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(57) ABSTRACT 
In a system including a central processor, central mem 
ory, and local video controller communicating with a 
video terminal, the video terminal including a terminal 
processor and a video memory for storing video infor 
mation for displaying on the terminal screen, a change 
detect circuit is provided in the local video controller 
for detecting whenever a change has occurred in that 
portion of the central memory containing video infor 
mation to be displayed on the terminal's video screen. 
Responsive to the change detect circuit, the local video 
controller sends updated video information to the video 
memory at the terminal. 
The change detect circuit reduces the workload on the 
system by sending only the updated video information 
to the terminal. 
The change detect circuit is capable of operation with a 
system employing multiple terminals each having multi 
ple independent screen display areas. 

2 Claims, 11 Drawing Figures 
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LOCAL VIDEO CONTROLLER WITH VIDEO 
MEMORY UPDATE DETECTION SCANNER 

RELATED INVENTIONS 

Video Memory Controller, invented by M. Lavelle, 
U.S. Ser. No. 536,911, filed on even date herewith and 
assigned to the assignee of the present invention. 
Video Update FIFO Buffer, invented by C. Gold 

smith et al., U.S. Ser. No, 536,93, filed on even date 
herewith and assigned to the assignee of the present 
invention. 

TECHNICAL FIELD 

This invention relates generally to a data processing 
system, and, in particular, to a terminal controller in a 
computer central system. 

BACKGROUND OF THE INVENTION 

The present invention concerns an improvement to a 
central system controller interfacing a central processor 
and central memory with one or more local terminals. 

It is known in the data processing arts to provide a 
multi-terminal data processing system in which a cen 
tral processor and large central memory are shared by a 
number of intelligent terminals. User application pro 
grams and data are stored in the central memory. The 
central processor provides time-multiplexed access to 
the central memory by the terminals and may provide 
inter-terminal communications. 
As an interface between the central system and the 

terminals, the central system contains at least one termi 
nal communications controller, which in the ensuing 
description will be referred to as a "local video control 
ler' (LVC). In a preferred embodiment of the inven 
tion, the central system can support four LVC's. Each 
LVC can control 8 channels, each of which can handle 
communications with up to 8 terminals. 

Each intelligent terminal contains a keyboard for the 
entry of data and commands and a video display unit for 
displaying information to the user. 

In such a data processing system it is desirable to 
minimize the time that the central processor spends 
servicing each terminal, since by minimizing this time 
the size of the central processor may be kept relatively 
small. Alternatively, relatively more terminals may be 
serviced from the central processor. 

It is known to provide "intelligence' at each terminal 
in the form of one or more terminal processors, terminal 
memories, and associated circuitry, in order to reduce 
the workload on the central processor. The terminal 
processor ordinarily requires at least some terminal 
memory to store routines and data to perform its vari 
ous functions, which may include power-up and boot 
loading, keyboard input, video display, printing, and 
communicating. 
To reduce the workload on the terminal processor, it 

is known to improve terminal processor throughput by 
providing a separate video memory for storing data to 
be displayed on the screen. This avoids the necessity of 
the terminal processor sharing its memory workspace 
with the video display memory and consequently losing 
bus cycles every time a display memory access is made. 
By providing a separate video display memory, the 
terminal processor does not lose any bus cycles during 
screen refresh operations. 
The central memory is of sufficient size to contain all 

programs and data required to support the terminals. A 
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portion of the central memory may be allocated for the 
use of each terminal. 

In the data processing system just described it is of 
course necessary to update the information stored in the 
terminal video memory from time to time in order to 
update the information displayed on the screen, for 
example, in response to keyboard input at the terminal 
or in response to a message transmitted to the terminal 
from another terminal in the system. As mentioned 
above, it is desirable to minimize the time that the cen 
tral processor and the terminal processor are in use. The 
present invention minimizes this time by providing cir 
cuitry in the LVC which detects changes in the con 
tents of the central memory allocated to any given ter 
minal and subsequently transmits only the changed 
information to the terminal. 

In this manner, the workload on the central processor 
and the terminal processor is kept in a minimum. In 
addition, since primarily only changes (except for initial 
loading) in the central memory are transmitted to the 
terminal, rather than entire data blocks, the bandwidth 
of the communications channels between the central 
system LVC and the terminals is minimized. Thus rela 
tively more terminals can be supported by a single cen 
tral system. This also allows relatively inexpensive, 
low-grade communications channels, such as non 
dedicated telephone links, to be employed, thereby 
increasing the commercial value of the system, since 
remote terminals can be used with the system. Such 
remote terminals, in the system described herein, do not 
require dedicated high-grade cables. 
The present invention provides the above advan 

tages. In addition, the LVC change detect circuitry of 
the present invention is capable of handling video up 
date operations in a system employing video terminals 
which utilize multiple independent video display areas. 
For example, in a preferred embodiment of the present 
invention each terminal can support up to 8 indepen 
dent display segments, each of which can be defined by 
the user and each of which displays information without 
interference with adjacent display segments. 

BRIEF SUMMARY OF INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved terminal communications con 
troller. 

It is also an object of the present invention to provide 
an improved terminal communications controller which 
comprises circuitry for detecting any change in the 
portion of central system memory assigned to a terminal 
and for transmitting the changed information to the 
corresponding terminal display. 

It is a further object of the present invention to pro 
vide an improved terminal communications controller 
as described above which is capable of supporting a 
terminal which contains multiple independent video 
display segments. 
These and other objects are achieved in accordance 

with a preferred embodiment of the invention by pro 
viding in a data processing system comprising a central 
processor, a central memory, a communications con 
troller, and a terminal communicating with the central 
processor and central memory through the communica 
tions controller, the improvement comprising change 
detect circuitry associated with the communications 
controller for detecting any change in the information 
stored in the central memory space allocated to such 
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terminal and for transmitting the changed information 
to such terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is pointed out with particularity in the 
appended claims. However, other features of the inven 
tion will become more apparent and the invention will 
be best understood by referring to the following de 
tailed description in conjunction with the accompany 
ing drawings in which: 

FIG. 1 is a block diagram illustrating a data process 
ing system utilizing the local video controller (LVC) of 
the present invention. 

FIG. 2 is a block diagram illustrating the terminal 
circuitry utilized by the present invention. 

FIG. 3 is a representation of a segmented video dis 
play screen. 
FIG 4 is a block diagram illustrating the major func 

tional components of the LVC. 
FIGS. 5A and 5B are a detailed block diagram illus 

trating the change scanner circuitry of the LVC. 
FIGS. 6A and 6B are a detailed block diagram illus 

trating the major functional components of the direct 
memory access (DMA) circuitry of the LVC interface. 
FIGS. 7A and 7B are a detailed block diagram illus 

trating the DMA logic of FIG. 6B. 
FIG. 8 illustrates the format of a unit control block 

(UBC). 
DETAILED DESCRIPTION OF THE 

INVENTION 
Table of Contents 

GENERAL DESCRIPTION OF DATA PROCESS 
ING SYSTEM 

GENERAL DESCRIPTION OF LVC AND TER 
MINAL 

TERMINAL PROCESSOR CIRCUITRY 
TERMINAL VIDEO GENERATOR CIRCUITRY 
LVC ARCHITECTURE 
LVC BASIC DATA STRUCTURES 
CENTRAL PROCESSORALVC COMMANDS 
LVC PROCESSOR CIRCUITRY 
LVC INTERFACE CIRCUITRY 
LVC DRIVERRECEIVER CIRCUITRY 
LVC COMMANDS 
LVC/TERMINAL INTERFACE PROTOCOL 
LVC DATA FLOW 

GENERAL DESCRIPTION OF DATA 
PROCESSING SYSTEM 

FIG. 1 is a block diagram illustrating a data process 
ing system utilizing the video memory controller of the 
present invention. The data processing system con 
prises central processor (CPU) 2, main memory 4, and 
local video controllers (LVC) 6 and 8. CPU 2, memory 
4, and the LVC's 6 and 8 are interconnected by means 
of data bus 10, address bus 12, and control bus 14. It will 
be understood that these busses actually comprise plural 
conductors, and that they have been illustrated as single 
lines merely for convenience of illustration. LVC 6 is 
shown coupled to terminals 20-23 via channel 30, 
which actually comprises data, address, and control 
lines. LVC 8 is shown coupled to terminals 25-27 via 
bus 32. 
The data processing system may be configured in 

many different ways and for many different purposes, 
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4. 
including, for example, a multi-user, multi-tasking office 
system. 

GENERAL DESCRIPTION OF LVC AND 
TERMINAL 

The LVC serves as a communications controller for 
conducting bidirectional communications between the 
central system, comprising CPU 2 and memory 4, and 
one or more terminals. In a preferred embodiment, each 
LVC can control up to 8 different channels. In FIG. 1, 
LVC 6 is shown as having channels 30, 33, and 34. Each 
channel can control up to 8 different terminals. Thus, in 
a preferred embodiment each LVC can control up to 64 
individual terminals. 

Each terminal may include a keyboard for operator 
entry of data and commands, and a video display for 
communication with the operator by the data process 
ing system. 

Each LVC, which may be up to 10,000 feet away 
from CPU 2, transmits data from video data blocks in 
memory 4 to the local terminals using a high speed 
synchronous protocol. The video data blocks are sent 
over a coaxial or twisted pair cable at the rate of over 
60,000 bytes per second. Only changed data is transmit 
ted, to reduce the transmission bandwidth. This data is 
buffered, checked, formatted, and displayed at the ter 
minal. The terminal also buffers keystrokes from its 
associated keyboard and transmits this data to the LVC 
when polled by the LVC. 

Each local terminal receives data and command in 
formation in 192 byte message frames from the LVC. 
Keystrokes are buffered at the terminal and labeled 
with the terminal address and an identifier tag code. 
Status messages and auxiliary device inputs are labeled 
with different identifier tags to distinguish them from 
the terminal's keyboard. 
The terminals are provided with programmable 

screen dimensions. Screen sizes as large as 33 rows by 
132 columns (line printer width) or 64 rows by 96 col 
umns (typewriter page) are available. They also utilize 
expanded attributes (reverse video, blinking characters, 
cursor position, and underscore). 

In addition, expanded character sets and character 
descenders are available. Alternate character sets and 
user-defined character fonts may be downloaded from 
the CPU 2. Business (character mosaic) graphics are 
also available. 
By means of segmented video displays, independent 

files and applications may be viewed on the same screen 
without interference. Refer to FIG. 3 which illustrates 
a screen 140 divided into 4 working segments. Cursor 
types and attributes may be assigned on a segment basis. 
Each screen segment is from a separate data block in 
memory 4 and may be independently controlled. Sev 
eral attribute systems can be selected, vertical scrolling 
of individual segments is possible, and the segment dis 
play size is programmable. Two character sets of 256 
characters each can be provided, and the available attri 
butes include blanking, blinking, brightness, reverse 
video, and underlining. The height, width, and position 
of each segment within the viewing area are set by a 
DEFINE SEGMENT command sent to the terminal 
by processor 2. 
DEFINE SEGMENT and REDEFINE BORDER 

commands from CPU 2 may be used to cause the termi 
nal firmware to automatically draw a border around 
any segment. The border will be drawn in the character 
positions adjacent to the segment. Software chooses 
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appropriate start row and column parameters in the 
DEFINE SEGMENT commands used to construct the 
screen. These parameters ensure that at least one char 
acter separates adjacent segments. Borders may be 
shared among segments. Six codes in each character set 
are reserved for drawing borders around segments. 
These characters are the upper left and right corners, 
lower left and right corners, and horizontal and vertical 
sides. 

TERMINAL PROCESSOR CIRCUITRY 

FIG. 2 is a block diagram illustrating the terminal 
circuitry. The terminal circuitry includes two basic 
circuit boards. One contains the terminal processor 40. 
The other, known as the video generator circuitry, 
contains the video memory circuitry 50, character gen 
erator circuitry 60, and CRT deflection circuitry 70. 
The terminal processor circuitry 40 in FIG. 2 com 

prises the terminal microprocessor (MPU) 110, read 
only memory (ROM) 112, random access memory 
(RAM) 114, direct memory access (DMA) controller 
106, interrupt controller 108, and four serial input/out 
put ports, namely serial I/O port A (120), port B (124), 
port C (104), and port KSIO (116). I/O port KSIO 
communicates with keyboard 118. Port A controls a 
serial printer 122. Port B may control an optional serial 
device such as a badge reader, optical character reader, 
ticket printer, touch screen, mouse, etc. Port C is used 
to couple the terminal circuitry to the central system. 
Either an RS-423 interface 101 or a coaxial cable inter 
face 102 may be selected by means of switch 103. 
The terminal processor 110 is a Z80-based micro 

processor and provides interfaces to the printer 122, to 
the keyboard 118, and to the display's video RAM 
memory 88. The terminal processor 110 also provides 
the intelligence and memory needed to buffer, check, 
and process data and commands sent to or from the 
LVC. 

Serial I/O port C (104) is operated in a half duplex 
synchronous byte oriented mode. It generates an inter 
rupt at the beginning of each message frame. The MPU 
110 programs a DMA transfer to the processor RAM 
input buffer, and at the end of this transfer, the DMA 
interrupts and the MPU checks for transmission errors 
(CRC). At this time, if the CRC was good and the ter 
minal has been polled for input, the XDMA (transmit 
DMA) channel and port C are used to transmit an input 
message to the LVC. When port C interrupts upon 
completion of the input message transmission, the MPU 
reprograms port C to interrupt at the beginning of the 
next output message frame. 
While the next output frame is being DMA'd to the 

next frame buffer, the MPU 110 processes the previous 
frame if its CRC was good and the message header 
indicates that the message was destined for this termi 
nal. If the message contained video data, a VDMA 
(video DMA) transfer is started from the frame buffer 
to update the video RAM 88. If the message was a 
terminal command, it is processed by the MPU. If the 
message contained data for the printer, a PDMA 
(printer DMA) transfer is started from the frame buffer 
to the printer's I/O port 120. 

Keyboard inputs arrive via port KSIO, which is pro 
grammed to operate in a low speed asynchronous mode. 
Printer status information causes an interrupt from I/O 
port KSIO. The terminal firmware may aso generate 
status messages. Keystrokes and status messages are 

O 

15 

25 

30 

35 

45 

50 

55 

60 

65 

6 
merged and buffered for later transmission by the 
XDMA channel and port C. 
The RAM 114 is used to hold the downloaded firm 

ware used in normal operation and for optional periph 
erals. The RAM also provides temporary storage for 
stack and other variables, video channel communica 
tions buffers, command buffers, and control tables. 
The ROM 112 contains self-test diagnostics which 

are run every time that the terminal is powered up, or 
upon request by the user. The ROM 112 also contains 
bootstrap routines which are used to download the 
terminal software package, or any other desired soft 
ware package (such as a CP/M operating system) into 
the RAM 114. Once the RAM 114 has been down 
loaded, almost all of the software operates out of the 
RAM 114. 
The DMA controller 106 has four channels. Two 

channels are used to support the port C COAX inter 
face option. The third DMA channel is used to support 
video, disk, line printer, or voice data transfers. The last 
DMA channel is used to support port A or port B trans 
fers (typically, a serial printer on port A). 

In a preferred embodiment, the DMA is an AMD 
9517A-4 DMA chip. 
TERMINAL VIDEO GENERATOR CIRCUITRY 

Still with reference to FIG. 2, the terminal video 
generator circuitry is contained on one circuit board 
and includes three basic parts-video memory 50, char 
acter generator 60, and the CRT deflection circuits 70. 
The three parts commumicate with one another via the 
terminal data bus 11 and the video timing bus 16. 
Video memory 50 includes a video memory control 

ler 80, a display controller 82, a 2:1 multiplexer 83, a 
word/byte demultiplexer 84, a video data register 86 
which in a preferred embodiment takes the form of a 
first-in/first-out (FIFO) register, the video RAM's 88, 
and display data registers 90. 
The character generator circuitry includes video 

timing clocks 92 whose outputs are distributed to the 
various other circuit blocks as required, a field attribute 
decoder 93, character register 94, attribute register 95, 
character downloader 97, character generator RAM 96, 
character generator 98, and attribute generator 99. 
The CRT deflection circuitry includes sweep circuits 

130, deflection and high voltage (HV) circuit 132, cath 
ode drive circuitry 134, and the cathode ray tube (CRT) 
display 136. 

Still referring to FIG. 2, the video memory controller 
(VMC) 80 and FIFO register 86 communicate with the 
terminal data bus 11 to get character data to be dis 
played on the CRT display 136, load it into the video 
memory 88, and send it to the video character generator 
circuitry 60 and CRT deflection circuitry 70. The video 
character generator circuitry takes the character data 
coming over the character data bus 91 and generates the 
desired dot pattern to form the particular character. 
Different character sets are possible, so that any given 
character can be represented on the screen in different 
fonts. In addition, the video character generator cir 
cuitry includes attribute circuitry which imposes any of 
several desired attributes on the character, such as re 
verse video, blinking video, intensified video, etc. 
The video memory 88 contains the ASCII (or modi 

fied or extended ASCII) codes and attribute informa 
tion for data to be displayed on the screen. 
The character downloader 97 enables a complete 

character set to be downloaded from the terminal data 

IPR2023-00033 
Apple EX1041 Page 11



4,646,261 
7 

bus 11 into the character generator RAM 96. New char 
acter sets may be downloaded at any time at the user's 
option. The character generator RAM 96 contains the 
bits that define the dot patterns for characters to be 
displayed on the CRT display 136. In the absence of any 
attributes that might modify the displayed dots, a one is 
stored in the character generator RAM 96 for a visible 
dot, and a zero is stored for no dot. 
The field attribute decoder 93 decodes that portion of 

the character word specifying the attributes, and the 
attribute generator 99 applies the corresponding attri 
butes to the character dot pattern read out of the char 
acter generator RAM 96. 
The progress of character data through the terminal 

circuitry to the display screen will now be described. 
When a message of display information is received by 
the terminal, it is stored into RAM 114 by the terminal 
MPU 110. When the message has been validated, it is 
sent to the video RAM 88. Certain commands are sent 
to the VMC 80 and FIFO 86, setting up the operation, 
and a DMA operation to the FIFO 86 is initiated. The 
FIFO 86 buffers the data and grabs video RAM 88 
cycles during retrace blanking to feed the data into the 
video RAM 88. The size of FIFO 86 (three 24-bit 
words) is designed to be sufficient to keep up with the 
data flow while only operating during the video retrace 
times. Other operations are also supported at retrace 
time, such as moving video memory data to and from 
FIFO 86 for vertical scrolling, and accessing selected 
characters to and from the video RAM 88 via FIFO 86 
for implementation of a blinking cursor character. 
The addresses for the loading of the video RAM 88 

are generated by the VMC 80, as are the addresses for 
reading the video RAM 88. At display data times (i.e., 
times other than horizontal and vertical retrace blank 
ing) 24-bit video display character words are read out of 
the video RAM 88 at a rate of several per microsecond, 
with the exact rate determined by the size and shape of 
the screen. These characters are fed to the character 
generator circuitry 60 to be checked for parity and to 
get the attributes, and to determine the video display 
character. Addresses are input into the character gener 
ator (CG) RAM 96 memory, which contains display 
character information formatted to generate 16 display 
scan lines each 9 bits wide. The CG RAM 96 is orga 
nized as 9x 16K plus parity. The 14 to 16 bits for ad 
dressing this memory array come 8 bits from the char 
acter value in the display character word, 2 to 4 bits 
from the character set (also from the display character 
word), and 4 bits from a CRT5037 video tinner and 
controller chip (not shown) for the one of sixteen scan 
lines. These bits are multiplexed together and used to 
address the CG RAM 96 to read the 9-bit display char 
acter scan line, which is sent to the character generator 
98. At the same time, the field attribute decoder 93 will 
have determined which attributes are to be applied for 
this display character, which attribute signals interact 
with the display character in the appropriate manner 
before the data is sent to the CRT display 136. 

Reference may be had to the above-cited inventions 
for a more detailed description of the terminal video 
generator circuitry. 

LVC ARCHITECTURE 

The LVC is essentially a communications controller 
that uses a specialized protocol to conduct bi-direc 
tional communications between the central system and 
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8 
terminals or other "devices' that dwell on a local net 
work. 

Referring to FIG. 4, the LVC possesses two external 
interfaces, the DMA bus interface 300 and the channel 
interface 329. The DMA bus 300 is used for communi 
cations between the LVD and central system. The local 
channel interface 329 is used for communications be 
tween the LVC and terminals or other devices. Each 
LVC can control up to eight local channels. 
Each device on an LVC channel may have up to four 

satellites, or sub-devices, that are addressable from the 
central operating system. Sub-devices may be separate 
units of equipment or component blocks of a single 
device. A printer attached to a cluster controller or a 
floppy disc drive on a terminal are each examples of a 
sub-device. 
The LVC can support 64 video terminals in such a 

manner that the central CPU 2 need not issue I/O com 
mands for terminal CRT refresh. The LVC allows ter 
minal display areas to reside anywhere in memory 4, as 
long as each terminal is assigned to a separate memory 
mapper logical address window. 

Each terminal's video display area is dynamically 
relocatable under software control. Up to eight separate 
video display areas, or segments, may be assigned to 
each terminal. 
The terminal video display refresh is accomplished 

under LVC control. Central memory areas assigned as 
video display segments are divided into 64 word blocks, 
and each block is mapped to a change table 308. Each 
time a memory write occurs within one of these blocks, 
that status is recorded in the change table 308, and the 
LVC routes the changed block to the corresponding 
terminal. 
Some of the information to be sent to terminals is of 

a non-repeating nature, such as commands, character 
fonts, etc. Data of this type is transmitted as a "one 
shot' essage. In this mode, the data is only sent once in 
response to a specific software I/O command. 

LVC BASIC DATA STRUCTURES 
As mentioned above the LVC directs communica 

tions between the central system and its devices. An 
LVC communicates with the central CPU on the cen 
tral DMA data/address busses 10, 12. Each LVC is an 
independent controller and has a unique address on the 
DMA address bus. The DMAC instruction (described 
below) is used to send control information to the LVC 
and to read status from it. 
A "video channel' is the communications link be 

tween an LVC and its devices. One LVC supports eight 
video channels with up to eight devices on each chan 
nel. A "device' is any equipment which can communi 
cate with an LVC through a channel. Examples of 
devices are terminal/keyboards and cluster printer con 
trollers. A "sub-device" is any equipment connected to 
and controlled by a device. Examples of sub-devices are 
printers and voice communications equipment. 

Addresses are used by software to communicate with 
an LVC, devices, and sub-devices. Various types of 
component addresses include: 

1. Controller address-This eight bit address is used 
by software to select one LVC controller with the 
DMAC instruction. 

2. Channel address (CHA)-A channel address is a 
three bit value selecting one of the eight cables 
attached to an LVC, 
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3. Poll address (PA)-This three bit number is the 
address of a device on a particular channel. This 
address is used by an LVC to a poll a device. Each 
of the possible eight devices on a channel has a 
unique poll address. This number is assigned to a 
device by DIP switches or jumpers allowing any 
device on a cable to have an arbitrary Poll Ad 
dress. 

4. Sub-device address (SDA)-This two bit number 
identifies one of the sub-devices sharing a single tap 
on one of the eight channels on an LVC. 

The physical device address (PDA) of a (sub-)device 
is an eight bit number unique for each (sub-)device 
controlled by an LVC. The PDA is used by the soft 
ware to direct all commands to a (sub-)device and iden 
tifies the (sub-)device sending data and status to soft 
ware. The physical address of a (sub-)device is made up 
as follows: 

7 6 5 4 3 2 0 

sDacha Pa 
where: 
CHA: Channel address. Addresses one of eight chan 

nels from an LVC. 
PA: Poll address. Addresses one device (or tap) of the 

selected cable. 
SDA: Sub-device address. Addresses one of the (sub 

)devices sharing a cable tap. The main device (nor 
mally a video terminal) is always addressed with an 
SDA of Zero. 

A "data block' (DB) is used to move display or other 
data from central memory 4 to devices. Data blocks are 
always addressed using a 23 bit logical address (an eight 
bit window address and a 15 bit logical address within 
that window). A data block can reside anywhere in 
memory 4 but must not cross a window boundary. The 
maximum size of a data block is 16,384 words. 
There are two types of data blocks with differing 

modes of transmission from central memory 4 to the 
LVC: Repeat Data Block and One Shot Data Block 
(described below). 
When changes to a data block are to be automatically 

sent to a device attached to the LVC, the data block is 
called a "repeat block'. Repeat blocks in general are 
video refresh buffers. Repeat blocks, data blocks, and 
segments all mean the same thing when the block is used 
as a video refresh buffer (in repeat mode). 

If the data block is to be transmitted once, upon re 
quest, the block is called a "oneshot block". The term 
"segment' is a video terminal word. Segments look like 
repeat data blocks to the LVC. A repeat block can be 
made to temporarily look like an ordinary area of cen 
tral memory by executing the Suspend Repeat Block 
Transmission command. 
The terminal's "Define Segment" command is an 

extension of the following "Define Repeat Block' com 
mand: 

5 
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0 1 2 3 4 56789 10 12 3 4 5 17 8 920 22.223 

RR lucBs RR BH 
RR PDa 

DATA Block pointer 
data Block size in Bytes 

(not looked at BY THElvc 
RR DBN 

The unreserved part of word 8 (9th word of the 
UCB) other than the DBN, and the remaining 7 UCB 
words, varies depending on a particular devices's imple 
mentation. The LWC manipulates data blocks on 
change detect block boundaries. In other words, the 
data block implicitly begins and ends on an 0100 word 
memory boundary. 
The DBN, data block number, must be unique on a 

given channel. If a data block number is already as 
signed for a channel, the LVC will reject the Define 
Repeat Block request with a status code of 67H without 
sending the UCB to the device. 
To cancel a repeat block definition, a UCB structured 

like the one shown above is sent to the LVC. The com 
mand code is 21CH. The data block pointer and data 
block size words are ignored. If the repeat block is 
defined, the LVC sends the cancel request to the device 
at PDA. 
A "unit control block' (UCB) is four or more words 

of control information for an LVC and/or a device. 
Software initiates transmission of a UCB to an LVC 
with the DMAC instruction. The maximum size of a 
UCB is 16 words. During transmission from the LVC to 
a device, the entire UCB is copied into an outbound 
message and sent very much like a one shot data block. 
The term "command block' is used synonymously with 
UCB. UCB’s may be linked together to form a UCB 
chain. 
A “change detect block" (CDB) is a 64 word portion 

of central memory 4 aligned to a 64 word boundary, i.e., 
the low-order six bits of both the physical and the logi 
cal addresses of the first word of a CDB are zeroes. 
Based upon logical addressing, each LVC monitors 
every possible CDB of the central memory 4 logical 
memory space for write operations. If a CDB is part of 
a repeat data block for a particular device, then a store 
into the CDB will cause the block to be marked for 
subsequent transmission to the appropriate channel. All 
devices on the cable watch for CDB's from their repeat 
data blocks. 

Since an LVC monitors the 23 bit logical address to 
detect modifications in a CDB, it is permissible for two 
or more data blocks to share the same physical 64 word 
portion of memory provided they are always addressed 
using different windows, or the data blocks are destined 
for devices on different LVCs. 

    

    

    

  

IPR2023-00033 
Apple EX1041 Page 13



4,646,261 
11 

Physical Central Memory 

5 

Data Block 1. 
: Window = W 

-- = = s. c = = = c = = se - -- ; O 

Common : 

Physical : 
15 

CDB : : 

: c s = - - - - - - c = - - : 

: Data Block 2. 
: Window is W2 2O 

25 
Whenever the Common Physical CDB is written into 

using window W1 in the address, the LVC will transmit 
the common CDB as part of data block 1 to the device 
programmed to receive data block 1. If window W2 is 30 
used to address the CDB, it will be sent to the device 
which expects data block 2. Thus repeat blocks can 
share the same physical CDB, if different logical ad 
dress spaces are mapped to the same physical page or if 35 
any two repeat blocks using the same logical addresses 
are processed by different LVC's. 
The change detect block is the unit of resolution of 40 

the repeat data block. Each 64 word block in central 
memory is represented by a single bit in the LVC 
change map RAM (308 FIG. 4). This bit is uncondition 
ally set by a write (CPU or DMA controller) to any 
word within the 64 word block. 
When a repeat data block is assigned to a terminal by 

45 

system software, the LVC divides it into change detect so 
blocks and monitors the change map RAM 308 for 
changes in the repeat data block. When a change occurs 
it is routed to the correct terminal, and the change bit is 
Teset. 55 

If the starting or ending address of a repeat data block 
is not on a change detect block boundary, the entire 
starting and ending 64 word block is still refreshed after 60 
a change. It is the terminal's responsibility to ignore 
changes outside the repeat data block. 
The change detect block is equal in size to the data in 

an outbound message on the cable, which is called a 65 
message frame, or simply frame. The terms frame and 
change detect block are used synonymously. 

12 

Change detect block (frame) x 

Repeal Data Block Change detect block x + 1 

Change detect block x + 2 

Change detect block x + in 

Data in change detect blocks x and x--n that is outside 
the address boundaries of the repeat data block is sent 
by the LVC, but ignored by the terminal. 
A "message frame' is one unit of information trans 

mitted by an LVC on a channel or a device. It contains 
192 data bytes preceded by a four byte header and fol 
lowed by a two-byte CRC. (During cable transmission, 
the message frame will have at least six sync bits pre 
fixed and at least two pad bytes appended.) A frame 
may comprise either control information (e.g., a UCB) 
or data. The header and CRC are generated by the 
LVC; the data usually originates in central memory 4 
and is transferred to the LVC over the DMA channel. 

7 6 5 4 3 2 1 0 

the start of the frame 

192 bytes of data 

-- 

196 
197 Two byte CRC 

Pad of at least two bytes 
to fill terminals's SOFFO 

Format of an Outbound Message Frame 

To send data or code to a (sub-)device, the software 
provides an LVC with the addresses and sizes of the 
data block as well as the (sub-)device address and some 
additional control information. The LVC divides the 
data block into one or more message frames and trans 
mits one frame at a time to the (sub-)device. The format 
of the data or code block depends upon the particular 
operation being performed. 
As mentioned above, the LVC supports two modes 

of data transmission to (sub-)devices: Repeat mode and 
One Shot mode. The transmission mode is selected by 
the software, but it is constrained to match the expecta 
tions of the terminal command being issued. 

In repeat mode, one (logical) memory block is trans 
mitted to a device each time its content is changed. This 
mode is intended for video devices (but not restricted to 
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them). For the terminal, each such memory area is dis 
played in a user defined portion of the video screen 
called a segment. There can be up to eight segments 
simultaneously being updated on the terminal screen. 

In order to minimize the actual volume of data trans 
mitted to a terminal, the LVC's monitor every CDB of 
each repeat data block and transmit a CDB whenever 
an LVC detects a change in it. If a CDB contains some 
data which is not a part of the displayed segment, the 
device must discard the extraneous data. 

Since a changed CDB is only sent to (at most) one 
device by an LVC, a repeat block must not overlap 
another of that LVC's repeat blocks (within the same 
logical addressing window) as shown below. 

Logical Central Memory 

Date Block 2 

L 
Example of Illegal Overlap of Repeat Blocks 

Within One Control Memory Addressing Window 

- 
Data Block 1 

Furthermore, two of an LVC's repeat data blocks in the 
same memory window may not include any parts of a 
common CDB. This is equivalent to the restriction that 
whenever two segments supported by a single LVC 
have their repeat data blocks in the same address space 
(window), there must be a boundary between them 
whose address is a 64 word multiple. 

In One Shot mode, a data block is transmitted once to 
the addressed device upon software command. This 
mode is intended for printers, down-loading the charac 
terset RAM, etc., although it can be used for video data 
via the SCROLL SEGMENT command. Software 
must retain the data block in memory until it has been 
completely transmitted. Completion of the transmission 
is normally determined by requesting a Command Done 
interrupt in the command that outputs the One Shot 
data block. Reuse of the data block for other purposes is 
then prohibited until the interrupt is received. 

Devices may only send data to the LVC in response 
to a poll. Such data falls into three categories: (1) key 
stroke data from keyboards, (2) non-keystroke data 
from (sub-)devices like OCR or magnetic stripe readers, 
and (3) status including diagnostic memory/error-log 
dumps. The data/status is returned via inbound mes 
Sages. 

Software passes control information either to an 
LVC or to its devices in unit control blocks (UCB’s). 
The DMAC instruction is used by software to initiate 
transfer of UCB’s to an LVC or to read single-word 
status. Software may independently request acknowl 
edgement of command receipt and/or command con 
pletion. An overview of the steps taken during com 
mand processing follows: 

1. Software executes a DMAC (Start I/O) instruction 
to select an LVC and to supply the address of a 
UCB to an LVC. 

2. If the LVC hardware is free to transfer the UCB, it 
accepts the DMAC instruction; otherwise, the 
DMAC is rejected. 
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3. The LVC hardware copies the UCB from central 
memory 4 to an internal buffer and notifies the 
LWC firmware. 
The LVC firmware moves the command from the 
read buffer to a command queue in the LVC mem 
ory, freeing the read buffer. The LVC hardware is 
then able to read the next UCB of the chain or 
accept another DMAC (Start I/O) instruction to 
read another UCB chain. On the last UCB in a 
chain, the LVC firmware interrupts the CPU with 
the chain taken status (if requested). 

5. The LVC firmware determines the type of the 
command and processes it accordingly. There are 
three types of commands based upon how they are 
processed: 
a. Controller Only commands-These are com 
mands processed completely by an LVC. SET 
INPUT RETRY THRESHOLD and ASSIGN 
KEYSTROKE BUFFER are examples of this 
type. 

b. Controller and Device commands-These com 
mands are processed partially by an LVC and 
partially by a (sub-)device. Usually these supply 
the LVC with the address of a Data Block that is 
to be transmitted to a device and tell the device 
what to do with it. DEFINE SEGMENT and 
LOAD CHARACTER SET RAM are exam 
ples of this type. 

c. Device commands-These commands are pro 
cessed completely by a device. BLANK DIS 
PLAY and REDEFINE BORDER are such 
commands. 

6. Except for Controller Only commands, the LVC 
schedules transmission of the complete UCB to the 
device. For commands with one shot data blocks, 
the LVC firmware also schedules transmission of 
the frames containing the one shot data. 

7. The device performs the desired operation (possi 
ble passing all or part of the UCB and/or data on 
the sub-devices). 

8. After processing, the device sends a completion 
status back to the LVC. Along with the completion 
status is a copy of the UCB address and a flag 
indicating whether or not the UCB requested a 
command done interrupt. 

9. The LVC posts the completion status in control 
memory 4, and if requested, signals completion via 
a comand done interrupt. 

The operative word of the DMAC instruction is as 
follows: 

0 1 2 3 4 56789 0 1 12 13 14 15 617 8 1920 21 22 23 

wocMND IRR UN ca 
where: 
RR-Reserved. Must be zero. 
UN-Unit Number. All DMAC instructions issued to 

the LVC are issued to Unit zero. 
CMND-DMAC Commands. The command codes 

in binary are as follows: 
0000-Start I/O. Initiates transfer of a UCB chain to 

the LVC. The starting address of the chain is in the 
second word. 

001-Load Controller Parameters. This command 
must be executed before attempting to use the 
LVC. 
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The second DMAC word has the following format: 

0 1 2 3 4 5 6 78 9 0 1 2 3 4 S 6, 178920212223 

FD FA LP RE. PRORITY RE- RETRY 
SERVED SERVED COUNT 

FD = Force Data Parity Error-Setting this bit high 
causes bad parity on subsequent data transfers. 

FA=Force Address Parity Error-Setting this bit 
high causes bad parity on subsequent address trans 
fers. 

LP = Load Priority. Initially, all DMA controllers 
have a priority of 0. Before any attempt is made to 
send UCB’s to an LVC, the controller's priority 
should be set (LP= 1; PRIORITY field= new pri 
ority (smallest number=best service)). 

RETRY COUNT-This is the number of times the 
LVC will attempt to DMA dta to/from the MOD 
III before it reports an error. The default value is 3. 

0010-Set Keyboard Buffer Free. Software executes 
this command when it has finished processing a 
keystroke buffer. 

001 1-Reserved. 
0100-Stop I/O. If the LVC is reading a UCB chain 

it will terminate at the end of the current UCB. 
0.101-Reserved. 
Ol 10-Reserved. 
Ol 11-Reserved. 
1000-Input Interrupt Status Word 2. 
1001-Input Interrupt Status Word 2. 
1010-Input LVC Status Word. 
1011-Input LVC Identification Register. 
1100-Reserved. 
1 101-Reserved. 
1110-Master (system) Reset. The LVC terminates 
the current UCB chain immediately, aborts all 
communications with attached devices, then begins 
performing non-destructive diagnostics. All LVC 
error logs are preserved. 

1 111-Initiate Power Up Sequence. The LVC imme 
diately aborts all activities and begins executing 
power on diagnostics. Software polls the LVC's 
Status Register for either a self diagnostic failure 
indication or "waiting for downline load" status. 

The general format of a UCB is as shown in FIG. 8, 
where: 

C: Command Completed. This bit is set once the 
command processing is completed. If the I bit was 
set, a command done interrupt is also generated. 

S1, S2: Auxiliary status information for a small num 
ber of commands; otherwise, rr. 

CS: Completion Status. The command completion 
code is returned here. An LVC may post a comple 
tion status without forwarding the command to a 
terminal for Controller Only or erroneous Control 
ler and Device commands. Such completion sta 
tuses will be in the range zero through 127. The 
possible values of CS are allocated as follows: 

CS (decimal) Meaning 
O Command completed normally. 

Unknown command code 
2-63 Reserved for errors common to DMA 

controllers. 
64-27 Reserved for LVC use. 
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-continued 

CS (decimal) Meaning 
128-255 Reserved for devices, 

I: Done Interrupt request. Setting this bit requests 
that the command completed status be accompa 
nied by an interrupt. 

UCBS: UCB Size. The Length of the significant por 
tion of the UCB in central memory words. A UCB 
is a minimum of four words in length and a maxi 
mum of 16. If a UCB sent to a terminal is shorter 
than expected, all omitted parameters will have an 
assumed value of zero, 

CCODE: Command Code. This tells the LVC's and 
devices want to do. To a programmer, this appears 
as one 12 bit code, but the LVC's and the devices 
interpret different parts of it as described below. 
The reason for this is to make LVC actions inde 
pendent of device actions to as high a degree as 
possible. 

12 3 4 15 617 289 202 2223 

LC: LVC Code. This part tells the LVC what to do. 
The values of LC are: 
LC=0. The command is completely processed by 

the LVC. OC is the Command Opcode. There 
are no LC = 0 terminal commands. 

LC= 1. First send the UCB to the device. The 
device must either acknowledge or reject the 
command with a special response IDT. If the 
device accepts the UCB, then repeatedly send 
the Data Block described by the UCB, OC is the 
opcode for the device. DEFINE SEGMENT is 
the only LC = 1 terminal command. 

LC=2. Stop Sending the repeat block identified by 
the UCB. Send the UCB to the device. OC is the 
opcode for the device. CANCEL SEGMENT is 
the only LC= 2 terminal command. 

LC=3. First send the UCB to the device. Then 
send the Data Block described in the UCB once. 
OC is the opcode for the device. The LVC in 
sures that the device receives the UCB before it 
starts receiving the frames comprising the data 
block. The terminal one shot commands are: 
DOWNLOAD SUBDEVICE, SCROLL SEG 
MENT, DOWNLOAD CHARACTER SET 
RAM, and TRANSMIT DATA BLOCK TO 
SUBDEVICE. 

LC=4. Send the UCB for processing to the device. 
OC is the opcode for the device. Most terminal 
commands fall into this category. 

LC= 5-15. Reserved. 
***This six-bit field is used by the LVC to identify 

repeat data blocks when sent to the device. There 
fore, a unique value must be assigned to every 
repeat data block that travels on one channel. This 
field is required for commands of type LC= 1 and 
2 only. The low order six bits of word 8 of the UCB 
must be formatted as follows: 

where: 
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89 20 21 22 23 

SEG: Segment Number. An arbitrary three bit value 
assigned by software to identify each repeat data 
block to a given device. 

PA: Poll Address. An identification of which device 
on a particular LVC cable is to process repeat data 
(segments). This value should be identical to the 
corresponding bits of word 4 of the UCB, the 
PDA. 

PDA: Physical Device Address. The PDA identifies 
the UCB's recipient. 

The "data block number" (DBN) is an identification 
tag used by the LVC and devices to discriminate be 
tween different repeat data blocks. Data block numbers 
are assigned to a particular device and the assigned 
device will accept only data blocks assigned to it. 
When transmitted by the LVC, data is divided into 64 

word messages. This applies to both one-shot and repeat 
data blocks. The "frame number' is attached to each of 
these types of messages to identify the data frame's 
relative position within a repeat or one-shot data block. 
The frame number is an eight bit field, so the maximum 
number of frames in a data block is 256. 
A "message' is a packet of information traveling on 

the cable between the LVC and devices. It consists of a 
message header and text. Messages are either outbound 
or inbound, relative to the LVC, 
The "header" is the first part of a message. It contains 

information necessary for the LVC or device to inter 
pret the message. It also contains fields used for the 
communications protocol between LVC and device. 
There are two types of headers, outbound message and 
inbound message headers. 
The outbound message information field is always 64 

words long, or 192 bytes. Outbound message informa 
tion is either control information or data. 
The inbound message information field is always 8 

bytes long. It may be data or status information. There 
are two categories of data, keystroke and non-keystroke 
data. There are two categories of status, solicited and 
asynchronous. 
As mentioned earlier, the message header contains 

addressing information, polling information, and error 
recovery sequence numbers, Outbound headers also 
contain control information which categorizes the asso 
ciated information field of the message; hence they are 
longer than inbound message headers. The outbound 
message header is a 4 byte field. The inbound message 
header is a 2 byte field. 
Outbound message headers indicate (1) the type of 

message (command message, repeat data block, one 
shot data block, or dummy message), (2) the destination 
of the message body, and (3) the poll address of one of 
the eight channel devices which is to respond with an 
inbound message after the outbound message is success 
fully received. 

Additional information in the header indicates which 
frame within a data block is being sent. All outbound 
message headers also contain a message sequence nun 
ber which is used in a positive acknowledgement system 
for outbound error recovery. 
The outbound message itself is 192 bytes long. It is 

composed of either a command (a UCB followed by 
pad characters) from a buffer in the LVC, repeat or 
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one-shot data from a 64-word block of main memory 4, 
or a dummy message containing filler characters. 
(Dummy blocks are used to maintain channel cycle 
timing when no valid message is available.) 
The format of the outbound message header is shown 

below in Z80 microprocessor byte format. 

MSB LSB 
O 

RR Byte 0, Outbound 
Message Header 

4 5 3 2 

orcDIs D RRRo 

where: 
Bit 7=0, indictes an outbound frame; this enables 

devices to distinguish outbound messages from 
inbound messages. 

RR: Reserved. 
CD: Command/Data flag. 
CD = 1 command message frame 
CD=0 data message frame 

RO: Repeat/One-shot flag. 
RO = 1 repeat data block message frame 
RO =0 one-shot data message frame 

D: Dummy message flag. D = 1 dummy message, 
indicating there is no data to transmit. The data 
that is in this frame is ignored by all devices. 

IS: Inbound sequence number. A one bit sequence 
number that is used as a means of positive acknowl 
edgement of each inbound data frame. The LVC 
inverts the bit if the inbound transfer is successful; 
otherwise the device repeats the message on the 
next poll. 

DBN:DA: Data block number and destination device 
address. The lower three bits of this field always 
contain the device address. For repeat data frames, 
the upper three bits of this field contain the data 
block number that identifies which data block (seg 
ment) the message frame belongs to. In the case of 
one shot data, the DBN:DA field is the device 
address corresponding to the intended recipient of 
the message frame. Only the least significant three 
bits of this field, corresponding to the polling ad 
dress of the device, are used. The high order bits 

Ze. 

FRAMEif: If the RO bit=1, this field indicates 
which part of a repeat data block is being sent in 
the message. A message contains a 64-word frame, 
and a repeat data block consists of one or more 
frames. 

PA: Poll Address. This specifies which device on the 
charinel will reply with an inbound message. Every 
device must have one of eight unique polling ad 
dresses on a channel. 

OSN: Outbound Sequence Number. A sequence 
number is assigned consecutively to outbound mes 
sages (modulo 16). This is used as a means for posi 
tive acknowledgement to verify that the last out 
bound messages are received by a device without 
etc. 

The protocol used by the LVC and devices is a half 
duplex, byte oriented synchronous protocol that is very 
similar to bisynchronous communications protocols. 
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Both outbound and inbound message frames have the 
same general format. The frames consist of a sync field, 
header field, information field, 16 bit CRC, and pad 
characters. 

SYNC HEADER NFORMATION 

The information field contains commands, data, sta 
tus, or dummy information. 
The outbound information field is always 64 24-bit 

words long, or 192 bytes, which is the size of a video 
change detect block. Even if an outbound message is a 
dummy message, a 192 byte information field is sent that 
is an old message left in the frame buffer. Command 
messages contain a maximum of 16 words in the infor 
mation field. The rest of the field contains an old mes 
sage, as in a dummy message. 
The inbound message information field is always 8 

bytes long. If a device is polled by the LVC and it has 
no data to send to the LVC, the device must still have 
an 8 byte information field in its reply. If the device has 
less than 8 bytes of data, it must still send an 8 byte 
information field. 
The LVC and devices always send pad characters 

(01H) at the end of any message. This is necessary in 
order to shift the 16 bit CRC remainder through the 
receiver so that the integrity of the message can be 
verified. The LVC always sends 2 pad characters after 
each outbound message. The LVC pad timing is fixed 
by the scheduler/ serializer 324. 
CENTRAL PROCESSOR/LVC COMMANDS 
The most significant central processor/LVC com 

mands will now be described. 
In the command formats shown below WordO to 

Word2 of the UCB are omitted. Words 5 to 7 are omit 
ted whenever they are not used. All numbers followed 
by the letter H are hexadecimal. All unused and re 
served fields within the UCB’s must always be zero. 
NOP 
The NOP command is received and processed like 

any other LVC command except that no operation is 
performed by the LVC. Completion status and a com 
pletion interrupt (if requested) are generated in the 
usual manner. 

O 1 2 3 4 5 6 789 10 1 12 13 415 16 17 18920 212223 

Rruces RR oH 
Download LVC 

Before the LVC can respond to the Download LVC 
command, it must be reset and the LVC's Controller 
Status Register must indicate that the LVC is waiting 
for a downline load. This Download LVC command 
transfers object code from central memory to the LVC 
RAM. The data block containing the code must be 
aligned to a 64 word boundary. Software must wait for 
a command complete interrupt before proceeding fur 
ther. 

0 1 2 3 4 5 6 789 0 1 2 3 4 5 617 18, 9.202 2223 

3 RRUCBs RR oH 

20 
-continued 

4 Unused 

Data Block Pointer 

6 Data Block Size in Bytes 

5 

O 

Each 64 word portion of the data block containing 
code must be formatted as follows: 

byte (0.1-RAM address where code is to be loaded. 
byte 2-Number of bytes of code. Maximum 188. 
byte 3.191-Code followed by 1 byte of checksum. 
The last 64 word portion of the data block will spec 

ify the execution address as follows: 
byte 0.1-Execution address 

15 

'' byte 2-OOH 
byte 3-Checksum 
The checksum is the half add (Exclusive Or) of all 

bytes preceeding the checksum byte in the frame. 
25 If the execution address byte pair is binary zero, the 

LVC's download monitor will return to a "ready for 
download' state (rather than transferring control to the 
downloaded code). This allows the LVC to be down 
loaded in segments that are smaller than the total 
amount of code to be downloaded. 
Suspend Repeat Block Transmission 

This command will cause the LVC to suspend trans 
mission of a repeat block on the channel even if it no 
tices a change in any CDB of the block. The command 
is used by software to freeze a display segment in a 
video device while it is doing major changes in it. 

30 

35 

0 1 2 3 4 56789 10 1 2 3 4 5 617 8 1920 222 23 

3 UCBS 

PDA 
45 

DBN 8 

Resume Repeat Block Transmission 
This command reverses the effect of the SUSPEND 

REPEAT BLOCK TRANSMISSION command. All 
changes to the block that occurred after the SUSPEND 
command was completed will now be detected and 

55 acted upon by the LVC. 

SO 

0 1 2 3 4 5 6 789 10 12 13 415 16 18, 1920 212223 

60 

rr den 65 

Each 8 byte Device Status Table entry has the format: 
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O W T 
F B X : 

R F O BYTEO 

BYTE NPT RETRY 
THRESHOD 

BYTE 2 NUT RETRY 
COUNTER 

BYTE 3 OUTPUT RETRY 
THRESHOD 

BYTE 4 OUTPUT RETRY 
COUNT 

BYTE 5 MESSED POLL 
RETRY THRESHOLD 

BYTE MISSED POL 
RETRY COUNT 

O 
N S 

N 

where: 
KID, SID-Keystroke/Status Input Disabled. A 

"Disable Input From Device" command is in effect 
for this device, 

OFL-The device is offline. 
WBR-The device is in its initialization sequence 

after having recently come online. The two fields 
OFL and WBR combine to form this device state 
code: 

OFL WBR MEANING 

O O The device is online in normal operating 
mode. 

O 2 The device is online, has completed power 
on diagnostics, but hasn't sent the LVC's 
a boot request. 
The device is offine. 
The device is in its initialization 
sequence. 

TXO-Transmitter off. The device, after falling be 
hind processing messages from the LVC, has sent 
an "XOFF' IDT sequence. The LVC is queueing 
all messages destined for the device. The device 
will send an 'XON' IDT to the LVC when it can 
begin processing messages again. 

Retry Threshold. The number of times to retry trans 
mission errors of a given type. 

Retry Count. The number of retries currently at 
tempted to recover from a transmission error of the 
given type. The different types of retried transmis 
sion errors are: 
Input-CRC errors on inbound (to the LVC) mes 

sages 
Output-Requests from the device to retransmit a 

message. (sequence number retries). 
Missed Poll-Times the device fails to respond to a 

poll from the LVC. 
ONL-Online. The device is responding to polls and 

accepting messages within retry limit bounds. 
ISN-Inbound Sequence Number. The next expected 
inbound sequence number from the device. 

Read LVC Memory 
This command dumps the LVC memory to the cen 

tral memory buffer. 

O 

15 

22 

O 1 2 3 4 5 6 789 10 1 2 3 4 5 617 1892O2 2223 

4. LVC Memory Address 

3 

Buffer Pointer 5 

Buffer Size in Bytes 

LVC PROCESSOR CIRCUITRY 

Each LVC consists of a set of three or four circuit 
cards (refer to FIG. 4). They are the LVC processor 
304, LVC interface 302, and LVC driver receiver 330 
and 331 (1 or 2 cards per controller). 
The LVC processor 304 and the LVC interface 302 

both reside on the CPU DMA bus 300. 
The LVC processor 304 is the intelligent portion of 

the LVC. The intelligence is used to control the flow of 
information between the central system operating sys 

5 tem, on the DMA bus side, and the devices, on the 
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channel side. 
The major component parts of the LVC processor 

304 are the video controller (VC) 314, the data se 
quencer (DS) 322, the scheduler serializer 324, and the 
8041 single chip microprocessor 316. 
The video controller 314 is a Z-80 based microcom 

puter section of the LVC processor 304. In the hierar 
chy of intelligence that comprises the LVC, the VC 314 
can be thought of as the master processor. 
The VC 314 has control of the operation of the entire 

LVC, either directly or indirectly, through the use of its 
I/O lines and the B 2-port RAMS 312, 320, and 328. 
The data block pointer table 312, the 2-port RAM be 
tween the VC 314 and the change scanner 306, is used 
by the VC 314 to direct the change scanner's search for 
changes in active data blocks. The command buffer 320, 
the 2-port RAM between the VC and the data se 
quencer, is used by the WC to direct the data sequenc 
er's message transmission activity. Hence both the data 
sequencer and the change scanner can be considered 
slaves of the video controller. 
The VC 314 is isolated from the DMA and cable 

interfaces by the data sequencer 322. The software of 
the VC is not concerned with lower level protocol 
functions necessary to utilize the DMA and local cables, 
but instead depends upon the data sequencer to perform 
the necessary protocol activities, 
The data sequencer 322 is a microprogrammed con 

troller whose design, in a preferred embodiment of the 
invention, is based upon the AMD 2900 family bit slice 
architecture. The DS 322 is responsible for moving data 
through the LVC at the protocol level, under the direc 
tion of the video controller 314. The bit slice controller 
has an eight bit bidirectional bus. 
On the DMA side, the data sequencer 322 is responsi 

ble for all data movement into an out of the LVC. The 
DS 322 must service all DMACs received by the LVC, 
except POR and Master Reset, which are hardware 
decoded. All UCBs, which are issued via the Start I/O 
DMAC, are passed to the VC for interpretation and 
action. Error recovery on the DMA bus is handled by 
the data sequencer without VC 314 intervention, unless 
the controller retry count is exceeded. 
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DS 322 responsibilities are similar at the cable inter 
face. All outbound data to the devices is scheduled by 
the video controller, by way of the outbound header 
queue located in the command buffer 2-port RAM 320. 
The DS 322 processes the outbound tasks in this queue 
and fetches the assigned data through the DMA inter 
face in order to assemble the outbound messages. The 
data sequencer puts these messages into the frame buffer 
2-port RAM 328 where they are transmitted by the 
scheduler/serializer 324. 

Inbound messages from the devices are sorted by the 
data sequencer 322 into two categories, keystroke and 
non-keystroke data. The DS immediately puts key 
strokes into a specially defined keystroke buffer in main 
memory 4. Non-keystroke data is given to the video 
controller for subsequent interpretation and processing. 

All cable error recovery is executed by the data se 
quencer. Like DMA error recovery, cable error recov 
ery is transparent to the video controller until device 
retry count is exceeded. 
The scheduler/serializer (SS) 324 is a block of state 

logic that functions as the control logic for the physical 
level of the cable interface. The SS generates all cable 
timing for the eight local channels attached to the LVC. 
It sequences in synchronization with the bit rate of the 
cables. 

During each bit cycle, a sub-sequencer section of the 
SS 324 performs the operations necessary to move 
transmit messages, stored in the frame buffer 2-port 
RAM 328 by the data sequencer 322, into the transmit 
SIO's located on the driver receiver cards 330-331. In 
this sense, the SS is a DMA controller servicing eight 
high speed local communications channels. 

Additional tasks of the SS sub-sequencer are to mark 
transmit message buffers after they have been transmit 
ted, test for newly filled buffers, and label received 
messages with the source cable. During specific unused 
cycles, the SS 324 reads the revision level switches on 
the driver/receiver cards and returns the values to de 
fined locations in the frame buffer 2-port RAM 328. 
The 804.1 MPU 316 is an independent microprocessor 

that connects the central system service processor to 
the LVC. 
The 804 MPU is connected directly to the VC Z-80 

bus, and appears as an I/O port to the VC. The 8041 
MPU 316 monitors the LVC for major failures and has 
the capability to issue a power on reset, a master reset, 
and set and reset a fail indicator LED on the LVC 304. 
The data sequencer 322 consists of a micro-pro 

grammed 8-bit controller. It is implemented using two 
AMD 2901 bit slice IC's and a 2910 micro-sequencer to 
control the micro-program. Architecture features are a 
72 bit wide micro-word, 2K word micro-program, and 
a 8-bit, bi-directional data bus. 

LVC INTERFACE CIRCUITRY 

Regarding the LVC interface 302, the set of control 
ler cards that comprise a particular LVC derive their 
DMA address identity from the controller slot number 
of the LVC interface card. This is the only LVC card 
that communictes directly with the DMA bus 300. 
The LVC interface 302 is partitioned into two dis 

tinct functional blocks, the DMA interface 310 and the 
change scanner 306. Each block operates as a slave to 
the LVC processor 304. 
The LVC interface card 302 utilizes standard DMA 

interface logic. The DMA interface 310 consisdts of a 
16 word register file (24 bits wide) (334, FIG. 7B) and 
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24 
four distinct state machines that execute the various 
DMA functions. The file registers utilized by the LVC 
are: 

File 
Address Name 

6H DMAC Opword 1 
7h DMAC Opword 2 
9H. Interrupt Status Word 
OAH interrupt Status Word 2 
OBH Controller Status Word 
OCH Controller ID 
ODH interrupt ID 
OEH DMA Read Data (from main memory 4) 
OFH DMA Write Data (to main memory 4) 

The four state machines are: 
Interrupt state machine 
DMAC state machine 
DMA state machine 
DMA error state machine 

Support logic includes the DMA address register/coun 
ter 336, file data I/O buffers 338, and parity logic 342 on 
the DMA side. 

Utilization of the DMA interface 310 on the LVC is 
the responsibility of the data sequencer 322. In general 
terms, the data sequencer 322 has an 8-bit bus, so it must 
pack and unpack 24 bit words to bytes as it uses the 
interface 310. 

All data sequencer data moves in and out of the regis 
ter file are performed through the 24 bit wide unit data 
I/O buffers (344, 346, FIG. 7B). Each single DMA 
transfer requires three address byte transfers, three data 
byte transfers, and several control cycles. The block 
DMA transfer capability of the DMA interface is not 
used. However, the data sequencer 322 can increment 
the DMA address register 336, so that when it must 
move blocks of data, it does not have to provide a new 
address for each word transferred. 
Once the desired operation is initiated by the data 

sequencer 322, all physical level DMA protocol is per 
formed by the appropriate DMA interface state ma 
chine. Task completion and error status are made avail 
able by the DMA interface so that the data sequencer 
322 may perform its housekeeping and error recovery 
chores. 
The change scanner 306, shown in greater detail in 

FIGS. 5A and 5B, enables the LVC to conditionally 
refresh terminal CRT's from any assigned locations in 
main memory 4 without the intervention of application 
software. 
The change scanner 306 artificially partitions the 

entirety of main memory logical address space into 64 
word "change detect blocks". The change scanner 
change map RAM 350 maintains a single status bit for 
each of these change detect blocks (128 kbits). By virtue 
of monitoring the 17 most significant logical memory 
address lines from the central memory mapper, the 
status bit represents the fact that a memory word any 
where within its respective change detect block has 
been modified by a memory write operation. CPU 
writes and DMA writes are not discriminated. 

Using the Define Segment command, the central 
operating system must assign a data block (synonymous 
with segment) to a terminal in order to cause transpar 
ent refresh of the terminal's CRT. The data block is 
merely a continguous collection of change detect 
blocks. The Define Segment command is interpreted by 

IPR2023-00033 
Apple EX1041 Page 20



4,646,261 
25 

both the terminal and the LVC, and is utilized by the 
video controller 314 to direct the operation of the 
change scanner 306. 
Communication between the VC 314 and the change 

scanner 306 occurs through the data block pointer table 
2-port RAM 312. The VC assigns data blocks for the 
change scanner to monitor, based upon defined seg 
ments. The change scanner reports each change found 
to the video controller, so that it can be formatted and 
put into the transmit header queue for the data se 
quencer 322 to send to the terminal. 
The change scanner format is such that each terminal 

may have up to eight display segments, or data blocks, 
assigned to it. The maximum length of any data block is 
256 change detect blocks, equal to 16,384 words. 

LVC DRIVERARECEIVER CIRCUITRY 

The LVC driver/receiver cards 330, 331 contain 
circuitry necessary to provide the physical interface 
between the LVC processor 304 and the local cables. 
Each card contains the circuitry for four local cables, so 
a fully configured LVC requires two driver/receiver 
cards. 
The function of the driver/receiver card is to accept 

parallel data from the frame buffer 2-port RAM 328 and 
serialize the data. Serialization is accomplished with 
Z-80 serial I/O (SIO) devices. The data is further pro 
cessed with a biphase encoder? decoder circuit (not 
shown), which encodes clocks into the data. Once en 
coded, the serial data passes through the line driver 
circuit to the cable and the devices. 
The process is reversed for incoming data from the 

devices. The receiver circuit picks the serial data off the 
cable and presents it to the encoder/decoder for decod 
ing. Once decoded, the serial to parallel data conversion 
is made in the receive SIO 326, which is located on the 
LVC processor. 

LVC COMMANDS 

This section summarizes LVC command procedures. 
The LVC data sequencer 322 is responsible for inter 

preting and executing all DMA commands (DMAC's) 
issued to the controller, with the exception of those 
commands that are implemented directly by hardware. 
The data sequencer obtains issued DMAC's from the 
register file 334 in the DMA interface 310 located on 
the LVC interface card 302. The DMAC AVAIL sta 
tus signal indicates the presence of a DMAC to the data 
sequencer 322. 
DMAC's are serviced by the data sequencer on a 

status basis. If a command is outstanding and the central 
CPU 2 software attempts to issue another command, the 
LVC will not acknowledge it. This prevents overwrite 
of the previous DMAC until such time as it is serviced 
by the data sequencer.322. 
DMAC's used with the LVC are, as previously de 

fined, always a maximum two word command transfer. 
The first word is called the operation word. It has the 
format 

0 1 2 3 4. 7 S 16 23 8 

CMND RR UNIT NUMBER CONTROLLER it 

where: 
IO-direction of operation. O= Out: the data word or 

control word is sent from memory to the control 
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26 
ler, 1 = In: The second word is sent from controller 
to memory. 

CMND-This is a command field which defines the 
operation to be executed by the controller as a 
result of the DMAC. 

RR-Reserved, must be zero. 
UNIT NUMBER-A field intended to be used to 

direct commands to a particular device. This is not 
implemented. 

CONTROLLER #-This field selects the proper 
controller, based on the DMA bus slot number. 
The LVC slot number, or controller if, is defined 
by the slot that the LVD interface card is plugged 

tO. 

The Start IAO DMAC has a command field=0000, 
and the second word= the UCB pointer. The data se 
quencer 322 rejects the Start IAO DMAC if there is 
already one outstanding. Otherwise the data sequencer 
stores the UCB pointer in its scratch RAM 318 and sets 
a UBC available flag. The UCB available flag is tested 
by the DS microcode. The UCB is fetched by the DS 
and put into a UCB buffer in the command buffer 2-port 
RAM 320. It is the responsibility of the video controller 
to interpret the UCB and execute it or transfer it to a 
device. 

Unit Control Blocks (UCB's) are the means by which 
all I/O devices are controlled by the central operating 
system. UCB’s are issued to the LVC or its satellite 
devices with the Start I/O DMAC, The second word of 
the DMAC is a main memory logical address which 
points to the UCB, UCB’s may be chained by inserting 
a pointer into a UCB that is the starting address for the 
next UCB in the chain. All UCB’s are a minimum of 4 
and a maximum of 16 24-bit words. 

In the LVC, the responsibility for fetching and inter 
preting UCB's is shared between the data sequencer 322 
and the video controller 314. When the Start IAO 
DMAC is issued, the data sequencer will decode the 
command and save the UCB pointer. Subsequently, the 
DS will test a location in the command buffer 2-port 
RAM 320 between the DS and WC to determine if the 
VC has allotted a free UCB buffer. If a buffer is avail 
able, the DS will fetch the UCB, put it in the buffer, and 
signal the VC that there is a UCB to process. If it is a 
single UCB transfer, the DS will then generate a UCB 
taken interrupt. If the UCB is chained, the DS will wait 
until the end of the chain before it generates the taken 
interrupt. The DS will not fetch another UCB until 
another buffer is made available in the command buffer 
2-port RAM 320. 
Once the UCB has arrived in the command buffer 

2-port RAM, the video controller 314 tests the com 
mand for destination. The command can be intended for 
the LVD only, a device only, or both the LVC and a 
device can share commands. Device commands and 
shared commands are routed to devices with the physi 
cal device address field that is located within the UCB. 
Completion status and completion interrupts are the 

responsibility of the device that the command is issued 
to. A device cannot deliver status and generate inter 
rupts directly, but must do so through the LVC. 

Device commands are routed through the LVC to 
the appropriate device using the physical device ad 
dress. After the data sequencer 322 places the command 
into the command buffer 2-port RAM 320, the video 
controller examines the command for its ultimate desti 
nation. If the comand is destined for a device, a com 
mand header is generated by the VC and put in the 

IPR2023-00033 
Apple EX1041 Page 21



4,646,261 
27 

transmit header queue for the channel that the device is 
located on. 
The data sequencer is responsible for processing the 

transmit header queue for all channels. The command is 
obtained from the queue and a command message built 
by the DS. The outbound message is sent to the device 
over the local cable. 
Command completion status and a completion inter 

rupt is generated by the device processing the com 
mand. Upon completion of the command, the device 
sends completion status to the LVC. If the command 
indicates interrupt on completion, the device also re 
quests a completion interrupt. The inbound status mes 
sage from the device is received by the data sequencer 
and is routed to the video controller for processing. The 
video controller interprets the status message and di 
rects the data sequencer to post completion status for 
the device. The video controller also directs the data 
sequencer to update its interrupt status registers and 
request an interrupt of the CPU 2, if that is indicated by 
the returned status. 

LVCATERMINAL INTERFACE PROTOCOL 
The LVC sends commands to the terminal in com 

mand blocks. Each command block is contained in one 
message frame. Command blocks are processed in the 
same order that they are sent and received. The LVC 
commands are outlined below according to type. 
Terminal Control: 
The DOWNLOAD DEVICE command is used in 

the terminal initialization procedure and may also be 
used after initialization to add subdevice driver firm 
ware or the download additional operating commands 
or features. The command points to a data block con 
taining Z80 object code for the firmware to be down 
loaded. This data block is sent as a one-shot data block 
to the terminal and loaded as executable code. 
The GET DEVICE TYPE command allows soft 

ware to ask any channel device and its subdevices (if 
any) for their classes (terminal, printer, etc) and model 
numbers (or similar designation of available features). 
The device's reply is DMA'ed into a memory buffer. 
The SET SCREEN SIZE command allows the 

height and width of the terminal display to be specified. 
Valid values for the horizontal terminal configuration 
are 12, 24, or 33 rows by 41, 81, 96 or 132 columns. 
Values for the vertical terminal are 12, 24, 33, 44 or 64 
rows by 48, 81 or 96 columns. 
The SET CHARACTER MODE command selects 

either the 8 or 24 bit character mode. This command 
also clears all segment definitions; it should be followed 
by one or more DEFINE SEGMENT commands. This 
command also selects the attribute system which will 
apply to the entire screen. 
The SELECT KEYBOARD TYPE command al 

lows selection of a numeric or function keypad and 
typewriter or keypunch mode shifting at the keyboard. 
The BLANK/RESTORE DISPLAY command can 

be used to blank or unblank the screen, without interfer 
ing with video memory updates. 
The ENABLEADISABLE INPUT SUBDEVICE 

command controls transmission of inbound data from 
any terminal subdevice. Software may selectively ena 
ble/disable input subdevices. 
Segment Control: 
The DEFINE SEGMENT command positions the 

segment on the screen, informs the terminal of the seg 
ment size and shape, and selects the attribute family and 
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28 
the type of border displayed around the segment. Its 
parameters are: 
DBN: The data block number will also be the seg 
ment number. 

DB Width: The DB width must be equal to or greater 
than the segment width. ADB width of zero means 
no margin (DB width = segment width), 

AF: Attribute family code for this segment. 
OH = none or field attributes 
1H = attribute family #1. 

start row: The address of the screen row where the 
segment starts, not including any borders. 

start col: The address of the leftmost screen column of 
the segment, not including any borders. 

height: The number of rows-1 the segment is high, not 
including borders. 

width: The number of columns-1 the segment is wide, 
not including borders. 

border attributes: Defines the attributes of the border 
characters. Borders are optional. 

cursor character/attributes: Any displayable 24 bit 
character which is to be used as the cursor. It will be 
alternated with the character "beneath' the character 
position (24 bit mode only). 

cursor on/off rates: Define the rate and duty cycle of 
cursor flashing in 24 bit mode. 
The CANCEL SEGMENT command is used to 

cancel the segment definition. An optional bit may se 
lect erasure of the segment data. 
The SCROLL SEGMENT command initiates the 

vertical scroll of one segment. The parameters are the 
segment number, a signed integer which indicates the 
number of rows to be scrolled up or down, a pointer to 
the scroll data, and the length of the scroll data. The 
terminal scrolls the data in the video RAM for this 
segment by number of rows specified and updates the 
video RAM when the new data is received. 
The REDEFINER BORDER command redefines 

the border attribute for a segment. The command is 
rejected if the original segment definition has no bor 
ders. 
The REDEFINE CURSOR command changes the 

cursor character, attributes, and blink rate for the speci 
fied segment. If there was no cursor in the original 
segment definition, the cursor will be added. 
The ENABLE/DSABLE CURSOR commands 

start and stop cursor blinking for a given segment. 
Display Character Set Selection: 
The DOWNLOAD CHARACTER SET RAM 

command loads a one-shot data block into all or part of 
a CG RAM character set (up to 256 characters). The DI 
(Done Interrupt request) may be used to inform soft 
ware when it is safe to reassign the one-shot data block. 
The parameters are: 
CS: Character set RAM to be loaded. 
first character: The first character code (between 0 
and FFH) in set CS to be loaded. 

data block size: DBS/8 will determine the number of 
characters loaded. Fractions of characters may not 
be loaded. If the data block size overruns the end of 
the character set, the remaining data will be ig 
nored. 

The SELECT DEFAULT CHARACTER SET 
command loads the default character set from the termi 
nal processor ROM into the specified character set (0 or 
1). The terminal automatically initializes the default 
character set at power on. 
Subdevice Control: 
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The TRANSMIT DATA BLOCK TO SUBDE 

VICE command sends a one-shot data block to the 
named subdevice. This command is designed for print 
ers and other optional output subdevices. 
The RESUME TRANSMISSION TO SUBDE 

VICE and FLUSH SUBDEVICE BUFFERS con 
mands are used for TRANSMIT DATA BLOCK TO 
SUBDEVICE error recovery. 

LVC DATA FLOW 

The LVC is a communications I/O device, and as 
such, its primary function is to move data between the 
central system and the devices. Data moves in two 
directions; outbound, from CPU to devices, and in 
bound, from devices to CPU. Different paths are taken 
through the LVC, depending upon the type of data, but 
all data moves in a similar fashion through the data 
sequencer 322. 
Outbound data is categorized into three types: (1) 

repeat video data, (2) one-shot data, and (3) commands. 
All outbound data types are processed and sorted by 

the Z80 video controller 314. The actual movement of 
data is accomplished by the data sequencer 322. The 
video controller uses a data structure called the transmit 
header queue in order to supervise the movement of 
data by the data sequencer. 
The LVC possesses unique hardware and firmware 

which enables transparent refresh of CRT terminals. 
Control of transparent CRT refresh is accomplished 
with the data structure called the repeat data block. The 
repeat data block is a contiguous section of CPU logical 
address space that is assigned to a terminal as a video 
display area, using the define segment UCB. 
Each repeat data block has a unique logical address 

that starts on an even boundary of 64. The address space 
may not cross window boundaries. The maximum size 
of a repeat data block is 256 change detect frames, or 
16,384 CPU words. 
A define repeat block UCB is the means by which the 

CPU initiates transparent refresh of any terminal. When 
the UCB is issued, parameters are extracted from the 
UCB by the video controller 314 before the command is 
forwarded to the terminal. These parameters enable the 
video controller to supervise the operation of the 
change scanner 306, and to route reported changes in 
change detect blocks to the correct channel and termi 
nal. 
The format of the define repeat block UCB is shown 

elsewhere herein. 
The change scanner logic 306 performs the task of 

finding changes within repeat data blocks. The change 
scanner change map RAM 308 is a table 128K locations 
by 1 bit. The entire CPU memory logical address space 
is mapped to the change map RAM 308 by dropping the 
least significant 6 bits of logical address. The seventeen 
address lines left map directly to 128K. By virtue of 
deleting the least significant 6 bits of address, the resolu 
tion of the change map is 64 CPU words. 
The access of a portion of physical main memory 4 

used by the video system must be via only a single 
window and page combination if all changes are to be 
detected by the change scanner. If the mapping infor 
mation controlling any window or page associated with 
a repeat data block is changed redefining the data block 
to the LVC, the result will be incorrect information 
displayed on the affected terminals. 

All repeat data blocks should begin on addresses that 
are multiples of 64. This avoids the possibility that more 
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30 
than one repeat data block can be in the same 64 word 
change detect block. The change scanner will only 
report the change one time. If two devices share a 
change detect block, there is no assurance that the 
proper device will be updated. 
The change scanner only looks for changes (bits set in 

change map RAM 308) at those locations defined by th 
define repeat block UCB. The video controller uses the 
define repeat block UCB to initialize the data block 
pointer table 2-port RAM 312 and thus control the 
change scanner. 
The data block pointer table has a maximum of 512 

entries, which is the product of 8 segments (repeat 
blocks) per terminal, 8 terminals per cable, and 8 cables. 
Each entry is four bytes long, so the table takes up 2K 
bytes in the pointer table 2-port TAM 312. The table is 
initialized and maintained by the video controller 314 in 
response to define or cancel repeat block commands. 
The format of an entry is given below. 

7 6 5 4 3 2 O 

FRAME ADDRESS (MSB) 

FRAME ADDRESS (LSB) 

REPEAT BLOCK LENGTH, IN FRAMES 

where: 
F= 1; Tells the change scanner that the repeat block 

is defined and in service. 
F=0; No entry defined. 
HBI=The most significant bit of the starting address 
of the repeat block. Note that the total address is 17 
bits. The least significant 6 bits are not used, since 
the change map has a resolution of 64 words. 

Frame address (MSB). The next 8 most significant 
bits of the starting address of the repeat block. 

Frame address (LSB). The least significant 8 bits of 
the starting address of the repeat block. 

Repeat Block Length in Frames. This field is the 
number of 64 word change detect blocks, or 
frames, in the repeat data block. The change scan 
ner uses this number to determine how many loca 
tions it should scan in the change map RAM 308. 

Entries in the data block pointer table may only be 
read by the change scanner, and entries are only valid if 
the flag bit= 1. The video controller may cancel or 
temporarily suspend repeat block scanning and trans 
mission by resetting the flag bit. 
The data block number of an entry is implied by the 

relative position of an entry within the table. While not 
specified in the table, the data block number is returned 
to the video controller when the change scanner reports 
a change. 
There are a total of eight data block change report 

registers, one for each channel. Only one entry is posted 
by the change scanner at a time; the register is busy until 
the video controller consumes the information that has 
been posted and frees the register for further reporting. 
The change report register is 16 bytes long, and has 

the following format: 

Byte O 

Byte 1 

Byte 2 

Byte 3 
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4,646,261 

Byte 0 
5 

BINARY ZERO Byte 1 

FRAME ADDRESS (MSB) Byte 2 

FRAME ADDRESS (LSB) Byte 3 

DBN DA Byte 4 10 

FRAME NUMBER PRIME Byte 5 

CHANGESCANNER Byte 6 
- SCRATCHAREA 15 

Byte F 

where: 
F: Data available flag. The change scanner can only 

report a change if F = 0. When it makes a report, 20 
the change scanner sets F = 1. The video controller 
takes the change report when F = 1, and sets F=0 
when it has consumed the change report. 

HBI: The most significant bit of the CPU repeat data is 
block logical address. The next two bytes contain 
the rest of the 17 bit address. When a change report 
is made, the video controller appends the least 
significant 6 bits (=0) to the frame address to re 
constitute the 23 bit logical data block pointer, 30 

FRAME NUMBER PRIME: This is the relative 
number of the changed frame in a repeat data 
block. The actual frame number of the change 
detect block is computed by: 35 

FRAME NUMBER = DATA BLOCK LENGTH...-- 
FRAME NUMBER PRIME 
where DATA BLOCK LENGTH is the number of 
frames in the repeat data block, obtained from the data 
pointer table 312. 40 

It will be apparent to those skilled in the art that the 
herein disclosed local video controller with video mem 
ory update detection scanner may be modified in nu 
merous ways and may assume many embodiments other 
than the preferred form specifically set out and de 
scribed above. 
For example, although in the preferred embodiment 

described above the change map and the data block 
pointer table are contained in independent memories 50 

45 

55 

65 

32 
runningasynchronously, they could be in fact be com 
bined into a single memory in a simplified version. 

Further, it will be apparent that more than one data 
block change repoert register may be provided per 
channel. 

Accordingly, it is intended by the appended claims to 
cover all modifications of the invention which fall 
within the true spirit and scope of the invention. 
What is claimed is: 
1. A data processing system comprising: 
a central processor, 
a central memory for storing information in the form 

of instructions and data, said memory comprising a 
plurality of change detect blocks; 

a communications controller; 
bus means coupled to said processor, memory, and 

controller for conducting address, data, and con 
trol information; 

a terminal coupled to said bus means and communi 
cating with said central processor and central 
memory through said communications controller, 
said terminal comprising a video display which is 
segmented into at least two independent display 
segments, each segment having at least one change 
detect block assigned to it; and 

change detect circuitry coupled to said communica 
tions controller for detecting any change in the 
data stored in a change detect block assigned to 
said terminal, and for transmitting the changed data 
to said terminal, said change detect circuitry com 
prising: 

memory means comprising a change map, said 
change map comprising a plurality of memory 
storage locations, one for each of said change de 
tect blocks; 

address monitoring means for monitoring the address 
corresponding to any memory write operation to 
one of said change detect blocks of said central 
memory corresponding to one of said display seg 
ments of said terminal and for causing a status indi 
cation to be stored in the one of said memory stor 
age locations corresponding to said one change 
detect block; and 

means responsive to said status indication for trans 
mitting to said one display segment of said terminal 
the data in said one change detect block. 

2. The data processing system recited in claim 1, 
wherein each segment has more than one change detect 
block assigned to it. 
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