

cccc (address bits 18-21) is the WORD-mode card
address, used to select a particular card;

p (address bit 13) tells which bitplane is referenced
by the operationi

(address bits 5-14 and 1&8) is the y-
address being referenced (bit 16 is the high—order y
bit);

xxxxxx (address bits 0—-4 and 17) is the x—address
being referenced (bit 17 is the high-order x bit);

THEN the pixels modified will be the 32 pixels at y-—
address yyyyyyyyyyy and x—address xxxxxx00000 through
xxxxxx11111, where the x’s and y’s are canstrued as
binmary numbers.

The bit numbers within each pixel which are modified
by the operation depend on the configuration of the
memory card. Recall that each memory card furnishes
two bits of HIRES data per pixel; The bit referenced
by the WORD operation is the lower of these bits if p
(address bit 15) is off, or the higher bit, if p is
on.

WORD-mode writes to a DR25&6 are controlled by the
write mask; if the write-mask bit corresponding to
the write is off, no modification will be made to the
contents of memory. The write mask should have been
set by a HIRES set—-write-mask operation. The bits of
the write mask used on each DR256 are the same as the
pixel data bits used by that DR25&6 and are determined
by the configuration of the DR256.
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4.3.3.5 Correspondence of WORD access to LORES access

A WORD operation on a DR2%& affects 32 bits o
DR256. Those 32 bits are taken from B8 conse
LORES pixels. The pixels affected may be dete
¢rom the WORD address as follows:

1# the WORD address is 00cccCcxyYypyyyyyyyyyxxxx

where

cccc (address bits 18-21) is the WORD-mode

address: used to select a particular card;
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bit):

rxxxxxx (address bits O-35 and 17) 1is the x—a
being referenced (bit 17 is the high—order x bi

THEN the pixels accessed will be the 8 pixels
address yyyyyyyyuyy and x—address xxxxxxx000 ¢t
xxxxxx111, where the x’s and y‘s are constru
binary numbers.

The bit numbers within each pixel which are mo
by the operation depend on the configuration
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off, or the four most—significant bits, if p is on.

Four bits will be accessed in each of the eight

els addressed as described above. In particula

pix-—
v, the

first pixel corresponds to bits 0-3 of the IKONAS bus

data word; the second corresponds to bits 4-7;

on. Within each pixel, the least significant b
the pixel corresponds to least significant

corresponding IKONAS bus data bits.

WORD-mode writes to a DR25& are controlled b
write mask:; if the write-mask bit correspond
the write is off, no modification will be made
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contents of memory. The write mask should have been

Ares 16vm DR254 Framebuffer

4 - 24

- LA



set by a HIRES set-write-mask operation. The bits of
the write mask used on each DR256 are the same as the
pixel data bits used by that DR256, and are deter-
mined by the configuration of the DR256.

When the write mask is used to protect bitplanes of a
DR25é6., the correspondence of input IKONAS bus data
bits to pixels in the DR256 is unchanged. For exam—
ple, suppose the write mask is set to protect all
bitplanes except bitplane 1 (i. e. the write mask was
set to 02 octal). Then any write will not change
bitplanes O, 2, 3, 4, 5, &6, or 7; only bitplane 1 may
be affected; so only bits 1., 5, 9, 13, 17, 21, 29,
and 29 of the input word will be written; these will
be written into bitplane 1 of eight consecutive pix-—
els (provided bit 15=0 in the DR256 address).

Graphically, the bits marked with an x will not be
written, while the bits marked with a 1 will be writ—-
ten:

xxixxxixxxixxxixxxixxxixxxtixxxix

I# the write mask allowed modification to bitplanes 1

and 2, the bits to be written would be:

x11xx11ixx1ixxiixxlixxiixxiixxilx
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4.4 GMb64

An IKONAS system consisting of GM&64 memory cards
allows two different kinds of write operations:

o pixel mode

o mask mode

This section explains:

o how to read and write pixels in LORES and HIRES
modes;

o how to use mask mode;

o what the visible effects of mask—-mode operations
are;

o how to use the write masks to write only desired
bits.

This section also provides a description of IKONAS
framebuffer memory configurations.

4 41 Pixel Mode

In pixel mode, GM&4'‘s function in the same way as
DR&4 ‘s, All GM&4’s can be viewed as one continuous

memory that is addressable in x and y. Each x,y
memory location corresponds ¢to a pixel. The bit
depth of each memory location —— the number of bits
which contribute to each pixel —— depends on the sys-—

tem configuration, as follows:

In low resolution (LORES) mode, each GM&4 can provide
262,144 pixels of eight bits each, corresponding to a
512x512 display. Depending on the number of GM&4’s in
the system configuration., the bit depth may be 8, 16,
24, or 32 bits. X addresses range from O to 511. The
y address range depends on the number of GM&64’‘s and
the bit depth. Appendix 3 contains information about
address ranges and bit depth for standard GM&4 confi-
gurations.
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In high resolution (HIRES) mode, each GM&4 can pro-—
vide 1,048, 576 (1024K) pixels of 2 bits each.,
corresponding to a 1024 x 1024 display. Depending on
the number of GM&4‘s in the system configuration, the
bit depth may be any multiple of 2 from 2—-24 bits. X
addresses range from O to 1023. The y address range
depends on the number of GMb4’s and the bit depth;
see Appendix 3.
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4.4.1.1

Examples of Configuration

Here are some example IKONAS memory organizations:

1. (Minimum system) The userT has one GM6&64. It has a
bit depth of 8 bits, X address range 0-511, y address
range 0-511 (LORES mode).

2. (Full-color 512x512 system) The user has three
GM&4’'s. In LORES: bit depth is 24 bits. Card O sup-—
plies bits 0-7 (red), card 1 supplies bits 8-15
(green), and card 2 supplies bits 16—-23 (blue). The x
address range is 0-511, y address range 0-511.

In HIRES: bit depth is &6 bits. Card O supplies bits
0-1, card 1 supplies bits 2-3, and card 2 supplies
bits 4-5, so the vuser can use pseudocolor an 3 6b-bit
HIRES image. The x address range 1is 0-1023; the y
address range is 0-1023.

3. (Large system) The user has twelve GM&64's. In
LORES: the bit depth 1is 24 bits. The x address
range is 0-511; the y address range is 0-2047.

In HIRES: the bit depth is 24 bits, with each card
contributing 2 bits, for a full-color HIRES image.
The x address range is 0—1023; the y address Tange,
0-1023.

NOTE: in LORES mode. these x and y coordinates must
be multiplied by two.
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4. 4.2 Pixel—-mode Addressing of the Framebuffer

In pixel mode (LORES or HIRES), each pixel is
addressed independently of all the others; however,
several GM&4‘s may respond to the same pixel address.
depending on the bit depth. (See the preceding sec—
tion on configuration.)

When a program WRITES to a pixel address, any bits
which are not configured into any GM64 are ignored

When a program READS from a pixel address, any bits

which are not configured to any GM&64 are read as
zero, but displayed as 1.
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4.4.2.1

AT L 10N

Pixel I/0
To write a pixel, you must do the following:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. See
below for a discussion of the write mask.

2. LOAD THE PIXEL ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS interface contains two address registers,
corresponding to x—address and y—address, so you can
set the interface address registers with (x,y)} coor-
dinates.

AN

However, for LORES mode only, you must load the x and
y registers with twice the coordinate desired. For

example, since the x or y address is a number between
O and 511, you will load the interface address regis-—
ters with an even number between O and 1022. If your
y address range is from 0-1023, you will load the y-
address register with an even number between O and
2046.

These registers correspond to a 24-bit IKONAS bus
address. In HIRES, bits 10-19 contain the y address;
bits 0-9, the x address. In LORES, bits 11-19 con-
tain the y address; bits 1~-9, the x address

3. SET THE FUNCTION CODE:

22 octal for LORES
23 octal for HIRES

and the desired sender id into the IKONAS interface
command register. The sender id selects the write
mask you will use (see below).

4, START THE I/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
I/0 or DMA); refer to the chapter "HOST/IKONAS INTER-
FACE" in this manual for details.

TO READ PIXELS, follow the same steps, with these
exceptions:
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1. you do not need to load the write mask;
2. use a function code of

02 octal for LORES
03 octal for HIRES

Again, see the chapter concerning the interface
specification for details; in particular, for byte
mode transfers, you must set the "byte mode" bit in
the IKONAS status/command register.

4.4.2.2 Write Mask

The write mask is a set of eight registers, one for
each sender 1id, which allows you to write only
selected bits of a pixel when you write to the frame-
buffer. The write mask is used for all writes to the
framebuffer, but it does not apply to any other com—
ponent of the IKONAS system (for example, the LUVO).
Each bit of the write mask controls a single bit of
pixels written to the framebuffer. When a bit of the
write mask is gn (set to 1), the corresponding bit of
each pixel in the framebuffer may be modified by
writes to the framebuffer. When a bit if the  write
mask is off, however. the corresponding bit of each
pixel in the framebuffer is protected, and will not
be modified by writes to the framebuffer, even though
other bits in the same pixel may be modified.

The sender id is part of each IKONAS bus write opera-—
tion. For the GM&64, it specifies which write mask is
to be set or wused. Having multiple write masks
allows you to have different bitplanes open to modif-
jcation by different processes. for example, charac-
ter graphics planes to be modified by the CGM4 char—
acter generator, image planes to be modified by the
BPS32 processor., and background planes to be modified
by the host. The FBC always uses sender id O for its
display—and—erase function, so you may have different
write masks for erasing and writing memory.

The write mask must have been set before you issue a
write, or the results are unpredictable; but once you
set the write mask, it remains unchanged wuntil you
set it again. . o
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There is only one write mask per sender id. but how
it is interpreted depends on the function code used
to set it. There are two 'rget—write~-mask’ IKONAS bus
function codes., oOne for LORES and one for HIRES.
Normally., you should use the set—write—-mask function
corresponding to the type of write you wish to con~
trol.

TO SET THE WRITE MASK, perform all the steps for
writing a single pixel to address (0,0), but use a
function code of

32 octal for LLORES
33 octal for HIRES

The data written will be used as the write mask for
subsequent write operations.

In LORES mode, there is a separate set of write masks
for every 512 lines in memory; the y address distin—
guishes between these write masks. For example. if
your system has 1024 lines, you would need one write
mask for address (0,0) and another for address
(0, 512), bearing in mind that LORES mode requires you
to specify twice the coordinates desirved.

In HIRES mode, there is one write mask for every 1024
lines (usually the maximum in a system).

In wire-wrapped GMb64 ‘s, there 15 only one write mask.
shared by all sender ids.
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4.4.2.3 ZI-bhuffer

The Z~buffer board, when present, allows you to do a
conditional pixel write to certain bitplanes, which
have been configured by wire-wrap Jumpers &8s I~
planes. Wwhen you perform a conditional write, the
value to be written to these bitplanes 1is compared
against their current value. The values are treated
as unsigned integers during the comparison.

L

I# the old value is less than the new valvue, the

3
“f
™
W
&
b
™~
Ry}

write is suppressed and the bitplanes rTemain
unchanged.
¢
»
I# the old value is greater than or equal to the new ;
value, the write is performed. Function codes to use
are:
26 for LORES 5

27 for HIRES
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4.4.3.1

Mask Mode

Mask mode is a feature unique to the GM&64 and GM256
which allows you to write up to 32 pixels in HIRES,
or up to 16 pixels in LORES, with one operation. Each
of the 32 data bits (for LORES, the lower 16 bits)
corresponds to a pixel. If the bit has a value of 1,
the pixel remains unchanged; if it has a value of O,
the pixel is written with the shade previously set in
the shade register.

While WORD-mode writes in a DR&64 modify only a single
card, all GOM&4 cards respond to a mask-mode write
operation.

Shade register

The shade register holds the value to be written  to
each pixel selected in a mask mode write. There are
eight shade registers, one for each sender id. Each
mask mode write sets a sender id which selects both
the shade register and the write mask for that write.
Having multiple sender id’s allows you to have dif-—
ferent bitplanes open to modification by different
processes. and to have different shade values from
which to select.

The shade register must have been set before a write
is issued, or the results are unpredictable. How-
ever, once you set the shade register, it remains
unchanged until you set it again.

There is only one shade register for each sender id,
but the function code to set it must correspond to
the mask mode write you plan to do —-- HIRES or LORES.
To set the shade register, perform all the steps for
writing a pixel to address (0.0), but use a function
code of

36 octal for LORES

37 octal for HIRES
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The data written will be used as the shade value for
all subsequent mask mode write operations using this
sender id.

In LORES made. there is a separate set of shade
registers for every 512 lines in memory; the y
address distinguishes between these write masks. For
example, if your system has 1024 lines, you would
need one shade register for address (0,0) and another
for address (0,512), bearing in mind that LORES mode
requires you to specify tuwice the coordinates
desired.

In HIRES mode, there is one shade register for every
1024 lines (usually the maximum in a system).
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4.4 3.2 LORES Mask Mode Write Operations

To perform a mask mode write in LORES:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. Load
the write mask in LORES mode; see above for instruc-
tions.

2. SET THE SHADE REGISTER AS NEEDED. This step may
be omitted 1if the shade register has already been
set. Set the shade register in LORES mode; see above
for instructions.

3. LOAD THE MASK-MODE ADDRESS INTO THE IKONAS INTER-
FACE. The IKONAS bus address to use is a 24-bit
quantity; the x—-address register holds bits 0-9 and
the y—-address register holds bits 10-23. This
address will depend on the LORES pixels being modi-—
fied:

Bit O is unused.
1-5 contain the top 5 bits of the
x address.
6—-14 contain the y address.
15-19 must be zero.
20-23 must contain 0110 for

mask mode writes.

I1f the mask—mode address is OllOOOOOOgggggggggxxxxxO
THEN the pixels accessed will be the 16 pixels at y-
address yYyyyyyyuyy and x-address xxxxx0000 through
xxxxx1111, where the x’s and y’s are construed as
binary numbers.

4. SET THE FUNCTION CODE

24 actal
and the SENDER ID into the IKONAS interface command

register. The sender id determines which write mask
and shade value are used for the write operation.

5. START THE I/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); refer to the chapter “Hos t/ IKONAS Interface”
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in this manual for details.

There is no corresponding mask-mode READ. See the
preceding section on the DR64 to read in pixel or

word mode.
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4 4.3.3 HIRES Mask Mode Write Operations

To perform a HIRES mask—mode write:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. Load
the write mask in HIRES mode; see above for instruc—
tions.

2. SET THE SHADE REGISTER AS NEEDED. This step may
be omitted if the shade register has already been
set. Set the shade register in HIRES mode; see above
for instructions.

3.  LOAD THE MASK-MODE ADDRESS INTO THE IKONAS INTER-
FACE. The IKONAS bus address to use is a 24-bit
quantity; the x—-address register holds bits 0-9., and
the y—address register holds bits 10-23. This address
will depend on the HIRES pixels to be modified:

Bits 0—-4 contain the top 9 bits of the
x address.
5-14 contain the y address.
15-19 must be zero.
20~-23 must contain 0110 for

mask mode writes.

If the mask—mode address is 0110000004yyyyyyyyyxxxxx

THEN the pixels modified will be the 32 pixels at y-
address yyyyyyyyyy and x—address x x x Xxx00000 through

xxxxx1i1111, where the x‘s and y’‘s are construed as

binary numbers.

4, SET THE FUNCTION CODE
20 octal

and the SENDER ID into the IKONAS interface command
register. The sender id determines which write mask
and shade value are used for the write operation.

5. START THE I/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); refer to the chapter "Host/IKONAS Interface"
in this manual for details.
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There is no corresponding mask-mode READ. See the
preceding section on the DRé&4 to read in pixel or
word mode.

4.4.3.4 Effects of the Write Mask

When the write mask is set to protect certain bit-—
planes in LORES or HIRES mode: those bitplanes will
be protected against mask—mode writes also. If you
want to allow modifications to all bitplanes, write
all ones (37777777777 octal) to the write mask in
LORES or HIRES mode.
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4.5 GM2356

An IKONAS system consisting of GM25& memory cards
allows two different kinds of write operations:

0 pixel mode

0 mask mode

This section explains:

o how to read and write pixels in LORES and HIRES
modes;

o how to use mask mode;

o what the visible effects of mask—-mode operations
are;

0 how to use the write masks to write only desired
bits.

This section also provides a description of IKONAS

framebuffer memory configurations.

4.5.1 Pixel Mode

In pixel mode, GM256’s function in the same way as
DR256‘s. All GM256’s can be viewed as one continuous

memory that is addressable in x and y. Each «x,y
memory location corresponds to a pixel. The bit
depth of each memory location —— the number of bits
which contribute to each pixel —— depends on the sys-

tem configuration, as follows:

In low resolution (LORES) mode: each GM256 can pro-
vide 1,048,576 pixels of eight bits each, correspond-—
ing to a 512x512 display. Depending on the number of
GM256’s in the system configuration, the bit depth
may be 8, 14, 24, or 32 bits. X addresses range from
0 to 1023. The y address range depends on the number
of GM256‘s and the bit depth; see Appendix 4 of this
chapter for bit depth and y address limits.
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In high resolution (HIRES) mode, each GM25& can pro-
vide 4,194,304 pixels of 2 bits each, corresponding
to a 2048 x 2048 pixel display. Depending on the
number of GM256‘s in the system configuration, the
bit depth may be any multiple of 2 from 2-24 bits. X
addresses range from O to 2047. The y address range
depends on the number of GM254’s and the bit depth;
see Appendix 4.
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4.5.1.1

Examples of Configuration
Here are some example IKONAS memory organizations:

1. (Minimum system) The user has one GM256. It has a
bit depth of 8 bits, x address range 0-1023, y
address range 0-1023 (LORES mode).

2. (Full=color 1024x1024 system) The user has three
GM256’s. In LORES: bit depth is 24 bits. Card O sup-—-
plies bits 0-7 (red), <card 1 supplies bits 8-15
(green):, and card 2 supplies bits 16—-23 (blue). The x
address range is 0-1023, y address range 0-1023.

In HIRES: bit depth is & bits. Card O supplies bits
0-1, card 1 supplies bits 2-3, and card 2 supplies
bits 4-5, so the user can use pseudocolor on a 6-bit
HIRES image. The x address range is 0-2047; the y
address range is 0-2047.

3. (Large system) The user has twelve GM256’s. In
LORES: the bit depth is 24 bits. The x address
range is 0-1023; the y address range is 0-2047. (Note
that in LORES mode, you cannot use all twelve cards. )

In HIRES: the bit depth is 24 bits, with each card
contributing 2 bits, for a full-color HIRES image.
The x address range is 0-2047; the y address range,
0-2047.

NOTE: in LORES mode, the x and y coordinates must be
multiplied by two.

A4 4 709m AMIRL Evnamahudfan 4 - 42



4.5.2 Pixel-mode Addressing of the Framebuffer

In pixel mode (LORES or HIRES), each pixel is
addressed independently of all the others; however,
several GM25&4‘’s may respond to the same pixel
address, depending on the bit depth. (See the
preceding section on configuration.)

When a program WRITES to a pixel address, any bits
which are not configured into any GM256 are ignored.

When a program READS from a pixel address, any bits
which are not configured to any GM2546 are read sas
zero, but displayed as 1.

4.5 2.1 Pixel 1/0
To write a pixel, you must do the following:

1. SET THE WRITE MASK AS NEEDED. This step may be
omitted if the write mask has already been set. See
below for a3 discussion of the write mask.

2. LOAD THE PIXEL ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS interface contains two address registers,
corresponding to x—address and y—address, so you can
set the interface address registers with (x,y) coor-
dinates.

However, for LORES mode only, you must load the x and
y registers with twice the coordinate desired For
example, since the x or y address is a number between
0 and 1023, you will 1load the interface address
registers with an even number between 0 and 2046. I1f
your y address range is from 0-2047, you will load
the y—address register with an even number between O
and 4094.

These registers correspond to a 24-bit IKONAS bus
address. In HIRES, bits 10~19 contain the y address;
bits 0-9, the x address. In LORES, bits 11-19 con-
tain the y address; bits 1-9, the x address.
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3. SET THE FUNCTION CODE:

22 octal for LORES
23 octal for HIRES

and the desired sender id into the IKONAS interface
command register. The sender id selects the write
mask you will use (see below).

4. START THE 1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
I1/0 or DMA); refer to the chapter "Host/IKONAS Inter-—
face" in this manuval for details.

TO READ PIXELS, follow the same steps, with these
exceptions:

1. you do not need to load the write mask;

2. use a function code of

02 octal for LORES
03 octal for HIRES

Again, see the chapter concerning the interface
specification for details; in particular: for byte
mode transfers, you must set the "byte mode” bit 1in

the IKONAS status/command register.
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4.5. 2.2 Write Mask

The write mask is a set of eight registers. one for
each sender id, which allows you to write only
selected bits of a pixel when you write to the frame-—
buffer. The write mask is used for all writes to the
framebuffer, but it does not apply to any other com-—
ponent of the IKONAS system (for example, the LUVO).
Each bit of the write mask controls a single bit of
pixels written to the framebuffer. When a bit of the
write mask is on (set to 1), the corresponding bit of
each pixel in the framebuffer may be modified by
writes to the framebuffer. When a bit if the write
mask is off, however, the corresponding bit of each
pixel in the framebuffer is protected, and will not
be modified by writes to the framebuffer, even though
other bits in the same pixel may be modified.

The sender id is part of each IKONAS bus write opera-
tion. For the GM256, it specifies which write mask
is to be set or used. Having multiple write masks
allows you to have different bitplanes open to modif-—
ication by different processes, for example, <charac-
ter graphics planes to be modified by the CGM4 char-—
acter generator, image planes to be modified by the
BPS32 processor, and background planes to be modified
by the host. The FBC always uses sender id O for its
display—and—erase function, so you may have different
write masks for erasing and writing memory. -

The write mask must have been set before you issue a
write, or the results are unpredictablei but once you
set the write mask, it remains unchanged wuntil you
set it again.

There is only one write mask per sender id, but how
it is interpreted depends on the function code used
to set 1it. There are two ’‘set—write-mask’ IKONAS bus
function codes, one for LORES and one for HIRES.
Normally, you should use the set-write-mask function
corresponding to the type of write you wish to con-
trol.

TO SET THE WRITE MASK, perform all the steps for
writing a single pixel to address (0,0), but use a
function code of

32 octal for LORES
33 octal for HIRES
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The data written will be used as the write mask for
subsequent write operations.

In LORES made, there is a separate set of write masks
for every 1024 lines in memory; the y address distin-
guishes between these write masks. For example, if
your system has 2048 lines, yau would need one write
mask for address (0,0) and another for address
(0,1024), bearing in mind that LORES mode requires
you to specify twice the coordinates desired.

In HIRES mode, there is one write mask for every 2048
lines (usually the maximum in a system).

In wire-wrapped GM256‘s, there is only one write
mask, shared by all sender ids.
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4.5.2.3 Z-buffer

The Z-buffer board, when present, allows you to do a
conditional pixel write to certain bitplanes, which
have been configured by wire-wrap Jumpers as 27
planes. When you perform a conditional write, the
value to be written to these bitplanes is compared
against their current value. The values are compared
as unsigned integers.

If the old value is less than the new valve, the
write is suppressed and the bitplanes remain
unchanged.

1f the old value is greater than or equal to the new
value, the write is performed. Function codes to use
are:

26 octal for LORES

27 octal for HIRES
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4.5 3 Mask Mode

Mask mode is a feature unique to the GM64 and GM256
which allows you to write up to 32 pixels in HIRES,
or up to 16 pixels in LORES, with one operation. Each
of the 32 data bits (for LORES, the lower 16 bits)
corresponds to a pixel. If the bit has a value of 1,
the pixel remains unchanged; if it has a value of O,
the pixel is written with the shade previously set in
the shade register.

Wwhile WORD-mode writes in a DR256 modify only a sin-
gle card, all GCM256 cards respond to a mask-mode
write operation.

4.5 3.1 Shade register

The shade register contains the value to be  written
to each pixel selected in a mask mode write. There
are eight shade registers, one for each sender 1id.
Each mask mode write sets a sender id which selects
both the shade register and the write mask for that
operation. Having multiple sender id’s allows you to
have different bitplanes open to modification by dif-
ferent processes, and to have different shade values
from which to select.

The shade register must have been set before you
issue a write, or the results are unpredictable; how-
ever, once you set the shade Tegister, it remains
unchanged until you set it again.

There is only one shade register for each sender 1id.
but the function code to set it must correspond to
the mask mode write you plan to do —— HIRES or LORES.
To set the shade register, perform all the steps for
writing a pixel to address (0,0), but use a function
code of

36 octal for LORES

37 octal for HIRES
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A 22 L 70

The data written will be used as the shade value for
all subsequent mask mode writes using this sender id.

In LORES mode, there is a separate shade of shade
registers for every 1024 1lines in memory; the y
address distinguishes between these write masks. For
example, if your system has 2048 lines:, you would
need one write mask for address (0,0) and another for
address (0, 1024), bearing in mind that LORES mode

requires you to specify twice the coordinates
desired.

In HIRES mode, there is one write mask for every 2048
lines (usvally the maximum in a system).

AMIOIRL Coammmbh 2L e 4 —— Aq



4.5 3.2 LORES Mask Mode Write QOperations

To perform a mask mode write in LORES:

1. SET THE WRITE MASK AS NEEDED. This step may be

omitted if the write mask has already been set. Load
the write mask in LORES mode; see above for instruc-
tions.

2. SET THE SHADE REGISTER AS NEEDED. This step may
be omitted if the shade register has already been
set. Set the shade register in LORES mode; see above
for instructions.

3. LOAD THE WORD ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS bus address to use is a 24-bit quantity;
the x—-address register holds bits O-9, and the y-
address register holds bits 10-23. This address will
depend on the LORES pixels to be modified:

Bit O is unused.

1-5 and 17 contain the top 6 bits of the
x address (bit 17 is the high-
order x bit).

6—-14 and 16 contain the y address (bit 16
is the high—order y bit).

15 and 18-19 must be zero.

20-23 must contain 0110 for mask
mode writes.

If the mask—mode address is 011000xyOyyyyyyyyyxxxxxoO
THEN the pixels accessed will be the 16 pixels at y-
address yyyyyyyyyy and x—address xxxxxx0000 through
xxxxxx1111, where the x’s and y‘’s are construed as
binary numbers.

4. SET THE FUNCTION CODE

24 octal
and the SENDER ID into the IKONAS interface command

ragister. The sender id determines which write mask
and shade value are used for the write operation.
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5. START THE I1/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); refer to the chapter "HOST/ IKONAS INTERFACE"
in this manual for details.

4.5. 3.3 HIRES Mask Mode Write Operations
To perform a HIRES mask—mode write:

1. SET THE WRITE MASK AS NEEDED. This step may be

omitted if the write mask has already been set. Load
the write mask in HIRES mode; see above for instruc—
tions.

5 SET THE SHADE REGISTER AS NEEDED. This step may
be omitted if the shade register has already been
set. Set the shade register in HIRES mode; see above
for instructions.

5. LOAD THE WORD ADDRESS INTO THE IKONAS INTERFACE.
The IKONAS bus address to use is a 24-bit quantity;
the x—address register holds bits ©O-9, and the y-—
address register holds bits 10-23. This address will
depend an the HIRES pixels to be modified:

Bits 0-4 and 17 contain the top & bits of the
x address (bit 17 is the high-
order x bit).

5-14 and 16 contain the y address (bit 16
is the high—order y bit).

15 and 18-19 must be zero.

20-23 must contain 0110 for mask
mode writes.

I1f the mask—mode address is 0110000004yyyyyyyyyyxxxxx
THEN the pixels modified will be the 32 pixels at y-—
address yyyyyyyyyyy and x—address xxxxxx00000 through

xxxxxx11111, where the x’s and y’s are construved as
binary numbers.

4, SET THE FUNCTION CODE

20 octal
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and the SENDER ID in the IKONAS interface command
register. The sender id determines which write mask
and shade value are used for the write operation.

5. START THE I/0 OPERATION. Exact details depend
upon your interface and mode of transfer (programmed
or DMA); rtefer to the chapter "Host/IKONAS Interface"
in this manual for details.

There is no corresponding mask—mode READ. See the
preceding section on the DR256 to read in pixel or
word mode.

4.5 3.4 Effects of the Write Mask

aA/7tA/Q0D

When the write mask is set to protect certain bit-
planes in LORES or HIRES mode, those bitplanes will
be protected against mask—-mode writes also. If yovu
want to allow modifications to all bitplanes, write
all ones (37777777777 octal) to the write mask 1in
LORES or HIRES mode.
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APPENDIX O.

All function codes are in

Function

Pixel mode write — LORES
Pixel mode write — HIRES
Word mode write

Mask mode write -~ LORES
Mask mode write — HIRES
Set shade ~ LORES

Set shade — HIRES

Set write mask — LORES
Set write mask - HIRES

Conditional write — LORES
(Z-buffer)

Conditional write — HIRES
(Z-buffer)

Pixel mode read - LORES
Pixel mode read — HIRES

Word mode read

maane s

FUNCTION CODE SUMMARY

octal.

DRé&4
DR256

Lt L R - I ey

22

23

20

02

03

00

GMb4e
GM256

n
n
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5.2

Q/s/na’saq

FRAME BUFFER CONTROLLER (FBC) PROGRAMMING GUIDE

NOTE: Bit O=LSB, bit 31=MSB

INTRODUCTION

The FBC controls the sequencing of data from the

frame buffer memory to the color map memory. It
also performs video clock generation is performed by
the  FBC. From a user standpoint. there are eight
32-bit wide registers which control the mode of
operation, timing, video display parameters, and
cursor display.

REGISTER ACCESS

Data can be written into any of the eight 32~
bit control registers by wusing the correct IKONAS
bus address along with a WRITE function command dur-
ing a data transfer. This is accomplished from the
host processor by setting data and address registers
properly, setting the WRITE bit in the interface con-
trol word and initiating a transfer.

For the FBC the upper 14 bits of address must be
30000 (octal). The low 10 bits of address (bits 0-9)
are used to specify the register to be modified.
Address bits 3-9 should be zero; the lower 3 bits of
address are decoded to determine which register will
have data written into it. In the following sec~
tion, only the lower address bits will be used
to identify registers.

FBC RECGISTER DEFINITION

NS Drnmasvnasmmina Rasda ] -~ 1



5.2.1
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VIEWPORT LOCATION (REGISTER 30000%0)

The lower 16 bits of the VIEWPORT LOCATION regis-
ter determine the horizontal starting position aof
the displayed data on the monitor screen. Only bits
2-9 are actually used by the controller: so that
positioning can be selected in four-pixel increments
only.

The upper 16 bits of the VIEWPORT LOCATION regis-—

ter determine the vertical starting position of
the displayed data on the monitor screen. Only bits
18-25 are actually wused by the controller, so

that positioning can be selected in four—-line incre-
ments only.

When REPEAT FIELD is set (see below), the y viewport
value should be multiplied by two.

VIEWPORT SIZE (REGISTER 30000%1)

The 1lower 16 bits of the VIEWPORT SIZE regis-
ter determine the width (number of pixels) of the
displayed data on the monitor screen. Only bits 2-9
are actually used by the controller, so that
displayed width can be selected in four-pixel incre-
ments only.

The wupper 16 bits of the VIEWPORT SIZE regis-
ter determine the height (number of lines) of the
displayed data on the monitor screen. Only bits 18-
25 are actually wused by the controller, sg that
displayed height can be selected in four-line incre-
ments only.

WINDOW LOCATION (REGISTER 30000%2)

The lower 16 bits of the WINDOW LOCATION regis-—
ter determine the starting X address (within the
frame buffer memory) of the data to be displayed

FRC Pyranvrammina Quida 5 -
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within the viewport. In LORES, bits 2-10 give the
starting pixel number (bits O-1 are wunused); in
HIRES, bits 0-9 give the starting pixel number.
In either case, the number in the appropriate bits is

a pixel number, so single-pixel scrolling is possi-
ble.

The upper 16 bits of the WINDOW LOCATION regis—
ter determine the starting Y address (within the
frame buffer memory) of the data to be displayed
within the viewport. Bits 16-28 are used by the
controller, so that single-line scrolling is possi-
ble.

5.2.3.1 MULTIPLE LORES IMAGES

In systems with more than four DR&4 or GM&4 image
memories, the image memories (in LORES display mode)
will be grouped into 512x512 images, numbered start-
ing at 0. For purposes of video display, the 512x512
images are stacked vertically:; that 1is, the first
line of image 1 immediately follows the last line of
image O. In a system with three images, for example,
the images are addressed Jjust as if they were one
image of 1536 lines and 512 columns. To display
image 1, the y window would be set to 512; to display
the bottom half of image O and the top half of image
1, the y window would be set to 256.

5.2.3.2 Note on Y Viewport and Y Window

o Eel BFE-X]

The following describes exactly the operation of the
y viewport and y window registers; the explanation is
detailed, and you may want to skip over it to the
formulas and examples.

CON Dummvammesmn Mg de 85 - 3



5.2.3.2.1 Introductory Note on Video Terminology

The visible portion of the picture is preceded by the
vertical blanking intevval, which 1is an integral
number of lines (20 for RS-170A sync. 40 for RS-343
sync).

Vertical drive is a signal which occurs during the
vertical blanking interval and lasts for three lines
(RS-170A) or four lines (RS-343). A CRT monitor
starts the downward scan of the electron beam when
vertical drive occurs.

In the Y viewport and Y window settings, you should
remember that the first line of the screen, line 0.
is within the vertical blanking interval. The verti-
cal blanking interval continues for 17 lines after
the start of vertical drive in RS-170A mode, or 34
lines after the start of vertical drive in RS-343
mode. :

5.2.3.2.2 Y Viewport

[-NEal Vi1

The Y viewport value specifies the number of lines to
be held black from the beginning of vertical drive.
The number of lines to be blanked will be four more
than the number specified in the viewport register.
Remember that the two low—order bits of the viewport
register are forced to zero.

The picture is forced to black during the vertical
blanking interval, regardless af the viewport set-~-
ting. If you specify a viewport setting less than
the first unblanked line, the end of the picture will
be calculated from the specified starting line wusing
the viewport size value; but the start of the picture
will be the first unblanked line. The exact number
of lines between start of vertical drive and the
first visible line is the maximum of the blanking
interval and the y-viewport-setting+4 (call ¢this
number the top margin).

Remember that when the REPEAT FIELD bit (described
below) is set, the y viewport setting should be mul-
tiplied by two.

FRCC Praarammina Guide 5 - 4



5.2.3.2.3 Y Window

The starting y coordinate (the y window value) 1is
defined to be the line number displayed on the first
line after vertical drive. Note that this line will
always be invisible; the first visible line will be
at least 17 lines later.

Therefore, the y coordinate of the first visible line
will be a function of the top margin, y window, and
width of vertical drive.

9.2.3.2. 4 Formulas for computing y window

/A 704

I+ you have chosen a y viewport setting and want a
specified 1line to be the first visible line of the
screen, calculate the y window setting using the for-
mulas below. I# the result is negative, express it
in two’s complement form. but use at least twelve
bits.

First, calculate the top margin as follows (in these
formulas TM=top margin, YV=y viewport, YW=y window.
FL=desired first line):

For RS—-170A sync: TM=MAX(335, YV+4)

For RS-343 noninterlaced: TM=MAX(34, (YV+4)/2)

For RS-343 interlaced: TM=MAX(469,YV+4)
Now calculate the y window:
For RS—-170A sync: YW=FL-TM+7

For RS—-343 nagninterlaced: YW=FL-TM+4 For

RS5-343 interlaced: YW=FL-TM+9

Example: you are using RS-170A sync. The y viewport
is set to 20 (decimal). What should the y window be
to cause line O to be displayed as the first visible
line?

ERC Deannammina Nuida 5 - 5



9.2.9

8/24/81

Solution: the top margin is 24 (maximum of 20+4 and
17); therefore the y window should be set to O-
284+7=—17, or, in octal, 7757 (two’s complement to
twelve bits).

Z00M (REGISTER 30000%3)

The lower 16 bits of the ZOOM register determine
the pixel replication factor for horizaontal zoom-—
ing. Bits 0-7 are used by the controller so that
horizontal zoom rtatios of 1:1 to 256:1 in integer
steps can be selected. (But see "Notes" at the end
of this chapter for an exception in HIRES mode. )

The upper 1b6 bits of the ZOOM register determine
the line replication factor for vertical zooming.
Bits 16-33 are used by the controller so that verti-
cal zoom ratios of 1:1 to 256:1 in integer steps
can be selected.

DISPLAY RATE CONTROL (REGISTER 3000%4)

The lower 16 bits of the DISPLAY RATE control regis—
ter determine the horizontal scan frequency. Bits
0-11 are used to determine the number of 4. 77 MHz
clock cycles per line (209.5 NSEC resolution).

The upper 16 bits of the DISPLAY RATE control regis-—

ter determine the wvertical scan frequency. Bits
16-27 are used to determine the number of scan lines
per video frame. An even number of scan lines

must be used for interlaced field operation.

FBC Programming Guide 5 - 6
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5.2. 6 VIDEO CONTROL (REGISTER 30000%5)

5.2.6.1 CURSOR CONTROL

Bit 2 0 Cursor OFF

1 Cursor ON

5.2.6.2 RESOLUTION CONTROL

Bit 3 = 0: Low Resolution

(512x512 display). In this mode a DRé4
furnishes 8 512x512 bitplanes.

1: High Resolution

(1024x1024 display). In this mode a DR64
furnishes 2 1024x1024 bitplanes.

L}

5.2. 6.3 AUTO-CLEAR CONTROL

Bit 5 =1 "Displag—then—clear" memory operation.

Permits rapid (one frame) clear of all
displayed memory locations.

5 2.6.4 DISPLAY SYNC SELECT

Bit & Selecf one of two SYNC methods

= 1 External SYNC (RS—-343 or RS~170) .
= O Internal SYNC from DISPLAY RATE CONTROL
specification

n/24/81 FBC Programming Guide 5
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9.2.6.5 COLOR MAP PAGE

Bit 7 determines which one of two color map pages
is used for display. This is used for
addressing of the 1024x24 LUVO24 or LUVDO24/HS color
maps. The <colormap address is derived from the
pixel data, the cursor, and the page bit (see section
2.7 of this chapter).

Bit B is an additional page bit which can be used 1in
systems with a video crossbar switch for additional
control over color map selection. (See section 3.1 of
the "Crossbar Switch Programming Guide" in this
manual. )

5.2. 6.6 SYNC TIMING SELECTION

Bit 9

it
o

for RS—~170 sync standard (525 line NTSC
standard)

Bit 9 = 1 for RS-343 sync standard (high resolution
monitors)

Bit 10
Bit 10

0 interlaced field operation
repeat field operation

([ ]
—

5.2.6.7 PIXEL CLOCK RATE SELECT

Bits 16-22 = 20-77 (octal): number of nanoseconds
per pixel (in HIRES); in LORES, the
number of nanoseconds per pixel is
twice the number given.

5.2.7 CURSOR LOCATION (REGISTER 30000%$46)

a/24/81 FBC Proaramming Guide 5 -8
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The lower 16 bits of the CURSOR LOCATION regis—
ter determine the cursor horizontal position in pix-
els. Bits 0-9 are used.

The upper 16 bits of the CURSOR LOCATION regis-
ter determine the cursor vertical position in lines.
Bits 16—-25 are used.

A cursor y—location of O corresponds to the the first
line after vertical drive (see discussion of y
viewport and y window above). The screen line con-—
taining the top left point of the cursor will have
the y-coordinate calculated as (y cursor setting+y
window setting). '

PROGRAMMABLE CURSOR

The FBC contains a 32x32 bit programmable cursor.
This is a 32x32 pixel area, whose upper left corner
is specified by the cursor location register (see
2. 6). Each pixel has a programmable 1-bit value
inserted into the pixel output. For pixels outside
the 32x32 area, the bit is 0; for pixels within the
area, the bit is 1 or O depending on the pro-
grammed value. The cursor bit is applied as bit B of
the colormap address; bit 9 is the colormap
page bit (see 2. 95.95); bits O-7 are pixel data.

The display output of the colormap depends on all
three settings, as follows: The page bit selects one
of two <colormap pages. Within each page; there
is a ‘cursor section’ and a ‘noncursor section’. The
output of the colormap is the value in the memory
addressed by pixel value: from the cursor section.,
if the pixel is in the cursor and the cursor bit
is 1 from the noncursor section, otherwise.
Thus, the value displayed at a cursor bit may be made
to depend on the pixel value (of course: loading
the cursor section ¢to constant, will produce a
solid-colored cursor).

To set the programmable cursor., load the Frame
Buffer Controller for the 256 words starting at
Y=30000, X=400. Each of the 236 words specifies four
bits of cursor. The four bits to be loaded
must be the low-order four bits of the data written

FBC Programming Guide 5 -9
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to the FBC; the upper 28 bits are ignored. The
particular four cursor bits modified are decoded
from the eight low-order address bits as follows:

Low 8 address bits (Bit 8=1): Yyyyyxxx
Bit number 76543210

where yyyyy is the y-offset of the data within the
cursor;

xxx00 is the x—offset of the data within the
cuTsor.

The x and y offsets range from O to 31. y—offset 0

is the TGP cuTsorT line, 31 is the bottom. X—
offset O is the LEFTMOST column, 31 is the right-
most. of the four bits written at one time,

bit O is the leftmost, bit 3 is the rightmost.

FRC Proarammino Quide 5 - 10



Here is a map of the cursor as it is displayed. Each
digit corresponds to one bit loaded into a cursor
location; the markings show which locations and bits
correspond to displayed cursor pixels. The cursor

address register (30000%6) gives the

0).

————————————— address 300004400

_________ address 30000%401

————— address 30000%402 bit
i————address 30000%402 bit
{i—-——address 30000%402 bit

]
H | ————— address 300004402 bit

[ANVE o]

! [ 14

01230123012301230123012301230123 cursor line O

30000%410->2>01230123012301230123012301230123
30000%$420-2>>01230123012301230123012301230123
30000%$430->2>01230123012301230123012301230123
(... cursor lines 4-27...)
30000%740-22>01230123012301230123012301230123
300004750-5>01230123012301230123012301230123
30000%$760->201230123012301230123012301230123
30000%770->2>01230123012301230123012301230123
[} 3

(x,y) location
of the top 1left point of the cursor (30000%400 bit

cursor
cuyrsor
cuTsor

CuUrsor
cursor
cursor
cursor

cursor col O cursor col 31

line
line
line

W

line 28
line 29
line 30
line 31

5 -t



Notes

Currently, in HIRES mode, horizontal zoom must be
accomplished as follows:

1. To go from a ratio of 1:1 to 2:1, you must
double the pixel clock rate, rather than use
the zoom register.

2. Thereafter you can increment the zoom regis-
ter, while 1leaving the pixel clock rate dou-
bled.

~or 8o 5 —_— 12
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CROSSBAR SWITCH (XBS34) PROGRAMMING GUIDE

Introduction

The crossbar switch (XBS34) is a video pipeline stage
which accepts pixels at video rate and produces out-
put pixels at video rate. The output is 34 bits per
pixel, where each of the 34 output bits is taken
directly from some specified one of the input bits
Thus +the name crossbar switch, since any configura-
tion of the XBS34 does no more than rearrange, dupli-
cate, or discard input bits. Each pixel is treated
separately, and the same operation is performed on
each pixel.

Input to the XBS34

Input to the XBS34 is usually from the FBC. 35 bits
per pixel are used: bits O0—-31 are the pixel data
bits, originating in the DR&4: bits 32-34 are the
page bits, originating in the FBC. Bit 32 is the
cursor bit, on when the cursor is active; bits 33 and
34 are determined by bits 7-8 of the FBC control
register at 30000%5. See the "Frame Buffer Con-—
troller (FBC) Programming Guide" for details on pro-
gramming the cursor and page bits.

Output from the XBS34

The output of the XBS34 goes to the next pipeline
stage., vsually the LUVO. The output of the XBS34 1is
the form required by the LUVD: 32 pixel data bits and
two page bits, 34 bits in all. If the LUVO has the
overlay option, bits 24-31 of the pixel data are con-
strued as overlay information—-—-see the "LUVO Program-
ming Guide" for details.

YRS Pranrammina Quide 6 - 1
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Programming the XBS34 data path

The XBS34 contains 34 write—-only registers addressed
in the range 30200%0-30200%41. There is one register
for each pgutput bit. The value loaded 1into the
register for one output bit 1is the number of the
input bit which is to be connected to that output
bit, or 63 (decimal) if the output bit is to be held
at zero regardless of the input.

The register address for output bit x is 30200%0+x.

Restrictions on output bits 0-29

Qutput bits 0-29 cannot be connected to the page bits
(input bits 32-34). They may be connected to any
pixel data bit (input bits 0-31) or to constant zero.

Output bits 30-33 may be connected to any pixel data
bit, any page bit, or constant zero.

vYa PDenanasmmina RNuido &b ~ 3.
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LUVO PROGRAMMING GUIDE

Introduction

The LUVO (Lookup and video output) accepts data at
video rates and produces analog signals for red,

green, and blue. The input data 1is sent first
through a three—-channel crossbar switch to allow
software selection of full-color or pseudocolor

operation; the three channel outputs of the crossbar,
representing red, green. and blue infaormation. are
sent to individual 1lookup tables for conversion to
the aoutput value; the output values are sent to video
D/A converters where they are converted to analog
voltages with proper video sync and blanking informa-
tion added.

Each of these components is described below.

Three-channel crossbar switch (LUVOB only)

Format of video data into the LUVO

The LUVO receives video data on the 72-pin ribbon
cable at the tap. Video data comes from whatever is
the previous element in the video pipeline, usually
either the frame buffer controller (FBC) or the 34-
bit crossbar switch (XBS). The cable allows for 32
bits of video data and two extra ‘page’ bits. In
systems with an XBS crossbar switch, the assignment
of memory bits to video data bits is governed by the
crossbar. In systems without a crossbar, the video
data bits come directly from the memory cards through
the FBC to the LUVO, and the assignment of memory
bits to video data bits is determined by the confi-
guration of the memory cards and is specified by the
customer when the system is configured.

In any case, the 32 video data bits are divided into
four eight-bit channels: bits 0-7 (red), 8-15
(green), 16—-23 (blue), and 24-31 (overlay). The red.
green, and blue channels will be referred to as
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background channels.

Channel crossbar switch

The three weight-bit background channels are the
inputs to a crossbar switch. The crossbar switch has
three output channels; each output channel can be
taken from any of the three input channels under
software control. The usual methods of setting up
the crossbar switch are:

Full-color operation.

The output red channel is taken from the input red

channel, the output green channel is taken from the

input green channel, and the output blue channel 1is
taken from the input blue channel. The crossbar
switch is tranparent; the output data equals the
input data.

Pseudocolor gpervation.

All three output channels are taken from one of the
input channels. All three lookup tables receive the
same data.

Other methods of setting up the crossbar are allowed
at the user’s option.

The crossbar switch control register resides at loca-
tion 20301%0 and is write—only. Any word written to
2030140 will set the crossbar switch control; only
the six low—order bits of the data written are used.
and they are in the following format:

bit 543210
bbggrr

where

rr is the two-bit code specifying which input channel
will be connected to the red crossbar output:

00 = red input
01 = green input

LUVO Programming Guide 7 -2
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10 = blue input
(11 is reserved for future use);
gq is the two-bit code for the green output;

bb is the two-bit code for the blue output.
Examples

The data to write to the crossbar for the usual cases
is as follows: For full-color operation, write 44
(octal) to 20301%0; for pseudocolor with data coming
from the red channel, write O; for pseudocolor from
green, write 25 octal; for pseudocolor from blue.
write 52 octal.

Lookup table operation

The lockup tables in the LUVDO are 1024x8 (for the
LUVO24) or 1024x10 (for the LUVO30). There are three
lookup tables, corresponding to the three output
channels of the channel crossbar.

Lookup table addressing from video data

Each color lookup table is addressed from one channel
of the channel <crossbar switch. The 10-bit lookup
table address is derived as follows:

bit 9876543210
ppcccccccec

where

cceccececce is the eight—bit channel from the <crossbar
switch;

pp are the two page bits from the video cable.

The page bits are applied to all three video lookups
simultaneously; the channel information may be dif-
ferent if the crossbar switch is set up for full-
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color operation. In systems with an XBS crossbar
switch, the page bits are assigned by the XBS; in
systems without an XBS, page bit O (the lower page
bit) is on if the cursor is active, and page bit 1 is
set by the wuser in a control register on the frame
buffer controller. GSee the "Frame Buffer Controller
Programming Guide" for details on the cursor and page
bits.

The data present at the output of a 1lookup table
after video data has been supplied at the address of
the lookup table will be sent to the D/A converters.
The lookup memory must have been initialized from the
IKONAS bus for meaningful operation.

IKONAS bus addressing

The three loockup tables are accessed from the IKONAS
bus wsing normal IKONAS read and write operations.
The lookup tables occupy locations 20300%0 to
2030041777 in the IKONAS address space. A single
access to a location between 2030040 and 20300%1777
will access all three 1lookup tables: the ten low-
order bits of the IKONAS bus address are applied ¢to
each lookup table; the correspondence of channel data
bits to IKOMAS bus data bits is as follows:

bit 3 2 1
10987654321098765432109876543210
xxbbbbbbbbbbggggggggggrrrrrrrrerr

where

rrrrrrrrrr (bits 0-9) correspond to the data bits of
the red channel;

994999949499 (bits 10-19) correspond to the data bits
of the green channel;

bbbbbbbbbb (bits 20-29) correspond to the data bits
of the blue channel;

xx (bits 30-31) are reserved for future use.
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The data written by IKONAS bus writes to a location
of a lookup memory will be displayed as the intensity
of that channel when the video address (derived as
noted above) selects that location. Note that there
is no direct path from the video data to the D/A con-—
verters without going through the lookup operation.

The LUVO24 has only eight bits of data per lookup
table; the low-order two bits of data for each chan-
nel (bits O0-1, 10-11, 20-21) are ignored for writes.
and read as 0. To compensate for the dropped bits.
you would write values of 0-1023 octal. in increments
of 4, to effectively load the color map with values
between O and 255.

D/A converters

The output of each video lookup table is sent to a
D/A converter. The ten—-bit (for LUVO24, eight-bit)
value is converted to a voltage between —1 volt and O
valts if noncomposite sync has been requested. If
the composite sync option has been requested, the
value 1is converted to a voltage between -0.7 volts
and O volts, and composite sync information is added

Overlay option

The overlay option of the LUVO allows full-color

graphics overlays without «change to the background
picture.

The programming of the LUVO from the IKONAS bus 1%
unchanged by the overlay option, but the  video
addressing is modified as described below.

Overlay information is received in video data bits
24-31. When the bits of the overlay channel are al:
zero, operation of the LUVO is similar to that
described above, except that bit 8 of each lookup
memory address is set to O and bit 9 of each lookup
memory address is taken from page bit O Bits O-7 of

LUVO Programming Guide
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the lookups are taken #rom the crossbar switch.

When any of the overlay bits 1is one. the video
address of each lookup table is the same, and is
derived as follows: bits 0-7 of the address are taken
from the overlay data; bit 8 is 1; and bit 9 is taken
from page bit O.

When the overlay bits are O, the background picture
is displayed normally. When any overlay bit is
present, the eight overlay bits are construed as an
eight-bit color and applied to the lookup addresses;
simultaneously, bit 8 of the lookup address is set to
1; so there are different lookup pages for the over—
lay and background data.

| UVO Programming Guide 7 - 6
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BIPOLAR PROCESSOR (BPS) HOST PROGRAMMING GUIDE

This chapter tells how to allow the Bipolar Processor
(BPS) to execute programs. This chapter does not
tell how to write and assemble programs; that infor-
mation 1is given in the Bipolar Processor (BPS) Pro-
qramming Guide. This chapter describes the format of
microcode words, the BPS status register. and the
host programming required to start, stop., and
single—step the processor,.

Microcode word format

Microcode words are 64 bits long and are addressed as
64-bit words by the program counter (PC) of the BPS.
The same memory is addressed as 32-bit words from the
IKONAS bus. For example, one MCM4 contains 4096 64—
bit microcode words, so a single program can be up to
4096 instructions long. The same MCM4 occupies 3192
locations of the IKONAS bus address space. by

Each 64-bit microcode word corresponds to an even—odd
pair of 32-bit IKONAS words. The address of the even
word of the pair is:

bit 2 2 i 0
3 0 0 O
bbbbbbbbbbbmmmmmmmmmmmmm

where

bbbbbbbbbbb is the 11-bit high-order base address for
the MCM4. The first microcode memory is addressed at
20000%0; bbbbbbbbbbb will be 10000000000.

mmmmmmmmmmomm 1s the address of the 44-bit microcode
word as given by the PC.

The address of the odd word of the pair is one more
than the address of the even word. The even word is
the less—significant word (bits 0-31 of the instruc-—
tion); the odd word is instruction bits 32-463.

What this all boils down to is this: to get the IKO-

NAS bus address of instruction x, use 20000%0+(2#x)
for the even address. For example, instruction 5 is

VO s e vm T e Mol o 8 —~ 1



at 20000¢12 and 20000%13.

8.1.1 DBPS status register

Each BPS in a system has a status register whose
address 1is given in the configuration sheet for the
system. For systems with a single processor, the
status register is at 20500%0. This register can be
read to see the PC of the next instruction to be exe-
cuted, or can be written to set the processor mode.

8.1.1.1 Reading the status register (PC)

When the processor is stopped and the status register
is tead, the low 16 bits of the result contain the PC
of the second—-next instruction to be executed The PC
can be read aonly when the processor is stopped.

The address in the PC is the address of the first
instruction which <can be modified ¢to <change the
operation of the processor; in other words, if the FC
is read as x, you can modify instruction x and the
modified instruction will be executed.

Note that instruction x is not the next instruction
to be executed, but is instead the instruction after
the next instruction. The next instruction to be
executed has already begun to be processed and will
be executed when the processor is started.

B.1.1.2 Writing the status register

When the status register is written, the three low-
order bits of the data written control the operation
of the processor. Bits 3-31 of the data written are
ignored.

Bit O of the status register is the stop bit. When
the bit is on, the processor is halted; when it is

IR O™ DOC Owmmanammina N dae
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off the processor is allowed to run (sub ject to the
host-interface ‘run‘’ line, described later).

Bit 1 of the status register is the single—-step bit.
When the bit is on, the processor will stop after
each instruction is executed; when the bit is of¢f,
the processor runs freely.

Bit 2 resets the PC to location O.

When the processor is reset (see below)., the status
register is initialized to O: free running.

8.1.1.3 Stop and single-step using the status register

DI I70™

When the stop bit in the status register is on. the
processar does not run.

When the single-step bit is on, any store to the
status register with the stop bit off causes the pro-
cessor to be started. To single-step. then, you pro-
gram as follows:

o stop the processor (store 1 to status register)

o to execute an instruction, set ‘single step, run’:
store 2 to the status register. '

o if you want to single-step another instruction.
return to step 2.

o if you want to release the processor for free run-
ning, store O to the status register.

Host programming of the BPS

The operation of the processor is controlled by a
combination of the status register on the BPS, two
control lines in the host interface, and the front-
panel reset button. The chapter entitled
"Host/IKONAS Interface” tells you how to set the bits
in the interface; this section explains the use of
the two bits controlling the BPS.

VOQ Dwvmnmammina Nusde 8 - 3



8.1.2.1

RUN line

The RUN bit in the IKONAS control/status register of

the host interface must be on to allow the processor'

to execute instructions. The processor will execute
instructions when the RUN bit in the interface ‘s IKO-
NAS control/status register ison, and the stop bit
(bit 0) in the processor status register is off.

8.1.2.2 RESET line

The RESET bit in the IKONAS control/status register
of the host interface 1is set to force the program
counter (PC) of the processor to zero. As long as the
RESET bit is on, the processor will repeatedly exe-—
cute the instruction at location O. Note: for the
RESET bit to be effective, the processor must be run-
ning. To start the processor at location O:

o Set the RESET and RUN bits in the IKONAS
control/status register of the interface. The pro-
cessor will be executing at O

o Turn off the RESET bit in the IKONAS control/status
register, leaving the RUN bit on. The processor
will run freely, beginning at location O.

Note: setting this bit sets program counters in ALL
devices to zero. To reset the PC of the BPS only,
set bit 2 of the BPS status register (see "Writing
the status register, " earlier in this chapter).

8.1.2.3 Front-panel RESET button

msAae I

When the RESET button on the front panel is pressed,
the effect 1is identical to setting the RESET bit in
the host interface’s IKONAS control/status register.
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10. 1

8/10/82

MA10d4 HOST PROGRAMMING GUIDE

Introduction

This document describes how to use the microcode rau-
tines supplied by IKONAS for the MA1024 Multiplier—
Accumulator to perform

0 3-D rotation of vector end points and polygon
vertices (MM33 and MM32)

o0 clipping assist (MM33C)

o0 perspective division (MM33P and MM3Z2P. not
available on all systems)

It also describes how to use <custom microcode o
tines for the MAL1024. It does not tell how to write
microcode for the MA1O24. For an explanation of how
to write your own microcode, see the MA1024 Program-—
ming Guide, available from IKONAS.

Note that the IKONAS routine MMEOL is ne longer sup-—
ported. It must he replaced by the new routinas
listed above.

The steps in using MA1024 microcode routines are as
follows: :

7 Load the microprogram intoe  program  memoTy uUsing
IKLOD. For a description of the steps to assemble
these programs, see "Scftware Installation” in this
manual.

o Load the coefficient list or matrix into coeffi-
clent memory, located at addresses 204003%0-
2040Q00%1777. The MA1024 can hold up to 44 coeffi-
cient lists or matrices; each is composed of 164
consecutive 145-bit words. Their format and con-—-
tents are described later in this chapter.

Computation of the coefficient matrix is the

responsibility of the user. Helpful formulas can
be found in Rogers % Adams, Mathematical Elements

MA1024 Host Programming Guide 10 - 1
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for Computer Graphics, pp. 47-58, 54-55, =207-208;
and Newman % Sproull, Principles of Interasctive
Computer Graphics, pp. 333-352.

Load the points to be transformed into SR8 memory,
located at addresses 20200%0-20277%$1777. Section 2
defines the data format for input points.

Load the MA1024 control registers to contain the
program address, coefficient address, and
input/output list offsets. See section 6 for a
further description of these registers.

Start the MA1024. Use a function code of 23 to
store a O into address 20402%7. '

MA1024 Host Programming Guide 10 - 2
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Data Points

Input data points can be points in three-space
Ex y z1] or points in homogeneous coordinates
£x y z wl. IKONAS~-supplied routines expect I[x y z1
coordinates.

Each input point requires two consecutive 32-bit IKO-
NAS data words. in the following format:

For Lx y z1] points:

First word:

Bits 0-15 x coordinate
16-31 y coordinate

Second word:

Bits 0-15 z coordinate
16-31 tag field

(bit 30 = end-of-list bit,
set in the last point to be
rotated)

For I[x y z wl points:

First word: :
Bits 0-19 coordinate
16-31 y coordinate

E 3

Second word:
Bits 0-19 coordinate
16-31 w coordinate

~N

Each coordinate is a 16-bit two’s—complement frac-
tion, ranging in value from —-1.0 to +0.9999. ... The
most significant bit (bit 15) is the sign bit; the
implied binary point lies between bit 14 and bit 15.
These fractional values correspond to 32, 748 points
to the left, and 32,767 points to the right of a cen-
tral axis (at 0).

For [x y 2] coordinates, the second data word con-
tains a tag field. This 16-bit field can be used for
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such information as pixel shade value; it is passed,
unchanged, with the point to the output.

For IKONAS-supplied routines, bit 30 must be set for
end—-of~list.

Qutput points have the same basic format, with these
exceptions:

o MM32 and MM32P routines: These routines have the
same input but produce [x’ y’] coordinates as out-
put: using only one 32-bit word per point. Note
that the tag field information is lost in these
cases, except for the last point in the list, whose
tag field is copied after the x'y’ coordinates, so
that the end—of-list bit will not be lost.

o MM33C - Clipping assist: This routine wuses bits
24-29 of the second word for each point to hold
clipping flags. See the format below:

First word:

Bits 0-15 x coordinate
16-31 y coordinate
Second woard:
Bits 0-15 z coordinate
16-23 tag field
24-29 clipping flags
30 end—-of—list bit, set
in the last point to be
rotated
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10.2.1 Conversion to Pixel Coordinates

The output coordinates are in the rTange -1.0 ¢to
+0. 9999. . .. To convert them to pixel coordinates,
the coefficient matrix must perform the following
calculations:

o multiply each coordinate by 1000 octal (for HIRES
coordinates) or 400 octal (for LORES), to shift the
number & or 7 places to the right.

The user must mentally move the implied binary
point to the right of the low-order bit. The
result is a value in the range -512 to +511 (HIRES)
or —256 to +255 (LORES).

o add 512 (for HIRES) or 256 (for LORES) to the
results, to produce pixel coordinates in the range
0-1023 (HIRES) or ©0-511 (LORES). These pixel
values will be stored in the 10 low-order bits of
each coordinate field.

NOTE: the numbers given above may need to be
adjusted for y-range values greater than 511, or
for DR25& or GM256 boards. See "Programming the
Framebuffer Memory," in this manval, for address
ranges.
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10. 3.1

Rotation and Translation

There are two IKONAS-supplied routines for rotation:
MM33 takes input points [x y z1 and produces output
points [x’ y’ z’1.

MM32 (the "short form") takes input points ((x y 21
and produces output points [x’ y’1. MM32 needs only
one word, rather than two., to store each output
point; this rToutine can be wsed to save space when
the 2z’ coordinate is not necessary.

Coefficient Matrix

The coefficient matrix for MM33 and MM32 is defined
as

Cxx’ Cxy’ Cxz’

i Cyx’ Cyy’ Cyz*°
{x "y’ 2z’ 11 = Lx y z 13 | Czx’” Czy’ <Czz’
i Tx Ty Tz ]

where
[x’ y* z’]) is the output point;
Lx y z1 is the input point;

Ciy’ is the contribution of input coordinate 1 to
cutput coordinate j';

Ta is the amount of translation (lateral movement) in
coordinate a.
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This coefficient matrix has the format:

Word Cxx’
Cyx’
Czx’
Tx

Cxy’
Cyy’
Czy’
Ty

Cxz’
Cyz’
Czz’
Tz

~OYOBNOCUNH_RWNU~-O

[T
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10. 4

]R/DOQ/IQD

Clipping Assist

The clipping assist routine converts the input list
to clipping coordinates while it performs rotation
and translation. Clipping coordinates are coordi-
nates in the range —1.0 to +0.9999...., with flags set
for points which are outside any of & clipping
planes. After the clipping flags have been set, the
points should be sent to the BPS to replace or dis-—
card clipped vectors, before perspective division is
performed.

The IKONAS routine for «clipping assist is MM33C.
Rotation and translation are performed just as
described in section 3. Conversion to clipping coor-—
dinates consists of

o calculating w, the scale factor for the [x y 1]
coordinates. If the transformation is to simulate
the view of a telescopic lens (i.e., the object 1is
to appear <close to the observer), the value of w
should be 1less than the value of 1. If the
transformation is to simulate & wide angle lens
(i.e., the object is to appear far away), x and y
should be scaled down instead. It is impossible to
scale up using the MA1024. Since x and y will be
divided by w later, the effect will be the same as
scaling up wi

o flagging each point for which the x or y coordinate
is greater than w in absolute value;

o flagging each point for which the z coordinate does
not fall between O and the zrange. The control
registers hold the zrange, the distance from the
near clipping plane (hither plane) to the far clip-
ping plane {(yon plane).

These steps define a viewing pyramid in which
—w

—w
0

NN N

x < w
y < w
z < zrange
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All points within this viewing pyramid are visible;
all points outside it are off the screen and must be
For each ocutput point, bits 24-29 of the
clipping flags, as follows:

clipped.

second word

bit 24
25
26
27
28

29

is
is
is
is
is
is

hold the
set if x is
set if x is
set if y is
set if y is
set if z is
set if z is
these

I+ w is negative.
e.g.. bit 24 is set if x is greater than -uw.

LI T il = Ly ]

less than —w
greater than w

less than —-w
greater than w

less than zero
greater than zrange

comparisons are reversed--

MAINTIA Aot Pranramminn Dirsda 10 - 9




10. 4. 1 Coefficient Matrix

The coefficient matrix for votation with clipping
assist is as follows:

i Cxx’ Cxy’ Cxz’ Cxw
i Cyx’ Cyy’ Cyz’ Cyuw
i Czx’ Czy’ Czz’ Ciw
T Tx Ty Tz k

z’ 11 =[xy z 1]

[x’ y’ z’1 is the output point;
{x y z] is the input point;

Ciy is the contribution of input coordinate 1 to
output coordinate

Ta is the amount of translation (lateral movement) in
coordinate a, with this exception:

Tz contains the amount of translation 1in coordinate
z, MINUS the distance from the observer to the
near clipping plane;

k is a constant.
Computation of rotation and translation coefficients
is the responsibility of the wuser. For standard

usage, the computation of w depends on the viewing
angle, as follows:

For a viewing angle <= ég degrees:
Cxw: Cxz # tan (B/2)
Cyw: Cyz #* tan (B/2)

Czw: Czz # tan (B/2)
k: Tz # tan (B/2)

where
B is the viewing angle;

tan (B/2) is the tangent of 1/2 the viewing
angle;
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Tz is the amount of translation in 2
WITHOUT ad justing for the distance from the
observer to the near clipping plane.

For a viewing angle > 920 degrees, x and y would be
scaled down. as follows:

Cxx: 1/tan (B/2) (to scale down x)
Cyy: 1/tan (B/2) (to scale down y)

Cxw: Cxz .
Cyw: Cyz
Czw: Czz
k: Tz

The coefficient matrix has the format:

Word O Cxx’

1 Cyx’
2 Czx’
3 Tx

4 Cxy”’
3 Cyy’
) Czy’
7 Ty

8 Cxz’
4 Cyz’
10 Czz~’
11 Tz
12 Cxw
13 Cyw
14 Czw
15 k
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10. 5

S/0R/RKRD

Perspective Division

After the BPS has handled the <clipped points, they
can be sent back to the MA1024 for perspective
division—--division of the x’ and y‘ coordinates by w.

The IKONAS routines which perform perspective divi-

sion are MM33P and MM32P. Given input points
[x’ gy’ z’71, MM33P produces output points
Lx‘” y’’ z’’1 and MM32P produces output points
Lx’‘ y’’]. MM32P uses only one word to store each

output point; this routine can be used to save space
when the z’’ coordinate is not needed.

Perspective division uses a coefficient list to:

o calculate w, the perspective coordinate. Since w is
not stored with the point, it must be recalculated
from z’. Any points with coordinate values greater
than w must have been clipped by the BPS before
perspective division;

o divide x’ and y’ by wi;

o convert the results to pixel coordinates.
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10.5. 1 Coefficient List

The coefficient list for perspective division has the
format:

Word O Cx‘w
Cy'w
Cz'w
Clw
Xscale
2 # Xt
Yscale
2 # Yt
Iscale
2 ¥ It

NONDUPRPLUR-

The routine MM33P# uses this coefficient list to pro-

duce

‘/

x'' = ==~ % Xscale + Xt
w
gl

gy’’’ = === % Yscale + VY%
w

z’ = 7 * Iscale + 7t

where w is calculated as
(x’" %= Cx'w) + (y’ % Cy‘w) + {(z7 & Cz w) + {lw
(MM32ZP uses the same input and coefficient list but

produces [x’’ y’’1 coerdinates only. )

Cx’'w, Cy’w

For perspective division wusing a single wvanishing

point, the wvalues of x’ and y’ do not contribute to
the calculation of w. Therefore, Cx‘'w and Cy'uw
should cantain zeroes. The value of w will be based

on z’ plus the distance to the near clipping plane—-
since z was originally adjusted by subtracting this

#As of version 2. 1.
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distannce

Cz ‘w, Clw

The contents of Cz‘'w and Cilw depend on the wviewing
angle:, as follows:

For a viewing angle <= 70 degrees:

Cz w: tan (B/2)
Clw: nep % tan (B/72)

For a viewing angle » 90 degrees:

Cz “u 1
Clw nop
where

2 12 the wviewing anale:

tan (072 1s the kangent of L/7¢

the viewing angle;

ncp 1s the distance to the near clipping
plane (previnusly subtracted from z:

(RO R Y RV ST A D B 4
Yo capvert the Tesulbs of perspectiva  Givloeiin L

pizx2l <cooardinates, Xscale and Yscale should conmt.oin
the valuss 1000 octal for HIRES, or 400 octal +or
LLORES. ta  shi®t the number & or 7 places to oo
praht. 2y well 33 any abther scal:ing Factor

r iyt L3 a4 wvalue in the range -3107 Lo +511 HISES
SR e LD CLORESY .
A, Y. 7t

These values are added to the Tesults of the scaling

and perspective division Becauz= the raowtine
divides Xb, Y&, and 4t by 2, these coeffilcienis uxf

cantarn hyice Ehe value nesdad.

To romplate fthse canversion ko pixel casrdinates. th
and ¢t snwuulid conmtain 1024 for HIRES (512x2: or D12
for LORES (256x2). The result will be a value 1n the

range O0-1023 (HIRES) or 0-511 (LORES) (DR234% ar
GM254 boards will require different values. )

Xt and Yt may also contain a translation factor.
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10. 6 Control registers

The control registers for the MA1024 occupy four
words 1in the range 20402%0 - 20402%3 (accessible from
the IKONAS bus). The registers have the following
contents:

Ward 20402%0
Bits 0-9 program address: the offzat to
the MALQO24 microprogram to be used

For custom microcode, the pragram.
address should contain the same vaiue
as in the ORG statement in the IKASH
assembly of the microcode

For IKONAS~-supplied routines. the
offsets are as follows:

INMIES 0
MM 300

MM33C: 100
MM33P 200
MM32P 400

ey b WG
L2 W this Dit -vowid 8o ser to O rar
{KONAS routines. IF *he Rit 13 an.

the MALOZ4 expects input points in
homogeneous coordinates {x y z wl.
IKONAS—-supplied rautines use points
in three-space [x y z3.

L normalization: this bt 15 32t ta
suppress normalization during
perspective division and computatior
of w. This bit chould he off unless
perspective division is being
performed. It must be off when
clipping assist is on (bit 15). Faor
campatibility with the IKONAS RDS-Z000.
it nust be off

15 clipping assisi; 1f this bit 1s
set, hits 24-29 of the tag field
of each output point will contain the
clipping flags {(used with MM323C
only).
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S/2Q/RD

1625

26-31

Word 2040241
Bits 0-15
16-31

Word 20402%2
Bits O-11

MA1024 Hnst Proaramminag Guide 10 -

coefficient address: the offset
to the coefficient matrix or list
to be used.

unused.

Input list offset in SR8
Qutput list offset in SR8

These are the offsets to the input
and output areas in SR8 memory.
For example, if bits 16—-31 specify
an offset of xxxx, the area at
20200%xxxx will be used for the
output list.

This register is undefined after
program execution.

Loop O counter: may bhe used by
any microcode routine except MM33.
This counter should be loaded
with the two’s complement repre-—
sentation of the number of times
the loop is to be executed. The
counter is incremented under
microprogram control.

For IKONAS—supplied routines other
than MM33, the loop O counter must
be initialized and may be used in
place of setting the end-of-list
bit (bit 30 of the second data
word). These routines auvtomatically
increment the counter as they
process each point in the input
list. End-of—~1list is assumed when
the counter reaches O or when the
end~of-list bit is set, whichever
comes first.

This register is undefined after
program execution.

16



Word 2040
Bits 0-195

R/9R /RO

2%3
zrange for clipping assist: the
distance between the near and far
clipping planes. This register needs
to be set only when clipping assist
is engaged.

MA1N24 Hact Pranrammina Quide 10 -
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[ad}

Readback Registers

The IKONAS BUS can read from the PC Readback Register
and three result registers. The result registers
reflect the current value of each variable, from the
last point processed:

Address Contents

2040330 X/Y REGISTER

Bits 0-15 x output coordinate
14631 ¢ output coordinate

2040341 Z/SHADE REGISTER

Bits 0-15 z output coordinate
16-31 tag field: may contain

o shade information
o clipping flags (bits

24~29)
o the end~of-~-list hit
{(bit 30
20403%2 W REGISTER
Bits 0-15 current value of w
20403%3 PC READBACK REGISTER
Bits 0-% current value of program

counter (RC)

10 BUSY: this bit is set
when the MALI024 is
executing

1 SREQL.: this bit 1=
set when the end-af-list
flag is encountered in the
input list
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APPENDIX & SUMMARY OF ADDRESSEES USED BY THE MA1024

2020080 - 200001777 Input and nutput Jists
(SR8 memory)

20400%0 - 20400%1777 Coefficient memory (CM)
20401806 - 2P040181777 Mioroprogram memory (M
2040240 — 2040243 Control registers
2040287 MA1024.start-~mriting

to this address with
a function code of &5
will start the MAIOZA

20403%0 ~ 2040332 Result registers
20403%3 PO readback ragister
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i G MPC SRAMMING GUIDE

A4il addresses 1n this chapter are in hexadecimal unizss
otherwise noted. The information in this chapter descrihes
the printed circuilt board MPC, which is available with 24K,
2DEK, or 5i2K bytes of memory. For information about wire-
wrapped versions of the MPC, which are ne longer supported
see Appendix 2.

111 Introduction

The MPC &6B000 Microprocessor incorporates a Motovola
£8000 146-bit microprocessor with up to 512K bytes of memary
it is often vused to relieve the host of computational tasie
it <can alsoc serve as a building block for workstation and
ztandalone configurations

Along with the optional Peripheral Control Panel (FoP:Y.
the MPC provides an interface to interactive devices such a=
data tablet. trackball. three—~axis joystick, terminai.
ighted functien switches (button box), and control dizis
Scftware for the MPC includes a multi-tasking, reai-t.me
nonitor that contains interactive routines and provisions
for user—written routines

=3 {“g PRSI

L2 Memory

MPC memory currently consists of up to 5i:z
HAM and SK bytes of ROM.

2.1 ROM

The stancard amount of ROM 1in the system is 5K

adaressed from OO0 to iFFF. This ROM caontains the pow
vectors and snough code to start the MPC Addresses
JFFF are reserved for possible PFuture expansion.

1 -1
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11. 2.2 RAM

Memory sizes of 32K, 256K, and BiZ2K bytesz are avaeii-

able.

Like program ROM, data RAM 1is addressed starting at
location Q. When data RAM and program ROM are at the same
addresses, the RAM is '"data only” (no execution sllowed:

For an MPC containing BK bytes of ROM, this will then affect
the first BK bytes of RAM. RAM that does not have the same
address as ROM can be used for data or instruction storage

11.2. 3 Order of Bytes

The 68000 is a word—-oriented machine. All memories are
16 bits wide. Sixteen—bit items must be aligned on a lé&-bit
boundary; i.e. ., the byte address must be even. Within a
16-bit word. the EVEN byte is the high-order byte, and the
ODD byte is the low—order byte.

11.3 I/0 Ports

Because 468000 1/0 ports are mapped to the memory space.
they are accessed with the same instructions that access
MEemory. i/0 ports defined for the 68000, and theaxr
addresses, are listed in Figure 11-1 below.
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Device MPO Address
{in hexadecimal)
IK bus 800000-BFFFFF
I address
translator COQOOO-FFFFFE
F "

#PCP A4FFC8BO-4FFCFF
Serial I1/0

ports 4FFDOO—-4FFDOF
Programmable

Timer 4FFD30-4FFD3E

*Memory Manage-

ment Unit

{MMU) 4FFDBO-4FFDBF
Host interrupt 4FFDEQO

Figure 1i—-1. I/0 ports defined
for the &BO0O. Started ports (%
are readable from the IK bus.

Each of these ports is discussed in the szections RIS
lowing. The VERSAbus port: which does not fall into the
same category as the I/0 ports described above, is discuzsed
later in the chapter.

11.3 1 IK Bus #éccess

The upper half of the MFC address space A{addresses
800000-FFFFFF) is used for IK bus Teferences, The IK bus i
mapped into the address space of the MPC threugh 512 win-
dows, each 8192 bytes long. Each window carresponds to 3
contiguous vange of 2048 32-bit words on a 2048-word boup-—
dary.

When you perform an IK bus operation from the MPC, e
IK bus address must first pass through & user-defined trans-
lation control table. This table can hold a maximum of 512
entries, or translation control blocks, one for each window.
Each block contains the VY address bits of the IK  bLus
address, the function code, the sender id, snd MPC cantrol
information. The X address bits do not pass through +the
translation table. Thus, & window consists of a single
address and a range of X addresses
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11.3.1.1 How to Set Up the Translation Table

Each translation control block is located at an addrezs
400000 greater than that of the corresponding mapping win-
dow. The address of & translation control block is given by

bit 23 bit O
11s588855550000000000000

where
bits 22-23 are always set, and

bits 13~21 (sssssssss) contain the window id-—-the number of
the mapping window to be used.

The translation control block at such an address will con-
trol references to the corresponding window, covering the
address range

10s8585555s0000000000000-10sssssssessl11111111111i1

Each translation control block oaccupies four 1&-hit
words. The first two words contain user—defined informa-
tion. The last two words are used by the control program to
manage window allocation and may not be modified by user
programs. The user-defined information is as follows, in
terms of a 32-bit IK word:

Bits 30-31 Must be zero
16-29 Y address bits 0-13 (bits 10-23
in a standard IK bus address)

12~15 No function - reserved for future use
Unpredictable when read.

8-11 Write trigger mask

7 External window select

4-4 IK bus sender id

0-3 IK bus function code

Y address bits — the y component of the IK bus address.

Write trigger mask - This four—bit field determines the time
for the start of the IK bus transfer. Each bit of this
field corresponds to one byte in a 32-bit IK word. When
a bit 1is set, a store to the corvresponding byte
triggers an IK bus write. For example, if the low-
order bit in this field (bit 8) is set, then an IK bus
write begins when byte O is asccessed during the write.
For most cases involving simple 32-bit transfers., only
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this it needes tc be zset.
—xternal window select This b1t should he set Ffor alii b
bus accecses.

it should have a value of zero 1f the window is not o«
be mapped to the IK obus. in this case: no IR us
opervation will be performed; some external operipheval
device must rtespond to the address.

ik bus sender id — the sender id {(in the range 0. .77 o le

used for write operations to image memory {low-ordes
bit = pit 4).

wl

bus functionbits — the function code for the operstion
(low-order bhit = bit O). {(Note: the read/write hit 1 -
not included; it is deduced by the 68000 Ffrom +he
operation specified in the user program. )

e

ti.3.1.2 How to Specify the IK Bus Address
Within & program running on the MPC, IK bus addres.es
are specified in the following manner:

bit 23 hit O
10ssss55588 X2 XXX xxxbb

where

pits 2223 always contain i

5555855586 1% the window id:

XXXXxx¥xxx¥xx contains the X address bitz Far tha W s
address;
bt is the byte being written to This field iz  impoviant

only when the write trigger mask i1s set in the tran:
tion control table entry. For all reads and all =im
32-bit writes, these bits shouid be zero. The &BOO0
MOVE. L instruction increments these bits automaticallu

Note that in a translation control block., the u addve.s
field is 14 bits long. and x addresses for i1mage memory oo

be up to 11 bits long. The most significant bit (mszhi o
the x field and the least significant bit (lsb) of tne U
field overlap when you are sccessing non—image memory. They

are decoded properly only if the 1isb of the y fiela -
cieared.
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When accessing non—imange memcTy. yoOu can use the fuli
2048~word range of each window. In setting up the transla-
tion table. set the Y address bits to fall on a 2048-word
boundary (Y address bit O clear). Then use all 11 X address
bits when necessary. {X—address bit i1, when set. will
become the low-order Y bit. ) You can then access the fuil
address space of an SR8, for example, using only four win-—-
dows. I+ you wuse consecutive windows, yYyou can access tha
entire SRB without having to consider which window .3
needed——incrementing the address changes the window tvan-
sparently

When you are accessing image memory. the overlap of the
msb of the X field and the lsb of the Y field is not impor-
tant. In this case the addresses are decoded differentliy.
because DR2Z56/GM254 memories need the full 11 bits of both X
and Y. For image memory access. the decoding circuits:

o examine both the high—order Y address bit and the IX
function code in the relevant translation contyul
block entry, to determine whether the access s
ILORES, HIREE., or WORD mode.

o shift LLORES addresses left one bit {neither HIRES
nor WORD mode addresses are shifted);

o place the msb of both the X and y fields ontc <the
proper address lines

For DR&64/GM&4 boards, & window can be used for 512 pix-
ele in LORES mode and 1024 pixels in HIRES mode. These
els must all have the same Y address. in WORD mode. S
window will contein 1024 addresses, with each windoaw .
i024-word boundary (Y bit O translates to 1K address 117
10).

For DRZ546/GM256 boards, & window can he used for 1004
pixels in L ORES mode and 2048 pixels in HIRES mode. Tl e
pixels must all have the same Y address. In WORD mode. & s
window will contain 1024 addresses, with each window on a
1024~word boundary (Y bit O translates to IK address bLit
i0).
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110312 Corvrespondence of &BOOO Words to X Woavds

-

IK words are 32 bits long. 50 two &8000 words :
ane IK word. &8000  words are assigned to IK words in e
foliowing way: each pair of &BU00 words having the ;
value in address bits 2-23 makes up one IK word. 0OF
palr. the word with address bhit ! = 1 becomes the less !
nificant, covrresponding to iKW bits 0O-15; the word s th
agdress bit I = O becomes the move significant. COVTenp o)
g to IK bite 1&-71

13104 When a 3000 cperation is started

A 6BOCO read cycle to the Adage 3000 always start -
3000 read. A write to any byte whose writse trigger mas. -
et will start a IK bus write. Far read operations. oy
unused part of the JK word is ignored. For wraite oper.a-
tions, 32 bits are always written. There 1¢ a sepsraitr 30
bit buffer fFfor each window for writes to the 3000 Foai b
oute in the IK word is whatever was last stored in that oari

of the buffer by a previous write from the &BOOO

If gou want to write fewer than 3& bits to the 1K
yuu  may be able to get a speed improvement by writing oniy
Yo the odd address of the 3000 word You can start a
cperation with only one 48000 cycle by doing this. :
however, that all 32 bits will be written to the 1K 5=
ysing whatever wvalid data were last stored into the

113 2 PP Port

The POP has 464 addresses anterrnal  fa i A
sddresses  ave mapped into 68000 addrevzes 4FFCBO
PP addreszses are accessed in the same manner : .
addresses. For FCP  address assignments, see Chapter 10
"FCP Praogramming Guide.

.
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i1.3.3 B8erial I/0 Ports

The MPC provides four RS232 serial ports intoc which
terminals, data tablets, and other peripheral devices can te
plugged. The baud rate for each serial port must be set by
software.

Each serial port is an MC6850 ACIA chip. For program-—
ming specifications of this port, consult the MCAB85S0 data
sheets.

The serial ports occcupy odd addresses in the Tange
4FFDO1-4FFDOF, and the baud rate generators are in the
corresponding even addresses, as follows:

Port number Control/ Data reg Baud rate
status reg address address
address

0] 4FFDO1 4FFDO3 4FFDOZ
1 4FFDOS 4FFDO7 4FFDO6
2 4FFDO9 4FFDOB 4FFDOA
3 4FFDOD 4FFDOF 4FFDOE

The 68000 must write to the baud rate generator for a
serial port before the port will start running. I# the baud
rate is to be set by software, the following data bits
should be used (assuming the 4850 is set to use a frequency
of l1éxbaud rate, which is normal):

Baud Data Baud Data Baud Data Bauvd Data
rate value rate value rate value rate wvalue
50 OF 150 OB 1800 07 4800 03
75 OE 300 0A 2000 04 7200 oz
110 oD 600 09 2400 05 ?600 01
134 OC 1200 08 34600 04 19200 o0
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11.3.3 1 Eerial port interrupts

The serial ports share interrupt level 2, veL e
address $68. When an interrupt at level 2 occurs, tha
serial ports must be polled to determine which one generaiod
the interrupt. A serial port will not generate interrupis
unless it has been programmed to interrupt {see the &AE5D
programming guide from Motoroclal. The interrupt vautine
must service the interrupting davice to ensure Hhat  boow
interTupt is not tsken repeatedily.

1i.3. 3. & Serial port Programming Sequernce

Following is a description of the serial poert  proorams
ming sequence for setup, reads, and writes:

i. Setup
i Store control register=03 to reset. See Fuaguvra
ii~2 for control register bit definitions
2. Set character length. receiver interrupit  enabis
(example: control reg=AD for 7 bits., odd parity.
one stop bit, all interrupts enabled).
3. Set baud vate {(example haud rate generator=01

9600 baud) .

£ Read sequence

1. Interrupt to level 2 (serial port interrunt
level).

]
y

Read status registers +to determine sourcae
interrupt—-—~detect a received-character interyon:
See Figure 11-3 for status register bit def:n:
tions.

3. Read the character from the data register. T
clears the interrupt request

4. Piocess the rharacter.

e
ey
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Wait for interrtupt.

3. Write sequence

1.

¥

W

11730783

Write character to data register and anahle
transmitter interrupt.

Wait for interrupt.

Interrupt to level 2——-decode and detect
transmitter interrupt.

If another character is ready to send. write 1t
and wait; else disable transmitter interrupt
Note: the transmitter interrupt is set whenever
the transmitter buffer is empty. In order to con-
tinuve processing., disable the interrupt after the
string is finished.
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—memm e e —emm—g et to Ol to enable intevrrupis
after characters are ftransmitted:
00 to suppress

'
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character received; reset to diszab!

igure 11-2. Serial port control register
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Bits 7 & 5 4 3 2 10

IIPIOIFICIDITIRG

] 2
H !

~~~~~ st when chararter availahle to rend

~m=————cat when character may e writien

——————————— set when modem carvier lost
{should be Q)

e —m———g et when framing error has oscourred,
or BREAK key pressed

P set when receiver overrun ocourTa
: (a character was received befaro
i program had read the previous char O
]
)

e e m—— =g 2t when parity ervor detected

e i e e e~ g 2 b when interrupt rTequest pending

Figure 11-3. Serial port status register
bit definitions.
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1i.3 4 Progremmable Timer

The MPC includes a Moterola MC 6840 Programmablz Timer.
The timer occupies odd addresses in the range 4FFD31-4FFD3E.

For instructions on programming the timer, consult tha
Motoronla data sheets for the MC&B840. The 6840 should be
used as a timer; all the & inputs are unused. The internal

timers may be cascaded if that is necessary; in that caze.
timer 1 varies the fastest and timer 3 varies the slowest

Cfascading is performed by enabling the C inputs of timers o
and 3.

1# the 4840 is programmed to allow interrupts at end of
count, the interrupt will be taken to ievel 3. wvector
address $74. The interrupt routine must Teset the &840 to
ensure that the interrupt is not taken repeatedly.

11.73. 4.1 Example of Timer Use

The following example illustrates use of the programmn-
able timer.

Setting a real—time clock or interval timer

Froblem: to create a timer interrupt every i6 milliseconds
(60 Hz interrupt rate) using timer number 1.

1. Select control register 1 by storing 01 at A4FFD33
(control registerd).

2. Set the timeout value: 16000 {(the number of 1~
microsecond clock ticks in 1 milliseconds), stored
into the timer 1 value, locations 4FFD35 (upperv
byte) and 4FFD37 (lower byte).

3. Set the timer mode by storing C2 inte contrel
register 1, location 4FFD31. Bit O of each timev
control register has special meaning; for example.
bit O in the control register for timer 1 i3 A
master-reset bit; so if you wanted to set & dif-
ferent timer. the setting of bit O in the timer
control register would depend on the timer beimng
set.

4. The timer is started. Wait for an interrupt.
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When the timer expires, interrupt level 2 will bhe
entered.

The interrupt routine should read the timer status
register (4FFD33) to determine which timer intey-
rupted. The three low-order bits of the status
register indicate which timers have interrupted,
bit O on=timer 1, bit i=timer 2; bit 2~timer 33

For each timer which has interrupted, the inter-
Tupt routine should read the counter value. Read-
ing the counter value clears the interrupt {from
that counter.

The interrupt routine performs its processing

If a continuous real-time <clock is needed, the
interrupt routine exits; the timer will interrupt
again when the time expires. If a single intervai
is needed, the interrupt should be disabled by
storing O into control register 1.
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11.3. 5 Memory Management Unit Port

The MPC supports full memoTy mapping and protectaon
uysing the Motorola MC6&B451 Memory Management Unit (MU
The MMU occupies addresses 4FFDBO~-4FFDBF. Consuit the
MC&B8451 data sheets for instructions on how to set up vhe
MMU.

Wwhen the MPC 1is reset (either by power—up: T -bus
reset, or the RESET instruction). the MMU is initializead to
a nuli state which allows addresses to pass through

unchanged, as described in the MC6B4S51 programming manual

Accesses from the IK bus to the MPC address space ave
translated by the MMU before being accepted. Accesses from
the IK bus are distinguished bu the assertion of function
code bit 3 on the MMU. The system software may protect
memory from IK bus access or modification by proper setting
of the MMU.

1¢ the MMU generates an interrupt (1t must be pyvo-
grammed to do so), the intertupt will be to level &, intver-
rupt vector 478, regardless of the vector address set in the
MMU. This 1is the highest—level interrupt used in the MPC.
The interrupt toutine must remove the intertrupt request N
the MMU to avoid taking the interrupt repeatedly

11.3. & Adage 3000 Host Interrupt FPort

Any store T©o the word at 4FFEQO will cause the hoet
interface to interrupt the host. This feature may be vsed
tor communication between the MPC and the host computer

1i. 3.7 LED Registers

There are nine light—emitting diodes (LED’s) at the Top
of MPC boards (printed—circuit~board versions onliyl. Theee
are labeled LED 0-6: LED S, and LED D.
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LER’s O through & are contralied by setting bits O~4 ot
address 4FFE8S0. When a bit is set, the corresponding i.ED
aff,

Register bits & and 7 have these additional functions:

o PBit 4, when set, causes every write to MPC memory
have bad parity. (Using this bit is not recaommended

o EBit 7 has no associated LED. but when set it prevernts
the IK bus program reset from affecting the MPC

LED 8 and LLED D are not user—altevable. LED €
the state of 68000 function bit 2; LED D reflects
af &8000 function bit O,

11 3.8 VERSabus Port

The VERSAbus port is not a port to which I/0 is per-
formed explicitly, but accesses to addresses which sppear on
the VERSAbus will <cause the VERSAbus +o respond. The
addresses vused by the VYERSAbus are determined by the cavds
in your VERSAbus; but the VERSAbus must not overlap
addresses used within the MPC.

When a VERSAbus device is performing a DMA opevatisn.
1t has direct access to the physical address space of the
MPC; that is, it bypasses the MMU. VERSAbus devices may
access the MPC memory and I/0 space. including the IK jo-,
and other VERSAbus devices.

VERSAbus devices whose addresses fall in  the rovgs
CGO000-FFFFFF have a potential address conflict with the Ii
bus segment space. The conflict can be averted by set e
bit 11 of the appropriate translation register to deactivar
the segment for IK bus accesses.
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i11.4 Accessing 68000 Memory from the IK Bus

When the IK bus accesses 6B000 memory. only the lower
14 bits of the IK data bus are used. IK data bits 0-195 map
to 58000 memory bits 0-15

11.4. 0.1 Accessing Data RAM

The data RAM on the MPC may be asccessed from the IK Lus
At the following locations:

with 32K bytes of RAM: 34000%0-34037%1777 {(octal’
with 256K bytes of RAM: 34000$0-3437741777
with 512K bytes of RAM: 34000%0-34777%1777

IK bus accesses pass through the MMU for translation
IK address bit O is hard-wired to MPC address bit 1. There~
fore, to access the MPC from some other device on the IX
bus, you must divide the internal MPC address by two and GR
in the card address of 340 octal.

11.4. 0.2 Accessing I/0 Space

The I/0 space of the MPC can be accessed from the IR
bus at locations 38777%0 to 35777%1777 {octal).

Te form the 1K bus address, you must shift the lowsr
bits of the internal MPC i vooht gne bit, shifting =2
one into the high-order #4¢ e w00 & the upper 8 bits
af the internal MPC addco . 0 Gouiel (EV hexd.

MPC internal sddrec-

23 S [T [

iMPC addr bits 1ozt e o o 015 '

bus address:

“S “ : .
e L : + L8

11101111 : i MPC addr bite 1-1% ;

-
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11.9 IK—-pus—directed Reset and Interrupt

When the IK bus accesses the MPC with a function code
26 octal, the MPC will be reset. This reset is indistin-
s

f
vigshable from the power—on reset.

o
gquil

When the IK bus accesses the MPC with IK bus function
bit 2 set (i.e. +function code 24 octal for write or 4 octal
for read), the rTequested operation will be performed and an
interrupt request to level 3, interrupt vector $6C will be
Taised. The interrupt request will be rtemoved when the
interrupt 1is serviced. This IK~bus—directed interrupt may
be used for communicaticn between the host or the BFS32 and
the MPC. A region of storage may be set aside for communa-
cation., and when an interrupt code is stored there (using
function code 24 octal), the intertrupt will be raised

1i. & Interrupts and Exceptions

Interrupt levels are assigned as follows:

Vector
Level address Use
1 $64 PCP interrupts
& 468 Serial port interrupts
3 $5C IK-bus—~generated interrupt
4 $70 Timer interrupts
5 $74 Frame interrupts
=) $78 MMU interrupts

For the MFC, interrupts from devices on the VERBApu:
will be taken to the interrupt vectors specified by the dev-
1ces. Internal interrupts have priority over VERBAbus
interrupts, regardless of interrupt levels.

Accesses to non—existent memory result in a bus  evyor
and an interrupt to the bus—error interrupt point. vectnr
address $8
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11.7 Power On

Power on follows 48000 protocol: the SP is fetched
from location O in the ROM and the PC is fetched from loca-
tion 4 in the ROM. Control then passes to the address in the

PC.
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800000-FFFFFF

4FFEQ2-7FFFFF
4FFEQO-4FFEO1
4FFDCO-4FFDFF
AFFDBO~4FFDBF
4FFD40~4FFD7F
4FFD3C~4FFD3F
AFFD38~4FFD3B
4FFD34~4FFD37
4FFD32~4FFD33
4FFD30-4FFD31
4FFD10~-4FFD2F

4FFDOF
4FFDOC

4FFDOB
4FFDO8

4FFDO7
4FFDO4

4FFDO3
4FFDOO
AFFCBO~4FFCFF
4FFC20-4FFC7F
040000~4FFBFF

H8000~03FFFF

000000-003FFF *

*000000~001FFF
00G000~003FFF

S30/83

APPENDIX 1.

MPC MEMORY MAP

{All addresses in hex)

15

8.7

; Ik bus address space
i and address translation table

VERSAbus devices

ireserved for

¥

L

i

1 even byte
i reserved
i
)

H reserved for

iport 3 baud rate

H reserved

port 2 baud 1

reserved

reserved

i
i
iport 1 baud rate
1
{port O baud rate

reserved

itimer no.

3 value

itimer no. 2 value

itimer n

icetl reg.
ictl reg

VERSAbuq devi
iport
iport
ate iport
iport
iport
iport
iport
iport

OO =W

a. 1 wvalue
2/status
1 or 3

ices
xmt/roev dta
ctli/status
smt/rcv dta
ctl/status
xmt/rcyv dta
cti/status
xmt/rcy dta
rtl/statuc

i PCP TEngtETba

as deflned by PCF

S S 1 BV o bt i e i @t G e ot 00 e ke s S Mo i v A s vt A T 0 S . Sarid it $hmts R Yoo e Mo Tevm

' reserved for VERSAbus devices

i

. program or

data memociy

: reserved for VERSAbus devices

¥

H

.prugram ROM and data RAh-same address .

for 32K ROMs
for 64K ROMs
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APPENDIX 2. WIRE-WRAPPED MPC’S

The following details should be noted concerning wire-
wrapped MPC‘s, which are no longer supported by Adage:

The MPC32 contains 32K bytes of static RAM. It has no

MMU.,%no programmable timer, and no VERSAbus port. It can be
accessed from the IK bus at locations 3400080 - 34037%i777
(octal).

The MPC256 contains 256K bytes of dynamic RAM. It con-
tains a programmable timer, MMU, and s VERSAbus port. it
can be accessed from the IK bus at locations 34000%0-
3437741777 (octal).
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12. 0

T7/17/R1

PERIPHERAL CONTROL PANEL (PCP) PROGRAMMING GUIDE

Initialization

Reset

Two methods of reset are available; both types affect
the four serial¥* ports and the eight digital ports:

1. Power on Reset — comes about when power is first
applied to the PCPi

2. Programmed Reset — occurs when a3 0 and then 1 is
written to control register O bit 1 (address
XXXX74 octal)

#Upon receiving either reset, the serial ports must
be re—initialized

Device Initialization

.1 Serial Ports

The baud rate clocks are user selected via hardware
straps on the PCP (as delivered all pots set for 9600
baud); however, parity/character length/stop bit
length must be programmed.

Upon teset, program initialization must occcur before
data can be sent or received. Program initialization
consists of writing first a8 mode control byte and
then a command byte.

##*The first byte written to the command register is

the mode control byte. Successive bytes are command
bytes, which instruct the serial port that the mode

PCP Pranvammina Quide t2 - 1
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control is to be changed. ¥

See Table 1 for the mode control word format. and
Table 2 for the command word format.

The lower eight bits of data words sent and Teceived
are the bytes used for command/data. Status is read
from the command/status register. See table 3 for
status byte definition.

Two interrupts originate from each serial I/0 port:
TxRDY and RxRDY. Reading either the transmit buffer
or the receive buffer (whichever is causing inter-
rupt) will clear its respective interrupt.
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bits! bits! bitsi

character length

bitsi

76543210

bit

-t 4
(@] —t

]
4 (@]

4

(@ [ n

(o}

-t O vt [= %

—t 4 o

@ .0 L] O 4>
- - = N ~
- (LTI Ty = | I
m -~ £ >w @4 | i
[ iy = | o @& O o | ]
o o 1 |
- | i
o> o> a | |
] 4 0 1 1
- - € | |
- - pa I |
L] 0 Z | i
a o. | “
i

i
e/

- - e e me e mm mm . -

- m mEm Sm W @mm e ®e mm mee e S

no

bits,

stop

bits bits bits
USART MODE WORD

PCP Proaramminag Guide

TABLE 1.
8 bits common length.

A typical mode word would then be 316 for 2

parity.,
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bit

746543210
o TR JUE S R T R A Transmit
'y 1 1 ! i ——=/ Enable = 1
/_v v 4t i __Internal - !+ 4+ =-—/ Disable = 0O
Reset HE
"i" causes IR B usart to L ————/ Data terminal RDY#
wait for A DTR asserted = 1
mode word Vo b Megated = O
input A B
A i / Receive
S Enable = 1
R Disable = 0O
T Pl e / Break Character
HE i — forces data out louw
HE O - normal
I
| mm———eee——— / Error Reset
! A "1" resets the
: framing error, overvTun
H error and parity error
' logic on the USART
et / Request to sent #
RTS asserted = 1
negated = O
TABLE 2. COMMAND WORD USART

A typical command word would then be 5 octal.

#Typically used in modem control.
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bit

~N
o
(8
g3
w
[V
-
O

{ ___ Transmit Ready

———/ When Clear to send
V2N T T R CTS is valid and
transmit enable is
asserted and when
transmit buffer is
ready to accept a
byte of data — then
this bit is high.

Tz
>

Data Set
Ready
Indicates
status of
modem
control
signal DSR
"BHI" when
DSR
asserted

RxRDY
————— / When the receive
buffer contains a
received character
this bit is high

- W w rem i e me wm W W wem e W e~
e mm o e e e mm mw e wem mm e e -

IxEMPTY

——————— / When there are no
characters to be
transmitted;, this
bit is high.

Parity Error
_________ / "HI" when parity
error detected

e o e mm e e mm e mm mm me me me me e e e GS Se es oSS Se S -

Overrun Error
——————————— / "HI" If character
not read before
next one is available

Frame Error
_____________ / YHI"™ if stop bit
not detected

TABLE 3. USART STATUS WORD

7717781 PCP Prooramming Guide
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12.1. 2.

7/17/81

2 Digital I/0 Port

Eight 16—-bit digital 1I/0 ports are provided for.
Initialization 1is dependent on the device attached.
Each 1/0 port receives the combined power
on/programmed reset pulse.

A device present signal is activated whenever a port
is in vuse—~—bits O~7 of control register O (address 74
octal). Asserted level for device present is a "HI".

.2 Analog to Digital Converter

Sixteen analog channels are provided for. Each line
has a range of +/— 10 volts and a resolution of 12
bits. Approximately 33 microseconds is required for

a converson allowing a sample rate of 30KH:z.

A conversion is started by reading the channel to be
digitized. Polling bit 8 of control rtegister O
(address 74 octal) for a "HI" signifies an end of
converson.

Reading the digitized® channel after a valid end of
conversion will give the sampled value in the lower
twelve bits of the returned data.

#Reading any channel will return the digitized data
and start a conversion on the new channel. By this
means all sixteen channels may be read 1in seventeen
reads or any combination of channels may be read by
n+l reads.
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12.

n

Interrupts

i2.2.1 Preparation
{2.2 1.1 Serial Ports

Each serial port is the origin of tuwo interrupts;
TxRDY and RxRDY. TxRDY states that the transmit
buffer is ready for another character. RxRDY states
that the receive buffer has a character for the CPU.

12.2.1.2 Parallel Ports

Each parallel port can initiate an interrupt action.

12. 2. 2 INTERRUPT SERVICE

1. There are sixteen possible interrupt origins:
a) Four serial port receive buffer full.
b) Four serial port transmit buffer empty.

c) Eight digital I1/0 port device interrupts

n

Interrupt Masking

a) Control register two (address location XXXX76
octal) contains interrupt mask.

b) Each bit in control wused masks one possible
interrupt line. See Table 4.
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3. The host system receives one interrupt

4. The origin of the interrupt 1is determined by
reading a8 vector at control register O (address 74
octal). Bits 15-12 contain the vector; see Table 5
for device vectors.

The vectors are priority encoded; the vector read 1is
the highest-priority device presenting an interrupt

Servicing an interrupt--reading from or writing to a
particular device—~clears that device’s interrupt.

Devices may simultaneously cause interrupts: however,

only the highest priority presents its vector. When
the highest device is serviced (or masked), the next
highest priority device presents its vector. The

interrupt line is negated only when all interrupts
have been serviced (or masked).
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Control Register "HI" enables "LO" Masks

Bit Interrupt Interrupt
15 RxRDY Serial Port 0
14 " " n 1
13 " " " 2
12 " " " 3
11 TxRDY Serial Port 0
10 " " " 1
9 " " " 2
8 " " " 3
7 Digital 1/0 Port 0
6 " " " 1
5 " " " 2
4 - " " " 3
3 " " " 4
2 " " o 5
1 " " " &
0 " " " 7

7/17/781

TABLE 4. INTERRUPT MASK
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Command

15 14 13 12

0O O
0 O
0O O
0 O
c 1
0o 1
o 1
0o 1
1 0
i O
1 0O
1 O
1 1
1 1
1 1
1 1
7717781

0

bits

0

Vectors Priority Encoded

Register

digital

TABLE 5.

[}

1/0 Port
1" 11
Serial Port
Serial Port

lowest priority
highest priority

INTERRUPT VECTORS

PCP Pranramminn Quids

Priority

o0

10

11

12

13

14

15



12. 3 DATA TRANSFER

12. 3.1 DIGITAL DATA TRANSFER

1. Eight 16 bit parallel I/0 points available.

a) Devices may force particular ports to input only
or output only configuration.

b) Each port has interrupt capabilities

c) PCP control register zero bits O thru 7 contain
information as to whether a device is present; "HI"
means a device is present.

d) A read will read data from the addressed port.

and a write will write to the addressed port. See
table 6 for address map.

2. Four RS232C compatable serial ports are avail-

able.
a) Baud rates user selected by hardware strapping

b) Parity, character length, and stop bit length
selected by user program action.

¢) Lower eight bits of data written or read are the
bits used by the USART.

d) User program action should first initialize mode
and command words.

e) Two interrupts possible from each port

1 — TxRDY transmit buffer can accept a character for
transmission

2 - RxRDY receive buffer can accept a charactor for
transmission.
£) Mode in control 1is completed through the

command/status words. See table 6 for address map-~—
ping.
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12. 3. 2 ANALOG DATA TRANSFER

1. Sixteen analog channels available.

2. +/-10V is range of each channel. and 12 bits
accuracy (11 bits magnitude 1 bit sign) for each
channel.

3. Approximatelq 30KHz is maximum conversion Ttate
for the A/D channels.

4 Bit 8 of command register O (see table 6) is an

END OF CONVERSION signal to signify when a valid sam—
ple is ready. ("HI" signifies EOC has completed)
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address (octal)

O 0 Digital I/0 Port 0
O 1 " ”n 1
O 2 " 1] 2
O 3 i " 3
o 4 n n 4
o 5 ”" " 5
O 6 [} 1 6
O 7 13 H 7
i 0 Serial Port O Data Rd/Wr
1 1 " " 0 Command
mode/Status
1 2 " " 1 Data Rd/Wr
1 3 " " 1 Command
mode/Status
1 4 " " 2 Data
1 2 " " 2 Command
mode/Status
1 ) " " 3 Data
7 " " 3 Command
maode/Status
2 0 Analog Channel O
2 1 L1} 1] 1
2 2 u " 2
2 3 tl 1l 3
2 4 11] n 4
2 5 i 1] 5
2 6 170 1] 6
o 7 u m ’ 7
3 1 " " 8
3 1 1 " 9
3 2 11 n 1 O
3 3 n " 1 1
"3 4 [}] n 12
3 5 " n 1 3
3 6 " [1] 1 4
3 7 n 1] 1 5
7 4 Command register O
Read bit 0-7 Device Present
8 end of A/D conversion
12-15 Interrupt device Vector
Write bit 1 Programmable reset
7 6
Read bit 0-195 Interrupt Mask

Write bit 0-15 Interrupt Mask

TABLE 6. ADDRESS MAP
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13. 0 VIDEO INPUT MODULE (VIB/VI24) PROGRAMMING GUIDE

NOTE: Bit O=LSB, bit 31=MSB

13. 1 Introduction

The VIB/VI24 Video Input Module accepts data from an
RS-170A video camera and stores it into the DR&4

framebuffer memory. Input data is accepted at real-
time rates, sampled at a rate from 9 to 11 MHz,and
written to the DR&4. The sampling frequency, the

size of the sampled frame, the location of the sam—
pled frame within the input scene, and the location
of the frame written to the output framebuffer may be
programmed. Sampling may be continuous or may be set
to stop after one frame has been digitized. The
input scene may be <compressed (minified) by an
integer divisor, to allow storing a scene into a
small section of the framebuffer

13.1.1 The VI8

The VI8 is a one-channel, eight-bit digitizer. It
accepts a single video signal and digitizes it into
an eight-bit output frame.

13. 1.2 The VI24

The VI24 accepts three video channels simultaneously
and digitizes them into a 24-bit output frame. The
input channels must be synchronized with each other.
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13. 2

13.2.1

Programming the vigsviza

Setting up the vig/V124 consists of performing the
analog adjustments corresponding to your input signal
and initializing the control registers.

Analog adjustments

The following description will assume that the
yig/vi2a is viewed from the component side with the
108-pin edge connectors facing down.

The VI8/VI24 has four adjustable potentiometers
(trimmer pots) for each input channel. The trimmer
pots for each channel are immediately to the left of
the BNC connector for the channel. The two pots at
the left are the gain controls; the two pots at the
right are the offset controls. These pots may be
adjusted to select a range of the input signal to be
digitized.

The gain control is used to select what input voltage
spread will correspond to the minimum and maximum
digitized values.

The offset control is used to select what input yol-—
tage will correspond to the minimum digitized values.

These pots may be set up so that a standard one-volt
signal 1is digitized into the full range of 206 lev—
els; or they may be set up so that a small region of
interest in the input signal is digitized into the

254 levels, with values outside that rTange being

treated as equal to +the upper or lower limit, as
appropriate.

For each adjustable component (gain and offset),
there are tuwo settings: the minimum value and the
departure from the minimum. The minimum-value set-
ting 1is established by the factory and should not be
disturbed. The minimum gain is set by the 1long pot
at the far left (set for unity gain by the factory).
To increase the gain: ad just the smaller pot at the
second-from—left position. The minimum gain which
can be used is 1 (unity gain); the maximum gain is
about 8.

«msma el v18/VI24 Programming Guide 13 - 2
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The minimum offset is set by the pot to the far right
(set for zero offset by the factory). To increase
the offset, adjust the second—-rightmost pot. The
offset can span a large enaugh range to digitize any
portion of the input signal at any gain up to the
maximum.

13.2. 2 Programmed initialization

Data may be written to six VIB/VI24 control Tegisters
whose addresses are in the range 30100%0 to 30100%5.
These registers are write—-only;, when one of these
addresses is read from. the data returned is
unpredictable. Function code 20 octal should be used
to write to the registers of the VIB/VIZ2]. The mean-—
ing of each register is defined below.

13.2.2. 1 VIEWPORT LOCATION (REGISTER 30100%0)

The lower 16 bits of the VIEWPORT LOCATION Tegis-
ter determine the horizontal starting position of
the first sample taken from the input signal. Sam-
pling on each line starts at the leading edge of the
horizontal drive pulse. This pulse occurs 9.4
microseconds before the video picture data.

The upper 16 bits of the VIEWPORT LOCATION register
determine the vertical starting position of the first
line to be sampled. Sampling each frame starts at
the end of the vertical drive pulse, which is four-—
teen lines before the start of the picture data.

By proper setting of the VIEWPORT LOCATION register,
any desired section of the input picture may be sam-
pled. The number of sample times between horizontal
drive and the area of interest. and the number of
lines between vertical drive and the area of
interest, are written to 30100%0.
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13. 2. 2.2 MINIFICATION FACTOR (30100%1)

The MINIFICATION FACTOR is the factor by which the
picture is compressed before it is stored intc the

DR64 framebuffer memory. The minification is
achieved by reducing the sampling frequency by an
integral divisor. Minification in x and y are

independent.

The lower 16 bits of the MINIFICATION FACTOR register
are the x minification factor; the amount of
"squeeze" in the x—direction, as an integral divisor
of the sampling frequency; the number written to the
register should be the desired minification factor
minus 1. For example, a setting of 1 corresponds to
a minification factor of 2 and means that the x-—-
direction will be squeezed to half the normal width.

The upper 16 bits of the MINIFICATION FACTOR register
are the y minification factor, the amount of
"squeeze" in the y—-direction, as an integral divisor
of the sampling frequency. The number written to the
register should be the desired minification facter
minus 1. For example, a setting of 1 corresponds to
a minification factor of 2, and means that the y-
direction will be squeezed to half the normal height

13.

P
n

.3 WINDOW LOCATION (30100%2)

The lower 16 bits of the WINDOW LOCATION regis-

ter determine the starting X address (within the
frame buffer memory) into which the digitized picture
data are to be written. For valid rtesults. this

number must be a multiple of 16.

The upper 16 bits of the WINDOW LOCATION regis-—
ter determine the starting Y address (within the
frame buffer memory) into which the digitized picture
data are to be written. ’
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13.2.2. 4 VIEWPORT SIZE (30100%3)

The VIEWPORT SIZE register gives the size of the sam-
pled picture, in number of lines and number of
columns. The lower 146 bits of the VIEWPORT SIZE
register give the number of samples per line, and
must be a multiple of 16 for proper operation. The
upper 16 bits of the VIEWPORT SIZE register give the
number of lines to be sampled.

13. 2. 2.5 CONTROL REGISTER (30100%4)

The CONTROL REGISTER contains bits which set the
operating mode of the VIB/VI24.

13. 2. 2. 5.1 ONE-FRAME BIT (BIT 1)

When the ‘run’ bit (bit 2) if off, and a logical 1 is
written to the ‘one—frame’ bit (bit 1), the VIB/VIZ24
will digitize one frame and stop. The VI8B/VI24 may
be restarted by writing a 1 to the one—-frame or run
bit.

13.2.2.5.2 RUN BIT (BIT 2)

When the ‘run‘ bit (bit 2) is on, the VIB/VIZ24 will
continuously digitize frames into the DR64 frame-—
buffer. When the ‘run’ bit is on, the ‘one—frame’
bit is ignored.
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13.2.2.5.3 SAMPLING CLOCK SOURCE (BITS 5-7)

Bits 5-7 of 30100%4 select the source of the sampling
clock. wWhen bits 5-7=000, the internal oscillator
(controlled by 30100%5) is used; when bits 5-7=111,
the pixel «clock is taken from the BNC connector at
the top to the VvIig/vIiaas. All other combinations of
bits 5-7 are invalid.

13.2.2. & SAMPLING FREQUENCY (30100%5)

The sampling frequency of the internal sampling clock
is controlled by bits 0-3 of location 30100%5. The
time per sample varies from about 99 nanoseconds per
pixel {setting=0000) to about 125 nanoseconds per
pixel (setting=1111), varying in 2-nanosecond incre-—
ments. It can be seen that the sampling frequency
increases as the setting of the sampling frequency
register decreases.
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15.0

15. 1

15. 1.1

e L e

ROUTINES FOR COMMUNICATING WITH THE IKONAS PROCESSOR

170 Routines

Users should have a standard set of 1/0 routines to
allow them to TUN diagnostics supplied by IKONAE.
The following facilities must be provided by a stan—
dard I/0 package:. callable from FORTRAN:

o pixel I/0
o word I/0

o single-pixel 1/0

IKBDMA* is a set of 1/0 routines from IKONAS which
perform these functions. The routines in IKBDMA are
described below. The arguments are of two types:
(1) FORTRAN INTEGER variables (unless otherwise
specified): (2) IKDONAS 32-bit variables. 32-bit
variables may be declared as INTEGER*4, or two-—
element arrays: according to user’s machine.

#RT-11 version: IKBDMA. MAC
RSX version: IKBDMARSX. MAC
VAX/VMS version: IKVAXDMA. MAR

Pixel 1/0

Functions at this level fall into three categories:

1. Functions to perform movement of data {read,
write, wait)i

"

Functions to set control lines in the IKONAS
machine;

3. Functions to set up host interface.

Note: At this basic level we will be dealing with
data in IKONAS form——that is, 32-bit data words.
(X,Y) addressing.
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a—-movement

1. IKPRD <(code, x addr, y addr, length, data. IKONAS
status, system status)

code = IKONAS function code
Default = 2;
pixel-mode bit (bit 1) will be set;
write bit (bit 4) will be cleared.

10-bit x—value

it

x addr

14—6it y-value

y addr

length = number of 32-bit IKONAS words
to read. One word of whatever
size is the default on the user’s
machine (to allow this argument
to be specified as a constant)

data = IKONAS data, sequential 32-bit
variables.

This entry point starts to read, then returns to
caller.

The status arguments are optional. Errors detected
by the IKONAS system during a transfer are reported
in the IKONAS status argument. Errors detected by
the Host operating system are reported in the system
status argument. IKONAS status of O indicates normal
completion; system status is defined by the operating
system. If an error occutrs, and the corresponding
status argument is not given. the user’‘s praogram is
terminated.

2. IKPWR (code, x addr, y addr. length, data, IKONAS
status, system status)
code = IKONAS function code.
Default = 22 octal;
the pixel—mode bit (bit 1) and
the write bit (bit 4) will be set

(address, length, data, status, as for IKPRD)
3. IKBWT(Ikonas status, system status)

This function returns to caller when the previous 1/0
is completed.
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IKONAS Control

A e e

Control lines in the IKONAS machine ave those 1lines
which are independent of the host machine. They
include: invisible I/0, increment, Tun PpPTOCESSOT.
IKONAS reset, frame interrupt, processar interrupt

Control lines in the host interface are those lines
which may change from one host to the next. They
include: Extended bus address:. Halfword. DMA Enable.
1. IKBSEI (code)

code = IKONAS status mask
{see “Host/ IKONAS Interface”™ in this manual)

This includes: invisible I/0, increment, Tun proces—
sSOT) clear, frame int.., proc. int. Default is
increment’.

2. IKBGEI (code)?

returns the current ITKONAS status

Host Control

1. IKOPEN

performs any operating—sgstem—dependent functions to
open a channel to the IKONAS.

2. IKBSEH (code)
code = Host status mask.

This mask 1is dependent on the host.

3. IKBGEH (code)

This routine returns the host status mask.
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15. 1.2 Word 1/0

15.1.3

R/D8/2D

Functions to perform word I/0 differ from pixel 1/0
only in the method of addressing. The address is
specified as a 24-bit number instead of X and VY
addresses. ’

1. IKBRD (code, address, length, data, IKONAS status,
system status)

caode = IKONAS function code.
Default is 0O;
The write bit (bit 4) will be cleared.

address is a 24-~bit address
2. IKBWR (code, address, length, data, IKONAS
status, system status)
code = IKONAS function code.
Default is 20 octal;
The write bit (bit 4) will be set.
address is a 24-bit address;
the 24-bit address must occupy the low

24 bits of a 32-bit variable

Other parameters as for IKPRD, IKPWR

Single-Pixel 1/0

Two routines will be available to programs such as
"PAINT" which require high-speed I1/0 for single pix-—
els. In multiuser systems which have high overhead
for I1/0, these routines should be implemented through
some fast path.

1. IKPRD1 (code, x addr, y addr, pixel data., IKONAS
status, system status)

2. IKPWR1 (code, x addr, y addr, pixel data, IKONAS
status, system status)

Parameters are as for IKPRD and IKPWR
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On certain operating systems it may be necessary to
buffer several pixels together for a single write.

For this reason, an application should call IKBWT to
ensure that all pixels are out.
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Routines for 32-bit arithmetic

Since the IKONAS is a 32-bit machine, to achieve
machine independence it is necessary to have a set of
routines which perform 32-bit arithmetic. The fol-
lowing routines, callable from FORTRAN, are available
in the file ALU32. MAC. These Ttoutines assume that
the host machine has some way of declaring 32-bit
numbers (e.g.., as integer#4).

1. JOIN32 (vb132, vblhi, vbllo)

creates a 32-bit word by JOINing two 32-bit
integers.

vbl32 = resultant 32-bit word

vblhi = 16-bit integer variable which will
become the high—order bits of vbl132;

vbllo = 16-bit variable which will become

the low-order bits of vbl132.

Once JOIN32 has combined two integer variables into
one IKONAE word, only the routines listed below may
use the variable

2. BRK32(vb132, vblhi, wvblle)

splits a 32-bit number into two 16-bit com-
ponents. It is the complement of JOIN32.

vb1l32 = 32-bit number; .
vblhi = 1é6=bit number resulting from
the high~-order bits of vbl32;
vbllo = 1é6-bit number resulting from

the low-order bits of vbl32.

.

SET32(target, source)

assigns the contents of source to target. Both
target and source are 32-bit numbers.

4. ADD32(augent. addend)
adds one variable to another. Both augend and

addend are 32-bit numbers. ADD32 adds the contents
of addend to augend and stores the result in augend.

Rrutinas far Cammunicatina with the IKONAS 153 - 6



R/D8/KRD

5. SUB32(minuvend, subtrahend)

subtracts one variable from another. Both
minuvend and subtrahend are 32-bit numbers. SUB32 sub-
tracts the contents of subtrahend from minuend and
stores the result in minuend.

6. ICMP32(minuend, subtrahend)

compares two numbers and returns a result indi-
cating their relative value. Both minuend and sub-
trahend are 32-bit numbers. ICMP3Z2 returns a value of
Q0 if minuend = subtrahend; -1 if minuend < sub-
trahend; +1 if minuend > subtrahend.
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LINKER/LOADER FILE DESCRIPTION

Introduction

This document describes the format of disk files
which contain data used by IKLINK, the Ikonas relo-
cating linkage-editor, and by IKLOD, the Ikonas abso-
lute loader. The linkage—editor can be used to link
microcode routines, IDL routines, libraries, colormap
files, scratch pad data files, and character fonts
all into one loadable absolute code file, which is
then loaded into the Ikonas system by the absolute
loader. Each record in a linker/loader file is writ-
ten by an unformatted FORTRAN write, or equivalent.
Each element in the record 1is an integer variable
(size=compiler default).

File Record Format

Any file used by IKLOD or IKLINK may consist of
several different records, each containing different
types and amounts of data. Records may contain relo-
cation information, program descriptor information,
or global symbol pointer data. The record types and
their contents are defined as follows:

Variable Definition

1

3-nnn

2/71R/81

The number of integer variables in the rest
of the record.

Record type (see below).

Data, the meaning of which depends on the
record type.

The recognized record types are defined as follows:
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TYPE 256; IKASM MODULE HEADER

3 IKASM version number

4~12 Program name

13-14 IKONAS Bus starting address of
module (Hi-Lo)

15-16 Length of module in IKONAS words

17 Data field width of microcode
words (DATFW)

18 Microcode word width (MCWID)

19-26 Reserved for future use

TYPE 257: GLOBAL SYMBOL DIRECTORY (GSD) ENTR

3-10 Symbol name
11 GSD flags:
bit O ON=Global, OFF=External
1 ON=Relative, OFF=Absolute
2
3
12 Number of this GSD entry
13-14 Valve of the symbol
15-18 Reserved for future use
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TYPE 258: RELOCATION DIRECTORY (RLD) ENTRY

3-4 Offset in module of the symbol

S GSD number of the symbol this is
relative to

6~10 Reserved for future use.

TYPE 259: IDL MODULE HEADER

3 IDL version number

4—-12 Program name

13-14 IKONAS Bus starting address of
the module (Hi-Lo)

15-16 Length of the module in IKONAS
words

17-26 Reserved for future use.

TYPE 1: IKONAS DATA

3 GSD number of symbol these data
are relative to

4 High—-order IKONAS Bus address of
the data (8 bits)

S Low order IKONAS Bus address of
the data (16 bits)

6-9 Reserved for future use

10-nnn IKONAS data, 32-bit words
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2/1R/721

Order of Records in File

The records in a linker/loader file are ordered in a
specific manner. The loader will ignore any records
which are not related to its task. The linker wuses
most of the defined record types, but does not neces-—
sarily require that all types be present in the file.
The records are ordered as follows:

Module Header (type 256, 259, etc.)
GSD (type 257)
GSD

Ikonas data (type 1)
Ikonas data

RLD (type 258)
RLD
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IKLOD — IKONAS Absolute Loader

IKLOD is a subroutine which reads files in loader
format. then writes the data to the Ikonas Bus. The
calling format is:

IKLOD(iunit)

where
iunit is the unit number of the file containing the

data to load. The unit number should be defined by
the calling procedure before entry to IKLOD.

IKLODF is similar to IKLOD, except that it is wused
for ASCII-formatted files.
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1

SOFTWARE INSTALLATION

Introduction

The following sections describe the steps necessary
to:

1. install IKASM, the IKONAS Assembler;

2 install and execute PREP, the program which builds
the mnemonic definition tables for IKASM;

3. assemble a microcode file using IKABM;

4. compile, link, and run BMTST, a diagnostic test
for the BPS32 bipolar processori;

5. compile, link, and run MATST, a diagnostic test
for the MA1024;

6. install IKONAS-supplied routines for the MA1024
Multiplier—Accumulator.

All FORTRAN programs supplied by IKONAS have been
written in STANDARD FORTRAN IV (1966). All programs
and data needed for installation have been stored on
magnetic tape wusing DOS-11 format (a standard DEC
formatting interface).
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17.

17.

IKASM Installation
To install IKASM:

1. Modify and compile

ALU32. MAC and
ASMIO. FTN

These files contain operating system—dependent rou-—-
tines callable from FORTRAN. For system compatibil-
ity, you may need to modify one or both of these
files. ALU32 describes and implements a set of rou-
tines to perform 32-bit arithmetic on a PDP-11.
ABMIO contains all necessary I/0 routines to open and
close files and to interface with the terminal. The
code was written for implementation under RSX-11M 3.2
(operating system for PDP-11 computers).

2. Compile
IKASM4. FTN — the main program for IKASM
IKALIB. FTN - a set of subroutines wused by
IKASM

3. Link IKASM4, IKALIB, ASMIO, and ALU32.

Mnemonic Definition File

To assemble microcode using IKASM, you need both a
source file and a mnemonic definition table (symbol
table). PREP builds the mnemonic definition table,
using one of two input files:

BPS. TXT - for the BPS32 bipolar processor;

MAMNEN. TXT -~ for the MA1024 Multiplier—
Accumulator

To install and execute PREP:

1. Compile PREP.FTN.

2. Link PREP, IKALIB. ALU32, and ASMIO. See the pre-
vious section on IKASM for descriptions of the last
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three files.

3. Modify the mnemonic definition file (BPS.TXT or
MAMNEN. TXT), if necessary for system compatibility.

4. Run PREP, responding to the prompts as shouwn
below:

OPCODE DEF. FILE: input filename
PREP OUTPUT FILE: output filename
where

input filename is the name of the mnemonic definition
file —— either BPS. TXT or MAMNEN. TXT:

cutput filename is the name of the symbol table pro-
duced by PREP -— BPS. PRP or MAMNEN. PRP.

IKASM Execution

To assemble a microcode file using IKASM: run IKASHM.
responding to the prompts as shown below:

PREPROCESSED SYMBOL TABLE FILE: symbol table filename
LISTING FILE: program—name. LST

SOURCE FILE: program—name. ASM
OBJECT FILE: program-name. MOB
where

symbol table filename can be

BPS. PRP (for the BPS32) or
MAMNEN. PRP (for the MA1024)

program—-name is the name of your source program.
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17.5

17.5.1

BMTST

BMTST is a set of diagnostics for the BPS32 bipolar
processor; it exercises a series of test cases with
filenames BPTxxx. MOF (where "xxx" represents the test
case number). To run BMTST:

1. Compile

BMTST. FOR — the main procedure for BMTST:
IKBMP. FOR - subroutines for BMTST.

2. Link BMTST, IKBMP, IKLODF, ALU32, and IKBDMA. See

the sections for IKLOD and IKASM for descriptions of

the last three files.

3. Run BMTST, rvesponding to the prompts as follows:
ENTER STARTING TEST CASE: starting—-filename
ENTER ENDING TEST CASE: ending—filename

where

starting—filename is the filename of the first case
to be tested; enter BPTOO3. MOF;

ending—filename is the name of the last case to be
tested; enter BPTO7%. MOF.

BMTST Messages
While each test is running a message will appear
describing the test —-— for example,

BPTOO4. MOF, QUTPUT = (205\0, 0\1)

After all the test cases have executed, the following
message will appear:

SUCCESSFUL COMPLETION

If an error has occurred during the test, the follow-
ing messages may appear:
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MESSAGE.: STARTING TEST CASE NOT FOUND
ENTER STARTING TEST CASE

EXPLANATION: Invalid test case name.

USER RESPONSE: Retype starting test case name

MESSAGE.: ERROR WHILE EXECUTING
BPTXXX. MOF
ADDRESS ACTUAL RESULT EXPECTED RESULT
202 XXXXXX YYYYYY

CONTINUATION IS NOT FEASIBLE
EXPLANATION: A hardware error has occurred.
USER RESPONSE: Check for disconnected cables.
If a cable is disconnected,

recable it and rerun test;
otherwise, contact IKONAS.
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17. 6.1

MATST

MATST is & diagnostic sequence for the MA1024. To
install and run MATST:

1. Compile

MATST. FOR ~ the main procedure

IAMA. FOR - subroutines for MATST
2. Link MATST., IKMA, IKLODF, ALU32, and IKBDMA. See
the first two sections of this chapter for descrip-
tions of the last three files. '
3. Run MATST. responding to the prompts as follows:

ENTER STARTING TEST CASE: MAOQ35A. MOF

ENTER ENDING TEST CASE: MAOS5. MOF

MATST Messages
While each test is running, a message will appear
describing the test —— for example:

MAQO4. MOF, DUTPUT = (205\0, O0\1)

After all the test cases have executed, the following
message will appear:

SUCCESSFUL COMPLETION

If an error has occurred during the test, the follow-
ing messages m3y appest:

MESSAGE: STARTING TEST CASE NOT FOUND
ENTER STARTING TEST CASE

EXPLANATION: Invalid test case name.

USER RESPONSE: retype starting test case name.
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MESSAGE : ERROR WHILE EXECUTING

MAXXX. MOF
ADDRESS ACTUAL RESULT EXPECTED RESULT
202 XXXXXX YYYYYY

CONTINUATION IS NOT FEASIBLE
EXPLANATION: A hardware error has occurred.

USER RESPONSE: Check for disconnected cables. It s

cable is disconnected, recable it and
rerun the test; otherwise, contact
IKONAS.
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IKONAS Routines for the MA1024

There are several IKONAS-supplied routines for 3-D
transformation, clipping., and perspective division.
To install these routines, run IKASM, responding to
the system prompts as follows:

PREPROCESSED SYMBOL TABLE FILE: MAMNEN. PRP
LISTING FILE: program-name. LST
SOURCE FILE: program—name. ASM
OBJECT FILE: program-name. MOB

where

program—-name is the name of the desired Toutine
(MM33, MM32, MM33C, MM33P, or MM32P). See the
"MA1024 Host Programming Guide"” in this manual for
descriptions of these routines.
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APPENDIX O

PRIORITY LEVELS FOR IKONAS DEVICES

IKONAS devices have been assigned the following
priority levels. A level of 7 is the highest prior-—
ity. Two modules with the same priority level will
not be part of the same system.

Level Module

7 FBCO (frame Buffer Controller)

& vIig/vi24 (Video Input Module)

) FBC1 (second Frame Buffer Controller) or
VPM (Video Processing Module)

4 IFO (Interface for FBCO)

3 IF1 (Interface for FBC1l)

2 MPC (Multifunction Peripheral Controller)

1 CGM4 (Character Generator) or

BPS1 (Bit Slice Processor)

0 BPSO (Bit Slice Processor)
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