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slocation of values for Display Processor LD_ALL instruction

org 80h

DPLdAl11Regs label word

dw
aw

offset WinDescl

3 sVStat s

turn on display and cursor

OFFh ;IntMask: mask all interrupts

20 sTripPt: trip point = 20 FIFO dwords

0 sFrint: cause interrupt every frame (interrupt is masked)
0 H reserved

0 ;sCRTMode: non-interlaced, non-accelerated, master synckblank
47 sHSyncStp: horizontal sync stop H

197 sHF1dStrt: horizontal field start : )

837 sHF1dStp: horizontal field stop : 8 video timing registers
937 sbinelen: horizontal line length : are programmed for

7 sVSyneStp: vertical sync stop : 640 x 400 at 60 Hz

28 sVF1dStrt: vertical field start : with 25 MHz VCLK

428 sVF1dStp: vertical field stop H

442 sFrameLen: vertical frame length :

0 sDescAddrU:descriptor address pointer upper

0 s (Reserved)

0 sZoomY : no vertical zoom

0 sZoomX: no horizontal zoom

0 sFl1ldColor: black field color

OFFh sBdrColor: white border color

o] ;PadlBPP: pad with zeros for 1 bit/pixel

0 ;sPad2BPP: pad with zeros for 2 bits/pixel

0 ;sPad4BPP: pad with zeros for 4 bits/pixel

2 sCursorPad:pad with red for cursor (yellow cursor in red box)
80h ;CsrStyle: opaque 16x16 block cursor, no window status
510 sCsrPosX: put cursor in middle of screen (horizontally)
220 sCsrPosY: put. cursor in middle of screen (vertically)
0000000110000000b ;CsrPat0: create arrow-shaped cursor pattern .
0000001111000000b ;CsrPatl:

0000011111100000b sCsrPat2:

0000111111110000b ;CsrPat3:

0001111111111000b ;CsrPat4:

0011111111111100b ;CsrPat5:

0111111111111110b sCsrPat6:

1111111111111111b ;CsrPat7:

0000011111100000b sCsrPat8:

0000011111100000b sCsrPat9:

0000011111100000b sCsrPatA:

0000011111100000b ;sCsrPatB:

0000011111100000b sCsrPatC:

0000011111100000b ;CsrPatD:

0000011111100000b sCsrPatE:

0000011111100000b sCsrPatF:

;sDescAddrlL:descriptor address pointer lower

slocation of strip descriptor list

WinDescL label word ;strip descriptor list
sheader of strip descriptor

dw 399 slines in strip (400 covers entire screen)

dw 0 slower link to next strip descr (there is none)
dw 0 supper link to next strip descer (there is none)
dw 0 snumber of tiles in strip (only one)
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;first (and only) tile descriptor
sbitmap width (not applicable, this is field)
;memory start lower addr (not applicable)
smemory Sstart upper addr (not applicable)
39 sfield width (640 covers entire screen)
;fetch count (not applicable, this is field)
sset field bit,use top,bottom,left,right borders

dw
dw
dw
dw
dw
dw 00001h

OMOOO

Memory827868 ends
Initialize82786 segment
mov ax,seg BIUControl

mov ds,ax

scode to initialize 82786

sput 82786 register segment in ds

assume c¢s:Initialize82786, ds:Memory82786

mov byte ptr BIUControl, 30h
mov byte ptr BIUControl+l, O

mov InternalRelocation, Olh
mov DRAMControl, 1Dh

mov RefreshControl, 18

mov DisplayPriority, 110110b
mov GraphiesPriority, 010010b
mov ExternalPriority, 100000b
mov

mov DPParameter2, OCH

mov DPOpcode, 5

ret

Initialize82786 ends

If the constants in the CPU-mapped 82786 memory for
the LD__ALL command and the Strip Descriptor list
(in Memory82786 segment) cannot be loaded into
82786 memory by the system’s program loader, they
will have to be loaded by the initialization code. One
method is to have the loader load them into CPU sys-
tem memory and use a repeat-move-string command in
the initialization code to move these constants into the
82786 graphics memory. Alternatively, it is possible to
place these constants in the 82786-mapped CPU memo-
ry and allow the 82786 to fetch them using master-
mode. This method, however, is not as efficient because
the 82786 must re-fetch the Strip Descriptor list for
every display frame. ‘

The Graphics Processor is not used in this initialization
code. To fully initialize the Graphics Processor, the fol-
lowing commands are required:

;convert 82786 to 16~bit bus...
3.+ .must use two 8~bit transfers

slocate reg's at 82786 mem addr Oh

s1 row, interleaved 51C256 DRAM

srequest refresh every
;set Display FPL, SPL

;set Graphies FPL, SPL = 2
;set External FPL =

15.2 u$

6

4

DPParameterl, offset DPLdAllRegs ;address for LD_All command

slet DP perform LD_All command

send of initialization subrtn

Def__Bit__Map
Def__Logical_Op

Def__Colors
Def__Texture
Def__Char__Set
Def__Char__Orient
Def__Char__Space
Load__Reg

Load__Reg
Load__Reg

5-189

for all drawing and BitBlt com-
mands

for all drawing and BitBIt com-
mands

if line/character drawing used -
if line drawing used

if character drawing used

if character drawing used

if character drawing used

initialize stack pointer if macros
used

set poll-on-exception mask if used

set interrupt mask if interrupts
used
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1.0 INTRODUCTION

Many applications require greater graphics capability
than is available through IBM’s CGA or EGA. The
82786 allows the design of very high performance
graphics systems at low cost, both in terms of compo-
nent count and development time.

This application note will present a basic design inter-
facing a graphics board based on the 82786 to the IBM
PC/AT computer. Only those portions of the design
related to the interface itself will be covered in detail.
Other aspects of graphics system design using the
82786, such as graphics memory design and video inter-
facing are covered in detail in the Hardware Configura-
tion Application Note (AP-270—refer to section 1.1 be-
low on related literature).

Throughout this application note the following naming
convention applies:

The term “PC” will be used throughout this document
to refer to both IBM’s 8-bit PC and their 16-bit AT
computer systems.

1.1 Related Literature

Additional material concerning the 82786 can be found
in the following Intel publications:

82786 Graphics Coprocessor User’s Manual, Order
Number 231933

82786 CHMOS Graphics Coprocessor Data Sheet, Or-
der Number 231676

82786 Hardware Configuration Application Note, Or-
der Number 292007

An Introduction To Programming the 82786 Graphics
Coprocessor, Order Number 240048

2.0 1/0 CHANNEL

2.1 Overview

There are eight connector slots on the mother board of
the PC into which peripheral cards may be inserted. All
interface to the PC is through these connectors, which
are known as the /O CHANNEL.

The I/0 CHANNEL supports 24-bit memory address-
es, data accesses of either 8- of 16-bits, interrupts,
DMA channels, and wait state generation. The connec-
tors consist of eight 62-pin and six 36-pin connector
sockets. The two positions that have only the 62-pin
connectors can only support an 8-bit IBM PC interface.

2.2 Address Map

When placed in Protected Mode, a full 24 bits
(16 Mbytes) of addressing are available. However, most
applications use Real Mode, providing 20 bits of ad-
dressing. This provides a usable address space of 1
Mbyte. Our design example will use Real Mode.

As shown in Figure 1, the lower 512 kb of the 1 Mb
address space is reserved for system memory. 384
kbytes of the upper 512 kb are available for our use,
although various adaptor cards which use some of this
space may be installed in the system. We need to use
care in selecting where our graphics card resides in the
PC memory space in order to remain compatible with
most system configurations.

The 128 kb section of memory located at address
80000H-9FFFH is normally reserved for expansion
memory, so using this space for our design would pre-
clude adding memory to the system. The 128 kb ad-
dress range of COO00H through DFFFFH is also avail-
able. This section of the memory space is reserved for
ROM on 1/0 adapters, such as our card. Since many
commercially available peripheral cards use portions of
this address space, we would like to avoid using a large
portion of this area in order to remain compatible with
them. We will map the 82786 Internal Registers into
address C4400H-C447FH.

There is one other section of memory available to us
without going into Protected Mode.. This is the address
range AOOOOH-BFFFFH, which is reserved for the
graphics display adapters. The A00O segment is used by
the EGA, whereas the BO0O segment is used by the
CGA (and MDA). Since we are designing a graphics
card, we will use a portion of this memory space. It is
desirable to use as large a portion of the PC’s memory
space as possible in order to reduce the amount of pag-

. ing required to access graphics memory. Lét us choose

the 64 kbyte A0OO segment. This means that our design
will work along with a CGA card in the system, but not
with an EGA. This is a reasonable choice since, if peo-
ple require a higher performance graphics system, the
82786 based design will provide much more power than
the EGA. The CGA can still be used for most text and
low resolution graphics applications.

The 80286 microprocessor can address a full 64 kbyte
I/0 space. However, the PC only supports I/0 ad-
dressing from 000-3FFH, as shown in Figure 2. I/O
addresses 000—OFFH are reserved for the system board
1/0, leaving addresses 100H-3FFH available on the
1/0 CHANNEL. A look at the I/O address map will
show that most of this space is reserved for various
peripheral devices that might be installed in the system.

. Once again, if I/O addressing is required, we must be

careful in choosing which portion of I/O space we use
in order to remain compatible with these peripherals.
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Address Name ¢ Function
000000 to 512 kb System System Board Memory
O07FFFF Board _
080000 to 128 kb - 1/0 Channel Memory—IBM Personal
09FFFF Computer AT 128 kb Memory
Expansion Option
0A0000 to 128 kb Video Reserved for Graphics Display Buffer
OBFFFF RAM ;
0C0000 to 128 kb 170 Reserved for ROM on I/0 Adapters
ODFFFF _ Expansion ROM
0E0000 to 64 kb Reserved - Duplicated Code Assignment at
OEFFFF on System Board Address FE0000
0F0000 to 64 kb ROM on Duplicated Code Assignment at
OFFFFF the System Board Address FF0000
100000 to Maximum 1/0 Channel Memory—IBM Personal
FDFFFF Memory 15 Mb Computer AT 512 kb Memory
Expansion Option
FE0000 to 64 kb Reserved Duplicated Code Assignment at
FEFFFF on System Board Address 0E0000
FF0000 to : 64kbROMon Duplicated Code Assignment at
FFFFFF the System Board Address 0FO000
Figure 1. IBM AT System Memory Address Map
Hex Range ~ Device
000-01F ’ DMA Controller 1, 8237A-5
- 020-03F Interrupt Controller 1, 8258A, Master

040-05F Timer, 8254.2

060-06F ' 8042 (Keyboard)

070-07F Real-Time Clock, NMI (Non-Maskable Interrupt) Mask

080-09F ) " DMA Page Register, 74LS612

0A0-0BF Interrupt Controller 2, 8259A

0C0-ODF } DMA Controller 2, 8237A-5

OF0 Clear Math Coprocessor Busy

OF1 Reset Math Coprocessor

OF8-OFF Math Coprocessor

1FO-1F8 Fixed Disk

200-207 Game I/0

278-27F Parallel Printer Port 2

2F8-2FF Serial Port 2

300-31F Prototype Card

360-36F Reserved

378-37F Parallel Printer Port 1

380-38F . SDLGC, Bisynchronous 2

‘3A0-3AF - Bisynchronous 1

3B0-3BF ' Monochrome Display and Printer Adapter

3C0-3CF Reserved

3D0-3DF . Color/Graphics Monitor Adapter

3F0-3F7 Diskette Controller

3F8-3FF ' Serial Port 1 .

Figure 2. IBM AT System I/0 Addregs Map
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1/0 address range 300H-31FH is reserved for proto-
type cards, so we will use a portion of this space in our
design, as will be discussed later. Another possibility
would be to use the game controller address range
200H-207H, if it is known that the game controller
will not be used.

2.3 Signal Description

Interfacing to the PC is quite simple since all address,
data, and control signals are decoded and demulti-
plexed for-us. In addition, wait states can be inserted, in
" which case these signals are held valid as long as we
wish. Wait states-must last no longer than 2.5 microsec-
onds (2.1 microseconds for the 8-bit PC), in order to
meet IBM specifications.

The signals used in this basic interface are listed in Ta-
ble 1. Other signals, incorporating other features, could
be used, such as interrupt and DMA control lines. We
will discuss only the signals used in this design.

Address Latch Enable, BALE, is used on the system
board to Ilatch valid addresses. Address lines
SA0-SA19 are used to address the memory and I/0
devices in the system. They are gated onto the system
bus when BALE is high and are latched on the falling
edge of BALE.

There is another set of address lines, LA17-LA23,
which gives the system up to 16 Mb of addressability.
These signals are unlatched and remain valid only as
long as BALE is high. They become valid earlier than
the SA lines and are intended to generate decodes for
memory or 1/0 cycles. They should be latched by I/0
adapters on the falling edge of BALE when needed.

There are 16 data lines, SDO-SD15, which are demulti-
plexed (the 80286 in IBM AT computer has separate
address and data lines) and held valid as long as the
system is held in a wait state. 8-bit interfaces will only
use SDO-SD7. Data transfers on the upper byte of the
data bus are indicated by a low signal on the SBHE pin.

The control signals have been decoded and, like the
data lines, are held valid as long as the PC is held in a
wait state. IOR and IOW are active low signals that
indicate an 1/0 read and write, respectively. Similarly,
MEMR and MEMW indicate a memory read or write
bus cycle.

“I/O CH RDY”, 1/0 CHANNEL ready, is pulled low
by a peripheral device in order to insert wait states.
This signal must be driven low very quickly upon de-
tecting a valid address and a Read or Write command.
This timing will be discussed in more detail in a subse-
quent section. As mentioned earlier, this signal should
be held low for no more than 2.5 microseconds.

MEM CS16 is pulled low to signal the system board
that the current data transfer is a 1 wait state, 16-bit
memory cycle. If this signal is not brought low in time
to be recognized by the system, the memory access will
automatically be broken into two 8-bit accesses, even if
a 16-bit access was desired. In addition, this signal is an
input to the CMDLY pin of the 82288 bus controller
chip on the system board. It can delay the issuance of
the MEMR, MEMW, TOR, and IOW signals in order
to allow more address setup time. As will be discussed
later, this signal should be derived from the decode of
LA17 through LA23.

The final signal we have used in this design is RESET
DRUV. This is the active high power on reset signal.

Table 1.170 CHANNEL Sidnal Description

SA0-SA19 | Latched Address Lines

LA17-LA23 | Unlatched Address Lines Used to
Generate Decodes for 1 Wait-

| State Memory Cycles

RESET DRV | Power On Reset Signal from the
PC/AT

SD0-SD15 | Latched Data Lines

1/0 CH RDY | Ready Signal to Generate PC/AT
Wait-States

IOR Indicates an 1/0 Read

Iow Indicates an I/0 Write

MEMR Indicates a Memory Read

MEMW Indicates a Memory Write

MEMCS16 | Signals the AT to Perform a 1
Wait-State 16-Bit Memory Cycle

SBHE Indicates Data Transfer on Upper
Byte of Data Bus
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3.0 82786 BUS INTERFACE

3.1 Overview

The Bus Interface Unit (BIU) controls all communica-
tion between the 82786, the external bus master, and
memory. The 82786 is capable of being a bus master
(Master Mode) or a bus slave (Slave Mode). The 82786
operates as a master whenever it accesses external sys-
tem memory and the bus timings are similar to 80286
style bus timings. It acts as a slave when the host CPU
accesses graphics memory or the 82786 registers.

In Master Mode, the 82786 drives the Hold Request
(HREQ) pin high to indicate it is requesting the bus.
The 82786 drives the external bus only after it receives
a Hold Acknowledge (HLDA) from the external bus
master and drives HREQ low when it no longer needs
the bus or when it detects an inactive HLDA. The
82786 indicates it has the bus through a high level on
the Master Enable (MEN) pin.

The state of the BHE pin at the trailing edge of RESET
determines whether the interface is synchronous or
aysnchronous. A high BHE sets the 82786 in synchro-
nous operation. In Master Mode, synchronous/asyn-
chronous operation affects the sampling of the HLDA
signal only. In Slave Mode, synchronous/asynchronous
operation affects the sampling of the RD and WR sig-
nals, as will be seen, and allows for direct connection to
an 80286 (80186 and 80386 can also be supported).

Every design must support Slave Mode. The great ma-
jority of applications do not require Master Mode and
it need not be supported. Our design uses an asynchro-
nous slave interface, which we will focus on in more
detail.

3.2 Aysnchronous Slave Interface

The following pins make up the 82786 Slave Interface:
1. 22 address inputs, A21:0.

2. BHE input used to indicate valid data on the upper
data bus, D8-D15, of the 82786 graphics memory.

3. Bus command input signals RD, WR, and M/10..
4. Chip select input, CS.

5. Slave Enable output, SEN, is used to signal the sys-
tem that the requested slave access is currently being
serviced. This signal is used to enable the connection
of the 82786 data bus to the external data bus and
also as a source of READY to the external master.

All of the input signals, with the exception of CS, are
bidirectional pins driven by the 82786 when it is execut-
ing Master Mode cycles. Whenever the 82786 is in
Slave Mode, these signals are monitored by the Slave
Interface logic.. The correct combination of bus com-
mands on these pins generate a slave cycle request.

Figure 4 shows the timing relations for the Asynchro-
nous Slave interface. When either RD or WR are de-
tected low, CS is sampled. If CS is found to be low, the
82786 will generate a slave cycle request. Note that the
address pins, along with BHE and M/IO have the same
setup and hold timing as CS. Once the setup and hold
times have been met, the valid addresses may be re-
moved since they will have been latched internally by
the 82786.

A slave cycle request is arbitrated between DRAM re-
fresh, Display Processor requests, and Graphics Proc-
essor requests for bus bandwidth and is serviced ac-
cording to the programmed priority of each type of
request. Notice the break in Figure 4 between the con-
trol signals going active and SEN going high, indicating
the indeterminate amount of time before the 82786 be-
gins to execute the slave cycle. Even if external slave
accesses are programmed to be higher priority than
graphics or display processor requests for the bus,
DRAM refresh cycles always have highest priority and
can occur at any time. This can hold off execution of
the slave cycle for a few clocks. Therefore, once the PC
makes a slave request to the 82786, it will have to be
held in a wait state (by pulling IOCHRDY low) until
SEN goes high and the slave cycle begins.

Figure 5 shows the timing relations for the slave cycle
during the SEN active high time. SEN remains high for
the entire cycle, which lasts four clocks for a write and
five clocks for a read.
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Figure 6. Generating 82786 Control Signals
82786
AO-15 N xcwr ' > A0-15
IBM PC/AT* N At6=19
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Figure 7. Block Diagram of Data/Address Bus
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Figure 8. 8/16-Bit Crosser for Write Data
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4.0 INTERFACING THE 82786 TO
THE 1/0 CHANNEL

4.1 General Considerations

Our graphics board_will decode the address, MEMR,
MEMW, IOR, and IOW signals from the PC and, if a
slave cycle request is detected, generate the proper con-
trol signals (RD, WR, M/IO, BHE and CS) along with
gating the address and data to the 82786. Refer to Fig-
ure 6 for a block diagram of generating the 82786 con-
trol signals. The IOCHRDY signal will immediately be
pulled low in order to place the PC into a wait state. If
our design is to a 16-bit interface, we must also pull the
MEMCS]16 signal low. This signal is not used for an 8-
bit interface.

Once JIOCHRDY has been pulled low, the PC will be
held in a wait state. This will cause the demultiplexed
address, data, and control signals to be held valid for
us. This means that we do not have to latch these sig-
nals on our board. Figure 7 shows a block diagram of
the address and data bus interface for our design. Once
our board is selected, control logic can turn on the ad-
dress and data transceivers/latches.

4.2 Loading

IBM specifies no more than two TTL loads per pin per
slot for the I/0 CHANNEL. This is to assure that the
PC system board can properly drive all peripheral cards
that may be plugged into the I/O CHANNEL. In or-
der to meet this spec, it is necessary to buffer any sig-
nals that drive more than two loads in our design.

4.3 Write Data

Figure 7 shows a data path consisting of two levels of
transceivers for the write path. Working our way from
the I/0 CHANNETL side, the first bank of transceivers
encountered buffer and gate the data bus onto our
board. The second bank of transceivers isolate the
82786 from the board’s data bus.

Upon receiving a decode, the first transceivers will turn,
on, gating data onto the board. The second transceivers.
only turn on when SEN goes high, indicating the start
of the slave cycle. In this way, the PC’s data can gate
onto the board without interfering with any other
82786 memory cycles in progress to the graphics mem-
ory. This allows the PC to access the Page Select regis-
ter (which will be discussed later) without disturbing
82786 memory cycles. In addition, if we were to insert a
dedicated on-board CPU, it would interface between
these two sets of transceivers, allowing the PC to talk to
the local CPU without disturbing 82786 memory activi-

ty.

A crosser network for write data is shown in Figure 8.
All three transceivers are needed only if the design will
interface to both an 8-bit and a 16-bit system, as in our
example. If the design is only to the 8-bit PC or to the
IBM AT computer, then only two transceivers are re-
quired.

4.4 head Data

Read data from the 82786 or graphics memory must be
latched. This is shown in Figure 5, where it can be seen
that read data will only be valid for 3—4 clocks. De-
pending upon when IOCHRDY is released, read data
may come and go before the PC can come out of its
wait state (refer to Section 4.5), so it must be latched
and held.

The read data latches shown in Figure 9 are configured
similarly to the write 'data transceivers of Figure 8.
Once again, all three latches are needed only if the de-
sign will interface to both a PC and an IBM AT com-
puter, as in our example..

The data latch control can be implemented by counting
82786 clocks from the rising edge of SEN until read
data is valid, as shown in Figure 5, and then latching
the data. This data can be held and made available for
when the I/O CHANNEL exits its wait state.
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8/16 BIT INTERFACE
READ LOW BYTE
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Figure 9. Read Data Latches

4.5 Exiting Wait States

There are many choices of clock speeds to run the
82786 in a graphics design. In addition, our design may
be interfaced to several different speed PC’s. As a re-
sult, once IOCHRDY is released you cannot know ex-
actly when the PC will come out of its wait state in
relation to SEN and the slave cycle.

For example, if the PC is writing to our graphics board,
write data will be held valid as long as the PC is kept in
a wait state. We need the write data to remain valid to
meet the data hold time as shown in Figure 5. If
IOCHRDY is released at the rising edge of SEN and
the PC is running at a fast clock rate, it is possible for
the PC to exit its wait state and remove the write data
too early in the SEN/DATA cycle. This can, of course,
be ‘predicted exactly if all possible combinations of the
82786 and PC clock speeds are known. The exact time
to release IOCHRDY in order to hold data long
enough, yet not insert extra wait states, can be calculat-
ed.

A more conservative approach is to release IOCHRDY
off the falling edge of SEN, which has been done in this
design. For write cycles, this guarantees that write data
will be held past the entire SEN/DATA cycle. Since we
are latching read data, it is held valid for whenever the
wait state ends. The tradeoff here is that performance
will be degraded somewhat since extra clocks are in-
serted into every slave access.

4.6 Page Selection

As previously mentioned, our design uses the 64 kbyte
section of the PC’s memory space located at the A0OOO
segment. Our graphics board will contain 1 Mbyte of
memory, however. We must have some method of .ac-
cessing the entire 1 Mbyte of graphics memory from
the PC’s 64 kbyte window. This is accomplished
through the use of a simple paging scheme, as shown in
Figure 10.

82786 1 MEG
ADDRESS SPACE
o
IBM AT*
ADDRESS SPACE . : ) o4k
A
0A0000h
Page
Select
OAFFFFh ]
OFFFFFh
240049-8
Figure 10. Page Selection
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Pins SAO-SA15 directly drive 82786 pins AO-A15 to
address within a given 64 kbyte section of memory.
82786 pins A16-A19 determine which 64 kbyte memo-
ry section, or page, we address. We can drive these page
selection address lines with a latch which will contain
the desire page number from O to FH. Figure 11 shows
a block diagram of the page select circuit.

SDO-3 74374 A16-19
IBM PC/AT* G 82786
iow
AD
0300
240049-9

Figure 11. Page Select Circuit

Our design latches the page number from data bits
D0-D3 by writing to I/O address 0300H. The output
of the latch will then drive 82786 pins A16-A19. .

5.0 SPECIAL CONSIDERATIONS

5.1 IOCHRDY and MEMCS16 Timing

For 16-bit accesses, IOCHRDY and MEMCS16 must
be brought low very quickly upon decoding an access to
the peripheral board. The purpose of signals
LA17-LA23 is to provide address lines for such de-
codes. These address lines become valid at the 1/0
CHANNEL earlier than the latched address lines
SA0-SA19, providing more setup time for the decode
and generation of MEMCS16. For this reason it is de-
sirable to use the LA lines for decodes whenever possi-
ble. )

Lines LA17-LA23 provide for address decoding down
to 128 kbyte resolution. Decoding addresses in 64 kbyte
sections would require an LA16 pin, which is not pro-
vided. Recall, however, that we were unable to find a
convenient 128 kbyte section of the IBM system memo-
ry space to use for our design. This means that we must
use address pin SA16 for part of our decode. Since the
SA lines become valid later than the LA lines, we have
less time in which to decode an address and generate a
MEMCS16." o '

Although both IOCHRDY and MEMCS16 must be
brought low quickly, MEMCS16 is the most critical
timing of the two. For an 8 MHz PC, we have 24 ns
from SAO0-SA16 valid to issue a MEMCS16 low signal
in order to cause a 16-bit access and — 11 ns to cause a
command delay. Fortunately we do not care about the
command-delay. If we miss the window, any 16-bit ac-
cesses will automatically be broken into two 8-bit ac-
cesses. . : .

The circuit used to generate IOCHRDY and
MEMCS16 can be found in the complete board sche-

_ matic in the Appendix. Figure 12 focuses on the partic-

ular circuitry of interest here. Fast logic devices are
required and the decode PAL must have a short propa-
gation delay. This is particularly important since an
extra flip-flop is used to cause IOCHRDY to be re-
leased from the falling edge of SEN.

5.2 Maximum Wait States

For medium and high resolution displays using
DRAMs, a significant portion of the available memory
bandwidth is required for the display process. To acco-
modate this, the display processor is programmed for
highest priority access into the graphics memory. In the
worst case the display processor can stay on the
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memory bus continuously for more than 5 microsec-
onds. This will happen while fetchmg 16 ule descriptors
(96 words).

The IBM AT Technical Reference Manual warns us
not to hold IOCHRDY low for more than 2.5 micro-
seconds, which is 15 wait states in a 6 MHz machine
and 20 wait states in an 8 MHz machine. During wait
states the DMA controller can’t obtain the bus to re-
fresh memory, which results in delayed memory refresh
cycles.

If the 82786 is programmed with highest priority for
the display processor, then the external CPU will have
to stay in a wait state until the display processor releas-
es the memory bus and SEN goes high. Although this
may not result in any erroneous operation, it will cer-
tainly violate the bus spec for wait state duration. In
order- to meet the bus spec, the 82786 must be pro-
grammed with the highest priority for the external
CPU.

This will be acceptable if the CPU accesses the 82786
and graphics memory only during noncritical periods.
However, if the CPU needs to access the 82786 very
frequently, then the display processor may not be able
to refresh the screen in the required amount of time.
Therefore, if the CPU is programmed to highest priori-
ty, it must be restricted in its access.to the 82786.

The latency between successive accesses from the CPU
to the 82786 can be approximated by the expression. .

latency (in 82786 system clock cycles) 2
2* [6/((MMXR/DPXR)—1)]
where: MMXR = maximum memory data transfer rate
(40 Mbytes/s if using interleaved, fast
page mode DRAM’'s at maximum
82786 bus clock speed)
DPXR = ((Xmax * Ymax * Bpp)/8) * Display
’ refresh rate

Xmax = no. of pixels in the x direction
Ymax = no. of pixels in they direction
Bpp = no. of bits/pixel
"NOTE:
“System clock cycles” refers to internal 82786 clock
cycles. 2 pin clocks = 1 system clock. For example,

20 MHz pin clock is equivalent to an 82786 10 MHz
system clock rate.

PAL 74F04
A7=19 ,l+to
TN decods
address
AO0O 74F08
MEMW  74F86
MEMR

74F125
MEMCS16
74F125
T4F74 IOCHRDY'
74F86
CLK

240049-10

Figure 12. IOCHRDY and MEMCS16 Circuitry
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One way to force this restriction on the CPU is to en-
sure that this latency is built into the software. This
implies that:

1) there are no block accesses into the graphics subsys-

tem and

2) all single accesses are separated by instructions (e.g.
NOP) that will guarantee that the CPU stays away
from the 82786 for the desired time.

This software method to control the CPU accesses will
allow single accesses into the graphics memory to be
serviced quickly, but at the same time, it imposes a lot
of restrictions on the programmer. Additionally, the
software becomes very specific to the hardware envi-

ronment and portability of the software becomes limit-

ed. An alternative is to design the hardware to restrict
CPU access to the 82786.

The scheme shown in Figure 13 delays the CS input
into the 82786 by some delay. time. When the CPU
begins a memory cycle to the 82786, the address decode
logic pulls IOCHRDY low, putting the PC into a wait
state. The 82786 does not see this request immediately
and so the SEN output stays low, which will cause the
PC to remain in the wait state. Therefore, the display
processor, which is programmed for second priority,
can use the memory bus. After the delay time, the

82786 sees the CS from the external CPU and services
it immediately since the request comes from a higher
priority source. The CPU does not stay in a wait state
for more than the maximum specified period.

This hardware method of restricting CPU accesses ef-
fectively increases the priority of the display processor
even though the external CPU is programmed for high-
est priority. At the same time, this method ensures ade-
quate bus sharing between the display processor and
the external CPU.

A feature has been added to the D-stepping of the
82786 which allows for altered priority for external
CPU slave requests. The CPU will assume this altered
priority every 42 CLK’s and will switch back to the
standard priority only upon execution of the slave CPU
bus cycle.’

By programming the CPU to have a standard priority
below that of the display processsor and an altered pri-
ority higher than the display processor, the previously
discussed software and hardware methods of restricting
CPU slave accesses to the 82786 are not necessary. This
new fedture will allow the CPU to get a bus cycle every
2.1 microseconds (assuming an 82786 pin clock rate of
20 MHz) and still give the display processor highest
priority the rest of the time.

cru  ——N ADDRESS DELAY _
ADDRESS —/] DECODE S s
|'4 CLR
82786 CLOCK 82786
cPU READY
Reapy ¢ LOGIC SEN

240049-11

Figure 13. Limiting the Rate of CPU Accesses to the 82786
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- APPENDlX A
82786 GRAPHICS BOARD DESCRIPTION

The 82786 based graphics board presented in this appli-
cation note contains 1 Mbyte of fast page mode
DRAM’s, which comprise the graphics memory for the
board. The memory is visible to the PC at address space
AOOOOH-AFFFFH, which is a 64 kbyte section of
memory. The entire 1 Mbyte of graphics memory is
addressable as 16 64 kbyte banks, which are selected by
82786 address bits A16—A19. The desired bank is se-
lected by writing the value on the lower four bits of the
data bus (D0-D3) to I/O address 0300H.

There is one other section of the PC address space that
can access the board. That is address C4400H-
C447FH. Accesses to this section of memory will cause
1/0 accesses to be seen by the 82786. This allows access
to the Internal Registers, which reside in 1/0 space
when the 82786 comes out of RESET. The Internal
Registers remain I/0 mapped and must be relocated to
1/0 space base address 4400H (I/0 space for the 82786
is only 64 kbytes—the upper address bits are ignored.

However, the upper 7 bits of the Internal Relocation
register must be programmed to 0’s when locating the
Internal Registers in I/O space).

The board supports a software reset. This is accom-
plished by writing a “1” on data bit 4 to I/0O address
0300H and then a “0” on the same data bit to the same
address. When using software reset, care must be taken
to assure the proper values appear on data bits DO-D3
in order to not reprogram the page select register.

The board contains several jumpers which are de-
scribed here:

1) There is a jumper to select a 16-bit vs. 8-bit interface.
16-bit interface is selected by inserting the jumper.

2) There are two jumpers to select between synchro-
nous and asynchronous VCLK operation. In syn-
chronous operation, VCLK is tied to CLK on the
82786. In asynchronous operation, VCLK comes
from a separate clock oscillator source. Only one of
these jumpers may be inserted at any one time.
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APPENDIX B

82786 GRAPHICS BOARD PAL EQUATIONS

module U10
title *PAL 1 -- U10
date april 2,1986°

Ul0al device *P20L8’;

PCA19, PCA18,PCA17,PCA16, PCA1S, PCA14,PCA13,
PCA12,PCA11,PCA10, PCAO9, PCAO8, PCAO7
: pin 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,13,14;

PCMEMR, PCP6IR, PCMEMW, PCIOW, IOCHRDY_SELECT,NC1,
NC2, PCIOR,PCPGI
pin 23,22,21,20,19,18,17,16,15;

equations
{PCP61 = PCA19 & IPCA18 & PCA17 & IPCA16
_ & (PCMEMR § PCMEMW) & PCIOR & PCIOW;
IPCP6IR = PCA19 & PCA18 & IPCA17 & !PCA16 & IPCAI5 & PCAl4 &
IPCAL3 & [PCA12 & {PCA1l & PCA10 & IPCA0O9 & !PCAOS &
IPCAO7 & (PCMEMR $ PCMEMW) & PCIOR & PCIOW;
| TOCHRDY_SELECT = (PCA19 & !PCA18 & PCA17 & IPCA16) # (PCA19 & PCA18 &

IPCA17 & IPCA16 & IPCA15 & PCA14 & IPCAI3 & IPCA12
& IPCA11 & PCA10 & !PCA09 & IPCAO8 & IPCAO7);

end U10

240049-12
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module U11
title "PAL 2 -- Ullq
date april 2,1986°

Ullal device ’P20L8’;
PCA09, PCA08, PCAO7 N PCAOS »PCAO5, PCAO4, PCAO3,
PCA02, PCAO1,PCA00, NC1
pin 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11;
PCMEMR, PAGE_SELECT,NC2,NC3,NC4,NC5, PAGE_SEL, PCMEMH NC6, PCIOW,PCIOR
pin 23, 22 21,20, 19 18 17,16,15, 14,
equations ‘
IPAGE_SEL = (PCA09 & PCAO8 & !PCAO7 & !PCAO6 & !PCAO5 & {PCAO4 &
IPCAO3 & IPCAO2 & !PCAO1 & IPCAOO & !PCIOW & PCMEMR &
PCMEMW) 5
PAGE_SELECT = PAGE_SEL;

end U1l
240049-13

module U26
title *PAL 5 -- U26
date april 2,1986°
U26al device ’P20L8’;
PCP61, SBHE, li’CPG{R , PCMEMR, P6SEN, LTCHBQ,NC1, PCAO NC2,NC3,NC4
pin
NC9, CLRLTCHCNTR PCPGCS PCLATCMLO PCLATCHHI NCB PC_AT,P6BHE,

NC7 NC6, N
pin 23,22,21,20,19,18,17,16,15,14,13;

equations
{PCLATCHLO = IPCAO & (!PCP61 # !PCP6IR) & !PCMEMR;
{PCLATCHHI = PCAO & (!PCP61 # !PCP6IR) & !PCMEMR & PC_AT;
CLRLTCHCNTR = (!PCP61 # !PCP6IR) & ! PCMEMR & P6SEN & !LTCHBQ;
PCP6CS = (IPCP61 # !PCP6IR);
P6BHE = (IPC_AT & SBHE # PC_AT & IPCAO) & (!PCP61 #
IPCPGIR) ;

end U26
240049-14
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module U35
title *PAL 6 -- U35
date april 2,1986°
U35al device *P20L8’;
NC1,NC2,PCP6IR,PCP61,PCP6CS,NC3,NC4,
PCMEMR, PCMEMW,NC5,NC6
pin 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11;
NC10,NC9,NC8, P6CS, PEWR, P6RD, PGRDYCLK, T_R, P6DEN,
NC7,P6SEN
pin 23,22,21,20,19,18,17,16,15,14,13;
equations
1P6CS = PCP6CS;
1P6WR = (IPCMEMW & (IPCP6IR # IPCP61));
IP6RD = (IPCMEMR & (!PCPGIR # IPCP61));
| P6DEN = ((!PCP61 # IPCP6IR) & IPCMEMW & P6SEN);
TR = ((!PCP61 # IPCP6IR) & !PCMEMW);

PGRDYCLK = (PCP6CS $ P6SEN);

end U35 240049-15

module U48
title 'PAL 7 -- U48
date april 2,1986°
U4gal device *P20L8’;

SBHE, PCMEMR, PC_AT,NC1,PCP6IR, PCP61,CLK, LA16,
LA17,LA18,LA19
6, 7, 8, 9,10,11

SAU,ATOC?HK]3I’lE§ET3I'40%:RgéET,NCZ,NC3,P6 WIO ACC16, SAL9, SAL8

pin 23,22,21,20,19,18,17,16,15,1%,13;
equations

IATOC = ISBHE & IPC_AT & IPCMEMR & (IPCP61 # IPCP6IR);

IACCI6 = SA19 & ISAI8 & SAI7 & ILAIG & IPC_AT;

1P6_MIO = IPCPGIR;

CIKI = 1CLK;

RESET_NOT = IRESET;

end U48 240049-16
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module U52
title 'PAL 8 -- U52
date april 2,1986°
Us2al device P20L8’;
NC1,PAGE_SELECT,NC2, P6SEN, PCP6IR,PCP61,PCMEMW,
PCAO pcTOM, PCMEHR,PCIOR
pin 1, 2,3, 4,5,6,7, 8, 9,10,11;
MANURESET,ADDR_ENABLE,NCS, PCDLO, RESET, IOCHRDY, NC4,
NC3, ZlST R1, FCRESETDRV SOFT_RESET
pin 23,22,21, 20 19,18,17,16,15,14,13;
equations
_245T_R1 = (PCMEMR & PCIOR) # (!PCMEMW # IPCIOW);

{PCDLO = ((1PCP61 # IPCP6IR) & IPCAO & (!PCMEMW # IPCIOW))
# |PAGE_SELECT;

RESET = (MANURESET # PCRESETDRV # SOFT_RESET);
|IOCHRDY = (1PCP61 # IPCP6IR) & !P6SEN;
ADDR_ENABLE = (!PCP61 # IPCP6IR);

end U52
240049-17
module U54
title *PAL 9 -- US4
date april 2,1986°
US4al device 'P20L8’;
PCP61,PCMEMR, PCPEIR NC1,NC2,NC3,PCAO,
CMEMH NC4, PSSEN, E
p1 1, 2,3, 4,5,6, 7,8, 9,10,11;
PCIOR,NC10,NC9, NC8 PCD AT, PCD_| HI
NC7, NCG NC5 PC AT, PCIOW
pin 23, 22 21,20,19,18,17,16,15,14,13;
equations -
1PCD_HI = (!PCP61 # !PCP6IR) & PCAO & PC_AT & PCMEMR;
IPCD_AT = (IPCP61 # !PCP6IR) & !PC_AT & !SBHE & PCMEMR;
end US4 '
240049-18
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APPENDIX C
82786 GRAPHICS BOARD SCHEMATICS
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RELATED DOCUMENTATION
This software applications note should be used with the 82786 User’s Manual (Order Number: 231933-002).

Other documentation available for the 82786 includes: Hardware Configuration Applications Note (Order Number:
292007-003), The 82786 Architectural Overview (Order Number: 122711-003), The 82786 Data Sheet (Order Num-
ber 231676-003), and 82786 Design Example—Interfacing to the IBM PC/AT (Order Number: 240049-001).

CHAPTER 1 INTRODUCTION
1.0 INTRODUCTION

This application note shows, by example, how to program the 82786. These software interface examples are written
for an Intel 82786-based graphics board as described in the Application Note: 82786 Design Example-Interfacing to
the IBM PC/AT. However, the concepts presented in these examples can be applied to any system using the 82786.
With the appropriate modifications, these programs will run on other 82786 systems. Contact your nearest Intel
Sales Office for more information about availability of 82786 graphics boards and availability of machine-readable
copies of the software presented in this Application Note.

Chapter 2 presents an overview of the programmers model of the 82786.

Chapter 3 presents an 80286 Assembly Language example. The objectives of this example program are:
1) Initialize the 82786 registers,

2) Program the Display Processor (DP) for one full-screen window,

3) Draw a simple graphics image using the Graphics Processor (GP).

Chapter 3 also suggest several modifications to the Example Program as exercises for the reader. Solutions to the
exercises are provided in the appendix. By working through these exercises, the reader gains an understanding of the
concepts of programming the 82786.

Chapter 4 provides a Quick Reference Section, containing information frequently used by 82786 programmers.

1.1 Hardware System Requiremehts

Hardware system requirements to run the programming examples:

(1) An 82786 graphics board as described in the Application Note: 82786 Design Example-Interfacing to the IBM
PC/AT.

(2) 6 MHz or 8 MHz—IBM AT computer. )

‘ NOTE:

(3) The Intel Evaluation Board cannot be used in a computer in which the EGA Graphics Adapter is installed. (For
your text display, use the Monochrome Adapter or CGA adapter.)

Any other peripheral device that uses the A-segment of CPU address space or CPU addresses C4400— C4474
cannot be used with the 82786 Evaluation Board.

(4) NEC Multisync monitor (Model No: JC-1401P3A) or
SONY Multiscan monitor (Model no: CPD-1302)

You may need to adjust the monitor controls for vertical and horizontal hold, size, position, etc.

Settings for the NEC Monitor:

Set the switches on the rear of the NEC Multisync monitor as follows:
(1) Set the “MANUAL” switch to “ON”.
(2) Set the TTL-ANALOG switch to “TTL”.
(3) Set DIP switch 5 to “ON”.
Set DIP switch 6 to “OFF”.

Settings for the SONY Monitor:
Set the Digital-Analog switch to “DIGITAL”.
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CHAPTER 2 PROGRAMMER’S MODEL OF THE 82786

2.0 INTRODUCTION

This Chapter presents an explanation of the programmer’s model of the 82786. There are 5 sections in this chapter:
2.1) Overview

2.2) Graphics Processor

2.3) Display Processor

2.4) Bus Interface Unit

2.5) Summary

2.1 Overview

PROGRAMMING MODEL
82786
) DISPLAY
CPU GRAPHICS DISPLAY INTERFACE
PROCESSOR IPROCESSOR
Iaus INTERFACE| DRAM &
., UNIT VRAM CONTL'R
4
GRAPHICS
MEMORY
m) ¢ OVERVIEW
e GRAPHICS PROCESSOR (GP)
e DISPLAY PROCESSOR (DP)
e BUS INTERFACE UNIT (BIU) )
) } 240048-1

Here is a block diagram of a typical 82786 system. The Display Processor and Graphics Processor are programmed
independently. The Bus Interface Unit has programmable priority levels to control bus arbitration between the DP,
GP, Host CPU, and DRAM refresh.

The Host CPU can write directly to the 82786 registers and directly into graphics memory.
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82786 PROGRAMMING MODEL

82786

GRAPHICS DISPLAY
PROCESSOR | | PROCESSOR

Z | Vi
/ / \ DISPLAY IMAGE
GRAPHICS GP cavsmmn BITMAPS \Dp DECSRIPTOR

LIST
MEMORY :‘;M v;e
i E DEscmPron #1
0 oescmproa #2
o EE
- s
9

/

CPU

240048-2

To program the Graphics Processor, the host CPU writes a GP command list into graphics memory. Then, the GP
executes the command list, drawing geometric shapes and text into the bitmaps in graphics memory.

To program the Display Processor, the host CPU writes a Screen Descriptor List into graphics memory. The DP
reads the Descriptor List and sends graphics data, in the desired format, from the bitmaps to the display device. The
DP can simultaneously display data from many different bitmaps. This is called Hardware Windows. Hardware
Windows provides window movement, scrolling, and spanning and allows instantaneous changes in window content
and screen format.
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2.2 Graphics Processor Programming

| BITMAPS
A BITMAP IS A RECTANGULAR DRAWING AREA
COMPOSED OF PIXELS
e MAXIMUM BITMAP SIZE - 32K BY 32K PIXELS

e 1,2, 4 OR 8 BITS/PIXEL

o PACKED-PIXEL ORGANIZATION - EFFICIENT MEMORY
UTILIZATION (2, 4, 8 OR 16 PIXELS/WORD)

e NO LIMIT TO NUMBER OF BITMAPS

32K
(0.0) - >
[ o] | ——
PIXEL
32Ky LOCATION

DISPLAY SCREEN

BITMAP IN GRAPHICS
MEMORY

240048-3

A bitmap can be thought of as a rectangular drawing area composed of pixels. Bitmaps are located in graphics
memory. ‘

The 82786 supports:

— VERY LARGE bitmaps, up to 32K x 32K.

— Flexible color capacity: 1,2, 4, or 8 bits/pixel providing 2, 4, 16, or 256 colors

— Packed pixel organization allows for efficient memory utilization

— Unlimited number of bitmaps, limited only by amount of available graphics memory.

5-220



intal AP-408

-GRAPHIC PROCESSOR REGISTERS
DIRECT ACCESS INDIRECT ACCESS

REGISTERS REGISTERS
OFFSET 20H " oP CODE [ECL GP conTROL | °
PARAMETER 1 REGISTERS
- PARAMETER 2 GP CONTEXT
STATUS REGISTERS
INSTRUCTION
POINTER (22 BITS)
2BH .
22 WORDS

o GP INTERNAL REGISTERS o GP CONTROL REGISTERS
o GP CONTEXT REGISTERS
® DUMP—_REG, LOAD_REG

240048-4

Overview of Graphics Processor Registers

The Graphics Processor has 2 sets of registers: directly accessible and indirectly accessible.

The directly accessible registers include:
An Opcode register, two parameter registers, a Status Register, and an Instruction Pointer.

The indirectly accessible registers include the GP Control registers and the Context Switching registers used in

multi-tasking systems. The indirectly accessible registers are loaded with the LOAD__REG command and read with
the DUMP__REG command.
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GRAPHICS PROCESSOR COMMAND LIST
82786 GP . ' . GECL . _ .
REGISTERS o : -

GRO unk o ‘OPCODE1 [ 0| OPCODE 1
GR1 - [appRess Low|] / PARAM
GR2 ADDRESS  HIGH | |° | PARAM .

OPCODE2 = |0
PARAM _
PARAM
PARAM
OPCODES |0
PARAM
PARAM
HALT | 1

}

GECL
240048-5

The graphics processor command list is composed of a sequence of Graphics opcodes and parameters. This' com-
mand list is written into graphics memory by the host CPU. The GP begins execution of the command list when the
host CPU writes a LINK instruction and the address of the command list into the GP registers. The GP halts
execution when it reaches the HALT instruction.
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GRAPHICS PROCESSOR COMMAND SET

FOUR TYPES OF COMMANDS:

GEOMETRIC - POINT, INCR POINT, LINE, POLYLINE,
POLYGON, ARC, CIRCLE, HORIZ-LINE
TRANSFER - BIT-BLT, CHARACTER

DRAWING CONTROL - DEFINES: TEXTURE, COLOR, LOGIC OPERATIONS,
CHARACTER ATTRIBUTES, DRAWING
AREA (BIT-MAP), ETC.
MOVE (DRAWING POINTER)

NON DRAWING - NOP, LINK (JUMP), MACRO (SUBROUTINE),
INTERRUPT, LOAD/DUMP REGISTER

240048-6

Overview of Graphics Processor commands.

The Graphics Processor has 4 types of commands:
— Geometric drawing commands

— Transfer commands

— Drawing Control

— Non-drawing commands.

The GP commands provide a CGI-like graphics interface. These graphics primitives are extremely fast, since they
are implemented in hardware. The Geometric commands provide primitives for POINT, LINE, ARC, and CIR-
CLE. The INCREMENTAL__POINT, POLYLINE, POLYGON, and HORIZONTAL__LINE (SCAN__LINES)
commands can draw many points or lines with only one GP command for maximum efficiency. The SCAN__LINES
command is used for Area Fill.

The GP Transfer commands provide high-speed BLOCK DATA TRANSFER and Text CHARACTER support.

The Drawing Control commands provide settings for COLOR, TEXTURE, LOGICAL OPERATOR, DEFINING
BITMAPS, CLIPPING RECTANGLE, AND CHARACTER ATTRIBUTES.

The Non-drawing commands provide LINK, MACRO (SUBROUTINE) CALL and RETURN commands, as well
as an INTERRUPT and LOAD/DUMP REGISTER commands.

The LINE and CIRCLE commands are implemented by Breshenham’s Algorithm (in a state machine).
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BIT BLOCK TRANSFER COMMAND

BIT.BLT lo
SOURCE X (0.0) X
SOURCE Y , -
DX X.Y) DX
DY
: _ SOURCE
HALT 1 " | RECTANGLE
GCPP NEW GCPP
DY [
DESTINATION
Y RECTANGLE
BIT BLOCK TRANSFER

240048-7

Here is an example of a Graphics Processor command, showing the format of the Bit__Blit (Bit Block Transfer)
command. The opcode comes first followed immediately by its associated parameters, the Source X and Y co-ordi-
nates and the width (dx) and height (dy). This command copies a block of data to the destination indicated by the
Graphics Current Position Pointer (GCPP).
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GRAPHICS PROCESSOR DRAWING EXAMPLE

82786  aecL .
REGISTERS | COMMAND LIST
cro| LINK [ 0 'ABSOLUTE MOVE 0,0 BIT MAP
GR1 | ADDRESS LOW :
GR2 | ADDRESS HIGH CIRCLE
RADIUS
RECTANGLE |
X,Y)

DX
DY
L
LINE
DX
oY
*
RELATIVE MOVE

DX
DY
POLY LINE
ARRAY PXR LOW
ARRAY PXR HIGH
| NOWOFLNES ]

HALT

[

&

DY1

DXN
DYN

240048-8

This Figure shows a specific example of a GP command list and its resultant drawing in the bit map. This demon-
strates the capability of the Graphics Processor and how easy it is to create a drawing using the built-in graphics
commands.

This GP command list example shows the ABSOLUTE__MOVE, CIRCLE, RECTANGLE, LINE, and POLY-
LINE commands.

First, the CPU writes the command list into graphics memory. The GP command list is executed when its address
and the LINK instruction is written into the GP opcode registers.

The ABSOLUTE_MOVE instruction moves the Position Pointer to the given (x, y) coordinate, the CIRCLE
command draws the circle with the given radius, the RECTANGLE command draws a rectangle with the given
width and height, the LINE command draws a line with the given offset for the endpoint. The POLYLINE
command draws a series of lines with only one GP command. The parameter for a POLYLINE command is a
pointer to an array of endpoints for several lines.
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GRAPHICS
MEMORY

82786 PROGRAMMING MODEL

82786
GrapHics || oispLay
PROCESSOR | | PROCESSOR

X |\ 4

yd

| /

\

MOVE

GP COMMAND
LIST”

BITMAPS ! l

j‘ll

I

IS WINDOW | CONTAINS

HIGH QUALITY | TEXT

¢

DP DECSRIPTOR
LIsT

STRIP

DESCRIPTOR #2

DESCRIPTOR #1
S——
STRIP

STRIP
DESCRIPTOR #N

~

7

DISPLAY IMAGE

240048-2

In summary, to program the 82786 GP: first the CPU writes a command list into graphics memory, as shown here.
We have seen the details of the command list structure and details of some of the GP commands.

The CPU instructs the GP to execute a command list by first writing the address of the command list into the GP
registers GR1 and GR2, and then writing the LINK opcode into the GP Opcode Register, GRO.

The graphics processor then executes the command list and draws the images into the bitmaps.
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2.3 Display Processor Programming

This section describes general concepts of programming the Display Processor. As mentioned earlier, the DP reads a
Screen Descriptor List that was written in graphics memory by the host CPU. This descriptor list determines how
graphics data contained in the bitmaps is displayed on the screen in windows.

82786 SCREEN CONFIGURATION

BASIS OF HARDWARE WINDOW

® SCREEN IS DIVIDED INTO STRIPS

® EACH STRIP HAS SEVERAL TILES (MAX 16/STRIP)

® EACH TILE CAN DISPLAY DATA FROM DIFFERENT BIT MAP
® EACH TILE CAN HAVE DIFFERENT DEPTH (BITS/PIXEL)

® ANY TILE CAN BE ZOOMED (PIXEL REPLICATION)

e TILES

STRIP 1 TILE 1

STRIP 2

STRIP 3

STRIP 4 : TILE 2

STRIPS

STRIP § TILE 1

240048-10

Explanation of Display Processor Screen Descriptor List.

The 82786 uses a flexible and powerful method for describing the screen composition. The screen is described in
terms of Strips, each strip is composed of Tiles. Each tile can display data from a different bitmap of a different depth
(bits/pixel). Each tile may be zoomed independently. The screen format can be completely changed every frame
refresh cycle. (This is typically every 1/60 second.)
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DISPLAY PROCESSOR REGISTERS

DIRECT : ‘ INDIRECT
ACCESS REGISTERS ACCESS REGISTERS

OFF!
SET40H I™Gp cope_Ject CURSOR ON OFF y
PARAMETER 1 INTERRUPT MASK ] r
PARAMETER 2 INTERLACE/NON-INTERLACE
PARAMETER 3 MASTER/SLAVE MODE
SRR . fr——————————

STATUS
DEFAULT VIDEO

4BH

VIDEO WORDS
TIMING
PARAMETERS
T
DESCRIPTOR POINTER
ZOOM FACTOR
220N
COLOR
PAD
REGISTERS
CURSOR POSTION

CURSOR
B

I
PATTERN

v

o DP INTERNAL REGISTERS o DISPLAY CONTROL BLOCK REGISTERS

e ACCESS BY LOAD, DUMP

REGISTER COMMANDS
. 240048-11

The Display Processor has 2 'sets of registers: directly accessible and indirectly accessible.

The Directly accessible registers include: An Opcode register, three parameter registers, and a Status Register.
The Indirectly accessible registers are also known as the DP Control Block Registers. These registers contain
parameters for controlling DP operations such as the Video Timing Signals, location of the Descriptor list, cursor

position, cursor pattern, etc. The indirectly accessible registers are loaded with the DP LOAD and DUMP com-
mands.
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HOW TO CHANGE SCREEN FORMAT

'GRAPHICS MEMORY

82786
DP DIRECT ACCESS .
REGISTERS | DESCRIPTOR POINTER LOWER
OP CODE LOAD-REG /’ DESCRIPTOR POINTER UPPER
PARAMETER 1 | ADDRESS LOWER | | |
PARAMETER 2 | ADDRESS HIGHER ’ ’
PARAMETER 3 REG I.D.

NEW DP
DESCRIPTOR
LIsT

240048-12

The screen format is changed by writing a new Descriptor list into graphics memory or modifying a copy of the
current descriptor list. Next, a pointer to the new descriptor list is written into graphics memory. Lastly, the address
of the pointer, the LOAD__REG command, and register ID (OE Hex for Descriptor Address Pointer) are written
into the DP parameter and opcode registers.

This is all that is necessary to change the screen format. The new screen appears during the next screen frame.
!
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HOW TO DEFINE THE STRIP
DISPLAY PROCESSOR DESCRIPTOR LIST

STRIP NUMBER OF LINES IN STRIP

HEADER LINK TO NEXT STRIP.HEADER
NUMBER OF TILES IN STRIP
BITMAP WIDTH

TILE _ |_START ADDRESS

DESCRIPTOR TILE WIDTH
BORDERS | zoom | FiELD

240048-13

As mentioned earlier, a Screen Descriptor List is composed of Strip and Tile descriptors. Here, we see an overview of
a strip and tile descriptor. See Figure 3.2 for a more detailed diagram of a strip and 'tile descriptor.

The Strip descriptor contains the number of lines in the strip, link to the next strip descriptor, and the number of tiles
in the strip. ' '

The Tile Descriptor contains the width of the source bitmap, the starting address of graphics data to be displayed,
the tile width, and settings for turning borders, zoom and field color on or off. Each tile has its own tile descriptor.
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SCREEN CONFIGURATION EXAMPLE
SCREEN '
DESCRIPTOR LIST SCREEN
500 LINES PieLS
BITMAP WIDTH : STRIP 1
DESCRIPTOR | START ADDRESS I 'so0
TILE 1 TILE WIDTH 1 uNes
BORDERS ZOOM : .
1 1024
I LINES
DESCRIPTOR I
TILE 2 I smip2
- _: LINES
524 LINES
HEADER
STRIP 2 TTiE —_
DESCRIPTOR
TILE 1
240048-16

Here, we see an example of a Descriptor List and its resultant display screen. The first strip, containing 500 lines
vertically, is composed of two tiles. The second strip, containing 524 lines vertically, is composed of one tile.
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GRAPHICS
MEMORY

82786 PROGRAMMING MODEL (

82786
GRAPHICS DISPLAY
PROCESSOR | |PROCESSOR | |
4

i

T /,

\

GP COMMAND  BITMAPS
ST -

i1 b

STRIP
0 DESCRIPTOR #2
0 HIGH QUALITY M

DP DECSRIPTOR
LsT
STR

[: STRIP
DESCRIPTOR #N

1P .
DESCRIPTOR #1
P——

N

e

CPU

DISPLAY IMAGE

240048-2

In summary, to program the 82786 DP: first the CPU writes a DP descriptor list into graphics memory, as shown
here. We have seen the details of the descriptor list. The display processor reads this descriptor list to determine how
graphics data contained in the bitmaps is displayed on the screen in windows.

The screen format may be changed by simply writing a new descriptor list into graphics memory and changing the
Descriptor Pointer to point to the new Descriptor List.
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2.4 Bus Interface Unit

This section describes an overview of programming the Bus Interface Unit.

The Bus Interface Unit is programmable and controls the following functions:
® The base address for access of the 82786 registers

® The Graphics Memory Configuration

— VRAM/DRAM type

— Memory Access Mode

— Bank Configuration

— DRAM Refresh frequency.

® Memory Access Priority

— Sophisticated Bus Access Arbitration

— 8 Priority Levels

BUS INTERFACE UNIT REGISTERS

OFFSET 00H REGISTER BASE ADDRESS I MIO

BIU CONTROL
REFRESH CONTROL
DRAM/VRAM CONTROL
DP PRIORITY

GP PRIORITY

OE | EXTCPUPRIORITY

e SYSTEM CPU/MEMORY INTERFACE PROGRAMMING
e GRAPHICS MEMORY CONFIGURATION
e MEMORY ACCESS PRIORITY

240048-18

Programming the BIU is simple and straightforward. The programmer must simply write the correct values into
each of the seven BIU registers. After these registers have been set, they do not need to be changed unless the chip is
reset. The GP, DP and CPU priorities may be changed at any time, if desired.

2.5 Summary

This concludes the overview of the 82786 programming model. We have seen an overview of the powerful Graphics
commands and how these commands are used.

We also talked about the concepts of programming the Display Processor and how to use the powerful hardware
windowing capabilities of the 82786.

Chapter 3 provides a specific programming example and more specific programming details.
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CHAPTER 3 EXAMPLE PROGRAM

3.0 INTRODUCTION

This Chapter presents an example 82786 program written in 80286 Assembly Language. The objectives of the
Example program are:

1) Initialize the 82786 registers

2) Program the Display Processor (DP) for one full-screen window

3) Draw a simple graphics image using the Graphics Processor (GP).

Section 3.1 presents an overview of the program. Section 3 2 presents a detailed explanation of the program, section
by section. Section 3.3 presents the complete source-code listing.

3.1 Overview Of Example Program

3.1.0 PROGRAM OUTLINE

Constant Definitions
— Special Addresses
— DP Opcodes
— GP Opcodes

Register Segment
— Define 82786 Internal Register Block Addresses

Data Segment

— Define DP Control Block Register Values
— Define DP Descriptor List
— Define GP Command List

Code Segment

— BIU Initialization—Load BIU Registers

— Clear Page 0 of Graphics Memory ,

— Copy DP Control Block Registers from CPU Memory to Graphics Memory
— Copy DP Descriptor List from CPU Memory to Graphics Memory

— Copy GP Command List from CPU Memory to Graphics Memory

— Start DP by Loading DP Control Block Registers

— Execute GP. Command List to Draw Image
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Program Outline
82786 Graphics Memory
Bitmaps
IBM AT System Memory
82786 .
' Oupter  Conwo Blook
Registers
FFo00
DP_Control Block Dr_vuﬂ::u':'m’ [DP Descriptor List
Registers Load_All Rogisters P
5ol "4
P Command List,
r | FF100
DP Descriptor List .
Link .
FF200 -
> GP Command List
240048-19
Figure 3.1

3.1.1 OVERVIEW OF PROGRAM
Figure 3.1 shows a graphical description of the Example program.

First, the correct values are written into the 82786 BIU Registers.
Section 3.2 explains how the values for these registers have been determined.
Next, Page 0 of graphics memory is cleared (used for bitmaps).

Next, values for the DP Control Block Registers, DP Descriptor List and GP Command List are copied from CPU
memory space to Graphics memory space.
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The values for the DP Control Block Registers are loaded from graphics memory into the 82786 registers by the
DP LOAD__ALL command. Two of the DP Control Block Registers, the Descriptor Pointer Upper and Descfiptor
Pointer Lower, are combined to give a 22-bit address. This is the address of a valid DP Descriptor List located at
location FF100 in graphics memory. The DP Descriptor List instructs the DP to fetch bitmap data starting at
location O in graphics memory.

Now the Graphics Command list is executed by writing its address into the GP Parameter Registers and then
writing a LINK command into the GP Opcode Register. The GP now draws the image into the graphics memory
bitmap area.

3.2 A Detailed Description of the Example Program

3.2.0 TECHNICAL FACTS

This section provides technical facts used in the Ekample program.

Graphics Memory Addressing:

The graphics board uses 64 Kbytes of CPU address space from A0000 to AFFFF. The page selection register
chooses one of 16 pages. This allows addressing of a total of 1 Megabyte of graphics memory.

The page selection register on the graphics board is set by outputting the page number (using the 80286 OUT
instruction) to port location 0x00300. This technique will vary on other hardware systems using the 82786.

Bitmap Location:

The example program stores bitmaps in Graphics memory starting at location 0.

Graphics Command Buffer Location:

Starts at Graphics memory location FF200

Display Processor Descriptor List Location:

DP Descriptor list FF100 (base address in graphics memory)

82786 Register Access:

The 82786 Internal Register Block is accessed by memory access to CPU memory locations C4400 through C447F.
The Graphics board decodes these addresses and issues an I/0 access.

Video Timing Parameters:

The initialization values for the video timing parameters assume an 18 MHz VCLOCK.

Assembler:

The example programs were assembled with the Microsoft Macro Assembler Version 4.0
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3.2.1 CONSTANT DEFINITIONS

3 RRoRkKKKKKKKKk  Program Constant definitions: | HRKAAKAKAAK KKK KK
SEG_GR_MEM equ 0A0O0Oh ; Segment to access graphics memory.
SEG_786_REG equ 0CO00h ; Segment to access 82786 registers.
DP_REG_MAP equ OF000h ; Address in graphics memory used to load

; DP control values to/from DP registers
DP_REG_MAP_LO  equ DP_REG_MAP
DP_REG_MAP_HI  equ 0000Fh

DESC_PTR_LO equ OF100h ; DP Discriptor List address in graphics memory
DESC_PTR_HI equ 0000Fh

GP_LIST_P‘I‘R_LO equ OF200h ; Address in graphics memory of GP command list
GP_LIST_PTR_HI equ 0000fh

BITMAP_0_LO equ 0000h ; Starting address of bitmap_0 (lower byte)
BITMAP_0, _BI equ 0000h ; Starting address of bitmap_0 (high byte)
PAGE_PORT equ 0300h ; I/0 address for graphics mem page select reg.
3 HRKKIKKKKKKKKKKKKKKK  Display Pr d

LOADREG equ 400h
LOADALL equ 500h
DUMPREG equ 600h
DUMPALL equ 700h

3 RRARKAKKKKKKKKKKKKXKX  Graphics Processor opcodes:

ABS_Mov equ 4F00h
ARC_EXCL equ 6800h
ARC_INCL equ 6900h
CIRCLE equ 8EOOh
DEF_BITMAP equ 1A00h
DEF_ _COLORS equ 3D00Oh

DEF_LOGICAL_OP equ 4100h
EESETEXTURE OP equ 0600h

equ 5400h
LINK equ 0200h
POINT equ 5300h
REL_Mov equ 5200h
HALT equ 0301h

240048-33

3.2.2 LOCATIONS FOR THE 82786 INTERNAL REGISTER BLOCK

The REGISTER SEGMENT defines a template of locations for access to the 82786 Internal Register Block. The
register segment is set to begin at memory location 0C440 (hex). As mentioned above, the Intel board issues an I/0
access when the CPU accesses memory at addresses C4400-C447F.

;¥RkRkRkkkkxk  Locations for the 82786 Internal Register Block: KARKKKKKK K KKK
register SEGMENT at 0C440h
INTER_RELOC db 2 DUP(?) ; Internal Relocation Register

dw (?) ; reserved location is 82786 Register Block
BIU_CONTROL db 2 DUP (?) ; BIU Control Register
DRAM_REFRESH dw (?) ; DRAM Refresh control register
DRAM_CONTROL dw (?) ; DRAM control register
DP_PRIORITY dw (?) ; DP priority register
GP_PRIORITY dw (?) ; GP priority register
EXT_PRIORITY dw (?) ; External Priority Register

dw 8 DUP (?) ; reserved locations in 82786 Register Block
GP_OPCODE_REG dw (?) ; GP opcode register
GP_PARM1_REG dw (?) ; GP Parameter 1 Register
GP_PARM2_REG dw (?) ; GP Parameter 2 Register
GP_STAT_REG dw (?) ; GP Status Register

dw 12 DUP (?) ; reserved locations in 82786 Register Block
DP_OPCODE_REG dw (?) ; DP opcode register
DP_PARM1_REG dw (?) ; DP Parameter 1 Register
DP_PARM2_REG dw (?) ; DP Parameter 2 Register
DP_PARM3_REG dw (?) ; DP Parameter 3 Register
DP_STAT_REG dw (?) ; DP 8tatus Register
DEF_VIDEO_REG dw (?) ; DP Default Video Register
register ENDS

240048-34

5-237



intal AP-408 / E

3.2.3 VALUES FOR DP CONTRQL BLOCK

The following program segment defines values for the Display Processor Contrql quck. Refer to tl.le 82786 User’s
Manual for an explanation of each register. The comments in the program explain this setting used in our example.

data SEGMENT

: DP master mode Blank master mode,
: acceleration mode off

;FRRKKKKKXKRKX  Values for the Display Processor Control Block: HRAKAAK AR HOKK
beg_dp_ctrl_blk LABEL word
; REGISTER NAME : SETTING

dw 3 ; Video Status : cursor ON, and display ON

dw 1111h ; Interrupt Mask : all interrupts disabled

dw 00010h ; Trip Point : controls when DP fifo is loaded

dw 00000h ; Frame Interrupt : no interrupts on frame count

dw 00000h ; Reserved

dw 00000h ; CRT Mode : non-interlaced, window status off,

; The following 8 registers contain the video timing parameters for a screen
; resolution of 640 X 381 pixels. These values assume VCLOCK = 18MHz.
; These values achieve a screen refresh of 60 Hz.

dw 86 ; Hsyncstp

dw 95 ; Hfldstrt

dw' 735 ; Hfldstp

dw 7563 ; Linelength

dw 11 ; Vsynstp

dw 15 ; Vfldstrt

dw 396 ; Vfldstp

dw 398 ; Framelength

dw DESC_PTR_LO ; DP descr ptr low

dw DESC_PTR_HI ; DP descr ptr high

dw 00000h ; Reserved

dw 00101h ; Zoom factor : X-zoom = 2, Y-zoom = 2

dw 00006h ; Field color

dw 00003h ; Border color

dw 00000h ; 1 BPP pad

dw 00000h ; 2 BPP pad

dw 00000h ; 4 BPP pad :
dw OAOFFh ; Cursor Style : Size = 16 X 16, transparent, cursor pad
dw 500 Cursor- X~-position

dw 180 Cursor Y-position

The following 16 registers define the cursor bit pattern (an upward arrow):
dw 0000000100000000b . .
dw 0000001110000000b

dw 0000011111000000b

dw 0000111111100000b

dw 0001111111110000b

dw 0011111111111000b

dw 0111011111011100b

dw 1100001110000110b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

end_DP_ctrl_blk LABEL word

240048-35
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3.2.4 DISPLAY PROCESSOR DESCRIPTOR LIST

The following program segment defines a Display Processor Descriptor List. The DP reads the Descriptor List every
frame, starting over at the beginning of the Descriptor List during vertical retrace. The Descriptor List determines

the graphics memory addresses from which display data is fetched.

A Screen Descriptor List is composed of a header for each strip and a Tile Descriptor for each tile in a strip. (See

Figure 3.2)

15 14 13 12 11 10 9 8

7 6

HEADER ———— .
I NUMBER OF LINES IN STRIP - 1
[me TO NEXT STRIP DESCRIPTOR (LOWER)
RESERVED |
Iﬂ ) RESERVED
15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0
FIRST — — 8 —
TiEDescapTon || BITMAP WiDTH —l
MEMORY START ADDRESS (LOWER)
ey
| — N
I RESERVED Lm ‘ l STARTBIT sToPBIT
=
RESERVED IFETCH COUNT
T8 v owlffws ][ RESERVED HpclElE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SECOND e -
TILE DESCRIPTOR [ BITMAP WIDTH |
[usuonv START ADDRESS (LOWER) ‘ I
i
[ R ) ' ADDRESS (UPPER) I
[ RESERVED le Hsmmm j |svonrr J
[ RESERVED J I FETCH COUNT I
[t 8 nlesTH RESERVED J rC IEHE]
°
.
°
Figure 3.2
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3.2.4.1 Strip Header

The Strip Header defines the.number of scan lines in the strip, the address of the next Strip Descriptor (link), and the
number of tiles in the strip. The descriptor list in oqr example defines one strip, 381 lines long, composed of one tile,
80 bytes wise (640 pixels).

3.2.4.2 Tile Descriptor

The Tile Descriptor defines the Bitmap Width, Memory Start Address, BPP, StartBit, StopBit, Fetch Count, Border
Control bits, Window Status (Window ID number), Zoom Control, and Field Tile Control.

The Bitmap Width gives the width of the source bitmap as defined by the GP DEF__BITMAP command when the
bitmap was drawn.

NOTE:
The Bitmap Width value is not related to the tile width.

The Memory Start Address determines the beginning location in graphics memory where data is to be fetched for a
given tile. This address is not necessarily the beginning address of the bitmap. If the Memory Start Address is hlgher
than the beginning address of the bitmap, the tile will contain an image beginning at the corresponding location in
the bitmap. ‘

The width of a tile ls’determmed by the FETCH COUNT value of the tile descnpbor The FETCH COUNT
determines the amount of data to be fetched from graphics memory and displayed in a glven tile. The value to be
programmed into FETCH COUNT is the (Number of bytes — 2).

Fetch Count can be determined as follows:

FETCH COUNT = (Desired tile width in pixels * bpp/8) —2

The bitmap in §m example is 1 bpp and the desired tile width is 640 pixels; therefore:
FETCH COUNT = (640* 1/8) — 2 =178,

BPPisa 4-b1t field containing the bpp of the source bltmap as defined by the DEF__BITMAP when the bitmap was
‘drawn.

The STARTBIT and STOPBIT fields are both 4-bits wide. Although FETCH COUNT is specified as a number of
bytes, STARTBIT and STOPBIT are specified as a bit location within a word (0-F). These fields give pixel
resolution to the beginning and ending of a tile. In our example, the STARTBIT is F and the STOPBIT is 0. It is the
responsibility of the programmer to ensure that the STARTBIT and STOPBIT settings result in a valid number of
bits for the given bitmap depth (bpp). For example, when the bitmap is 4 bpp, the total number of bits fetched must
be a multiple of 4. See Figure 3.3.
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Tile Width
60 Pixels (1 Bit/Pixel)

Start Bit Stop Bit
F 0 . 0
TTTT l I ' | TTTT
L Number of words fetched —!
240048-21
FETCH COUNT = (numbers of words fetched * 2) — 2
= (number of bytes fetched) — 2
Figure 3.3. STARTBIT and STOPBIT
Valid STARTBIT and STOPBIT Values
Bits/Pixel Valid STARTBIT Valid STOPBIT
1 ‘F,E,D,C,B,A,9,8,7,6,5,4,3,2,1,0 F,E,D,C,B,A,9,8,7,6,5,4,3,2,1,0
2 F,D,B,9,7,5,3,1 E,C,A,8,6,4,2,0
4 FB,73 C8,4,0
8 F,7 8,0
Field Tiles

When the field bit (bit zero of the last word) in a tile descriptor is set to one, the tile is filled with the color
programmed in the FIELD COLOR register. When the field bit is set, the’ STARTBIT, STOPBIT, and BPP
parameters become one 12-bit parameter that specifies the tile width in pixels. All other bits except WINDOW
STATUS and Zoom should be programmed to zero. Although field tiles are not used in our examples, they are

useful for filling a tile with a solid color. See Figure 3.4.

NOTE:

1514 13 12 1110 9 876 S 4 3 2 1 O

‘Bitmap Width
‘Memory Start Address (Lower) Normal
- ' TMem Surt Addr (Uppen)]  Te Descrp

Reserved Bpp | SwnBit | StopBit

Reserved Fetch Cou .t- 2 (tile width ifi bytes) j

T BLRJWSt|  Reserved |l pc |z[F|=0

15141312 1110 9 8 7 6 5 4 3 2 10
Reserved Field
Resarved Tile Decsriptor

| Reserved

Reserved Field Pixel Count - 1 (tile width in pixels)

Reserved Reserved

Reserved | wsi|  Reserved [Reserved Z[F | =1

15141312 1110 9 8 7 6 S 4 3 2 10

Reserved fields must be programmed to zero for future compatibility.

240048-22

Figure 3.4

Refer to the Intel 82786 User’s Manual for more information on the Display Processor Descriptor List.
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; Rxkkkxkkkxkkx  Definition of Display Prooessor Descriptor List: HKRARAKAKKK KKK
dp descl LABEL word
; Header of DP descriptor:

dw 380 ;  (number of lines - 1)

dw DESC_PTR_LO+20 ; 1lower link to next strip descriptor (there is none,

H but if one were added, this is the link)

dw DESC_PTR_HI ; upper link to next strip descriptor (there is none)

dw 0 ; (number of tiles - 1)
H First (and only) Tile Descriptor

dw Bitmap width (number of bytes)

dw OODOh ; Bitmap start address lower

dw 0000h ; Bitmap start address upper

dw 01FOh ; 1 bpp, start bit F, stop bit 0

dw 0078 ;i Fetch count = (number of bytes - 2)

dw OF000h & All 4 borders on,window status=0,PC mode off, ﬂeld off

end_dp_descl LABEL word ; *¥kkkkxxxkxx End of DP descriptor list. ¥kmkkiokk

240048-36

3.2.5 GRAPHICS PROCESSOR COMMAND LIST

The following program segment defines a Graphics Processor Command List.

A GP command list consists of a series of GP opcodes and parameters The Graphlcs Processor reads and executes
the command list until a halt instruction is encountered.

The first command (DEF_BITMAP) sets the beginning address in graphics memory of the bitmap to be modified.

This command also sets the bitmap dimensions and the number of bits per pixel (bpp) of the bitmap. All subsequent
drawing commands will affect this b1tmap until a new DEF__BITMAP command is issued. It is the resonsibility of
the programmer to ensure the BPP in the tile descriptor is the same as the BPP used by the GP when drawing the
picture.

Bitmaps must begin at a word (even byte) address. Also, a bitmap must be an integral number of words wide. The
value for xmax must satisfy the following equation:

[(xmax + 1) * bpp] MOD 16 = 0

Next, the DEF__TEXTURE, DEF__COLORS, and DEF__ LOGICAL__OP commands are issued. These settings
stay in effect for all subsequent drawing commands. They can be reset whenever necessary.

Next, an ABS__MOVE command is issued to move the Graphic Current Position Pointer (GCPP) to the beginning
location of the drawing. The remainder of the GP Command List in our Example is composed of REL__ MOV,
LINE, and ARC__INCL commands.

Figure 3.5 illustrates the result of the command list in the example program.

The HALT command at the end of the GP command list is very important. The GP continues execution until it
encounters a HALT instruction (a NOP with the ECL bit set). If the HALT instruction is not present, the GP will
continue fetching and trying to execute instructions until it reaches a “command” with the low bit set.

Several different GP command lists may be kept in graphics memory at the same time. Each command list may be

executed by writing the appropriate addtess into the GP parameter reglsters and then writing a LINK command into
the GP Opcode Register.
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(0,0
ABS_MOV, 10, 10

RECTANGLE, 35, 35

REL_MOV, .-
~35,45;

- LINE, 35,0

RECTANGLE,
35,135

-30,10,-5,35,-5

240048-23

Figure 3.5
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§ REERARAR KR Definition of Graphics Processor Command List: ERRERRAR KKK
gp_listl LABEL word ) o -

dw DEF_BITMAP, BITMAP_O_LO, BITMAP_O_HI, 639 , 380 , 1

H address lo , address hi , xmax, ymax, bits per pixel

dw DEF_TEXTURE_OP, OFFFFh ; solid texture
dw DEF_COLORS, OFFFFh, 00000h
dw DEF_LOGICAL_OP, OFFFFh, 00005h ; replace destination with source

X equ 10

X-coordinate of starting location for drawing
Y equ 10

Y-coordinate of starting location for drawing

H Draw Intel logo:

g
»
3
:
o
-

; Move to beginning position for drawing.
dw LINE, 35, O ; Dot the "i"

[-Y
z
[
(=]

; Draw body of "i"

S
B
3
g
-
»
o

; re-position for "N"
; Draw "N"

g
[
—
3
w
o
o

dw ARC_INCL, -20, -20, 40, 0, 18
1
dw ARC_INCL, -27, -50, 50, -10, 42

dw REL_MOV, 15, 80 ; re-position to draw "t"
dw LINE, 0, -95
dw LINE, -12,0
dw LINE, 0, -25
dw LINE, 12, 0

dw REL_MOV, 5, -25
dw ARC_INCL, -30, 10, -5, 35, 25 ;draw curve at lower left of "t"
dw REL_MOV, 60, -5

0
dw LINE, 0, -150 ; Draw "1"

dw LINE, -1

dw REL_MOV, 52, 10

dw LINE, 37,

dw REL_MOV, -65, -40

dw ARC_INCL, -30, -30, 30, 0, 22 ; Draw "e”

dw ARC_INCL, -85, -65, 65, 0, 54
dw ARC_INCL, -30, 0, 25,30 ,27
dw REL_MOV, 3,

dw ARC?INCL. -65, 0, 59, 65 ,60

HAL
len_gp_listl LABEL word

240048-37
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3.2.6 PROGRAM CODE SEGMENT HEADER

H Program execution begins here. AR AR AR AR A
main:

mov ax,data ; Load data segment location

mov ds,ax H into DS register

mov ax,register '

mov es,ax

240048-38

This section of code provides a standard Assembly Language program header. This code loads the DS (Data
Segment Register) and the ES (Extra Segment Register). The ES register is used to access the 82786 Internal
Registers.

3.2.7 SOFTWARE RESET

H Software Reset of 82786
; To reset the 82786 on the Intel Evaluation Board (Rev 'C2):
; Set and then reset bit 4 at I/0 location 300.

mov ax,0010h
mov dx, PAGE_PORT

out dx,ax ; Set bit 4 at I/0 location 300.
mov ax,0000h
out dx,ax i Reset bit 4 at I/0 location 300.

240048-39

This section of code performs a reset of the 82786 by setting and then resetting bit 4 of the CPU 1/0 port 300 (hex).
The EVB then issues a reset signal to the 82786 RESET pin.

3.2.8. BIU INITIALIZATION

The followin§ sections of code initialize the 82786 Bus Interface Unit (BIU). BIU initialization is accomplished by
writing the correct values into each of the BIU registers. A brief description of each register follows.

3.2.8.1 Internal Relocation Register

; The following two lines write a value of 0110 (hex) into the internal
; relocation register. This sets the 82786 registers for I/0 - mapped
; access at 1/0 locations 4400 through 447F. The Intel Evaluation Board
; decodes a CPU memory access at memory locations C4400 through C447F and
; Senerates an I/0 access to the 82786. The 82786 comes up in I/O mode

and byte mode after reset. Access to the registers must be one byte
; at a time until WORD mode is set.
mov INTER_RELOC, 10h ; Write low byte into internal relocation register.
mov INTER_RELOC[1],01h ; Write high byte into internal relocation register.

240048-41

The INTERNAL RELOCATION register is set first. The 82786 comes up in byte mode after RESET; therefore,
this register is set by writing one byte at a time.

The desired base address for the 82786 registers is 004400 (hex). The base address must always be located on a 128

word boundary. (The registers are accessed at locations 004400 through 00447F.) An 82786 address is 22 bits long.
The upper 15 bits of the desired base address is written into the upper 15 bits of the Internal Relocation Register.
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We want to set the chip for I/O mode, therefore, a zero is written into the M/IO bit. Therefore, we write a value of
0110 (hex) into this register. See Figure 3.6.

BIU
Internal Relocation Register
00 0000 0100 0100 O + 000 0000
0 0 4 4 0

Desired Locatién of 82786 Registers = 4400-447F

Upper 15 bits of Base Address
| < > | M/10
0000 | ooo1 | ooo1 | oooo | o
Value written in register = 0110 Hex

Figure 3.6

3.2.8.2 BIU Control Register

The following two lines write a value of 0011 (hex) into the BIU control
register. This sets the Internal Register Block for 16-bit WORD access
by the External CPU. All subsequent access to the 82786 registers is by
WORD access.

mov BIU_CONTROL, 10h ; Write low byte into BIU control register

mov BIU_CONTROL[1],00h ; Write high byte into BIU control register

240048-42

These two lines set the BIU Control Register. Because the 82786 is in byte mode after RESET, this register is written
one byte at a time. After setting this register for word mode, all subsequent register access is by word mode.

BIU Control Register
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o o o o o o o o oJolo] 1 Jolo] o o]
Unused VR WT BCP GI DI WP1 WP2
Figure 3.7

The BIU Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program
follow:

VR =0
Set for conventional DRAM memory cycles (not VRAM).

WT =0 ‘ ‘ :
Number of wait states in synchronous 80186 interface. The synchronous 80186 interface is not used in our example;
therefore, this is a “don’t care” setting.

BCP =1 .
This sets the External CPU for 16-bit word access.

GI and DI

When the 82786 issues an interrupt, these two bits can be read to determine which processor has issued the interrupt,
then either the DP or GP Status Register can be read to determine the cause of the interrupt.
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WP1 and WP2
The write protect bits are not set in our Example program.

3.2.8.3 DRAM Refresh Control Register

mov DRAM_REFRESH, 0018h ; Write value into DRAM refresh control register.
240048-43

This register is programmed with a 6-bit Refresh Scalar for controlling the frequency for DRAM refresh cycles.
The value programmed in this register depends on the refresh requirements of the DRAMs, the clock speed, and the
number of DRAM row addresses. The value for the Refresh Scalar can be calculated by the following formula:
TretXCLK
16 x Refresh Rows .
Where:

Tref = Refresh Time interval

CLK = 82786 System Clock speed
Refresh rows = Number of DRAM rows requiring refresh

In our example, we have:

4 ms x 20 MHz
TTI6x256 1 =18.53
NOTE:
DRAM refresh cycles can be turned off by programming a value of 3F (hex) into the DRAM Refresh Register.

3.2.8.4 DRAM Control Register \

mov DRAM_CONTROL, 001Dh ; Write value into DRAM control register.

240048-44

Figure 3.8. DRAM/VRAM Control Register
15 14 13 12 11 _10 9 8 7 6 5 4 3 2 1 0
[o o o o o o o o oflofo|l1]1]1]o]1]
Unused RW1 RW2 DC1 DCO HT2 HT1 HTO

The DRAM Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program
follow: .

RW1 and RWO indicate the number of rows of graphics memory.

RW1 = 0, RWO = 0 indicates one row of graphics memory.

DC1 and DCO indicate DRAM/VRAM configuration.

DC1 = 1, DCO = 1 indicate Fast Page Mode, Interleaved.

HT2, HT1, and HTO indicate the DRAM/VRAM Height of graphics memory.
HT2 = 1, HT1 = 0, HTO = 1 indicates 256K x N-type DRAMs.
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3.2.8.5 Display Processor, Graphics Processor and External Priority Registers

mov DP_PRIORITY, 003Fh ; Write value into DP priority register.
mov GP_PRIORITY,0008h ; Write value into GP Priority register
mov EXT_PRIORITY,0028h ; Write value into External Priority register.
240048-45
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pPPrioity| 0 [o [ oo JoJofo o o of1 1 1] 1 1 1]
‘ " First " Second
Reserved Priority “Priority

GPPrioiy[ 0 0 0 0 ©0 o0 0 0 o0 0]o 0 1] o0 o 1|

First Second
Priority Priority

Reserved

Etemal [0 0 0 0o 0 o0 0 o0 0 o1 o 1/0 o o]

First Reserved
Priority o

Reserved

Bus access priorities are programmable for the GP, DP and External Processor. Note that DRAM refresh is not
programmable and always has highest priority. The First Priority Level (FPL) is used to obtain bus access; Second-
ary Priority Level (SPL) is used to keep the bus when another processor makes a request. The highest priority is 111
(binary). The lowest priority is 000. Refer to the “82786 User’s Manual” Section 4.3—Bus Cycle Arbitration.

In our Example program, DP has highest priority, External CPU has second priority, and GP has lowest priority.

NOTE:
These priorities may be changed at any time during program execution.

3.2.9 CLEAR PAGE 0 OF GRAPHICS MEMORY

;***x*t*****ét** Clear Page 0 o} Graphics memory (64K bytes): ARAKKAKRAKKK KKK KD
mov ax,SEG_GR_MEM ; Graphics memory space is in the ’A’ segment
mov ds,ax . .
mov ax,0
mov dx, PAGE_PORT
out dx,ax ; Select page 0 of graphics memory
mov bx,0 ) ‘ ' '
mov cx, 32767 ; 32767 words of memory to be cleared = 64K bytes
mov si,0
CLEAR_ﬁEMORY: ; Clear page 0 of graphics memory (to be -

mov [si],bx ; used as a bitmap for drawing commands.):

add si,2 .

loop CLEAR_MEMORY

240048-~46

Page zero of graphics memory is used for storing the bitniap. Before drawing into the bitmap, it must be cleared
(filled with zeroes).

This section of code clears page O of graphics memory by writing zeros into each memory location. First, the segment
address of Graphics Memory space is written into the CPU DS register. Next, page zero of graphics memory is
selected by writing a zero into the Page Select Register on the Evaluation Board. The loop command is used to clear -
32767 words (64 Kbytes) of memory.

The GP bit__blit command using logical operator 0, or the scan__lines command using color 0 may also be used as a
fast technique for clearing a section of graphics memory.
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3.2.10 PREPARE DS, ES, AND DIR FLAG FOR USE WITH REP MOVSB INSTRUCTION

. \
i ¥%kxkxk Prepare DS, ES, and Dir Flag for use with REP MOVSB instruction. ¥k

mov ax, 0.

mov dx, PAGE_PORT

out dx,ax ; Select page F of graphics memory

mov ax,SEG beg_dp_ctrl_blk .

mov ds,ax ; Set data segment ! o
mov ax,SEG_GR_MEM

mov es,ax H and extra segment.

cld ; Clear Direction Flag, sets auto-increment

3 of 8I and DI when using REP instruction.

240048-47

This section of code performs the necessary preparation for the next three sections: moving the DP Control Block,
DP Descriptor List, and GP command list from CPU memory to Graphics Memory.

Page F of graphics memory is the desired destination of these three blocks of data, therefore page F of graphics
memory is selected by writing to the PAGE__PORT. Next, the Data Segment and Extra Segment registers are
written. Lastly, the Direction Flag is cleared. This is necessary to cause the string instruction to auto-increment the
SI and DI index registers.

3.2.11 COPY DP CONTROL BLOCK REGISTERS FROM CPU MEMORY TO GRAPHICS MEMORY

;%%x%kx Copy DP CONTROL BLOCK REGISTERS from CPU memory to Graphics Memory. *¥kx
lea cx, end_DP_ctrl_blk
sub cx, offset beg_dp_ctrl blk
lea si, beg.dp_ctrl_blk
mov di, offset DP_REG_MAP
rep movsb ; Move CX bytes from DS:[SI] to ES:[DI]
; thus, copying DP Control Block Registers
; from CPU memory to Graphics memory.
240048-48

This section of code copies the values for the DP Control Block registers from CPU memory to Graphics Memory
beginning at address FF000 (hex).

3.2.12 COPY DP DESCRIPTOR LIST FROM CPU MEMORY TO GRAPHICS MEMORY

; %kkkkkk Copy DP Descriptor List from CPU memory to Graphics memory. Xkkkkokokk
lea cx, end_dp_descl
sub cx, offset dp descl
lea si, dp_de
mov di. offaet DESC PTR_LO
rep movsb ; Move CX bytes from DS:[SI] to ES:[DI]
; thus copying DP descriptor list from CPU
; memory to graphics memory.
240048-49

This section of code copies the values for the DP Descriptor List from CPU memory to Graphics Memory beginning
at address FF100 (hex).

3.2.13 COPY GP COMMAND LIST FROM CPU MEMORY TO GRAPHICS MEMORY

s %kokkkkkkk  Copy GP command, list from CPU memory to graphics memory: ¥ikkkkkkx
lea cx, len_gp_listl
sub cx, offset gp_listl
lea si, gp_listl
mov di, offset GP_LIST_PTR_LO
rep movsb ; Move CX bytes from DS:[SI] to ES:[DI]
; thus copying GP command list from CPU
; memory to graphics memory.
¢ 240048-50
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This section of code copies the GP command list from CPU memory to Graphics Memory beginning at address
FF200 (hex). The labels in the program marking the beginning (gp__list1) and ending (len__gp__list1) of the GP
command list provide a convenient method for determining the length of the GP command list. Commands may be
added or deleted from the command list, the program computes the number of bytes to be copied into graphics
memory.

3.2.14 START THE DISPLAY PROCESSOR

Start up the Display Pr
mov DP_PARM1_REG,DP_REG_MAP_LO ; parameter 1 for dp command
mov DP_PARM2_REG,DP_REG_MAP_HI ; parameter 2 for dp command
mov DEF_VIDEO_REG,0 ; Write 0 in Default Video register
mov DP_OPCODE_REG, LOADALL ; Write opcode register, thus starting up
H the Display Processor

240048-51

This section of code starts up the Display Processor. First, the address of the values for the DP Control Block
Registers are written into the DP Parameter registers. The lower part of the address is written into PARAMETER 1
Register; the upper part of the address is written into PARAMETER 2 Register. The Default Video Register is
assigned zero. Lastly, the LOADALL opcode is written into the DP OPCODE register, thus starting operation of
the DP by loading the values for the DP Control Block.

It is important to write the address for the LOADALL command into the Parameter registers before the
LOADALL command is written into the opcode register. If the LOADALL command is written first, the registers
will be loaded immediately, from an erroneous location.

Now, all the pointers and data structures for the Display Processor are in place. The Descriptor Pointer now points
to a valid Descriptor List which points to a valid bitmap area in graphics memory. Refer to Figure 3.9.
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82786 Graphics Memory

Bitmaps

IBM AT System Memory

82786 .
-
. Values for DP
P Display F , Control Block
Registers
Velues for FF000
0P Block 0P, Contel o o’ 0P Deseriptor List
Registers Loed_All Registers /
1
, |GP Command List,
5 FF100 )
DP Descriptor List .
Uink []
FF200 a
> GP Command List
240048-19
Figure 3.9
3.2.15 EXECUTE THE GRAPHICS PROCESSOR COMMAND LIST
H E: te the GP command list: kkkkkkxkkkkmkkkkikkk
mov GP_PARM1_REG,GP_LIST_PTR_LO ; parameter 1 for GP command
mov GP_PARM2_REG,GP_LIST_PTR_HI ; parameter 2 for GP command
mov GP_OPCODE_REG, LINK ; Write opcode register, thus starting
H execution of the GP'command list. ‘240048 52

This section of code starts up the Graphics Processor. First the lower and upper address of the GP command list are
written into the GP Parameter Registers 1 and 2, respectively. Next, the opcode for the GP LINK command is
written into the GP opcode register. When a zero is written into the End of Command List (ECL) bit (lowest bit) the
GP begins execution. The LINK command causes the GP execution to continue at the indicated address.
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It is important to write the link address into the parameter registers before writing the LINK opcode into the opcode
register. If the LINK command is written first, the GP will begin execution immediately, executing an erroneous
command list. See Figure 3.10.

Execute GP Command List
® Write addresses of GP Cor‘x;mand List into GP Parameter Registers

GP Pirameter Registers
Lower Part of Address —>  Parameter Register 1
Upper Part of Address —> Parameter Register 2

® Write GP opcode for Link command into GP Opcode Register

-Offset
. Opcode ' 20 Opcode
Parameter 1 22 ) Link Address Lower
Parameter 2 . 24 Link Address U\pﬁer
Staus "2
: Figure 3.10

3.2.16 TERMINATE PROGRAM

H Terminate program:
mov ah,4Ch . ; Call BIOS terminate function
int 21ih N H to return to MS-DOS operating system.

code ENDS !

These two lines call the BIOS routine to return control to the operating system.

3.3 Example Source Code Listing
This section provides the complete source code listing of the EXAMPLE program.

KKK KKK

; Program name: EXAMPLEL.ASM . o . o

Description: Inifialize the 82786 i‘eéisters, i:tﬁéram' é.he\ D:{splay ' ‘
Processor (DP) for one full-screen window, and draw a
simple graphics image using the Graphics Processor' (GP).

Direct questions to your nearest Infél sales Office.
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5 kRokkokkkkkokkkkkkkkx  Program Constant definitions: KRR KA K
SEG_GR_MEM equ 0A00Oh ; Segment to access graphics memory.
SEG_786_REG equ 0C000h ; Segment to access 82786 registers.
DP_REG_MAP equ OF000h ; Address in graphics memory used to load
; DP control values to/from DP registers

DP_REG_MAP_LO equ DP_REG_MAP
DP_REG_MAP_HI  equ 0000Fh
DESC_PTR_LO equ 0F100h ; DP Discriptor List address in graphics memory
DESC_PTR_HI equ 0000Fh
GP_LIST_PTR_LO equ OF200h ; Address in graphics memory of GP command list
GP_LIST_PTR_HI equ 0000fh
BITMAP_0_LO equ 0000h ; Starting address of bitmap_0 (lower byte)
BITMAP_O HI equ 0000h ; Starting address of bitmap_0 (high byte)
PAGE_PORT equ 0300h ; I/0 address for graphics mem page select reg.
H Display Pr pcod

LOADREG equ 400h

LOADALL equ 500h

DUMPREG equ 600h
DUMPALL equ 700h

3 % Graphics Processor opcodes: oh
ABS_Mov equ 4F0Ch

ARC_EXCL equ 6800h
ARC_INCL equ 6900h

CIRCLE equ 8EOOh

DEF_BITMAP equ 1A00h

DEF_COLORS equ 3D00h

DEF_LOGICAL _OP equ 4100h

DEF_TEXTURE._ _OP equ 0600h

LINE equ 5400h

LINK equ 0200h
POINT equ 5300h

REL_MOV equ 5200h

HALT equ 0301h

INTER_RELOC

BIU_CONTROL
DRAM_REFRESH
DRAM_CONTROL
DP_PRIORITY
GP_PRIORITY
EXT_PRIORITY

GP_OPCODE_REG
GP_PARM1_REG
GP_PARM2_REG
GP_STAT_REG

DP_OPCODE_REG

DEF_VIDEO_REG
register ENDS

db 2

(?
db 2

EERERR]

2

z
e b D
R LR

§ :kckkokkkkk  Locations for the
register SEGMENT at 0C440h

I))UP(?)
DUP (?)

UP (?)

DUP (?)

e o Y

82786 Internal Register Block: FHRARARKKIRAKK

Internal Relocation Register

reserved location is 82786 Register Block
BIU Control Register

DRAM Refresh control register

DRAM control register

DP priority register

GP priority register

External Priority Register

reserved locations in 82786 Register Block
GP opcode register

GP Parameter 1 Register

GP Parameter 2 Register

GP Status Register

reserved locations in 82786 Register Block
DP opcode register

DP Parameter 1 Register

DP Parameter 2 Register

DP Parameter 3 Register

DP Status Register

DP Default Video Register
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data SEGMENT

jRRRRKKKKRX  Values for the Display Processor Control Block: HRRAREAK KRR KK
beg_dp_ctrl_blk LABEL word

DP master mode Blank master mode,
: acceleration mode off

; REGISTER NAME i SETTING
dw 3 ; Video Status : cursor ON, and display ON
dw 1111h ; Interrupt Mask : all interrupts disabled
dw 00010h ; Trip Point : controls when DP fifo is loaded
dw 00000h ; Frame Interrupt : no interrupts on frame count
dw 00000h ; Reserved
dw 00000h ; CRT Mode non-interlaced, window status off,
H
H

; The following 8 registers contain the video timing parameters for a screen
i resolution of 640 X 381 pixels. These values assume VCLOCK = 18MHz.
i These values achieve a screen refresh of 60 Hz.

dw 86 ; Hsyncstp

;
dw 95 ; Hfldstrt

dw 735 ; Hfldstp

dw 753 ; Linelength
dw 11 ; Vsynstp

dw 15 ; Vfldstrt

dw 396 ; V{ildstp

dw 398 ; Framelength

dw DESC_PTR_LO ; DP descr ptr low

dw DESC_PTR_HI ; DP descr ptr high

dw 00000h ; Reserved

dw 00101h ; Zoom factor : X-zoom = 2, Y-zoom = 2
dw 00006h ; Field color

dw 00003h ; Border color

dw 00000h ; 1 BPP pad
dw 00000h ; 2 BPP pad
dw 00000h ; 4 BPP pad
dw OAOFFh ; Cursor Style ¢ Size = 16 X 16, transparent, cursor pad
dw 500 Cursor X-position

dw 180 ; Cursor Y-position

The following 16 registers define the cursor bit pattern (an upward arrow):
dw 0000000100000000b
dw 0000001110000000b

dw 0000011111000000b

dw 0000111111100000b

dw 0001111111110000b

dw 0011111111111000b

dw 0111011111011100b

dw 1100001110000110b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b

dw 0000001110000000b
end_DP_ctrl _blk LABEL word

5 Rxkkkkkkkkkx  Definition of Display Processor Descriptor List: ARRAHARIARRNRK
dp_descl LABEL word
; Header of DP descriptor:

dw 380 ;  (number of lines - 1)

dw DESC_PTR_LO+20 ; lower link to next strip descriptor (there is none,
H but if one were added, this is the link)
dw DESC_PTR_BHI i upper link to next strip descriptor (there is none)
dw 0 3 _(number of tiles - 1)
e Descriptor

w
; First (and only) Til
dw 0080 i ; Bitmap width (number of bytes)

dw 0000h ; Bitmap start address lower
- dw 0000h ; Bitmap start address upper
dw O01FOh ; 1 bpp, start bit F, stop bit 0
dw 0078 ; Fetch count = (number of bytes - 2)
dw OF000h ; All 4 borders on,window status=0,PC mode off,field off
d

end_dp_descl LABEL word ; *xkxkkikikx End of DP descriptor list. Xxkmkkkkk
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§ RERRERERRR
‘p 1istl LABEL word

dw DEF_TEXTURE_OP,

Definition of Graphics Processor Command List:

dw DEF_BITMAP, BITMAP_O_LO, BITMAP_O_HI, 638 , 380 , 1
H address lo , address hi , xmax, ymax, bits per pixel

; solid texture

dw DEF_COLORS,
dw DEF_LOGICAL.

X equ 10

0
orrm

00000h
-OP, Ol'l'l‘l'h 00005h

RRERERREKRKK

; replace destination with source

; X-coordinate of starting location for drawing

Y equ 10 ; Y-coordinate of starting location for drawing

H Draw Intel logo:

ABS_MOV, X, Y Move to beginning position for drawing.
tII‘l. 3B, o0 ; Dot the "i"

[ 24
-

; Draw body of “i"

REL_MOV, 42, 0 re-position for "N"

LINE, 35, O Draw “N" . ,
LINE, 0 , 12

REL_MOV, 0, 32

LINE, O, 80

LINE, -35, O

LIII. 0, ~-135

51, 47
ARC IHCL, -20. -20,
REL_MOV, 12, -4
ARC_INCL, -27,
REL, » 5,

LINE, 0, 90

40, 0, 16

-50, 50, -10, 42

B
?
(o
G
©
o

re-position to draw “t*

;draw curve at lower left of “t“
REL_MOV, 60, -

; Draw "e"
ARC_INCL, -65, -85, 65, 0, 54

REL_MOV, 2, 30

ARC_INCL, -30. 0, 25,30 ,27

ARC_INCL, -85, 0, 58, 65 ,60
dw HALT
len_gp_listl LABEL word

data ENDS
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code SEGMENT
ASSUME cs:code,ds:data,es:register

; Program execution begins here. KAKKKAKKAKKRAKK KK A
main:

mov ax,data ; Load data segment location

mov ds,ax H into DS register

mov ax,register

mov es,ax

Software Reset of 82766

To reset the 82786 on the Intel Evaluation Board (Rev C2):
Set and then reset bit 4 at I/0 location 300.

mov ax,0010h
mov dx,PAGE_PORT

out dx,ax ; Set bit 4 at I/0 location 300.
mov ax,0000h
out dx,ax ; Reset bit 4 at I/0 location 300.

» BIU initialization:

The following two lines write a value of 0110 (hex) into the internal

relocation register. This sets the 82786 registers for I/0 - mapped

access at I/0 locations 4400 through 447F. The Intel Evaluation Board
a CPU at memory locations C4400 through C447F and

generates an I/0 access to the 82786. The 82786 comes up in I/0 mode

and byte mode after reset. Access to the registers must be one byte

at a time until WORD mode is set.

mov INTER_RELOC, 10h ; Write low byte into internal relocation register.
mov INTER_RELOC[1],01ih ; Write high byte into internal relocation register.

The following two lines write a value of 0011 (hex) into the BIU control

register. This sets the Internal Register Block for 16-bit WORD access

:S the External CPU. All subsequent access to the 82786 registers is by
RD access.

mov BIU_CONTROL, 10h ; Write low byte into BIU control register
mov BIU_CONTROL[1],00h ; Write high byte into BIU control register

mov DRAM_REFRESH,0018h ; Write value into DRAM refresh control register.

mov DRAM_CONTROL, 001Dh ; Write value into DRAM control register.

mov DP_PRIORITY, 003Fh ; Write value into DP priority register.
mov GP_PRIORITY,0008h ; Write value into GP Priority register
mov EXT_PRIORITY,0028h ; Write value into External Priority register.
3 RRkKkkkokkkokkkk  Clear Page 0 of Graphics memory (64K bytes): RARAAKRAKK KKK
mov ax,SEG_GR_MEM ; Graphics memory space is in the ’A’ segment
mov ds,ax
mov ax,0
mov dx,PAGE_PORT
out dx,ax ; Select page 0 of graphics memory
mov bx,0
mov cx,32767 ; 32767 words of memory to be cleared = 64K bytes
mov si,0
CLEAR_MEMORY : ; Clear page 0 of graphics memory (to be
mov [si],bx ; used as a bitmap for drawing commands.)
add si,2

loop CLEAR_MEMORY
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; %kxk*xx Prepare DS, ES, and Dir Flag
moy ax,0Fh
mov dx,PAGE_PORT
out dx,ax

mov
mov
mov
mov
cld

ax,SEG beg_dp_ctrl_blk
ds,ax

ax,SEG _GR_MEM

es,ax

lea cx, end_DP_ctrl blk

sub cx, offset beg_dp_ctrl_blk
lea si, beg_dp_ctrl blk

mov di, offset DP_REG_MAP

rep movsb

; %kkxkkx Copy DP Descriptor List from
lea cx, end_dp_descl

sub cx, offset dp descl

lea si, dp_de

mov di, offaet DISC _PTR_LO

rep movsb

i ®xxkkkxkk  Copy GP command list
lea cx, len_gp.listl
sub cx, offset gp._listl

from

lea si, gp_listl
mov di, offset GP_LIST_PTR_LO
rep movsb

mov ax,register
mov es,ax

mov DP_PARM1_REG, DP_REG_MAP_LO
mov DP_PARM2_REG,DP_REG_MAP_HI
mov DEF_VIDEO_REG,0

mov DP_OPCODE_REG, LOADALL

H
H
H
H
H

mov GP_PARM1_REG, GP .LIST_PTR_LO
mov GP_PARM2_REG,GP_LIST_PTR_HI
mov GP_OPCODE_REG, LINK

'

stack SEGMENT stack
DW 64 DUP(?)
stack ENDS

END main

Execute the GP

for use with REP MOVSB instruction. »kkkxx
Select page F of graphics memory

; Set data segment

and extra segment. '
Clear Direction Flag, sets auto-increnent
of SI and DI when using REP instruction.

;%#kxkk Copy DP CONTROL BLOCK REGISTERS from CPU ﬁemory ‘t6 Graphics Memory. ¥k

Move CX bytes from DS:[SI] to ES:[DI]
thua, copying DP Control Block Registers
from CPU memory to Graphics memory.

CPU memory to Gtaphica memory. ¥kKkkKXkK

Move CX bytes from DS:([SI] to ES:[DI]
thus copying DP descriptor 1ist from CPU
memory to graphics memory. ,

CPU memory to graphics memory: kkikiokikx

; Move CX bytes from DS:[SI] to ES:[DI]
; thus copying GP command list from CPU
; memory to graphics memory.

Start up the Display Proc :
; parameter 1 for dp command
; parameter 2 for dp command

Write 0 in Default Video register

Write opcode register, thus starting up

the Display Processor

d list:
parameter 1 for GP command
parameter 2 for GP command

; Write opcode register, thus starting

execution of the GP command list.

H Terminate program:

mov ah,4Ch ; Call BIOS terminate function.

int 21h H to return to MS-DOS operating system.
code ENDS

Program stack segment
Define unitialized data space for stack.
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3.4 Exercises

This section provides some exercises for the reader in the form of suggested modifications to the Example 1 program.
By working through these exercises in succession, the reader will gain an understanding of important concepts and
valuable experience in programming the 82786. .

Solutions to the Exercises are provided in the Appendix.

Exercise 1:
e Turn cursor off

® Video Status Register, Register 0 in DP Control Block, controls the cursor

Register Offset
VSTAT 00 Zero unused upper bits |G| D|

Cursor On
Cursor Off

]
O -

Display On
Display Off

OO0 OO
[l
o -

- Exercise 2:

Replace GP Command List in Example 1 with new GP Command List to
draw the straight lines in the graphic

Center of Circle at (200, 182)

Radius = 50

50 100 150 200
(0,0)
50
100
180
200
250
300
350

————
80 100 150 200 250 300 350 400 430 500 550 600

(640 x 381)
24004826

Hint: Replace GP Command List in Exercise 1 with a new Command
List. See description of Abs__Mov, Line, and Circle commands.

5-258



AP-408

Exercise 3:
® Modify the program from Exercise 2.
® Change from 1-bit per pixel (bpp) to 4 bpp.
e Use the Def__Color Command to change the color of each line in the
drawing.

Hint: Change Def__Bitmap parameters and Tile Descriptors. Clear an addi-
tional page (Page 1) of Graphics Memory to allow room for the larger
bitmap.

Exercise 4:
® Write a new DP Descriptor List and turn on the borders for two windows,
not overlapping, as shown below.
o The left window should contain the 4 bpp multi-colored image drawn in
Exercise 3.
® The right window should contain the 1 bpp image drawn in Exercise 1 (the
Intel Logo).

® Change 1 bpp pad register to accentuate the two different windows.

. b
Hint: Change Def__Bitmap parameters. Modify strip and tile descriptors.
Combine the two GP command lists from Exercise 3 and Example 1

programs. Before starting the second command list, be sure to use a new
Def__Bitmap command. Clear page 2 of Graphics memory.

0.0

240048-27
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Exercise 5:

Same as Exercise 4, except make the two windows overlap as shown below.

In

e —
240048-28

Hint: Create two strips.
Strip 1: Contains 1 tile consisting of 100 lines.
Strip 2: Contains 2 tiles consisting of 281 lines; the first tile is 320 pixels wide.

5-260




iﬂte[ AP-408

CHAPTER 4 QUICK REFERENCE SECTION

4.0 Introduction
4.1 82786 Directly Accessible (Internal) Registers

4.2 GP Indirectly Accessible (Context Switching) Registers

4.3 GP Commands, Opcodes, Parameters

4.4 DP Indirectly Accessible Registers (DP Control Block Registers)
4.5 DP Commands, Opcodes, Parameters

4.6 Strip and Tile Descriptor Formats

4.7 Example Video Timing Parameters

4.0 INTRODUCTION

This Chapter provides a compilation of data frequently used by 82786 programmers. It contains data for all 82786
registers, commands, command parameters, opcodes, strip and tile descriptor format, video timing parameters.

5-261



AP-408

intel

4.1 82786 Directly Accessible (Internal) Registers -

Register Offset
M 15 14 13 12 1" 10 9 8 7 6. 5 4 3 2 1 [
Internal 00 Base Address | mio
) Reserved 02 Reserved (zero for future compatibility) - N
'00-OFH  BIU Control 04 Reserved (zero for future compatibility) VR | wr [ece| Gt [ o Tweiwe2
Relresh Control 06 Reserved (zero for future Refresh Scaler
DRAM/VRAM Control 08 Reserved (zero for future Aw1 [ .Rwo | oct | oco | ur2 [ HT1 | HTo
Display Priority  0A Reserved (zero for future compatibility) FPL SPL
GP Priority  0C Reserved (zero for future FPL SPL
External Prionty 0E Reserved (zero for future compatibility) FPL Reserved
Reserved 10 Reserved (zero for future compatibiity)
‘10-1FH 12 Reserved (zero for future
14 Reserved (zero for future compatibility)
16 Reserved (zero for future
Reserved 18 Reserved (zero for future
1A Reserved (zero for future
1C Reserved (zero for future
1€ Reserved (zero for future compatibility)
[ GRO Opcode 20 Opcode | (zero for future {GecL
'20-28H GR1 parameter 1 22 Link Address (Lower)
GR2 Parameter 2 24 Reserved l Link Address (Upper)
Status Register (GSTAT) 26 Reserved leroLL] GRep | GINT | GPsc jeecoviaemov] aeTe faiemol
' 28 Instruction Pointer (Lower)
Instruction Pointer [: 2A Reserved (zero lor future compatibility) | Instruction Ponter (Upper)
Reserved 2C, Reserved (zero for future j
'2C-3FH 2€ Reserved (zero for future compatibility)
30 Reserved (zero for future compatibility)
32 _Reserved (zero for future compatibility)
34 Reserved (zero for future
38 Reserved (zero for future compatibility)
38 Reserved (zero for future compatibility)
3A Reserved (zero for future compatibility)
3C Reserved (zero for future
3E Reserved (2ero for tuture compatibility)
‘apapn  Opcode 40 Opcode [ Reserved (zero for tuture compatibiity) | ecL
Parameter 1 42 Memory Address (Lower)
Parameter 2 44 Reserved (2ero for future Memory Address (Upper)
Parameter 3 46 Reserved (2ero for future y Register Identification
Status Register 48 Reserved ] FRi [ Rco | pov | FmT | Bk | EvN | oop | EecL
Defauit Video 4A| Reserved | Default Video
R ' 4C Reserved (zero for future compatibihity)
'4C-TFH 4E Reserved (zero for future
50 Reserved (zero for future
52 Reserved (zero for future
Reserved 54 Reserved (zero for future y
56 Reserved (zero for future compatibility)
58 Reserved (zero for future compatibility)
5A Reserved (zero for future compatibiiity)
5C Reserved (zero for future -
5€ Reserved (zero for future compatibilty)
60 Reserved (zero for future compatibility)
62 Reserved (zero for future
64 Reserved (2ero for future compatibsity)
8 Reserved (zero for future compatibility)
68 Reserved (zero for future
6A Reserved (2ero for future
6C Reserved (zero for future compatibility)
6E Reserved (2ero for future
70 Reserved (zero for future compatibility)
72 Reserved (zero for future compatibility)
74 Reserved (zero for future
76 Reserved (zero for future
78 Reserved (zero for tuture
7A Reserved (zero for future
7C Reserved (zero for future
3 7E Reserved (zero for future
15 14 13 12 " 10 9 8 7 6 5 4 3 H 1 [}
240048-29

82786 128-byte Internal Register Block
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4.2 GP Indirectly Accessible Registers

Context Registers
Name D Bits Function
GCOMM 0001 (16) Command
GPOEM 0003 6) Poll Mask
GIMR 0004 6) Interrupt Mask
GCHOR 0007 2,2) Character Orientation and Path*
GCHA 010B (21) Character Font Base Address
GSP 010C (21) Stack Pointer
GCA 010D (21) Memory Address of Current Position (x, y)
GBORG 010F (21) Bitmap Origin Address
GCX 0010 (16) Current X Position
GCY 0011 (16) Current Y Position
GPAT 0012 (16) Line Pattern
GSPAC 0013 (16) Spacing between Characters and All Bitbits
GCNT 0014 (16) Character Count**
GN 0016 (16) Number of 16-bit Words Spanning Width of Bitmap
GVERS 0017 (16) Version Number*** (D Step Value = 5)
GXMAX 0090 (16) Maximum X for Clipping Rectangle
GYMAX 0091 (16) Maximum Y for Clipping Rectangle
GXMIN 0094 (16) Minimum X for Clipping Rectangle*
GYMIN 0095 (16) Minimum Y for Clipping Rectangle*
GMASK 0099 (16) Pixel Mask
GBGC 009B (16) Background Color
GFGC 009C (16) Foreground Color
GFCODE 009E 4) Function Code for Pixel Updates™
GCIP 01AC (21) Current Instruction Pointer
GBPP (RO) 009F 4) Used with Dump Register command to get Current
Bits per Pixel Address "*
GBPP (WO) 0008 (4) Used with Load Register command to write Current

Bits per Pixel Address **

*  These bits are right justified in each byte of the word in which they are stored. Two bits are stored in bits 1 and
0 and two bits are stored in bits 8 and 9; the remaining upper bits in each byte are zeroed.

** GCNT ID reassigned from 0015 to 0014 in D-Step.

*** In D-Step, valid after RESET and prior to drawing or drawing control commands.
*  Correction to previous GXMIN ID 0096 and GYMIN 0097 assignments.

M GFCODE ID reassigned from 001C to 009F in D-Step.

Mt New D-Step Bpp Registersd.. .

NOTE:
Simply saving and restoring the context registers is not sufficient to restore the state of the graphics processor.
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4.3 GP Commands, Opcodes, Parameters

GEOMETRIC COMMANDS ___ OPCODE _ PARAMETERS

ARC_EXCL 6800 dxmin, dymin, dxmax, dymax, radius
ARC_INCL 6900 dxmin, dymin, domax, dymax, radius
CIRCLE 8E00 radius
INCR_POINT B400 array address low, high
LINE 5400 dx, dy
POINT $300 dx, dy
POLYGON 7300 arzay address low, high
POLYLINE 7400 array address low, high
. RECTANGLE $800  dx, dy
SCAN_LINES BAOO array address low, high, number of
lines
DATA TRANSFER COMMANDS OPCODE  PARAMETERS
BIT_BLT 6400 source x, source y, dx, dy
BIT_BLT_E v

source addr low, source addr high,
SourcCe x-max,

source y-max, source x, source y,

dx (rect width - 1), dy (rect height

-1
OPAQUE D400
TRANSP DS00
REVERSE OPAQUE D600
REVERSE TRANSP D700
BIT_BLT M AE00 souzce addr low, source addr high,
source x-max,
source y-max, source x, source y,
dx (rect width - 1), dy (rect height
-1
CHAR string pointer low, high, number of
B characters !
OPAQUE A600
TRANSP A700
REVERSE OPAQUE A800
REVERSE TRANSP A900
DRRANING CONTROL CMDS _ OPCODE _ PARAMETERS
ABS_MOV 4roo0 x, ¥y
DEF_CHAR_ORIENT 4E00 path-rotation (one word)
DEF_CHAR_SET_BYTE 0A00 char font addr low, char font addr
. high
DEF_CHAR_SET_WORD 0B0O char font addr low, char font addr
| high \
DEF_CLIP_RECT 4600 x-min, y-min, x-max, y-max
DEF_COLORS 3000 foreground, background
DEF_LOGICAL_OP 4100 color bit mask, function code
DEF_SPACE : 4D00 number of pixels of space
DEF_TEXTURE_OPAQUE 0600 pattern
DEF_TEXTURE_TRANSP 0700 pattern.
ENTER_PICK 4400 no parameters
EXIT_PICK 4500 no parameters
REL_MOV 5200 dx, dy

CALL 0F00 call addr low, call addr high

DUMP_REG 2900 dump addr low, dump addr high, reg ID '
HALT 0301 no parameters

INTR_GEN 0E00 no parameters

LINK 0200 link addr low, link addr high
LOAD_REG 3400 load addr low, load addr high, reg ID
NOP 0300 no parameters

RETURN 1700 no parameters

240048-68
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4.4 DP Indirectly Accessible Registers (DP Control Block Registers)

Register Offset
™ 15 14 13 12 1" 10 9 8 7 6 5 . 4 3 2 1 0
Video Status 00 Reserved Jclo
Interrupt Mask 01 Reserved | A Treco Joov [ emt [ 8Lk T evn Jooo | ecL
02 Reserved . I Trip Point
03 Reserved I Frame interrupt
04 Reserved
CRTMode 05 Reserved | L [w]s |8 ]a A
Intertace - (2) IL b J
01 Reserved Blank Slave Mode
00 Noninterlace HSyne/VSync
10  interlace Slave Mode (1)
11 Interlace-Sync
Window Status Enable (1) Accelerated Video (2)
00 - Normal (25 MHz)
01 High-Speed (50 MHz)
10 - Very High-Speed (100 MHz)
11 Super High-Speed (200 MHz)
06| Reserved y Stop (HSy
07| Reserved Honzontal Field Start (HFIdStrt)
08 _ Reserved Honzontal Freld Stop (HFidStp)
' 09| Reserved Line Length (LineLen)
0A} Reserved Vertical Synchronization Stop (VSyncStp)
0B| Reserved Vertical Field Start (VFIdStrt)
0C| Reserved Vertical Field Stop (VFIdStp)
0D} Reserved Frame Length (FrameLen)
0E Descriptor Address Pointer (Lower)
OF [ Reserved | Descriptor Address Pointer (Upper)
10 Reserved
11| Reserved | XZoom Reserved | YZoom
12| Reserved Field Color (FidColor)
13| Reserved Border Color (BdrColor)
14| Reserved 1 Bpp Pad | Res
15 Reserved - 2 Bpp Pad | Reserved
16| Reserved 4 Bpp Pad | Reserved
comode 17| s | x | T [ cst [ c8c. [Res CsrPad | Res
L J
CsrStyle S = Cursor Size (1)
CsrSize 0 = 8x8 Csr
. 1= 16x16 Csr
X = Crosshar Cursor (1)’
T = Transparent Cursor (1)
CSt — Cursor Status to Window Status Output (2)
CSC  Cursor Status Control (2)
= Current Window Status
01 = Foreground
10 — Background
11 = Block
18| Reserved Cursor Position X (CsrPosX)
19} Reserved ' Cursor Position Y (CsrPosY)
1A Cursor Pattern 0 (CsrPat0)
‘18 Cursor Pattern 1 (CsrPat1)
1C Cursor Pattern 2 (CsrPat2)
10 Cursor Pattern 3 (CsrPat3)
1€ Cursor Pattern 4 (CsrPatd)
¥ Cursor Pattern 5 (CsrPat5)
20 Cursor Pattern 6 (CsrPat6)
21 Cursor Pattern 7 (CstPat7)
22 Cursor Pattern 8 (CsrPat8)
23 Cursor Pattern 9 (CsrPat9)
24 Cursor Pattern A (CsrPatA)
25 Cursor Pattern B (CsrPatB)
26 Cursor Pattern C (CsrPatC)
27 Cursor Pattern D (CsrPatD)
28 Cursor Pattern E (CsrPatE)
29 Cursor Pattern F (CsrPatF)
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 L]
240048-30
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4.5 DP Commands, Opcodes, Parameters

RR_COMMANDS  OPCODK _PARAMEIERS

LOAD_REG 0400 load addr low,
LOAD_ALL 0500 load addr low,
DUMP_REG 0600 dump addr low,
DUMP_ALL 0700 dump addr low,

load addr high, reg ID
load addr high
load addr high, reg ID
load addr high

240048-69

4.6 Strip and Tile Descriptor Formats

Strip and Tile Descriptors

15 14 13 12 11.10 9 8 7 6 4 3 2 1 0
HEADER ———— ==
lI NUMBER OF LINES IN STRIP - 1 1
a5 1
[unx TO NEXT STRIP DESCRIPTOR (LOWER) 1
— e LINK TO NEXT STRIP
ReseveD DESCRIPTOR (UPPER)
. NUMBER OF TILES
E] RESERVED NUMSER OF
15 14 1312 11 10 9 8 7 6 4 3 2 1 0
- = Y——T
FIRST
TILE DESCRIPTOR [“"“"‘""“’""
Luemonv START ADORESS (LOWER)
—— = === ==
RESERVED MEMORY START
ADDRESS (UPPER)
BpP STARTBIT sToPBIT
FETCH COUNT
['rs L wiff wsr ||l RESERVED HpclElEl
15 14 13 12 11 10 8 8 7 6 ¢ 3 2 1 0
SECOND — DR =ﬁ
TILE DESCRIPTOR lamu?wm'ﬂ ‘
Lusuonv START ADDRESS (LOWER) " |
o | L
l RESERVED ” ADDRESS (UPPER)
! RESERVED | BPP Jlsumm J sToeBIT
I RESERVED ]Lss'rcucoum'
Lra LRHVISTIL aissnvso lec

240048-20
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Fleld Tile Descriptor Format

1514 13 12 1110 9 876 5 4 3 2 1 0
Bitmap Width '
Memory Start Address (Lower) Normal
TMem Sunt Addr (Uppen)| T Descrip
Reserved Bpp | SumBit | SwpBit
Reserved Fetch Cou .t -2 (tile width ift bytes) _l
T BLR]|W =0
15141312 1110 9 8 7 6 S 4 3 2 10
Reserved Field
Reserved - Tile Decsriptor
| Reserved
Reserved Field Pixel Count - 1 (tile width in pixels)
Rescrved Reserved
Reserved WSt | Reserved Z|F] =1
15141312 1110 9 8 7 6 S 4 3 2 10

240048-22

4.7 Example Video Timing Parameters

The following table of Video Timing Parameters satisfy the requirements of NEC Multisync-compatible monitors.
These parameters provide the given resolution and refresh rate when using the VCLK frequency indicated in the
table.

VCLK (MHz2) 25 25 20 20 20
Xmax 640 512 512 640 . 640
Ymax 480 512 512 350 455
Screen Refresh (Hz) 60 60 60 60 60°
HSync Stop 75 97 47 89 37
HFId Start 145 184 94 168 77
HFId Stop 785 696 606 808 717
Line Len 827 752 633 861 737
VSync Stop 3 6 2 5 0
VFId Start 14 26 8 23 3
VFId Stop 494 538 520 373 458
Frame Len 501 551 524 385 458
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APPENDIX A
SOLUTIONS TO EXERCISES

SOLUTION FOR EXERCISE 1

; Program name: EXER1.ASM

; Description: Same as EXAMPLE1 program, except cursor is turned off.

; Rkkkkkkkkkkkk  Values for the Display Processor Control Block: KHKAKRKKKIKKKK
beg_dp_ctrl_blk LABEL word .
; REGISTER NAME : SETTING

dw 1 : Video Status : cursor OFF, and display ON

240048-59
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SOLUTION FOR EXERCISE 2

Program name: EXER2.ASM

Description: Modify the program from EXER1.
Write a new GP command list to draw an interesting image as
shown in ac ing d tation. The drawing contains
12 lines and one circle.

3 RHAKAAKKKKK Definition of Graphics Pri C d List:
8p_listl LABEL word

dw DEF_BITMAP, BITMAP_O_LO, BITMAP_O_HI, 639 , 380 , 1

H address lo , address hi , xmax, ymax, bits per pixel

dw DEF_TEXTURE_OP, OFFFFh ; solid texture
dw DEF_COLORS, OFFFFh, 00000h
dw DEF_LOGICAL_OP, OFFFFh, 00005h ; replace destination with source

X equ 10 i X-coordinate of starting location for drawing
Y equ 10 ; Y-coordinate of starting location for drawing

dw ABS_MOV, 600,380
dw LINE, -600, -30
dw ABS_MOV, 550,380
dw LINE, -550, -80
dw ABS_MOV, 500, 380
dw. LINE, -500, -130
dw ABS_MOV, 450,380

dw ABS_MOV, 250,380
dw LINE, -250, -380
dw ABS_MOV, 200,380
dw LINE, -150, -380
dw ABS_MOV, 150,380
dw LINE, -50, -380
dw ABS_MOV, 100,380
dw LINE, 50, -380

dw LINE, 250, -380
dw ABS_MOV, 200,182
dw CIRCLE, 50

dw HALT

len_gp_listl LABEL word 240048-60
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SOLUTION FOR EXERCISE 3

Program name: EXER3.ASM

Description: Modify the program from Exercise 2. Change the bitmap
from 1 bit per pixel to 4 bits per pixel.
Use the DEF_COLORS command to change the color of each line
in the drawing.

3 Rkkkkkkkkkk  Definition of Display Processor Descriptor List: KA KKK KR KK
dp_descl LABEL word
; Header of DP descriptor:

dw 380 ; - (number of lines - 1)

dw DESC_PTR_LO+20 lower link to next strip descriptor (there is none,

H but if one were added, this is the link)
dw DESC _PTR_HI ; upper link to next strip descriptor (there is none)
dw ;  (number of tiles - 1)
H First (and only) Tile Descriptor
dw 0320 ; Bitmap width.(number of bytes)
dw OOOOh ; Bitmap start address lower
dw 0000h ; Bitmap start address upper
dw 04FOh ; 4 bpp, start bit F, stop bit 0
dw 0318 ;i Fetch count = (number of bytes - 2)
dw OF000h ; All 4 borders on,window status=0,PC mode off,field off

end_dp_descl LABEL word ; Xkkkkkkkkkkx End of DP descriptor list. Xkxkkkkxx

3 AARAOKKOK KK Definition of Graphics Processor C d List:
gp_listl LABEL word
dw DEF_BITMAP, BITMAP_0_LO, BITMAP_O_HI, 639 , 380 , 4
address lo , address hi , xmax, ymax, bits per pixel
dw DEF_TEXTURE_OP, OFFFFh ; solid texture
dw DEF_COLORS, OFFFFh 0
dw DEF_LOGICAL_OP, OFFFFh, 00005h ; replace destination with source

X equ 10 i X-coordinate of starting location for drawing
Y equ 10 ; Y-coordinate of starting location for drawing

dw ABS_MOV, 600,380
dw LINE, -600, -30
dw ABS_MOV, 550,380
dw DEF_COLORS, 1110111011101110b, 0

dw LINE, -550, -80

dw ABS_MOV, 500, 380

dw DEF_COLORS, 1101110111010010b, 0
dw LINE, -500, -130

dw ABS_MOV, 450,380

dw DEF. COLORS 1100110011001100b, 0
dw LINE, -450 -180

dw ABS HOV. 400,380

dw DEF_COLORS, 1011101110111011b, 0
dw LINE, -400,-230

dw ABS_MOV, 350,380

dw DEF_COLORS, 1010101010101010b. 1]
dw LINE, -350,-280

dw ABS_MOV, 300,380

dw DEF_COLORS, 1001100110011001b, 0
dw LINE, -300,-330

dw ABS_MOV, 250,380

dw DEF COLORS lOOOlOOOlOOOlDOOb. 0
dw LINE, -250, -380

dw ABS_MOV, 200,380

dw DEF_COLORS, 0111011101110111b, 0
dw LINE, -150, -380

dw ABS_MOV, 150,380

dw DEF_COLORS, 0110011001100110b, 0
dw LINE, -50, -380

dw ABS_MOV, 100,380

dw DEF_ COLORS 0101010101010101b, 0
dw LINE, 50, -380

dw ABS_MOV, 50 380

dw DEF_COLORS, 0100010001000100b. 0
dw LINE, 150,-

dw ABS HOV, 0,380

dw DEF_COLORS, 0011001100110011b, 0
dw LINE, 250, -380

dw ABS_MOV, 200,182

dw DEF. COLORS. 0010001000100010b, 0
dw CIRCLE, 50

dw HALT

len_gp_listl LABEL word

foreground color is 1110 (binary); must
H be repeated to fill the entire word.

foreground color is 1101 (binary).

foreground color is 1100 (binary).

foreground color is 1011 (binary).

foreground color is 1010 (binary).

foreground color is 1001 (binary).

foreground color is 1000 (binary).

foreground color is 0111 (binary).

foreground color is 0110 (binary).

foreground color is 0101 (binary).

foreground color is 0100 (binary).

foreground color is 0011 (binary).

foreground color is 0010 (binary).

240048-61
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3 Rk Clear Page
mov ax, SEG_GR_MEM
mov ds,ax

mov ax,0
mov dx, PAGE_PORT
out dx,ax

mov bx,0

mov cx, 32767

mov si,0

CLEAR_MEMORY :
mov [si],bx
add s=i,2 .
loop CLEAR_MEMORY

P R Clear Page
mov ax,1

mov dx, PAGE_PORT

out dx,ax

mov bx,0
mov cx, 32767
mov si,0
CLEAR_PAGE1:
mov [si],bx
add si,2
loop CLEAR_PAGE1

0

1

of Graphics memory (64K bytes): HRAAKAKRAKKKK KKK
Graphics memory space is in the 'A’ segment

Select page 0 of graphics memory

32787 words of memory to be cleared = 64K bytes
Clear page 0 of graphics memory (to be

used as a bitmap for drawing commands.)

of Graphics memory (64K bytes): HRAKK KRN AKAK KK KS
Select page 1 of graphics memory

32767 words of memory to be cleared = 64K bytes

Clear page 1 of graphics memory (to be
used as a bitmap)

240048-63
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SOLUTION FOR EXERCISE 4

; Program name: EXER4.ASM

; Description: Modify the program from Exercise 3. Modify the DP descriptor
H list for 2 windows, not overlapping, as shown in the

ing d tation. The left window should contain

; the 4 BPP multi-colored image drawn in EXERCISE 3.
H The right window should contain the 1 BPP image drawn in the
; EXAMPLE1 program (the Intel logo).

dp_descl LABEL word
dw 380 H
dw DESC_PTR_LO+20

dw DESC_PTR_HI H
dw 1 H
; First Tile Descriptor:
dw 0320 H
dw 7720h H
dw 0000h H
dw 04FOh H
dw 0158 H
dw OF000h ;
; Second Tile Descriptor
dw 0080 H
dw 0000h H
dw 0000h H
dw 01FOh H
dw 0038 3
dw OF000h H
end_dp_descl LABEL word

; ¥kkkkkkkxkxkx  Definition of Display Processor Describtor List: KKK KKK KKKK

; Header of DP descriptor:

(number of lines -'1)

lower link to next strip descriptor (there is none,
but if one were added, this is the link)

upper link to next strip descriptor (there is none)

(number of tiles - 1)

Bitmap width (number of bytes)

Bitmap start address lower

Bitmap start address upper

4 bpp, start bit F, stop bit 0

Fetch count = (number of bytes - 2)

All 4 borders on,window status=0,PC mode off,field off
Bitmap width (number of bytes)

Bitmap start address lower

Bitmap start address upper

1 bpp, start bit F, stop bit 0

Fetch count = (number of bytes - 2)

All 4 borders on,window status=0,PC mode off,field off
3 xkkxkxkkkkkx  End of DP descriptor list. xkkkkkkkk

240048-64
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3 RAAKAKK KK KKK Definition of Graphics Processor Command List: RAORAK A KKK KKK
gp_listl LABEL word

dw DEF_BITMAP, BITMAP_O0_LO, BITMAP_O_HI, 639 , 380 , 1
H address lo , address hi , xmax, ymax, bits per pixel

dw DEF_TEXTURE_OP, OFFFFh ; solid texture ‘
dw DEF_COLORS, OFFFFh 00000h

dw DEF_ LOGICAL OP, OFFFFh, 00005h. ; replace destination with source

X equ 10 ; X-coordinate of starting location for drawing

Y equ 10 ° ; Y-coordinate of starting location for drawing

; : Draw Intel logo:

dw ABS_MOV, X, Y ; Move to beginning position for drawing.

dw LINE, 35, 0 ; Dot the "i"

dw LINE, 0, 35

3 dkkkkkkkkkkkkkkk  Draw figure from EXER3 program: KK

dw DEF_BITMAP, 7720h, 0, 639 , 380 ,

H address lo , address hi , xmax, ymax. bits per pixel

dw ABS_MOV, 600, 380

dw LINE, -600 130

dw ABS_MOV, 550.330

dw DEF_COLORS, 1110111011101110b, 0 ; foreground color is 1110 (binary); must
H be repeated to fill the entire word.

dw LINE, -550, -80

240048-65
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3 AR AR AOK K KKK oK ok Clear Page 0

mov ax,SEG_GR_MEM
mov ds,ax

mov ax,0
mov dx,PAGE_PORT
out dx,ax

mov bx,0
mov cx, 32767
mov si,0
CLEAR_MEMORY:
mov [si],bx
add si,2
loop CLEAR_MEMORY

§ RRRRRKKKKKKKNKKK  Clear Page 1

mov ax,1l
mov dx,PAGE_PORT
out dx,ax

mov bx,0
mov cx,32767
mov si,0
CLEAR_PAGE1:
mov [si],bx
add si,2
loop CLEAR_PAGE1

3 AR KK KAA K KKK Clear Page 2

mov ax,2
mov dx,PAGE_PORT
out dx,ax

mov bx,0
mov cx, 32767
mov si,0
CLEAR_PAGE2:
mov' [si],bx
add si,2
loop CLEAR_PAGE2

of Graphics memory (64K bytes): AAAAKAOKK KKK KK
Graphics memory space is in the ’'A’ segment

Select page 0 of graphics memory

32767 words of memory to be cleared = 64K bytes
Clear page 0 of graphics memory (to be

used as a bitmap for drawing commands.)

of Graphics memory (64K bytes): KKK RRKR KKK
Select page 1 of graphics memory

32767 words of memory to be cleared = 64K bytes
Clear page 1 of graphics memory (to be

used as a bitmap)

of Graphics memory (64K bytes): AR KA KA RKK K
Select page 1 of graphics memory

32767 words of memory to be cleared = 64K bytes

Clear page 1 of graphics memory (to be
used as a bitmap)

240048-66
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SOLUTION FOR EXERCISE 5

HKR KK KKK K oK K

Program name: EXERS5.ASM
Description: Same as EXERCISE 4 but the 2 windows are overlapping.

dp_descl LABEL word
; Header of First Strip
dw 99
dw DESC_PTR_LO+20 ;
dw DESC_PTR_HI H
dw 0 H
; First Tile Descriptor
080 ;

dw 0000h ;
dw 01FOh ;

dw 28
dw DESC_PTR_LO+52

dw DESC_PTR_HI
dw 1

; First Tile Descriptor
dw 0080 H

a
£

o
o
-
o

dw 0 H
dw 7720h H
dw 0000h ;
dw 04FOh H
dw 0150 ;
dw OF000h ;
end_dp_descl LABEL word

i RRkkkkkkkkkk  Definition of Display Processor Descriptor List: HRAK KKK KKK K

descriptor:

(number of lines - 1)

lower link to next strip descriptor

upper link to next strip descriptor (there is none)
(number of tiles - 1)
of first strip:

Bitmap width (number of bytes)

Bitmap start address lower

Bitmap start address upper

1 bpp, start bit F, stop bit 0

Fetch count = (number of bytes - 2)

Bottom border off,window stat=0,PC mode off,field off

; Header of Second Strip descriptor:
0 .

(number of lines - 1)

lower link to next strip descriptor (there is none,
but if one were added, this is the link)

upper link to next strip descriptor (there is none)

(number of tiles - 1)

of Second Strip:

Bitmap width (number of bytes)

Bitmap start address lower

Bitmap start address upper

1 bpp, start bit F, stop bit 0

Fetch count = (number of bytes - 2)

Top border off, window stat=0,PC mode off,field off

i Second Tile Descriptor of Second Strip:
20 ;

Bitmap width (number of bytes)

Bitmap start address lower

Bitmap start address upper

4 bpp, start bit F, stop bit 0

Fetch count = (number of bytes - 2)

All 4 borders on,window status=0,PC mode off,field off
i RkKKkkkkkkk  End of DP descriptor list. sk
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