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57 ABSTRACT 
A real time frame grabbing system for substantially 
instantaneously providing a continuous video display of 
a selectably predetermined video frame of information 
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on a video display means from continuously transmitta 
ble video information which is transmitted as a plurality 
of pseudo video scan lines wherein the selected frame 
being grabbed is updateable on a displayable-row-by 
displayable-row basis. Each of the pseudo video scan 
lines has a television scan line format and comprises a 
complete self-contained packet of digital information 
sufficient to provide an entire displayable row of video 
data characters, the pseudo video scan line having an 
associated transmission time equivalent to that of a tele 
vision video scan line. The packet of digital information 
comprises at least address information for a displayable 
row and data information for the displayable characters 
in the row. Each of these pseudo video scan lines fur 
ther comprises a horizontal sync signal at the beginning 
thereof and a start bit pulse between the horizontal sync 
signal and the packet of digital information. The start bit 
pulse provides a unique synchronizing pulse for each 
transmitted pseudo video scan line for enabling precise 
determination of a sampling time for the received dis 
tributed pseudo video scan line to enable accurate deter 
mination of the binary state of the bits comprising the 
digital information packet, with the receiver being re 
sponsive to the occurrence of the start bit for each 
distributed pseudo video scan line for providing a reset 
signal for resetting the signal processing means in re 
sponse to detection of the start bit to provide enhanced 
noise immunity and accurate signal information. The 
pseudo video scan lines are both transmitted and re 
ceived through a conventional television distribution 
system. If desired, a local micro-processor may be uti 
lized to control the functions of the receiver terminal 
and may be used in conjunction with a printer interface 
to enable both continuous high speed video display and 
real time pick off for hard copy printing. 

33 Claims, 34 Drawing Figures 
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1. 

ROW GRABBNG SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specificar 5 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS O 

This application is an improvement on the row grab 
bing system described in our previous U.S. Pat., No. 
3,889,054, issued June 10, 1975 and is related to the 
commonly assigned copending U.S. patent application 
of Robert H. Nagel, entitled “Information Retrievable 
System Having Selectable Purpose Variable Function 
Terminal', filed Sept. 10, 1975, and bearing U.S. Ser. 
No. 611,927, now U.S. Pat. No. 4,064,490, issued Dec. 20, 
1977, the contents of both of which are specifically 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

The present invention relates to video communica 
tion systems in which individual frames may be grabbed 
for video display thereof. 25 

DESCRIPTION OF THE PRIOR ART 

Video communication systems in which individual 
frames may be grabbed for video display are well 
known, such as the system disclosed in U.S. Pat. No. 30 
3,740,465 or a system employing the Hitachi frame 
grabbing disc. These prior art systems such as the one 
disclosed in U.S. Pat. No. 3,746,780 are normally two 
way request response systems requiring the user to 
request information by the dialing of a specific digital 35 
code which is uniquely assigned to each frame. How 
ever, such systems normally grab a group of frames for 
storage and then subsequently select the individual 
frame for display out of the group of grabbed frames as 
opposed to instantaneously selecting a single frame in 40 
real time. Furthermore, such prior art systems do not 
provide for real time updating of the grabbed video 
frame. Furthermore, some such prior art frame grab 
bing systems, such as the type disclosed in U.S. Pat. No. 
3,397,283, are normally capable of only grabbing the 45 
next immediate signal in resonse to the provision of a 
starter signal or, as disclosed in U.S. Pat. No. 3,051,777, 
utilize a counter for frame location which must be reset 
to the beginning of a tape for video tape supplied infor 
mation in order to locate a selected frame to be grabbed. 50 
These systems are not applicable in a real time frame 
grabbing environment. Similarly, other typical prior art 
frame grabbing systems, such as disclosed in U.S. Pat. 
Nos. 3,695,565; 2,955, 197; 3,509,274; 3,511,929 and 
3,582,651, can not be utilized in a real time frame grab- 55 
bing environment, such as one in which the video infor 
mation associated with the grabbed frame is capable of 
being continuously updated. Accordingly, presently 
available prior art frame grabbing systems familiar to 
the Inventors are not capable of easily locating a frame 60 
to be grabbed in real time nor of being able to continu 
ously update such a grabbed frame in real time. 
Video communication systems in which the signal 

being transmitted is digitized are also well known. For 
example, U.S. Pat. No. 3,743,767 discloses a video com- 65 
munication system for the transmission of digital data 
over standard television channels wherein the digital 
data is transmitted in a conventional television scan line 

15 

20 

2 
format through conventional television distribution 
equipment. However, such a prior art communication 
system merely digitizes one television scan line at a time 
for distribution to a video display terminal on a bit-by 
bit basis in a line, 84 bits of information being provided 
per television scan line. Furthermore, such a prior art 
system is not transmission selectable by every display 
terminal nor is the data for a displayable video row 
packed into a self-contained pseudo video scan line 
information packet. Thus, there is no significant in 
crease in the data transmission rate resulting from such 
a prior art video communication system. Similarly, U.S. 
Pat. No. 3,061,672 and 3,569,617 and German Pat. No. 
2,307,414 are examples of other prior art video commu 
nication systems in which television signals are digitized 
without any significant resultant compression in data 
transmission time. Furthermore, these other prior art 
systems require special distribution circuitry. In addi 
tion, prior art video communication system in which a 
digital television signal is transmitted do not sufficiently 
isolate the individual rows comprising a frame so as to 
provide satisfactory noise immunity between these rows 
nor is there satisfactory data compression in the trans 
mission time of the video information in such prior art 
systems nor satisfactory distortion compensation. These 
disadvantages of the prior art are overcome by the 
present invention. 

SUMMARY OF THE INVENTION 
A real time frame grabbing system for substantially 

instantaneously providing a continuous video display of 
a selectable predetermined video frame of information 
on a video display means from continuously transmitta 
ble video information, wherein such information is 
transmitted as a plurality of pseudo video scan lines is 
provided. Each of the pseudo video scan lines has a 
television video scan line format and comprises a com 
plete self-contained packet of digital information suffi 
cient to provide an entire displayable row of video data 
characters, the pseudo video scan line having an associ 
ated transmission time equivalent to that of a television 
video scan line. The packet of digital information com 
prises at least address information, such as page, group, 
permission, user and direct address for a displayable 
row and data information for the displayable characters, 
such as 32 characters or 64 characters, in a displayable 
row. Each of the pseudo video scan lines further com 
prises a horizontal sync signal at the beginning thereof, 
each horizontal sync signal providing a record separa 
tor between adjacent pseudo video scan lines, and a 
start bit pulse between the horizontal sync signal and 
the packet of digital information. The transmitter for 
the pseudo video scan lines includes means for provid 
ing a vertical sync signal after a predetermined plurality 
of pseudo video scan lines have been transmitted, the 
pseudo video scan line being a composite video signal. 
These transmitted pseudo video scan line composite 
video signals are distributed through a conventional 
television distribution system, such as a cable distribu 
tion system, for various video display means for provid 
ing a continuous video display thereof. The receiver 
which is operatively connected between the distribu 
tion network and an associated video display means, 
processes the distributed composite pseudo video scan 
line signals, and provides a displayable video row to the 
associated video display means from each of the pseudo 
video scan line signals pertaining to the frame selected 
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in order to provide the continuous video display, a 
predetermined plurality of displayable video rows com 
prising a displayable video frame of information. The 
receiver also preferably includes means for updating the 
continuously video displayable selectable frame on a 
displayable video row-by-row basis dependent on the 
real time data information content of the received 
pseudo video scan line. The start bit pulse provides a 
unique synchronizing pulse for each transmitted pseudo 
video scan line for enabling precise determination of a 
sampling time for the received distributed pseudo video 
scan line to enable accurate determination of the binary 
state of the bits comprising the digital information 
packet. The receiver signal processing means comprises 
means responsive to the occurrence of the start bit for 
each distributed pseudo video scan line for providing a 
reset signal for resetting the processing means in re 
sponse to detection of the start bit for enhancing noise 
immunity and accurate signal information detection. 

Each of the packets of digital information contained 
within the pseudo video scan line also preferably in 
cludes an error check information content with the 
receiver including error check means for obtaining an 
error check indication of the distributed associated 
pseudo video scan line on a word-by-word basis as 
opposed to a bit-by-bit basis. The receiver also includes 
condition responsive means for preventing the provi 
sion of the displayable video row from the associated 
pseudo video scan line when a predetermined output 
condition is not met. 
The system also preferably includes programmable 

means, such as a general purpose computer, for receiv 
ing the continuously transmittable video information, 
retrievably storing this information, reformatting it into 
a desired pseudo video scan line format and continu 
ously providing this reformatted information to the 
trafhsmitter on a word-by-word basis, a word compris 
ing a pair of displayable characters. Furthermore, the 
programmable means preferably includes means for 
interleaving the reformatted pseudo video scan line 
information to provide pseudo video scan line informa 
tion corresponding to a common assigned row for a 
plurality of frames to the transmitter before providing 
pseudo video scan line information corresponding to a 
subsequent different common assigned row for the plu 
rality of frames to the transmitter. Thus, the provision 
of the pseudo video scan line enables the use of conven 
tional television transmission techniques and equipment 
for transmission and reception as well as conventional 
television circuitry for processing the received and 
transmitted signals. Furthermore, by utilizing the hori 
Zontal sync as a record separator, one can insure that 
any loss of synchronization or noise pulse will not dis 
rupt more information than one pseudo video scan line. 
In addition, significant data compression in transmission 
time is otained by transmitting the pseudo video scan 
lines as opposed to conventional television scan lines, 
with each pseudo video scan line being self-contained 
packet of information sufficient for display of an entire 
displayable video row containing a plurality of conven 
tional television scan lines, such as 13, as opposed to 
display of one television scan line. Each receiver may 
preferably be controlled by a local microprocessor 
which, if desired, in addition to controlling the row-by 
row display and updating of information may be utilized 
in conjunction with a computer/printer interface for 
enabling continuous high speed video display of the 
information with real time pick off of this information, 
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4. 
where desired, for "hard copy' printing thereof. The 
local microprocessor which operates in conjunction 
with a keyboard which provides the information re 
quest, enables updating on a row-by-row basis as op 
posed to a Page-by-page or frame-by-frame basis as new 
information is provided in real time, the selected frame 
being automatically updated in real time as new infor 
mation is provided for a given row of the displayed 
selected frame. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagrammatic illustration of a typical 
pseudo video scan line format in accordance with our 
previous U.S. Pat. No. 3,889,054; 
FIG. 2 is a diagrammatic illustration of a typical 

pseudo video scan line format in accordance with the 
present invention; 
FIG. 3 is a graphical illustration of conventional 

vertical drive and composite sync signals illustrating the 
origin of the vertical sync signal in accordance with the 
present invention; 

FIG. 4 is a block diagram of the phase locked loop 
portion of the arrangement illustrated in FIG. 5; 

FIG. 5 is a block diagram of the timing control, mem 
ory input control and a part of the output processing 
portions of the preferred receiver of the present inven 
tion; 
FIG. 6 is a block diagram of another portion of the 

memory input control portion of the preferred receiver 
of the present invention; 
FIG. 7 is a block diagram of the memory and output 

processing portion of the preferred receiver of the pres 
ent invention; 
FIG. 7A is a graphical illustration of the timing asso 

ciated with various signals in the arrangement of FIG. 
7; 
FIG. 8 is a logic diagram, partially in schematic, of a 

portion of the timing and keyboard control portion of 
the preferred receiver of the present invention illus 
trated in FIG. 5; 

FIG. 9 is a block diagram of another portion of the 
memory and output processing portion of the preferred 
receiver of the present invention; 
FIG. 10 is a logic diagram, partially in schematic, of 

the keyboard portion of the timing and keyboard con 
trol portion of the receiver illustrated in FIG. 5; 

FIG. 11 is a logic diagram, partially in schematic, of 
the portion of the memory input control portion of the 
receiver illustrated in FIG. 6; 
FIG. 12 is a logic diagram, partially in schematic, of 

the portion of the memory input control portion of the 
receiver illustrated in FIG. 7; 
FIG. 13 is a logic diagram, partially in schematic, of 

the memory and output processing portion of the re 
ceiver illustrated in FIG. 5; 
FIG. 14 is a logic diagram, partially in schematic, of 

another portion of the memory and output processing 
portion of the receiver illustrated in FIG. 5; 

FIG. 15 is a block diagram of the preferred transmit 
ter portion of the present inention; 

FIG. 16 is a logic diagram of the first in-first out 
memory portion of the transmitter portion illustrated in 
FIG. 15; 
FIGS. 17 and 18 are logic diagrams, partially in sche 

matic, of the transmitter portion illustrated in FIG. 15 
except for the first in-first out memory portion illus 
trated in FIG. 16; 
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FIG. 19 is a functional block diagram of the preferred 
embodiment of the row grabbing system of the present 
invention; 

FIG. 20 is a schematic diagram of the video processor 
portion of the preferred receiver of the present inven 
tion illustrated in FIG. 5; 
FIGS. 21A, 21B and 21C are graphic illustrations of 

the various waveforms present throughout the video 
processor of FIG. 20; 

FIG. 22 is a logic diagram, partially in schematic, of 
another portion of the video processor portion of the 
receiver illustrated in FIGS. 5 and 20; 
FIG. 22A is a graphic illustration of the various 

waveforms present in the video processor portion illus 
trated in FIG. 22; 
FIG. 23 is a block diagram of the various intercon 

nections or interfacings of the video processor of FIGS. 
20 and 22 with the balance of the circuitry in the pre 
ferred receiver of the present invention; 
FIG. 24 is a block diagram, partially in schematic, of 

the various interface connections between the micro 
processor and the keyboard in the preferred receiver of 
the present invention; 

FIG. 25 is a block diagram, partially in schematic, of 
the computer/printer interface portion of the preferred 
receiver of the present invention illustrated in FIG. 26; 
FIG. 26 is a block diagram of the preferred receiver 

of the present invention including a functional indica 
tion of the various control signals utilized therein; 
FIG. 27 is a block diagram of the microprocessor 

portion of the preferred receiver of the present inven 
tion illustrated in FIG. 26; 
FIG. 28 is a functional block diagram similar to FIG. 

27 for use in explaining an exemplary program for the 
microprocessor of the preferred receiver of the present 
invention; 
FIG. 29 is a diagrammatic illustration of a video dis 

play screen for providing 32 and/or 64 character dis 
play selection; and 
FIG. 30 is a fragmentary block diagram, partially in 

schematic, of an additional portion of the memory and 
output processing portion of the receiver illustrated in 
FIG. 13 for providing 32 and/or 64 character selection. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS General System 

Description 
Referring now to the drawings in detail and initially 

to FIG. 19 thereof, the preferred embodiment of the 
row grabbing system, generally referred to by the refer 
ence numeral 10, described in our previously issued 
U.S. Pat. No. 3,889,054, of which the foregoing inven 
tion is an improvement thereon is shown. As shall be 
described in greater detail hereinafter, the general sys 
tem description of the present invention is essentially 
similar to that previously given in the aforementioned 
U.S. Pat. No. 3,889,054 with the exception that the 
present improved row grabbing system preferably uti 
lizes a microcomputer control in the receiver portion in 
place of some of the hard-wiring control functions per 
formed by the row grabbing system described in U.S. 
Pat. No. 3,889,054. For purposes of clarity, where appli 
cable, the appropriate pertinent portions of the row 
grabbing system described in our U.S. Pat. No. 
3,889,054 will be reiterated herein, the balance of the 
applicable description therein being specifically incor 
porated by reference herein. The row grabbing system 
10 of the present invention is preferably a one-way 
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6 
frame grabbing system in which continuously transmit 
ted information or messages are transmitted via pseudo 
video scan lines 12a, illustrated in FIGS. 2 and 3, on a 
row-by-row basis, with the pseudo video scan line 12a 
preferably being identical in format to a conventional 
video scan line; that is, it is consistent with FCC and 
EIA standards for a video scan line signal format. How 
ever, this pseudo video scan line 12a actually contains a 
row of information such as approximately between 11 
and 13 actual television video scan lines of information, 
with the transmission time of the pseudo video scan line 
12a preferably being equal to the transmission time of a 
conventional TV video scan line, which is approxi 
mately 63 microseconds. The various portions of the 
pseudo video scan line 12a will be described in greater 
detail hereinafter with reference to FIGS. 2 and 3 and it 
should be noted at this time that the format for the 
preferred pseudo video scan line 12a of the present 
invention is similar, with certain exceptions to be de 
scribed hereinafter, to the previously preferred format 
for the pseudo video scan line 12, illustrated in FIG. 1, 
which was described in our previously issued U.S. Pat. 
No. 3,889,054, with identical regions thereon being 
given the same reference designations. As was shown in 
that patent, in the row grabbing system 10 of the present 
invention, the information is updated on a row-by-row 
basis by transmission of a pseudo video scan line con 
taining new information so that the frame being grabbed 
will effectively have this row containing new informa 
tion updated when this row of information is updated in 
memory. In the preferred system 10 of the present in 
vention, as well as in the system described in U.S. Pat. 
No. 3,889,054, continuously transmitted information or 
messages may be instantaneously "grabbed' in real time 
so as to repetitively provide a video display of a selected 
video frame of such information which may be updated 
on a row-by-row basis in real time. 
Video information may be of any conventional type, 

such as news information, money rate information, 
stock market information, local advertising, television 
program listings, weather information, consumer infor 
mation, etc., which is conventionally supplied from 
conventional external information sources for such 
types of information, such as sources 2002 and 2004 
shown by way of example. These conventional external 
information sources 2002 and 2004 preferably conven 
tionally supply this information in a digital format such 
as from a ticker for news information or stock informa 
tion, by way of example, through a conventional com 
munication line 2006 or 2008 or a conventional local 
video terminal, preferably, to a conventional minicon 
puter 2000, such as model No. PDP-8e manufactured by 
Digital Equipment Corp. Minicomputer 2000 prefera 
bly has an associated conventional mass memory 2010 
for conventional storage of data. Computer 2000 stores 
this information in mass memory 2010, reformats it, 
such as by adding other information, and continuously 
provides this information as a 12 bit parallel output 2011 
to a transmitter 20, to be described in greater detail 
hereinafter, which provides the pseudo video scan line 
12a for transmission to the TV distribution network. It 
should be noted that at any time, the 12 bit parallel 
output of computer 2000 preferably presents two char 
acters for one word. If desired, a 14 bit parallel output 
from the computer 2000 could be utilized to provide 
two 7 bit characters. The mass memory 2010 is prefera 
bly updated by the computer 2000 in conventional fash 
ion at the optimum transfer time for data which is, con 
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ventionally, not necessarily in the order of the reception 
of the external information from sources 2002 and 2004, 
this data being preferably continuously suppliable in 
real time to the computer 2000. In conventional fashion, 
information in computer 2000 is supplied to the trans 
mitter 20 which, in turn, supplies this information to a 
CATV cable system 22 through a conventional RF 
modulator 24, composite video being supplied to modu 
lator 24 from transmitter 20. One such modulator 24 is 
preferably provided for each television channel on 
which information is to be transmitted, only one such 
channel being illustrated in FIG. 15 by way of example. 
Preferably, the mass memory 2010 which is read in 
conventional fashion by computer 2000 to provide the 
requisite information via transmitter 20 to the CATV 
cable system 22, has sufficient storage capacity to store 
the entire page capacity of the system. 
As used hereinafter throughout the specification and 

claims, the term "page” means one video frame of infor 
mation, the term "group' means a predetermined num 
ber of pages, the term "row" is a displayable video row 
and means a portion of a page containing a plurality of 
conventional television video scan lines, the term 
“pseudo video scan line' means a signal which is identi 
cal in form to that of a conventional video scan line but 
which actually contains a row of information, such as 
approximately between 11 and 13 actual television 
video scan lines of information with the transmission 
time of the pseudo video scan line being equal to the 
transmission time of a conventional TV video scan line 
and with the pseudo video scan line being an entire 
packet of information necessary for video display of 
that row. The term conventional or television video 
scan line is used in the conventional manner. 
As described in our previously issued U.S. Pat. No. 

3,889,054, the mass memory 2010 can be any conven 
tional mass memory stage device sufficient to store the 
requisite page capacity of the system, such as an RK-08 
memory device manufactured by Digital Equipment 
Corp. The output of the computer 2000 is preferably 
conventionally transmitted from computer 2000 to the 
transmitter 20 via conventional data break of the com 
puter 2000. All pages of information are preferably 
continuously being transmitted from the computer 2000 
through transmitter 20 on a pseudo-video-scan-line-by 
pseudo-video-scan-line basis, that is respectively on a 
row-by-row basis, through the appropriate RF modula 
tor 24 for the video channel being utilized and there 
from, through the CATV cable system 22 to conven 
tional video display terminals or devices 2013 and 2015, 
such as commercially available video monitors, two 
such devices being shown by way of example. It should 
be noted that the number of video display devices 2013 
and 2015 preferably have no requisite correlation with 
the number of external information sources 2002 and 
2004 and more such sources could be utilized than video 
display devices or vice versa if desired. In normal con 
templated use, the number of video display devices 2013 
and 2015 will normally exceed the number of external 
information sources 2002 and 2004, however, this need 
not be the case. The computer 2000 conventionally 
recirculates the data provided thereto in continuous 
fashion and, as previously mentioned, eventually up 
dates the mass memory 2010 at the optimum transfer 
time for the data, which time is not necessarily in the 
order or reception of the external information from 
sources 2002 and 2004. The information from external 
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sources 2002 and 2004, which is preferably being pro 

8 
vided substantially continuously to the computer 2000 
(as long as it being generated from the external sources 
2002 and 2004) is provided to the mass memory 2010 
and instantaneously to the transmitter 20 which oper 
ates in a manner to be described in greater detail herein 
after to provide the pseudo video scan line 12a transmis 
sion of the information. Each video display device 2013 
and 2015 preferably has an associated display control 
unit 25 and 26, respectively, which preferably functions 
to enable the real time frame grabbing or selection of a 
single page of continuously transmitted information for 
the instantaneous repetitive continuous video display, 
or frame grabbing thereof, this information being upda 
table on a row-by-row basis in real time. Preferably, 
each of the display control units 25 and 26 by way of 
example, one such display control unit preferably being 
associated with each video display terminal device, are 
identical in structure and operation. If desired, how 
ever, any display control unit 25-26 may be modified in 
a manner, such as described in U.S. Pat. No. 3,889,054, 
so as to prevent the reception of certain categories of 
informalion while enabling the reception of other cate 
gories of information. For purposes of clarity, only one 
such typical display control unit 25 will be described by 
way of example, the structure and operation previously 
mentioned, being identical with that of display control 
unit 26. Identical reference numerals, followed by the 
letter a will be utilized in FIG. 19 for elements of dis 
play control unit 26 which are identical in structure and 
operation with those of display control unit 25. In the 
overall system block diagram of FIG. 19, the display 
control unit 25 preferably contains a conventional RF 
demodulator 27, one such RF demodulator 27 being 
provided for each channel and a receiver 28, to be de 
scribed in greater detail hereinafter, which receiver 
preferably includes a microcomputer and which re 
ceives the composite video demodulated by demodula 
tor 27 and determines whether the use is correct, the 
user has permission to receive the pseudo video scan 
line information being transmitted at that time, whether 
the signal is error free, whether the page address of the 
pseudo video scan line is correct, and whether a direct 
address condition exists, and, preferably, assuming the 
pseudo video scan line signal passes all these tests, then 
the receiver processes this signal and provides a video 
signal corresponding to a displayable row of informa 
tion on the video display device 2013. 

Referring now to FIGS. 4 through 14, 20 through 23, 
and once again to FIGS. 2 and 3, the preferred im 
proved receiver portion 28 of the improved row grab 
bing system 10 of the present invention shall be de 
scribed in greater detail. As will be described with ref 
erence to the preferred transmitter portion 20 of the 
row grabbing system 10 of the present invention, the 
transmitter 20 preferably provides the pseudo video 
scan line such as the type 12a illustrated in FIG. 1. This 
pseudo video scan line 12a, as was previously described, 
is identical in format to a conventional video scan line; 
that is, it is consistent with FCC and EIA standards for 
video scan line signal format; however this pseudo 
video scan line 12a actually contains a row of informa 
tion, such as approximately between 11 and 13 actual 
television video scan lines of information with the trans 
mission time of the pseudo video scan line 12a being 
equal to the transmission time of a conventional TV 
video scan line, which is approximately 63 microsec 
onds. With respect to the pseudo video scan line 12a, 
the horizontal sync and vertical sync portions are pref. 
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erably identical to a conventional video signal as is the 
format for the horizontal sync and the vertical sync as 
well as the horizontal sync amplitude. The time and 
amplitude envelope of the video region of the pseudo 
video scan line 12a, which region is defined as areas H, 
J, B, C, D, E, and K in FIG. 2, is identical with the 
format for a conventional video scan line as is the three 
dimensional frequency envelope. Thus, all of the above 
mentioned standard conditions for a conventional video 
scan line signal are met by the pseudo video scan line 
12a provided by the transmitter portion 20 of the in 
proved row grabbing system 10 of the present invention 
and received by the improved receiver portion 28. Ac 
cordingly, any equipment that can handle conventional 
video can handle the pseudo video scan line 12a of the 
present invention which can thus be transmitted and 
received through a conventional television distribution 
system with conventional television equipment. 

Returning once again to the pseudo video scan line 
12a illustrated in FIG. 2, as is also true for the pseudo 
video scan line 12 illustrated in FIG. 1 which was previ 
ously described in our U.S. Pat. No. 3,889,054, the sig 
nal received by the receiver portion 28 and transmitted 
by transmitter 20 is in reality a digital signal which looks 
like a conventional video scan line to the receiver 28. 
Pseudo video scan line 12a, as will be described in 
greater detail hereinafter, however, preferably employs 
a start bit to provide timing and phase adjustment for 
the phase locked loop of the receiver terminal 28. In 
such an instance, region F which was previously con 
tained in the pseudo video scan line 12 trasmitted in the 
system of our U.S. Pat. No. 3,889,054, and which con 
tained the clock synchronizing burst or pulse train at 
the bit rate (the frequency preferably being equal to 
one-half the bit rate) and comprised a pulse train of ones 
and zeros for two character spaces or 14 bits, is not 
present and the sync burst information which was pre 
viously contained therein is not required for timing and 
phase adjustment in the improved row grabbing system 
of the present invention. Instead, region H, which pref 
erably contains color burst information and region J 
which preferably contains one start bit are preferably 
inserted between regions A and B, with regions B, C, D, 
and E being electronically shifted down in position to 
be adjacent region G, only being separated therefrom 
by a region K, which region K merely represents the 
standard TV spacing for providing the front porch of 
the signal, the back porch of the signal being defined 
between region A and the leading edge of the start bit in 
region J. The color burst signal in region H preferably 
is the standard FCC eight cycle signal at 3.58 mega 
hertz. Apart from the repositioning and deletion of 
certain regions of the pseudo video scan line 12 of FIG. 
1, the contents of regions A, B, C, D, E and G in pseudo 
video scan line 12a of FIG. 2 is preferably identical with 
that previously described with reference to FIG. 1 in 
our U.S. Pat. No. 3,889,054 with respect to the transmis 
sion of a dislayable row of data. Suffice it to say for 
purposes of clarity, that region A represents the hori 
zontal sync signal which indicates the beginning of the 
pseudo video scan line from the beginning of the hori 
zontal sweep for a conventional television scan line; and 
region B represents the pseudo video scan line 12a ad 
dress which contains all the following information bit 
locations, a one preferably indicating the presence of a 
pulse and a zero preferably indicating the absence of a 
pulse, all of the following information bits preferably 
being present when data is transmitted: group, which is 
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O 
the section or chapter including a predetermined num 
ber, such as 1,000 of pages and is the most significant bit 
of the page address, page which represents one frame in 
a group, and row which occupies one character space 
which is preferably 7 bits and defines a portion of the 
page preferably containing approximately 11 to 13 scan 
lines which comprise one displayable character. The 
region B also preferably contains direct address infor 
mation, which is the first transmitted bit preferably and 
is a zero unless a direct address condition exists which is 
control condition for a selected terminal informing the 
terminal to supercede the requested page. This region B 
also preferably contains permission information which 
is one bit position which is preferably a one only when 
the user is being given authority to receive one or more 
selected groups of information. It should be noted that 
preferably there is also an emergency override condi 
tion which provides control information to all terminals 
to override all requests including the permission request 
and preferably occurs on a page and group information 
bit location of zero, this condition preferably being 
utilized to display emergency information such as a civil 
defense warning. Region C is preferably a special char 
acter information region of 7 bits which is preferably 
utilized for optional functions to be performed by the 
individual receiver 28 or terminal. Region D preferably 
contains 32 characters of displayable information in 
digital form. Region E preferably contains error check 
information, as will be described in greater detail here 
inafter. Region G is preferably the same as region A and 
represents the horizontal sync signal. As was previously 
mentioned, the vertical sync is preferably provided by 
generating a special sequence of horizontal sync pulses 
during the normal television blanking period, which is 
after approximately 236 horizontal sync pulses, which 
in the present invention as in U.S. Pat. No. 3,889,054 is 
after approximately 15 pages have been transmitted. 
Therefore, 15 pages are transmitted before each vertical 
sync. The sync signal looks like a conventional compos 
ite sync signal with a vertical sync interval comprising 
approximately nine normal horizontal sync pulse times 
as illustrated in FIG. 3 which is an illustration of con 
ventional composite sync and vertical drive signals. 
Now referring to FIGS. 4, 2021A through C, 22 and 

23, the improved video processor portion of the re 
ceiver 28 of the present invention shall be described 
hereinafter. Referring initially to FIG. 20, the compos 
ite video input signal via path 402 (FIG. 5) is provided 
to the video processor 4000 via path 100 which is the 
video processor input therefor. This signal is conven 
tionally amplified, such as by a conventional transistor 
amplifier 101 which drives both a conventional sync 
separator circuit 102 for providing the vertical sync and 
horizontal sync outputs therefron in conventional fash 
ion, and a video processing circuit 103 to be described 
in greater detail hereinafter. Video processing circuit 
103 preferably extracts the correct logic data from the 
input data from the composite video input signal. This 
input data may contain significant distortions resulting 
from a conventional vestigal sideband modulation 
scheme utilized for transmission as well as from phase 
delay distortion in a cable transmission system and the 
bandwidth limitations inherent in the FCC channel 
allocations. These distortions generally occur in any 
television transmission and are not normally compen 
sated for due to the low level fidelity requirements of 
conventional television transmission and display. The 
nature of the aforementioned distortion is illustrated in 
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FIGS. 21 A through 21 C. FIG. 21. A represents the 
original undistorted transmission; FIG. 21 B represents 
the received signal which is provided to a distortion 
compensation circuit 111, to be described in greater 
detail hereinafter, which is preferably included in the 5 
video processing circuit 103, this signal containing dis 
tortions as previously mentioned, and FIG. 21 C illus 
trates the corrected or distortion compensated signal 
output from distortion compensation circuit 111. The 
nature of the distortion as illustrated in FIGS. 21. A 10 
through 21C is such that zeros and ones do not always 
return to the same level, the level of each zero and one 
being dependent on the proceeding few bits of data as 
illustrated in FIG. 21 B. It should be noted at this point 
that although the amplitudes of the signals in FIGS. 21 15 
A and 21 C are different, if desired these amplitudes 
could be the same, the primary difference between the 
original undistorted transmission and the corrected 
signal output of distortion compensator 111 being the 
sloping sides of the pulses present in the compensated or 20 
corrected signal of FIG. 21 C. 
The received signal illustrated in FIG. 21 B which 

contains the aforementioned distortions is preferably 
provided to the video processing circuit 103 via path 
105 which provides this signal to a conventional syn- 25 
chronous clamp circuit 104. As shown and preferred in 
FIG. 20, this received signal provided via path 105 to 
synchronous clamp 104 is shorted through a reference 
voltage at a point A at the beginning of each horizontal 
scan line. This is preferably accomplished by field effect 30 
transistor 106 which acts as a fast switch. A gate pulse 
provided via path 107 (FIG. 22) which is termed the 
"keyed clamp gate' signal, turns field effect transistor 
106 on through transistor driver 108 for a short part of 
the back porch of the signal, this interval being defined 35 
as after the color burst which is in region H and before 
the start bit which is the pulse in region J. (FIG. 2). As 
a result, the DC level of the data line, represented by 
path 109, is the same at the start of each horizontal scan 
line. Without the presence of this synchronous clamp 40 
104, the DC level would change from line to line de 
pending on the relative number of ones and zeros defin 
ing the data content of each line. Synchronous clamp 
104 insures that the receiver terminal 28 will respond 
properly to the first data line that follows a group of 45 
empty or no data lines. The output of synchronous 
clamp 104 via data line 109 is preferably provided to 
distortion compensation circuit 111 through a conven 
tional isolation amplifier 110 whose input is the data line 
109, with isolation amplifier 110 preferably having a 50 
high input impedance which prevents any average 
change of DC level during a horizontal scan line period. 
As illustrated in FIG. 21 B, when distortion is present in 
the received signal, there is a significant peak-to-peak 
change although the value of the location of the peaks 55 
may differ. Distortion compensation circuit 111 prefera 
bly responds to the one-to-zero or zero-to-one transi 
tions in the signal. When the transition is a 'zero-to-one 
transition, as shown and preferred in FIG. 20, the right 
side or output side of capacitor 112 rises positively 60 
tracking the transition up to a predetermined voltage, 
such as preferably the normal threshold voltage of the 
silicon diodes 113 and 114 utilized in the distortion 
compensation circuit 111, this voltage preferably being 
by way of example 0.7 volts. At that time, this diode 65 
113, which as previously mentioned is preferably a 
silicon diode, conducts clamping the voltage at this 
predetermined value of 0.7 volts even though the input 
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data may containue to rise in voltage value. This prede 
termined voltage is maintained until a one-to-zero tran 
sition occurs. As soon as the input voltage reverses 
direction, as caused by a one-to-zero transition, silicon 
diode 113 cuts off and the voltage at the right side or 
output side of capacitor 112 falls tracking the input 
change until, preferably, it reaches the negative equiva 
lent of this predetermined preferred voltage which, in 
the example given, is -0.7 volts. At that time silicon 
diode 114 which preferably has the same threshold level 
as silicon diode 113, conducts clamping the voltage at 
this predetermined level, which by way of example is 
-0.7 volts, until a zero-to-one transition occurs at 
which point silicon diode 114 cuts off and the aforemen 
tioned cycle repeats. In this manner a signal is produced 
which has all ones and all zeros of the same respective 
levels as illustrated in FIG. 21 C. For a string of un 
changed ones or unchanged zeros, that is where no 
transition occurs, the clamped voltage output due to 
silicon diodes 113 and 114 which is provided to the gate 
of output field effect transistor 116 of distortion com 
pensation circuit 111 would normally tend to decay as a 
result of capacitor 112 discharging. In order to compen 
sate for this, an RC network 115 is connected in parallel 
across the capacitor 112-diode 113-114 network to pro 
vide a reverse tilt or compensating charge voltage to 
this decaying voltage to the gate of field effect transis 
tor 116 in order to compensate for the decay. This field 
effect transistor 116 buffers the clamped output signal 
and supplies it to a conventional output amplifier 117 
whose output is in turn coupled to a conventional logic 
inverter 118 through a conventional biasing network 
119 to provide a true digital data signal at the output of 
logic inverter 118 which is equivalent to the original 
transmitted signal as illustrated in FIG. 21 C, amplifier 
117 amplifying the amplitude of the signal illustrated in 
FIG. 21 C to the amplitude of the signal level illustrated 
in FIG. 21 A. Biasing network 119 preferably insures 
that the switching of logic inverter 118 occurs about 
midway on the clamped signal transition, the output of 
logic inverter 118 being digital data. 

Referring now to FIG. 22, another portion of the 
video processing circuit 4000 is shown. Preferably, the 
digital data output of logic inverter 118 still contains the 
color burst which was present in region H of the signal 
and would normally remain in the transmitted signal if 
a color TV receiver was being utilized for the display 
terminal. However, when a monochromatic digital TV 
terminal is utilized, the color burst signal must prefera 
bly be omitted or gated out. It should be noted that, if 
desired, if only monochromatic TV terminals are to be 
utilized, then the color burst may be omitted all to 
gether from the transmitted signal although preferably 
color burst is present to allow for color TV display. The 
color burst removal circuit illustrated in FIG. 22, as 
shown and preferred, includes a conventional separator 
D-type-divide-by-2 flip-flop 120 which preferably re 
ceives a 5.1 megahertz clock at the clock input and is 
preferably cleared by the horizontal sync provided 
from sync separator circuit 102 via path 102a (FIG. 20). 
Flip-flop 120 is preferably connected in a toggle mode 
so that its output, which is provided via path 121, is a 
series of 2.55 megahertz pulses, in the example given, 
that start at the completion of the horizontal sync pulse. 
A conventional decade counter 122 is preferably con 
nected so as to receive these pulses and count these 
pulses so as to generate an output at the tenth pulse 
which output is provided via path 123, inverted and 
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then provided through another conventional flip-flop 
124 which is initially set by the horizontal sync pulse 
provided via path 102a and reset by the output signal 
provided via line 123. The output of flip-flop 124 is 
preferably a pulse which starts with the beginning of the 
horizontal sync pulse and ends at the completion of the 
count of the tenth clock pulse as indicated by the pres 
ence of a signal via path 123. The width-of this pulse 
output of flip-flop 124 is preferably such so as to con 
tinue beyond the color burst present in region H but to 
end prior to the initiation of the start bit in region.J. This 
pulse clears a conventional flip-flop 124 and whose 
clock input is preferably clocked by the data input pro 
vided from logic inverter 118 via path 118a (FIG. 20). 
As a result, the output of flip-flop 125 which is provided 
via path 126 is preferably low during the horizontal 
sync and color burst periods and is clocked high by the 
start bit of region J contained in the logic inverter 118 
output provided via path 118a. The signal which is 
present on path 126 enables a conventional NAND gate 
127 which has two inputs, with the other input being 
connected to the output of logic inverter 118 via path 
118a. As a result, the output of NAND gate 127 is gated 
date data which includes the start bit and subsequent 

data, such as present in regions B through K, but ex 
cludes the color burst. A second conventional two input 
NAND gate preferably receives the horizontal sync 
signal provided via path 102a as one input and the in 
verted gate signal from flip-flop 125 as its other input. 
As a result, NAND gate 128 preferably generates a 
pulse which starts at the trailing edge of the horizontal 
sync signal and terminates with the start bit. This output 
signal from gate 128 is preferably utilized as a delayed 
horizontal sync signal for use by other circuits in the 
receiver terminal 28 as will be described in greater 
detail hereinafter. It should be noted that the delayed 
horizontal sync output of gate 128 which is preferably 
terminated with the start bit essentially makes the sys 
tem insensitive to any jitter or noise that might be pres 
ent in the original horizontal sync signal provided via 
path 102a. As shown and preferred, the aforementioned 
keyed clamp gate signal provided via path 107 through 
video processing circuit 103 is preferably provided as 
the output of a third conventional two input NAND 
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gate 129 whose inputs are the non-inverted output of 45 
flip-flop 124, which is the extended sync signal (FIG. 22 
A), and an output from counter 122 which is preferably 
high after counting eight pulses as opposed to the tenth 
pulse count output provided via path 123 to flip-flop 
124. As a result, the output of gate 129 is a pulse that 
starts eight clock pulses after the end of the horizontal 
sync and ends after the tenth clock pulse; in other 
words, the gate output pulse via path 107 occurs be 
tween the eighth and tenth counts of counter 122. This 
pulse defines the aforementioned unused region on the 
back porch between the end of the color burst in region 
H and the start of the start bit in region J, this area being 
designated by reference numeral 11 in FIG. 2. 

It should be noted that the aforementioned conven 
tional sync separator circuit 102 is preferably identical 
with that previously described in our U.S. Pat. No. 
3,889,054 which description is specifically incorporated 
by reference herein. 

Referring now to FIG. 4, the improved phase locked 
loop 4100 (FIG. 5) of the preferred synchronization 
timing portion of the receiver portion 28 of the row 
grabbing system 10 of the present invention is shown, 
this phase locked loop 4100 preferably being utilized in 
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place of the phase locked loop arrangement, described 
in our previous U.S. Pat. No. 3,889,054. Phase locked 
loop 4100 preferably includes a conventional voltage 
controlled crystal oscillator 130 whose nominal fre 
quency, which is preferably by way of example 5.1136 
megahertz, is set by a conventional crystal 131. This 
frequency can preferably be varied over a small range 
by adjusting the voltage present at input 132. The out 
put of voltage controlled oscillator 130 is preferably fed 
back to a conventional D-type flip-flop. 133 at the D 
input as well as being provided via path 401. The gated 
data output from gate 127 (FIG. 22), which is prefera 
bly provided via path 127a, is preferably provided to 
the clock input of flip-flop 133 which flip-flop prefera 
bly acts as a phase detector. Preferably, whenever a 
Zero-to-one data transition occurs while the clock is 
high, flip-flop. 133 is in a set state. If it occurs when the 
clock is low, flip-flop. 133 is preferably then in the reset 
state. Thus, a change in the output of flip-flop 133 oc 
curs only when the phasing of the clock changes with 
respect to the phasing of the data. It should be noted 
that preferably the voltage controlled oscillator 130 is 
the same as the voltage controlled oscillator forming 
part of the phase locked loop described in our previous 
U.S. Pat. No. 3,889,054. As shown and preferred, a pair 
of conventional two input NAND gates 134a and 134b 
connect the output of the phase detector 133 to the 
oscillator control circuits only during the valid data 
period which is preferably defined as the time of the 
horizontal scan line including the start bit when data 
can be present. One input to gates 134a and 134b, which 
input is connected in parallel thereto, is the data gate 
output from flip-flop 25 provided via path 125a (FIG. 
22). The other input to gate 134a provided via path 135 
is the inverted output of flip-flop. 133 while the other 
input provided via path 136 to gate 134b is the non 
inverted output of flip-flop 133. If path 135 is high, it 
denotes that the clock leads the data in phase whereas if 
path 136 is high it denotes that the clock lags the data in 
phase. When path 136 is high, a diode 137, which is 
preferably connected to the output of gate 134b through 
an inverter, charges a capacitor 138 connected to the 
output thereof in a positive going direction. As long as 
the phase lag condition remains, the voltage continues 
to rise. In the leading phase condition, that is with path 
135 high, this preferably causes capacitor 138 to dis 
charge through a diode 139 connected to the output of 
gate 134a. In the normal closed loop condition, the 
phase varies between a very small leading and very 
small lagging angle, such as by way of example, plus or 
minus 10, as necessary to maintain a constant voltage 
on capacitor 138. This voltage is preferably amplified 
by a conventional FET operational amplifier 140, such 
as an Intersil 8007C, to provide the control voltage for 
the voltage controlled oscillator 130 via path 132. It 
should be noted that for the improved phase locked 
loop 4100, if a full line of data is present, phase locked 
loop 4100 will utilize every data transition to continu 
ously correct the clock phase whereas in the case of a 
series of empty or non-data lines being transmitted, 
phase locked loop 4100 will make a single correction 
each line utilizing the start bit which correction will be 
adequate to insure that phase lock exists at the begin 
ning of the first non-empty or data line. Thus, improved 
phase lock loop 4100 can maintain phase lock to a single 
start bit rather than to the entire clock burst as well as 
utilizing every data transition to continuously correct 
clock phase. Thus, phase locked loop 4100 is an im 
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provement over the phase locked loop arrangement 
described in our U.S. Pat. No. 3,889,054 which only 
utilizes the clock burst for phase lock rather than utiliz 
ing every data transition. In order to prevent large over 
corrections during periods when lines ae not transmit- 5 
ted such as when not even the start bit is transmitted, for 
example during the vertical blanking interval, during 
which periods it is important that the last error state at 
the output of gates 134a and 134b does not continue to 
charge or discharge capacitor 138, such as if the last 
error state was in a leading condition where over cor 
rection would continue to drive through into a lagging 
condition, gates 134a and 134b are turned off except 
when an active line, which is defined as a line including 
a start bit, such as in region J, is received data gate path 
125a. This data gate path 125a preferably goes high 
coincident with the start bit and goes low at the begin 
ning of the following horizontal sync pulse so as to 
indicate the presence of an active line and to thus pre 
vent the occurrence of correction during periods when 
lines are not transmitted. 

Referring now to FIG. 8, which is a logic diagram, 
partially in schematic, of a portion of the timing and 
keyboard control portion of the preferred receiver 28 of 
the present invention illustrated in FIG. 5, the circuit 25 
shown therein is essentially similar to that described 
with reference to FIG. 8 of our previous U.S. Pat. No. 
3,889,054 with the exception of the improved phase 
locked loop portion 4100 previously described with 
reference to FIG. 4 and with the exception of an im 
proved error check circuit 432 in place of the error 
check circuit described in our previous U.S. Pat. No. 
3,889,054. As shown and preferred in FIG. 8, the input 
to error check circuit 432 is preferably resynchronized 
data out of flip-flop 760 which, as described in our 
previous U.S. Pat. No. 3,889,054 is an output which 
preferably follows the input data line except that it will 
be synchronized with the clock B signal by the clock of 
flip-flop 760 provided via path 435 which is the same 
data as utilized by the balance of the receiver display 40 
terminal 28. The resynchronized data preferably goes to 
the A input of a conventional single bit adder 437 which 
produces the sum of two input bits present at inputs A 
and B thereof with the B input initially being zero. This 
sum is preferably provided via path 439 to the input of 45 
a conventional seven bit shift register 441. The output of 
shift register 441 is preferably provided to the B input of 
adder 437 through a conventional inverter 447. As a 
result of the seven bit delay provided by register 441, 
adder 437 at any given time adds an input bit of a given 
character, since the system preferably utilizes seven bits 
per character, with the same bit of the previous charac 
ter. At the beginning of the line, shift register 441 is 
preferably cleared so that the B input of adder 437 is 
again logic zero for the duration of the first character. 
When the first bit of the second character is received at 
the A input of adder 437, the first bit of the first charac 
ter is then present at the B input of adder 437 and the 
output of adder 437 provided via path 439 is the sum of 
these two bits. At the beginning of the third character, 60 
the B input of adder 437 represents the sum of bit one 
from the first two characters. In this manner for the 
remainder of the line, that is the pseudo video scan line, 
the individual bits of the characters are added and accu 
mulated. This is preferably a serial process which is 
serially repeated for each of the seven bits of the charac 
ter; for example, for bit one of character 10, the B input 
of adder 437 is equivalent to the sum of bits one of 
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16 
characters one through nine and forbit two of character 
10 the B input to adder 437 is equivalent to the sum of 
bits two of charcters one through nine, etc. Adder 437 
provides a carry output where required by binary addi 
tion; namely if one and one are added, the sum is zero in 
that position plus a carry of one to the next position. 
This carry output is present on path 451 and is prefera 
bly applied to the D input of a conventional flip-flop 
443 via a conventional two input NAND gate 445. 
Flip-flop 443 is preferably clocked by the system clock 
provided via path 449 so that the non-inverted output of. 
flip-flop 443 represents the carry output of adder 437 
delayed by one bit. Thus, the carry output present via 
path 451, such as, by way of example, the output that 
results from the addition of bit one, is present at the C 
input of adder 437 when the bit two addition is taking 
place. The bit two addition then is a full addition result 
ing from the data bits at A and B of adder 437 as well as 
the carry state at C of adder 437. Preferably, a carry 
output of bit seven is ignored which is accomplished by 
gate 445 which turns off the input to flip-flop 443 during 
bit seven is response to a bit seven pulse from the de 
coder 412 whose operation is described in our previous 
U.S. Pat. No. 3,889,054, which pulse is provided via 
path 453. It should be noted that the output of adder 437 
via path 439 preferably represents in serial form the 
accumulated sum of individual character bits. Prefera 
bly, during the 38th character, which is preferably the 
error check character, the accumulated sums will all be 
ones after the error check character is added in if no 
error is present. The inverted output of adder 437 is 
provided via path 455 to another conventional flip-flop 
457. Path 455 preferably must be in the zero state during 
the seven bits of the 38th character for the received 
pseudo video scan line to be considered a true or valid 
line. Flip-flop 457 tests for this condition by being kept 
in a set state due to a negative preset signal at all times 
except during character 38; in other words, except 
when the 38th character pulse is provided. Path 455 is 
connected to the K input of J-K flip-flop 457 so that if 
path 455 is high during any bit of the 38th character, 
flip-flop 457 will be reset. Thus, a negative pulse at the 
non-inverted or Q output of flip-flop 457 during the 
38th character will indicate an error. Accordingly, the 
improved error check circuit 432 of the present inven 
tion adds on a word-by-word basis as opposed to a 
bit-by-bit basis as described in our previous U.S. Pat. 
No. 3,889,054 and accomplishes this summing or addi 
tion in serial fashion rather than parallel fashion. 
MICROPROCESSOR AND KEYBOARD SYSTEM 

Referring now to FIGS. 24, 26, 27 and 28, the im 
proved microprocessor and keyboard control system of 
the present invention which preferably replaces the 
keyboard circuitry of the system described in our previ 
ous U.S. Pat. No. 3,889,054 will be described. If desired, 
however, the improved row grabbing systems of the 
present invention may continue to operate with the 
keyboard circuit arrangement described in our previous 
U.S. Pat. No. 3,889,054 as opposed to utilizing the im 
proved microprocessor-keyboard control system to be 
described hereinafter without departing from the spirit 
and scope of the present invention in which instance the 
improved system 10 will contain whichever advantages 
described herein are not dependent on the microproces 
sor-keyboard control system to be described hereinaf 
ter. As shown and preferred in FIGS. 27 and 28, the 
microprocessor 6000 of the present invention preferably 
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includes a conventional microcomputer or CPU 601, a 
conventional read only memory or ROM 603, a con 
ventional random access memory or RAM 605, and a 
conventional input/output buffer or I/O 607. Prefera 
bly, the microcomputer 601, read only memory 603, 
random access memory 605 and input/output buffer 607 
are all integrated circuit chips of the type manufactured 
by Rockwell International, such as what is commonly 
available from Rockwell International as their PPS-4 
MP system wherein the microcomputer chip 601 is a 
Rockwell International 10660 CPU, read only memory 
603 and random access memory 605 are Rockwell Inter 
national 10432 memory chips and input/output buffer 
chip 607 is a Rockwell International 10969. The pro 
gramming language for the permanently storable loader 
and executive program which is preferably stored in 
read only memory 603 is preferably written in PPS-4 
Assembler language provided from Rockwell Interna 
tional and a typical such conventional preferred control 
program for operating the microprocessor 6000 of the 
present invention in accordance with the desired row 
grabbing function for the video display terminal is set 
forth below, with this version of the program utilizing 
the arrangement of FIG. 28 comprising one CPU chip 
601, one 256-by-4 bit random access memory chip 605, 
one 1024-by-8 read only memory chip 603 and two 
input/output buffer chips 607: 

MICROPROCESSOR 6000 CONTROL PROGRAM 
: 

*INITIALIZATION 
sk 

00008 T it 1 
*SET O/P TO ZERO 

OOO17F LO 0 
0002 10 OE IOL is 
O004. TF LD O 
0.005 10, OD OL id 
O007 7F LD 
O008 007 IOL 

*RESET FLIP.F. OPS 
OOOA 26 RF1 
OOOB 25 RF2 

*CLEAR RAM 
000C0000 LBL D5R15 
OOOETF INO LDI O 
OOOF 2F EXD 
O009E T INO 
OO 8 XBHX 
O012 1A XAX 
OO13 60 ADI F 
O01498 T IN2O 
0.015 1A XAX 
00.16 18 XBMX 
O017 8E . T IN10 

*SET RAM SPECIAL VALUES 
OO18 OB N2O B ROD9 
OO1971 EDI E 
OOA 2B EXO 4 KBD CHARACTER 

(FOR INITIAL 
w CALL) 

OOB 7B LDE 4 
OOO2F EXD * CONSTANT (PCC 

BIT MASK) 
OOD O7 LB R4D5 
OOE 7E LD 
OOF 2F EXD SEARCHING FOR 

ROW (NOT) 
OO2002 LB R6D2 
OO2 70 LED F 
00223A EX 5 KBD ROUTINE 

ADDRESS 
O023 TE LDI 1 
OO24 2A EXO 5 KBD * (INITIAL 

LY PAGE 1) 
OO2570 LD F 
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MICROPROCESSOR 6000 CONTROL PROGRAM 
0O262F EXD 
00277B LD, O 
00283F EX 
OO29 SO 40 TL SCHED 

k 

& 

ORG 40 
k 

s 

*SCHEDULER 
*CHECKS 

(1)RAR CHANGED WITH REN HIGH 
k & SCH/RAW CHANGED (PROCESS 
:: SCH) 

(2)AS (1) WITH NO SCH/RAW CHANGE 
& RAR APPROACHING PRINT ROW 

s: (PROCESS RAR) 
(3) PCC CHANGED & HIGH & PRINT 

sk ING IN PROGRESS 
sk (PROCESS PRENT) 
s: (4)LBD HELD FOR 1 MILLISECAT 
k LEAST (PRECESS KBD) 
k 

8 

*SCH HAS HIGHEST PRIORITY FOR CHECK 
*ING CHANGES 110 MICROSEC (22 CYCLES) 
BEFORE RAR CHANGES & IS LATCHED UN 
*TIL NEW ONEAVAILABLE. RAW DENOTES 
*ROW TO WHICH IT APPLIES. IF UNCHANGED 
*SCH FOR THIS RAW EITHER NOT CHANGED 
*OR REPEATED - IN BOTH CASES 
GNORE TO AVOD MULTIPLE 

*PRINTS, ETC. CHECKED ONLY WHEN 
*RAR CHANGES. RAR CHANGES EVERY 
* 1363 MICROSECS (163 CYCLES), SO HAVE 
*COMPLETE PROGRAM CYCLE LESS THAN 41 
*CYCLES IF RAR UNCHANGED LAST TIME. 
*OR 163 CYCLES IF RAR CHANGED LAST 
*TIME. RAR ONLY VALID WHEN REN HEGH. 
k 

*CHECK RAR CHANGED 
0040 CD SCHED LB R8D10 
004 109 OL #19 GEGRAR 
0.043 00 EOR 
0044 E SKZ 
00:4588 T *-3 RAR CHANGED 
0046 SO 80 PCXX TL PCCX RAR UNCHANGED 
00:48 1C 13 lOL it 13 GET REN 
004A. 67 ADI 8 
004B 80 T SCHED REN GONE LOW 
OO4C C 9 OL if 19 REREAD RAR IN 

CASE REN LOW 
WHEN 1ST READ 

004E 1B LXA sk SAVE INX 
004F 3F EX k SAVE INRAM 

*CHECK SCHARAW CHANGEd 
O050 CO LB R 
005 1C 03 OL if3 GET RAW 
00539 XABL * SETUP SCH TABLE 

OFFSET 
0.054 COA IOL #A GET SCH. BITS O-3 
0.056 OC EOR 
0057 E SHZ 
0.058 A0 T SCXX SCH CHANGED 
005934 LD 3 
005A1C1A IOL if A GET SCH BITS 4-6 
005C OC EOR 
OOSD 1E SHZ 
005E A5 T SCYX SCH CHANGED 
005F A9 T RARX SCHUNCHANGED 
006Q OC SCXX EOR k SAVE SCH BITS 0-3 
0.0613C EX 3 
O062 1C A OL #1A, 
0.064 OC EOR 
00650C SCYX EOR s: SAVE SCH BITS 4-6 
OO669C EX 3 
OO67 DF TM SCHX PROCESS SCH 
006880 T SCHED 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

O069 07 
006A 30 
006B 1E 
006C 86 

OO6D 2 
006E0E 
006F OB 
0070 1E 
007186 
0.072 31 
O073 19 
007437 
0075 09 
O076 B9 

O077 53 17 
0079 533d 

0080 CA 
008 C 13 
0.083 OD 
O084 3F 
0.085 38 

0.086 3F 
O087 OC 

O088 63 

O089 BC 

008A 37 
O08B 60 
008CBD 
0080 F 
OO8E 27 
008F 60 
0080 BD 

0.091 1F 
0092. 27 

k 

*IF NOSCH TO BE PROCESSED, NEXT PRIOR 
*TY IS TO SEARCH FOR ROW TO PRINT. IF 
*THERE IS ONE, THE PRINTER INTERFACE 
*MUST BE INFORMED WITHIN 189 MICROSECS 
*(37 CYCLES) OF RAR CHANGING TO CORRECT 
*VALUE BY PWR PULSE. SOIF RAR IS ONE 
*BEFORE REQUIRED ROW, SET UP DATA FOR 
*PRINT & WAIT IN LOOPFOR ROW TO 
*CHANGE. MAYALSO BESEARCHING FOR 
*ROW NOT TO BE PRINTED. IN THIS CASE, 
*SEE IF ALL ROWS PRINTED & IF NOT, 
*START SEARCH FOR NEXT ROW. 

*CHECK CORRECT RAR 
RARX LB R4D5 

LD 7 
SHZ 
T PCXX NOT SEARCHING 

FOR ROW 
LAX GET RAR 
COMP 
AD 
SHZ 
T PCXX WRONG ROW 
LD 6 
XABL 
LED 
ADS 
T RWGX ROW NOT TO BE 

PRINTED 
TL ROWP PRINT THIS ROW 

RWGX TL ROWG GET NEXT ROW 
sk 

sk 

*IF RAR UNCHANGED, NEXT PRIORITY IS TO 
*CHECK PRINTER CLOCKPCC ISHIGH FOR 27 
*MSEC (5400 CYCLES) AND ANY PRINT PULSE 
MUST BE GIVEN DURING THIS TIME TO 
*CATCH THIS HIGH EVERY TIME, MAXIMUM 
*PROGRAM CYCLE FOR RAR CHANGING MUST 
*BE 158 CYCLES. IF PRINTING IS IN PRO. 
*GRESS, ONE OF THE FOLLOWING PULSES 
*WILL BE GIVEN WHEN PCC CHANGESTO 
*HIGH: 
*SPA - 16 LEADING SPACES ON 32-CHAR ROW 
*PRT - PRNT ROW 
*BLANK - NO PULSE WHILE WATING FOR 
*ROW TO BE PRINTED (32/64 CLOCKS) OR 
*FOR CLOCK DELAY IN 64-CHARROW 
*WHILE PRINTERI/F READS ROW 
*LFD - LINE FEED AFTERROW & BEFORE 
*CERTAIN ROWS 
*CAR - CARRIAGE RETURN (ASLFD) 

*CHECK PCC CHANGED 
ORG 80 

PCCX LB R4D8 
IOL #23 GET NEW PCC 
AND * GET BIT 2. 
EX 
EX 7 (RESTORE 

CONSTANT) 
EX * SAVE NEW PCC 
EOR * BIT 2 is IF 

CHANGED 
ADI C CARRY IF 

BET 2 - 
IBXX PCC, NOT 

CHANGED 
LD 
AD F 
T SHDX NEW PCC - 0 
DECB 
LD 
AD F 
T SHDX PRINTING NOT IN 

PROGRESS 
SET UP NEXT PRINTER PULSE 

DECB 
LD 
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O093 60 
0094. 9F 
0.0953F 

. 0096.17 
O097 BO 
O098 OD 
0099 10 OE 
009B 7F 
009C 1C OE 
009E BD 
O09F B8 

00A037 
00A1 60 
00A205 
00A3 28 

OOA496 

00A5 C9 
00A630 
00A7 61 
00ASAC 

OOAB Bl 
OOAC 37 

00AD 2F 

OOBO 7C 

OOB BF 
OOB2 CO 

OOB899 
OOB907 
OOBA3F 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

ADI F 
T PR30 4-BET COUNT = 0 
EX k STORE COUNT-1 

PRO INCB 
LD 7 GET NEXT OvP 
AND MASK 

PR20 IOL #E PULSE PRINTER 
LDI 0 
IOL #E 
T SHDX CONTINUE 

PR30 EX 7 STORE 4-BIT 
COUNT - 

LD 
AD F 
T PR40 6-BIT COUNT - 0 
EX 7 STORE 6-BIT 

COUNT - 
T PRO & O/P NORMALLY 

*GET NEW PRINTER PULSE 
PR40 LB R3D7 

LD 7 - 

ADI E 
T PR50 NEXT O/P - 

(ROW TO BE 
PRINTED NEXT) 

LB R3D6 
LDI 0 CLEAR COUNT FOR 

NOW-ROW PRINT 
T PR60 

PR50 LD k GET MASK (=O FOR 
64-CHAR ROW) 

EXD * (= 1 FOR 32-CHAR 
ROW) 

SKZ 
T PR60 32-CHARROW 

(ACC=CT= 1) 
LDI 3 SET CT FOR 64 

CHAR ROW 
PR60 EX STORE NEW COUNT 

LB R3D7 SHIFT LEFT 
NEXT O/P 

LD k (GET NEW O/P) 
AD 
EX 
LD 
SHZ * (SKIP IF PRINT 

CYCLE COMPLETE) 
T PR20 PRINT NEW CHAR 
LB R4D5 
EX :k SET SEARCHING 

FOR ROW 
T SHDX CONTINUE OOBB BD 

OOBCD 

OOBD 5040 

0300 CC 
0301 70 
O302 09 
O3038E 
03043C 
O305 1009 
O307 OC 
O308 E 

k 

k 

*IF RAR & PCCUNCHANGED, KBD FUNC 
*TIONS ARE ALLOWED. MAXIMUM LENGTH 
*IN ANY PROGRAM IS LIMITED NUMBER OF 
*CYCLES, SOA SUSPEND SUBROUTINE IS 
*USED TO ENTER THE CURRENT PROGRAM, 
*AND SUSPEND IT WHEN ITS TIME IS UP. 
*THIS ALLOWSA PART ROUTINE BETWEEN 
*TWO TM STORE'S *TO BE 63 CYCLES, 
*OR A COMPLETE *ROUTINE TO BE 25 
*CYCLES LONG. 
: 

*DO KEYBOARD FUNCTIONS 
KBXX TM . STORE ENTER CURRENT 

PROGRAM 
SHDX TL SCHED CONTINUE 
k 

k 

ORG 300 
*INTIAL BD PROGRAM 
KBYX LB R3D9 

LDI F 
ADSK 
T BX20 KBD CT. - O 
EX 3 SAVE CT. -1 
IOL #9 GET KBO 
EOR 



-continued 

21 
Re. 31,863 
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O3107) 
O31 DB 
O312 00 
O3137B 
O34 BF 
O315 D1 

O316 80 

O3177F 
03183B 
O31937 
03A 09 

O3F OE 
O32000 B8 

O322 38 
O323 7E 
O32428 

0325 15 
O326 AB 
032738 

O328 7E 
O329 28 
032A AD 
O32B TE 

O32F 3A 

0330 C 19 

O332 OC 
O333 1E 
0.334 BO 
0335 C 3 
O337 67 
O338 BO 
O339 TE 
033A D3 
O33BSO 40 

T 1 BX10 
T 

1 BXO EOR 
EX 3 
T BX30 

*ENTER 1 BD RECORDER 
1 BX20 LD 3 

TM 1 BDX 

1 BX2.5 LD 2 
TM PLSB 
LB R3D9 

BX30 LDI 4. 
EX 

1 BX40 TM 

T 
s: 

sk 

KBD CHANGED 
BX40 KBD UNCHANGED 

STORE NEW KBD 

ENTER KBD 
ROUTINE 

PULSE KBR 

RESET COUNT 

STORE SUSPEND - RETURN 

KBYX 
TO SECHEDULER 

*RAR PROCESSING SET UP DATA FOR 
*PRINT & WAIT FORRAR TO CHANGE. 
s: 

LDI 
EX 
LD 
ADSK 

ROWP 

LDI 
LDI 
IOL 
COMP 
BL 

DTR4. 
EX 
LD 
EXD 

SKC 
T 
EX 

LDI 
EXD 
T 

RPO LDI 

EXD 
LDI 
EX 

RP20 

EX 

RP30 IO 

EOR 
SKZ 
T 
OL 
ADI 
T 
LD 
TM 

RFAO TL 
k 

k 

RPO 
7 

7 
RP20 

RP30 

RP30 
1 
PLSB 

CLEAR PRINT BIT 
GET SCH FOR ROW 
O SET & SKP IF 64 
CHARROW 
32-CHAR ROW 
64-CHARROW 
SET RWL 

SAVE MASK 

SET NEXT O/P TO 
SPACE 

32-CHAR ROW 
SET CT. FOR 64 
CHARROW 
(DELAY CT. = 1) 

SETCT FOR 
32-CHAR. 
ROW 
(SPACE CT. = 16) 

CLEAR SEARCHING 
FOR ROW 
CLEAR ROW 
COUNT 
WAT FOR RAR TO 
CHANGE 

WRONG RAR 

REN LO 

PULSE PWR 
SCHED CONTINUE 

*RAR PROCESSING - GET NEXT ROW 

ROWO TM GETROW 
T RP40 CONTINUE 

ORG CO 

PAGE 3 
*DATA ADDRESSES 
*SUBROUTINE ADDRESSES 
*EQUATES 
3: 

*EUATES 
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OOCO EF 
OOCFD 
OOC29D 

OOC3 80 
OOC4 CD 

OOC58C 
OOC6 CA 
OOC BA 

OOC8 C9 
OOC9 C8 
OOCA B7 

OOCB F6 

OOCC C6 
OOCD C6 
OOCE FF 
OOCF FF 

OODOFD 
OOD1 E2 

OOD2 F6 

OOD3 E8 

OOD4 6C 
OOD5 65 

OOD6 EF 

OODA SD 

OODB 07 

OODC 38 

OODDC 
OODE5D 
OODFFF 

00E074 

OOE19C 
OOE299 

OOE370 

OOE4 F 

OOE594 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

GROUP # 3RD 
DIGIT 
KBD if MOST SIG. 
DIGIT 
woRKSPACE (FOR 
BINARY*2) 
SEARCHING FOR 
ROW (WHEN ZERO) 
ROW COUNT 
NEXT O/P 
MASK 
TOP OF SCH TABLE 
TOP OF ROWSTAT 
US REGISTER 
TOP OF USEDRAM 

SCH TABLE 
GROUP it 
SAVED KBD 
ROUTINE ADDRESS 
PAGENUMBER 
CURRENT KBD 
NUMBER 
INITIALISING 
CURRENT ROW 
SEARCHING FOR 
ROW (WHEN ZERO) 
PRINT COUNT 
NEXT OAP 
MASK FOR PCC 
VALUE 
KEYBOARD 
CHARACTER 
KEYBOARD COUNT 
LAST RAR 

SWITCH ROUTINE 
SUSPEND OR RE 
ENTER KBD 
ROUTINE 
DOUBLE BINARY 
NUMBER 
SET ACAS PULSE 
ON AO O GRP B 
CLEAR 3 DIGITS 
RESET SPECIAL 
CHARACTERS 
STOP PRINTING & 
MODEA 
GET NEXT ROW 
SELECT KBD 
ROUTINE 
KBD ROUTINES 
(IF <26 CYCLES, 
BEGINXS, 
FINISH RTN, IF 
>25 CYCLES, DO 
NOT BEGINXS, 
FINISH TL KBX25, 
BREAKUP 
INTO 63 CYCLE 
BLOCKS) 

JUMP TO SCH 
DECORDER 
SCHROUTINES 
(BEGINALL 
WITH XS) 
(FINISH RTN) 
(MUST BE (114 
CYCLES) 
ERASE SCREEN 
(BY KBD) 
PAGE PRINT 
(BY KBD) 
ROW PRINT 
(BY KBD) 

DORO EQU 00 

DOR3 EQU 30 

D2R4 EQU 42 

D5R4 EQU 45 

D5R6 EQU 65 
D7R3 EQU 37 
D7R4 EQU 47 
D15R2 EQU 2F 
D15R5 EQU 5F 

D15R15 EQU FF 
DATA ADDRESSES 
R1 TR #10 
RO2 PTR iO2 
R6D2 PTR i62 

R7D2 PTR it 72 
R3D2 PTR #32 
R7D3 PTR #73 
R3D5 PTR #35 
R4D5 PTR i45 

R3D6 PTR i36 
R3D7 PTR i37 
R4D8 PTR i48 

ROD9 PTR #09 

R3D9 PTR #39 
R3d 10 PTR i3A 

PTR 
PTR 

*SUBROUTINE ADDRESSES 
INDEX PTR ZINDE 
STORE PTR ZSTOR 

SHIFT PR ZSHIF 

PLSB PTR ZPLSB 

CLEAR PTR ZCLEA 
SCHRS PTR ZSCHR 

PEND PTR ZPEND 

GETROW PTR ZGETR 
1 BDX PTR ZKBOX 

NUM PTR ZNUM 

GRP PTR ZGRP 

PRINT PTR ZPRIN 

UP PTR ZUP 

BACK PTR ZBACK 
CALL PTR ZGRP 
SCHX PTR ZSCHX 

ERASE PTR ZERAS 

PROWO PTR ZPROW 
PROWX PTR ZPROX 

ERAS2 PTR ZERA2 

PGPRT PTR ZPP20 

RWPRT PTR ZPX5 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

OOO 52.2F 

OO2 6F 
010334 
004 6F 
005 OB 
006 6F 
007 6F 
O10805 

009 C3 
010A 24 
010B 37 
OOCOA 
OOD 2F 
OOE 8B 
OOF 05 

OO 26 
011 00 AO 
O37F 

O1142F 
O1593 
O116 05 

07 COD 
O 97F 
011A, 10 OD 
O11005 

: 

ORG 100 
s 

PAGES 4-7 
SUBROUTINES CALLED BY TM 
t 

s 

*GO TO SKR FORSCH PROCESSING O 
ZSCHX TL SCHY 
& 

: 

INDEX - SWITCH ROUTINE 
*SETS RETURN ADDR BITS 0-3 TO COMP OF 15 
*M & ADDS COMP. OF MEOR 3 TO RETURN 
ADDR. BTS 4.7 LEAVES BASB EOR 3 
*SWITCH TABLE MUST START A 6-WD. 
*BLOCK & LIE WITHIN 256-WED BLOCK. 
*CALLING INSTRUCTION MUST BEAT 
*16-WD BOUNDRY - F MEOR3 = OIS NOT 20 
*TO AFFECT BITS 4-7 OF RETURN ADDRESS, 
*TABLE MUST NOT STARTAT 64WD. BLOCK & 
*CALLING INSTRUCTION MUST 
*IMMEDIATELY PRECEDET. IF 
*M EOR 3 - - 1 IS NOT TO AFFECT BITS 4-7 
*OF RETURN ADDRESS, CALLING 25 
*CALLING INSTRUCTION MUST BE 17 
*WORDS BEFORE TABLE & NOT AT END 
*OF 64-WORD BLOCK. 
ZINDE CYS 

LD 3 
CYS 
AD 30 
CYS 
CYS 
RTN 

k 

k 35 

*MULTIPLY BINARY # BY 2 
*BY ADDING TO ITSELF 

ZSHF LB RD2 
RC 

ZSO LD 40 
ADC 
EXD 
T XSO 
RTN 

k 

s: 45 
s 

*STOP PRINTING 
*CLEAR MODE A 
*CLEAR ALL ROW, CRLF BITS 

ZPEND RF1 CLEAR MODE A 5O 
LBL D5R5 

PEO LDI 0 , CLEAR ROW, 
CRLF BITS 

EXD 
T PEO 
RTN 

8 55 

PULSE OUTPUT ROUTINE 
*SET O/PON GROUP B OF IMO O. 
*TO ACCUMULATOR & CLEAR 
"IMMEDIATELY. 60 
PULSE LENGTH = 15 MCROSEC. 
ZPLSB IOL iD 

LD O 
IOL #D 
RTN 

k 65 
k 

k 

*SUSPEND OR RE-ENTER KBD ROUTINE 
*PROGRAM. MUST NOT BE N ANY KBO 

24 
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0.209E 

0.22 05 

O12933 
02A 3B 

O2F DO 

O130 05 
031 DE 
O32 DD 
O133 DC 
0.134 DB 
0.135 DA 
O136 D9 
O137 D9 
O38 D9 
O39D9 
O3A D9 
O3B D9 
O13C D9 
O13D D9 
013E D9 
O13F d9 

O14000 BA 
O142 TF 
O43 38 

O144 7E 
O145 OB 
014.6 3F 

O473 
O1489 
O149 TB 
O14A OD 

*ROUTINE TOO LONG SO CALLING 
*THIS WILL STORE CURRENT ADDRESS & 
RETURN TO THE LAST STORED ADDRESS. 
STORED ADDRESSINITIALLY SET TO KBYX 
*SO CALLED AT KBXX TO ENTER, & AFTER 
BLOCKS OF KBD ROUTINE TO SUSPEND. 
ZSOR LB R6D2 
ST10 CYS 

EXD 
T ST10 
CYS 
RTN 

: 

k 

*PROCESS KBD 
*POSSIBLE KBD VALUES. 
*0-9 NUMERALS 
*10 GROUP 
* PRINT 
* 12 UP 
*13 BACK 
*4 CALL 
* 15 IOLE STATE 

ORG 29 
ZKBDX LD 4. GET KBD CHAR. 

EX 4. SAVE & GET 
LAST KBO 

EOR 
SKZ k NOTCHANGED 
T * - 2 PROCESS NEW KBD 
RTN 

"THIS TABLE MUST BEGIN AT END OF 16-WD 
"BLOCK & LIE WITHEN A 64-WD BLOCK. 

TM INDEX (RETURN ADD 
RESS - P - SWITCH 
INDEX) 

RTN is NO CHARACTER 
TM CALL 
TM BACK 
TM UP 
TM PRINT 
TM GRP 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 
TM NUM 

***END OF TABLE 
k 

*GET NEXT ROW & PRINT LEADING CRLF IF 
*NECESSARY, STOP PRINT MODE AIF ROW 
*COUNT = 16 (CLEARED WHENEVER ROW 
*OR CRLF PRINTING IS SETUP, OR WHEN . 
* A ROW PRINT OR CRLF BIT IS SET IN 
*ROW STATUS: INCREMENTED EACH TIME 
*NEXT ROW GOT). CALLED WHEN ROW 
*PRINTED TO GET NEXT, OR WHEN PRINT 
*ING TO BE STARTED (WHEN PUT 
*CURRENT ROW = 1ST Row - 1). 

*GET NEXT ROW 
ZGETR LBL D4R4 

LDI O 

EX 7 SET SEARCHING 
FOR ROW 

LD 
AD 
EX INCR. CURRENT 

ROW 
LD 6 
XABL GET ROWSTATUS 
LD 4. 
AND 
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CRLF BITSET 

NCR ROW COUNT 
NOT YET SCANNED 
ALL I6 ROWS 

CLEAR PRINT 
MODE A (ALL 
ROWS PRINTED) 

CLEAR SEARCH 
ING FOR ROW 
CLEAR (OR STORE) 
ROW COUNT 

CLEAR CRLF BIT 

SET TO PRINT 
LFD NEXT 

PRINT COUNT - O 

*PROWX - ONLY EF IN MODE B, NO LEADING 

DISCARD RETURN 
ADDRESS 

NOT MODE B 

SET ONLY ROW 
PRINT BET 
ENTRY FROM KBD 
ROUTINE 
SET CRLF & ROW 
PRINT BITS 
(IGNORE SKIP) 
SAVE ROW 

CLEAR ROW 
COUNT 

SEARCHING FOR 
ROW 

PRINTING IN 
PROGRESS 

SET CURRENT 
ROW 
PRINT IT 

25 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

O14B 1E SKZ 
014C 98 T GT20 
04D 00 9A LBL D5R6 
O4F 37 LD 
O1506E AD 1 
O1596 T GTO 

*TERMINATEKBD PRINT MODE 
O5226 RF * 

O1533) EX 2 
O1547E GTOS LDI 
O55 3D EX 2 

o1563F GT10 EX sk 

O157 05 RTN 
*PRINT LEADING CRLF 

O1580C GT20 EOR 
O1583F EX k 
O5A 00 C8 LBL D7R3 
O5C 7 LDI 2 
O5D 2F EXD * 

O15E 7F LDI 0 
O5F 38 EX 7 
O607F LD 0 
O62F EXD 
O16294. T GTO5 

s: 

k 

: 

kki SPECIAL CHARACTERROUTINES 
s: 

2: 

*SPECIAL CHARACTERROW PRINTS 

*CRLF 
*PROWO - ALWAYS 
8 

O16306 ZPROW XS k 

O16430 LD 7 
O165 AB T ZPX15 
O66 06 ZPROX XS 
O67 14 SKF2 
O6805 RTN 
O6930 LD 7 
O6A 77 LDE 8 

016B 73 ZPX5 LDI C 

O16C 2F EXD 

O16DAE T *-i- 
O16E 11 ABL * 
O16F B LXA 
O7000 9A LBL 

DSR6 
*ENTRY POINT FROM PPGEX 

O727F PX20 LDI 0 
O73 3D EX 2 

O17437 LD 
O175 60 AD F 
0176 05 RN 

077 C9 LB R3D7 
O17837 LD 
0.79 E SKZ 
07A 05 RTN # 

O7B C6 LB R3DS 
O7C 12 LAX 
O7D 3F EX k 

O17E D7 TM GE 
TROW 

O17F 05 RTN 

10 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

01807 

01882 
018273 

0.833F 
0.84 C6 
O857F 
086 3A 
O18770 
O188 B 

O1895 72 

08 D3 
O8E OS 

0.937F 
0.94 2F 
O957F 
O962F 
O977 
O1983F 
O19905 

k 

ORG 180 
k 

k 

*SPECIAL CHARACTER PAGE PRINT 
*NO LONGER USED FOR SCH 
FONLY USED FOR COMPLETON OF KBD 
PAGE PRINT 
SCH CODE LEFT AS COMMENTS IN CASE OF 
FUTURE USE 

sk 

*ZPPGE XS * DISCARD RETURN ADDRESS 
*SKF2 d 

*RTN * NOT MODEB 
*LBL D15R5 
*PPOLDI 8 SET ROW BT ON ALL ROWS 
*EXD 
T PP10 
ZPP20 INCB ENTRY FROM KBD 

ROUTINE 
T * - 1 
LDI C SET CRLF BIT ON 

ROW 
EX 
LB R3D5 
LDI O 
EX 5 CURRENT ROW - O 
LDI F 
LXA * SAVE CURRENT 

ROW IF GETROW 
CALLED 

TL PX20 

k 

*SPECIAL CHARACTER ERASE 
ZERAS XS 
XERA2 LD 4 ENTRY FROM KBD 

ROUTINE 
TM PLSB 
RTN 

*KBDS/R - ERASE SCREEN 
ZERA2 LD 2 

IOL #17 SET KAC 
T XERA2 ERASE SCREEN 

* * *EXTRA UTILITIES 
8: 

k 

k 

*CLEAR 3 SUCCESSIVE RAM DIGITS 
ZCLEA LDI O 

EXO 
LDI O 
EXD 
LDI O 
EX 
RTN 

s 

k 

*RESET SPECIAL CHARACTERS 
ZSCHR LBL D15R2 
SR10 LDI O 

EX 3 
LOI O 
EXD 3 
T SR10 
RTN 

k 

k 

k 

*** KEYBOARD ROUTINES 

k 
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OAE D1 

OAF 53 40 

OCOO6 
OC134 

OC584 
OC605 

OC9 C3 
OCA 37 
OCB 66 
OCC 98 
O1CD F 
OCE 37 
O1CF 6D 
ODO 98 
OD1 F 
O1D27C 
01D3 OD 
01D4 62 
OD598 
OD6 53 D2 

*PROCESS GROUP KEY 
NO GROUP IGNORED 
*INVALID GROUP SET TO ZERO, WITH 
*PAGEO 
*GOOD GROUP if SENT TO TERMINAL WITH 
*PGE if ZERO 

t 

*PROCESS CALL KEY 
*NO NUMBER - O 
*GROUP NUMBER NO AFFECTED 
*NEW PAGENUINBER SENT TO TERMINAL 
k 

ZGRP TM ERAS2 CLEARSCREEN 
LBL DOR3 
LD 
AD 
T K10 NUMBER IN 

a- SERTED BEFORE 
GROUPACALL 

EX NO NUMBER - O 
LB ROD9 
LD 
AD 5 
TL RESET FROM GRP . 

IGNORE NO if 
: 

K10 TM STORE WAIT 
k 

TL XGPCL SELECT NEW 
GROUPAPAGE 

CO ORG 

k 

*PROCESS NUMERAL KEY 
ADD INTO CURRENT 3-DG NUMBER 
*EXCESS DIGITS SHIFTED OFF END 

ZNUM XS 
LD 3. GET KBD CHAR. 

ACTER 
LD 
LB R3D2 

NMO EXD : INSERT INKBD 
NUMBER 

T NMO 
RTN 

: 

g 

*PROCESS UP KEY 
"IGNORED IF PAGE if AT HIGH LIMIT 
*ELSE INCREMENTS PAGENUMBER 
: 

ZUP TM ERAS2 CLEAR SCREEN 
: 

TM STORE WAIT 

LB Rid2 
LD 
ADI 9 
T UP30 BITS O-3 NOT 7.F 
DECB 
LD 
ADI 2 
T UP30 BTS 4-7 NOT Ev 
DECB 
LD 3 
AND 
ADI D 
T UP30 BTS 8-9 NOT 3 

UP5 TL RESET PAGENUMBERAT 
HIGH LIMIT 

k 

UP30 TM STORE 
WAIT 

*UPACCEPTED 
LB RTD2 ADD TO PAGE it 

O 
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MICROPROCESSOR 6000 CONTROL PROGRAM 

ODA 24 
ODBTE 
ODC9E 
01DD 7F 
ODE OA 
ODF 2F 
OEO 9D 
0E 53.96 

O1E9 40 
OEA A5 
01EB 73 
OEC OF 
OED6C 
OEE 96 

OEF D. 

OFO C3 

O22F DO 

ORG 
024005 
O2405 
0242 05 
0243 05 
0244 05 
024505 
O24605 
O247 05 
O248 05 

RC 
LDI 
T 
LDI 
ADC 
EXD 
T 
TL 

UP40 
UPSO 

: 

k 

UP50 
O 

UP40 
SEND SEND TO 

TERMINAL 

*PROCESS BACKKEY 
*IGNORED IF PAGE #AT ZERO 
*ELSE DECREMENTS PAGENUMBER 
k 

ZBACK TM ERAS2 CLEAR SCREEN 
LB , R72 

BK 10 LD 
SKZ 
T BK20 
DECB 
SKB 0 
T BK10 
DI C 

OR 
AD 3 
T UP15 PAGENUMBER - O 

s 

BK2O TM STORE WAT 
BACK ACCEPTED 

LB R72 SUBTRACT FROM 
PAGE if 

RC 
BK30 LDI F 

ADC 
EXD 
T BK30 
TL SEND SEND TO 

TERMINAL 
g 

k 

k 

*PROCESS PRINT KEY 
*CODE IN ANOTHER PAGE 

ZPRIN TL XPRN 

k 

e 

ORG 22F 
k 

PAGES 8-15 
*(EXCEPT PAGE 12 300-33F USED ALREADY) 
*SUBROUTINES CALLED BYTML 
*OR OTHER PROGRAMS 

*PROCESS SCH 
*THIS TABLE MUST BEGIN AT THE END OF 
*A 16-WD BLOCK (NOT FA 64-WORK BLOCK) 
*& LIE WITHIN A 256-WD BLOCK, & THE 
*SWITCH TABLE MUST BE 16 WORDS ON 
* FROM CALLING INSTRUCTION 
SCHY TM INDEX (RETURN ADD 

RESS - P -- SWITCH 
INDEX) 

*AN SCH 7F WILL ADD TO RETURN ADDR 
*BITS 4-7 & THEREFORE RETURN HERE 
*(16 WDS ON FROM CALLING INSTRUCTION) 

240 
RTN 
RTN 
RTN 
RTN 
RTN 
RTN 
RTN 
RTN 
RTN 
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03A0 15 SKC 
03A 7E LDI 1ST 4. BITS PAGE if 
O3A277 LDI k ST 4. BITS 

GROUP # 
03A3 AB T SD32 
03A4 15 SD24 SLC 
03A5 AS T SD30 2ND/3RD 4 BITS 

PAGE # 
03A653 CO TL SD40 LAST 4.BITS 

GROUP i 
03A841 SD30 S4BI 
O3A97B LDI 4. 3RD 4 BITS 

PAGE if 
03AA 7D LDI 2 2ND 4. BITS 

PAGE # 
O3AB C 07 SD32 IOL #7 PULSE LEN 
03AD 7F LDE O 
O3AE CO7 IOL #7 
03B02C EXD 3 
O3B 9B T SD20 

k 

O3B2 D1 TM STORE WAT 
*SEND GROUP if 

03B3 C1 LB ROD2 
03B4 20 SC k MARK GROUP if 

SENDING 
03B39B T SD20 

ORG 3CO 
O3CO 77 SD40 LDI 8 
O3C D3 TM PLSB 
O3C2 1C 13 IO it 3 GET PER 
O3C43F EX 
O3C5 7d LDI 2 
O3C6 OD AND 
O3C760 ADI F 
O3C89C T SD45 INVALID GROUP 
O3C9 CS LB R7D3 PER OK 
O3CA2F EXD 
03CBE SKZ k INITIALISING 
03CC 91 T SD44 
03CD 7D LDI 2 
O3CE 3F EX k CALL PAGE 2 
O3CF 53 98 SD43 TL SD10 SEND 
03DD5 SD44, TM SCHRS RESET SCHS 

s: 

03D2 D1 RESET TM STORE WAIT 
*RESET KB # AND EXT 

O3D37F LD O 
03D41C 17 IOL #17 CLEAR KAC 
03D6 C4 LB R3D2 
03D7 D4 RS10 TM CLEAR 
O3D870 LDI F 
O3D93F EX 
03DA 5310 TL KBX25 RETURN TO 

SCHEDULER 
*INVALID GROUP - SET TO ZERO 

O3DC C5 SD45 LB R7D3 PER BAD 
03DD 09 ADSK 
03DE 8F T SD43 INITING. RESEND 

PGE 1 
O3DF F DECB 
OSEO 7C LDE 3 BAD GRP - SEND 

GRP O PGE3 
OBE1 7F SD60 LD 0 
OBE2 38 EX 7 
OBE3 7F LDI O 
OBE4 28 EXD 7 
OBE5A1 T SD60 
OBE6 8F T SD43 

END 

The various inputs and outputs to the microcomputer 
or CPU 601 are all preferably conventionally routed 
through the input/output buffer 607 for interfacing the 
system with the microcomputer 601 and have been 
omitted from FIG. 27 for clarity; however, these signals 
as well as their function in the system for providing 
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34 . . 
displayable rows of video information on video display 
terminal 2013 is illustrated in FIGS. 24, 26 and 28 and 
shall be described in greater detail hereinafter. During 
operation of the system, microcomputer 601 gets the 
instructions required from the stored program in read 
only memory 603 step-by-step, such as “take data from 
buffer 607 and put in in random access memory 605” or 
"take data out of random access memory 605 and pro 
vide it to buffer 607". Microcomputer 601 can also 
perform typical computer functional operations on the 
data. As shown and preferred in FIG. 26 which is a 
block diagram of the terminal key board and micro 
processor input/output for video display row-by-row of 
pseudo videe scan lines in the improved row grabbing 
terminal 28 of the present invention, the keyboard 5000 
provides selection information to the microprocessor 
6000, such as the group and page address, as described 
in our previous U.S. Pat. No. 3,889,054. The balance of 
the circuitry of the receiver 28 controlled by the micro 
processor 6000 is generally represented by the block 
8000 labeled "terminal” in FIG. 26. If desired, the input 
/output buffer 607 may also include a conventional 
special character decoder in addition to the balance of 
the interface functions performed thereby so as to de 
tect the presence of a special character. The various 
latchings preferably occurring within the terminal 8000 
shall be described in greater detail hereinafter with 
reference to FIG. 24. As shown and preferred in FIG. 
10, the keyboard entry line for the microprocessor 6000 
from keyboard 5000 preferably comprises four lines 
6001, 6003, 6005 and 6006 which are set when a key is 
pressed and latched and are reset to the idle state only 
when a clear pulse is sent via line 6007 from the micro 
processor 6000. The keys which can be set are numeric 
keys as well as special function keys such as group, 
page, up, back, and call. In addition, as described in the 
copending U.S. Pat. application of Robert H. Nagel, 
one of the joint inventors herein, and owned by the . 
same assignee as the present application and entitled 
"Information Retrieval System Having Selectable Pur 
pose Variable Function Terminal" filed Sept. 10, 1975, 
and bearing U.S. Ser. No. 611,927 now U.S. Pat. No. 
4,064,490, additional keys such as program may be pro 
vided when the system is utilized to retrieve programs 
or sets of instructions as opposed to or in addition to 
data. As shown and preferred in FIG. 26, if a group key 
is depressed and preceded by a number, terminal 8000 
will be informed of the new group via the group address 
and page address line GAD/PAD and LEN lines, with 
the page number preferably reset to zero. If the group is 
not preceded by a number, preferably the only action 
taken would be to release directed messages by setting 
and clearing the KAC line and to erase the screen via a 
pulse on the ERA line, all functions which change the 
group/page accomplishing this such as call, back, up 
and group. The inputs from the terminal 8000 to the 
microprocessor 6000 are preferably the row enable line 
REN, the row address read line RAR, the row address 
write line REW, the special character line SCH, and the 
permission line PER. The output to the keyboard is 
preferably the clear or keyboard latch reset line 6007 
which is pulsed when a key has been completely pro 
cessed so that the key will then be reset to the idle state. 
The outputs to the terminal 8000 from the microproces 
sor 6000 preferably comprise the erase line which erases 
the video display 2013, the keyboard active line KAC 
which is set while a group/page number is being sent to 
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the terminal 8000 so that the terminal 8000 will take no 
action on it until the number is completely received, the 
group address/page address line GAD/PAD which 
informs the terminal 8000 of a new page to grab, the 
latch enable line LEN and the row length line RWL. 
Suffice it to say that the microprocessor 6000 performs 
all data handling and execution of the permanently 
stored program in the read only memory 603 with the 
random access memory 605 preferably functioning to 
store data in order to accomplish the row grabbing 
function, the data being taken out of the randon access 
memory 605 and provided to the input/output buffer 
607 for subsequent display on the video display 2013. 

Referring now to FIG. 24, the output of microproces 
sor 6000 preferably includes four general purpose ad 
dress bits or lines 715 and five lines of enable pulses 717. 
Lines 717 specify which one of the plurality of latches 
701, 703, 705, 707 and 709, collectively referred to by 
reference numeral 699, with latches 701, 703 and 705 
being the page address latches, and latches 707 and 709 
being the group address latches, the address bits 715 are 
designated for. By utilizing the four data lines 715 and 
five enable lines 717, up to 20 different bits of address, 
which is equivalent to 1,048,576 addresses, can be estab 
lished. The page address output bits collectively re 
ferred to by reference numeral 504 and the group ad 
dress output bits collectively referred to by reference 
numeral 502 are employed in the memory input control 
portion of the receiver 28 illustrated in FIG. 11 prefera 
bly in the same manner as described in our previous 
U.S. Pat. No. 3,889,054 with respect to the outputs of 
the keyboard counter 500 of the system described in 
U.S. Pat. No. 3,889,054 and will not be described in 
greater detail hereinafter since such description is spe 
cifically incorporated by reference herein. 

Referring to the aforementioned exemplary program 
written in PPS-4 Assembler language, as was previ 
ously mentioned, a typical microprocessor 6000 ar 
rangement which is controlled by the aforementioned 
program is illustrated in FIG. 28 with the various pin 
number designations utilized by Rockwell International 
for the read only memory, random access memory, 
CPU or microcomputer, and input/buffer chips 605, 
603, 601, and 607a and 607b, respectively being utilized 
in FIG. 28 for clarity. Furthermore, and as shown and 
preferred in FIG. 26, if desired, the receiver terminal 28 
may additionally have a computer/printer or cathode 
ray tube display interface for use with a CRT character 
generator so as to provide a "hard copy' printout of the 
information, being displayed on video display 2013 as 
well as the video display thereof. However, this is op 
tional to the improved video display terminal of the 
present invention and need not be included unless such 
“hard copy' printout is desired. In such an instance, a 
printer interface 8004 and conventional printer 8006 
would be required and would preferably be controlled 
by the microprocessor 6000 in a manner to be described 
in greater detail hereinafter. It should be noted that if 
such printing function is not desired then the functions 
of the terminal 28 and microprocessor 6000 relating 
thereto may be omitted; however, for purposes of com 
pleteness the programmed terminal will be described, as 
illustrated in the aforementioned program, assuming 
such printer and printing function is included. 

Referring once again to FIGS. 26 and 28 and the 
aforementioned program, in order to facilitate the un 
derstanding of the functioning of the illustrative con 
ventional program in the system of the present inven 
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36 
tion, the following detailed description of the inputs 
from the keyboard 5000, the inputs from the printer 
interface 8004, the inputs from the terminal 8000, the 
outputs to the keyboard 5000, the outputs to the printer 
interface 8004, the outputs to the terminal 8000, the 
input/output buffer assignments, the random access 
memory or RAM allocations, the register allocations, 
and the read only memory or ROM may be provided by 
way of example below. 

Inputs (from keyboard 5000) 
a. Keybard entry KEY 4 lines 

Set when a key is pressed and latched. Reset to the 
idle state only when a pulse sent on KLR. Settings 
are as follows: 

0-9: for numeral key. Consecutive numeral keys pressed 
will build a number (leading zeros automatically pro 
vided). Leading digits which cause the number to 
become too big for the function will be ignored - e.g., 
if 255 is the biggest number allowed for a group, and 
the number 256 is inserted, when the GROUP key is 
pressed, this will be truncated to 56. 

A16: for GROUP key. If this is preceded by a number, 
the terminal will be informed of the new group via 
GAD/PAD and LEN lines, with page number reset 
to zero. If not preceded by a number, the only action 
taken will be to release directed messages by setting 
and clearing KAC and to erase the screen via a pulse 
on the ERA line (all functions which change the 
group/page do this - i.e., CALL, BACK, UP and 
GROUP). Biggest numbers are 127 for 6-bit charac 
ters, 1023 for 7-bit characters. 

B16; for PRINT key. There are two print modes - mode 
A is initiated by pressing the PRINT key preceded by 
a number between 1 and 16 (when truncated to =16), 
or by pressing the print key with no preceding num 
ber when not already in mode A or B. The former 
will cause the specified row of the displayed page to 
be printed, preceded and terminated by a line feed, 
carriage return. 
The latter will cause the complete page to be printed, 

preceded by a line feed, carriage return, and each 
row terminated by a line feed, carriage return. 
Several rows can be marked for printing before the 
first has been fully printed by repeating the row 
print command. 

Mode A is terminated by the printing initiated above 
being completed, or by pressing the PRINT key 
with no preceding number when already in Mode 
A or B (this also terminates Mode B), or by doing 
an operation which sends a new GAD/PAD iden 
tifier pulse (i.e., pressing valid GROUP, CALL, 
UP, BACK) or by starting Mode B. 

Mode B is initiated by pressing the PRINT key pre 
ceded by the number 0 (when truncated). This 
prints certain information on receipt of certain 
SCH's (see below). It is terminated by pressing the 
PRINT key preceded by a non-zero number 
(which initiates Mode A), or by pressing the 
PRINT key with no preceding number when al 
ready in Mode A or B (this also terminates Mode 
A). 

C16: for UP key. Any preceding number is ignored. The 
page number is incremented and the terminal in 
formed via GAD/PAD and LEN lines with the 
group number unchanged. The screen is first cleared 
by an ERA pulse. If the page number is already at its 
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highest limit (1023 for 6-bit characters, 4095 for 7-bit 
characters) the key pressing is ignored except for the 
screen being cleared, and KAC being set and cleared 
to release directed messages. 

D16: for BACK key. As UP except the page number is 5 
decremented, and no action is taken if the page num 
ber is already zero. 

E16: for CALL key. If this is not preceded by a number, 
zero is assumed. Else, the number is truncated to 
is 1023 if the central computer is transmitting 6-bit 10 
characters (determined by SCH values - see below), 
or is 4095 if 7-bit characters are transmitted. The 
page number is reset to this and the terminal informed 
in GAD/PAD and LEN lines, with the group num 
ber unchanged. The screen is first cleared by an ERA is 
pulse. 

F16: when in idle state. When any key is pressed that key 
is not processed unless it is held constant for a mini 
mum of 1 millisecond, to provide bounce protection. 
As KEY is not reset to idle state unless the key has 2. 
been released and KLR has been pulsed, KEY is 
not processed unless it is different from the last 
KEY processed, although KLR will be periodi 
cally pulsed. 

Inputs (from printer interface 8004) 25 
b. Printer character clock PCC 1 line 

Runs at the printer rate (10 cps). High for 27 millisec 
onds (3-bit times) during which stop and idle bits 
are sent to printer and when interface can receive a 30 
pulse (SPA, LFD, CAR or PRT) from the PPS. 
Low for 73 milliseconds during which a character 
is sent to the printer. Used to determine when to 
send one of the above pulses to the interface, and 
also as a count after a PRT pulse is issued to deter-35 
mine when a row has been printed. 

Inputs (from terminal 8000) 
c. Row enable REN 1 line 

Runs at the row rate of the terminal. 1 row = 13 scan 0. 
lines = 13*63 microseconds (except during verti 
cal retrace as 5 milliseconds). Low while RAR 
changing and therefore invalid (especially during 
vertical retrace). High when RAR valid. 

d. Row address (read) RAR 4 lines 
When REN is high, contains the address (O-) 15) of 

the row currently being read from memory and 
displayed on the screen, and available for transmis 
sion to the printer interface. The printer interface 50 
must be told to accept the row, if it is the correct 
one, within 3 scan lines (= 3*63 microseconds) of 
RAR changing, by a PWR pulse. 

e. Row address (write) RAW 4 lines 55 
Contains the address 80- 15) of the last row written 

to memory after being grabbed from the cable. It is 
latched onto this and will not change until a new 
row is read. As rows can preferably only be written 
during the 3 blank scan lines at the end of a row, 60 
this will only change 2 scan lines (110 sec - 22 
cycles) before RAR changes. RAW will therefore 
be constant for a minimum of 10 scan lines after 
RAR changes. 

f. Special character SCH 7 lines 
Each row written (see RAW) has an SCH attached to 

it. This is changed at the same time as RAW and 
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latched. Characters transmitted by the central 
computer are either 6 or 7 bits. To enable the PPS 
to known which, at least one row on Group 0, Page 
0 will be transmitted with an SCH indicating which 
by its most significant bit (= 0 = > 6-bit chars, = 
1 = > 7-bit). As group and page are automatically 
set to zero on power up, the PPS will known, from 
the very first page grabbed, what limits to set for 
page and group. Apart from this SCH, at the no 
ment all other SCH's have individual meanings as 
follows: 

Reset. Set to 0 by the terminal on power up. Real 
SCH's are zero when no action is to be taken, or 
when action started by an SCH is to be repeated. To 
ensure that action on any SCH is taken, the central 
computer will repeat it on the particular row several 
times. So to ensure a desired single operation is not 
repeated, the PPS will only act on an SCH which has 
changed on that row. Therefore, to repeat a similar 
operation, the central computer must send a zero 
SCH on the row before repeating the non-zero SCH. 
When a new page is selected, the PPS will act on the 
first SCH on each row, and then only when an SCH 
for a row changes. 

: Row print (select). The row specified by RAW is 
printed only if in print mode B. 
Page print (select). The page displayed is printed only 
if in print mode B. 
Row print override. The row specified by RAW is 
printed regardless of print mode. 
Page start. Not used for any specific PSS function. 
64character row. The row specified by RAW is a 64 
character row. If this row is printed later on, the PPS 
will wait for 64 clock pulses after issuing a PRT pulse 
before it sends the terminating LFD, CAR pulses. 
Receipt of this SCH sets RWL to 1. 

1016:32 character row. The row specified by RAW is a 
32 character row. If this row is printed later on, the 
PPS will send 16 SPA pulses (to space the row in the 
middle of the page), then a PRT pulse. After 3 clock 
pulses, it sends the terminating LFD, CAR pulses. 
Receipt of this SCH sets RWL to 0. 

1816: Erase. The PPS sends an ERA pulse to the termi 
nal. 

g. Permission PER 1 line 
After a new group number is sent to the terminal this 

line is tested. If low, the terminal is not allowed to 
receive that group, so the group number is reset to 
zero (the page number will already be zero), and 
reset to the terminal. The line is valid at any time, 
even when KAC is still set. 

Outputs (to keyboard 5000) 
a. Keyboard latch reset KLR 1 line 

Pulsed when a key has been completely processed. 
KEY will then be reset to the idle state. 

Outputs (to printer interface 8004) 
b. Printer write PWR line 

When a print is initiated, RAR is sampled until it 
equals the next row to be printed. PWR is pulsed 
within 189 microseconds of it changing, so the 
interface can write the row into its memory for 
printing on the PRT pulse. 
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c. Space SPA 1 line 
On a 32 character row print, 16 leading spaces are 

printed, by sending this pulse once during each 
clock cycle when PCC is high for 16 times. 

d. Line feed LFD 1 line 

To print line feed, send LFD pulse while PCC high. 
3. Carriage return CAR 1 line 

To print carriage return, send CAR pulse while PCC 
high. 

f. Print PRT 1 line 

To print the row currently held in the printer inter 
face buffer, send PRT pulse while PCC high and 
wait 32 or 64 clock times before issuing any other 
pulse to the interface. 

Outputs (to terminal 8000) 
g. Erase ERA 1 line 

Erases screen. Pulse when SCH 188 received, or when a 
group/page number is sent to the terminal, or when 
GROUP key is pressed with no preceding number. 

h. Keyboard active KAC 1 line 
Set while a group/page number is being sent to the 

terminal, so the terminal takes no action on it until 
the number is completely received. Will always be 
preceded by an ERA pulse. Also ensures directed 
messages are released, so set and cleared for any 
pressing of GROUP, CALL, BACK or UP, even if 
no new group/page number is sent. 

-HA-eam-m-m- 
I/O Assignments (bit 0 = LSB, bit 3 = MSB) 

I/O 0607 GRPA (A) READ SCH bits 0-3 
(E) SET SPA (bit 0), PRT 1, 

1), LFD (bit 2), CAR (bit 3) 
GRP B (9) READ KBD 

(D) SET PWR (bit O), KLR (bit 1), 
ERA (bit 2), LEN bit 4 (bit 3) 
(Only used for pulse via TM 
PLSB.) 

GRP C (3) READ RAW 
(7) SET LEN bits 0-3 

I/O 1(607a) GRPA (1A) READ SCH bits 4-6 (bits 0-2). Ex. 3 
always 1.0. 

(1E) SET GAD/PAD 
GRP B (19) READ RAR 

(10) SET RWL (bit 0) 
(Any change of bits 1-3 must 
leave RWL unaitered). 

GRP C (13) READ PER (bit 1), PCC (bit 2), REN 
(bit 3) 

(17) SET KAC (bit 1) 
(Any bit set excludes others 
from being set). 

Group address/Page address GAD/PAD 4 lines 
To inform the terminal of a new page to grab, the 

page's identifier is sent in 5 pulses of 4 lines each. 
Afer the identifier is assembled in the PPS, the first 
4 bits will reset on these lines, and LEN line 1 is 
pushed. Then the second 4 bits are set, and LEN 
line 2 is pulsed, and so on until all 20 bits are sent. 
The identifier is constructed from the group/page 
number as follows: 
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i. using 6-bit characters 
bits 0->9=page number 
bits 10/11 = 0 

5 bits 12->18= group number 
bit 19-0 

ii. using 7-bit characters 
bits 0-9=page number 

10 bits 12-19=group number bits 0-7 
bits 10/11 = group number bits 8/9 

j. Latch enable LEN 5 lines 
Only 1 line pulsed at any one time. If line n is pulsed, 

15 the terminal will take the 4 GAD/PAD lines as the 
nth 4 bits of the new group/page identifier (20 bits). 

k. Row length RWL 1 line 
Latched on 1 for 64 character rows, 0 for 32 charac 

2O terrows. Set according to the last SCH of 8 or 1016. 

RAM (605) allocation (RxDY = RAM address xy) 
25 (all initially zero unless otherwise stated) 

RO D0/1/2 Group # (3rd digit - bits 8/9 - only used as tem 
porary storage as bits 8/9 group if normally held 
in page #1 

R7 D0/1/2 Page # bits 10/11 = bits 8/9 group #) - Also 
used for binary # during decimal to binary 

30 conversion 
R3 D0/1/2/3 Keyboard # (decimal) R3D0 = F14= > no 

number yet/ R3D0 = most significant digit 
R4 D0/1/2/3 Workspace. Used for current high limit and 

during decimal to binary conversion. 
R8 D0/1/2/3 Group # high limit (decimal). Initially 0, 1, 2, 7. 

35 R9 D0/1/2/3 Page, # high limit (decimal). Initially 1, 0, 2, 3. 
R6 D0/1/2 KBD routine suspend address - used by STORE 

S/R. Initially complement of address of 
KBYX (C, F, F). 

R1/R2 Complement of last SCH on each row. (R1 = 
bits 0-3, R2 = bits 4-7) 

40 R5 Row status for each row: 
Bit 3 set s > print this row 
Bit 2 set = > print leading CRLF 

R3 D5 Current row - set to row being searched for, 
or row being printed. 

R6 D5 Row count # of rows searched for without being 
45 printed. 

R4 D5 Searching for row 
= 0 = > yes 
= 1 = > no Initially 1 

R3/R4 D6 6-bit count for printing. Used when printer pulse 
occurs and printing in progress. 
If = 0, next ovp is shifted left and if a 0, that 

50 pulse is sent (if = 2 when shifted, new count is 
set also). 
If when shifted, next o/p = 0, then next row to 
print is searched for." 
If z 0, next o/p is masked with mask and that 
pulse sent after the count is decremented. 

5 RO D7 Row length = F = d. 64 char rows = E = 
> 32 char rows. Set by last SCH of 8 or 104. 

R3 D7 Next o/p 
= 1 = > SPA 7' 0 = > printing in progress 
= 2 = > PRT) = 0 = > no printing 
= 4 = > LFD) 

60 = 8 = > CAR 
This digit is sent on I/O 0 group A as a pulse 
after being masked or shifted as above. 

R4 D7 Mask 

= 0 = > Do not send SPA or PRT pulse unless 
count = 0 (then no mask takes place). 

65 64 character rows (set when row to 
be printed) 
= 1 = ). Do not send PRT pulse unless count 
= 0.32 character rows 
Remember when count. = 0, shift left of next o/p 
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RAM (605) allocation (RxDY = RAM address xy) 
(all initially zero unless otherwise stated) 

occurs before pulse.) 
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ated programming required therefor would be omitted. 
It should be noted that with respect to FIG. 10 which 
illustrates the keyboard 5000, the keyboard key 
switches 823 and associated lines 823a through 823d 
with their respective associated flip-flop latches 824, R3 D8 Last PCC valve (in bit 2). 

R4 D8 4 (constant R.E. above). Initially 4 825, 826 and 827, respectively, which are cleared by the 
RO D9 Current KBD character. signal present on path 6007, are preferably indentical in 
Register Allocation - operation with that previously described in our previ 
FF1 = 1 = > Print mode A (KBD printing) ous U.S. Pat. No. 3,889,054 which description is specifi 
EF: T 1 => Print mode B (SCH printing) 10 cally incorporated by reference herein. emporary working space 
R3 E9 KBD count Similarly, referring to FIG. 13 which illustrates a 

= 0 = > KBD character can be processed portion of the improved memory output processor por 
i? 0 => No. of program loops to go before tion of the receiver 28 of the present invention, this 
KBD character is accepted (bounce portion is preferably identical with that described in our 
protection) A. 

R4 D9 Complement of last KBD character 15 previous U.S. Pat. No. 3,889,054 with the exception of 
R3 D10 Complement of last RAR the erase circuit and the special character latching func 
R4 D5 Workspace used to access each digit in tions utilized with 32-or 64 character selection, to be 

binary to decimal conversion described in greater detail hereinafter with reference to 
FIG. 13. Identical reference numerals are utilized for 

ROM (608) Map 
Page Description Spare Words 
O (OO) Initialization (63) 
1 (40) Check RAR/SCH/RAW (43) 

Check RAR (17) 5 
2 (80) Scheduler Check PCC (61) 

Go to KBD check (1) 
Return to start of schedulier (2) 0 

3 (CO) RAM addresses (1st 16 words) (16) 0. 
S/R addresses (last 48 words) (26) 22 

4. (100) Go to SCH decoder (2) 
Switch S/R (7) 
Binary shift left S/R (7) 
Stop printing S/R (7) 
Pulse I/O 0 group B S/R (6) 
Suspend S/R (6) 
KBO decoder S/R (23) 6 

5 (140) Get row S/R (35) 
SCH row print (3 S/R's) (27) 2 

6 (180) SCH page print (2 S/R's) (19) 
SCH erase 2 S/R's) (8) 
SCH row length (2 S/R's (10) 
SCH character length S/R (10) 
Clear 3 digits S/R (7) 2 
Reset special characters (8) 

7 (1C0) KBD numeral S/R (7) 
KBD up S/R (28) 
KBD back S/R (21) 
Go to KBD call (2) 
Go to KBD group (2) 
Go to KBD print (2) 2 

8 (200) SCH decoder switch jump (1) 63 
9 

} (240) SCH decoder table (128) O 
10 
1. (2CO) KBD print S/R (56) 8 
12 (300) Check KBD (23) 

RAR check - print row (36) 
RAR check - get row (2) 3 

13 (340) KBD group S/R (11) 
KBD call S/R (Pt. 1) (50) 3 

14 (380) KBD call S/R (Pt. 2) (57) 7 
15 (3CO) KBD call S/R (Pt 3) (60) 4 

It is of course understood that the above program and 
program description is merely provided by way of ex- identically functioning components in FIG. 13 with 
ample and other programs and program arrangements 60 those previously described in our previous U.S. Pat. 
could be utilized to accomplish the row grabbing video No. 3,889,054 with reference to FIG. 12 of that patent 
display function of the present invention without de- which description was specifically incorporated by 
parting from the spirit and scope thereof. In addition, as reference herein and will not be repeated. It should be 
previously mentioned, if desired a conventional key- noted that reference numeral 901 represents a special 
board control system such as described in our previous 65 character latch, with the fifth character preferably 
U.S. Pat. No. 3,889,054 could be utilized in the im 
proved row grabbing system of the present invention in 
which instance the microprocessor 6000 and the associ 

being the special character, and, accordingly, latch 901 
is strobed via path 903 during the fifth character. Any 
time a new valid pseudo video scan lines received, the 
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special character, which is as previously mentioned 
preferably the fifth character, of that pseudo scan line is 
entered into latch901. The output of latch901 is prefer 
ably provided to microprocessor 6000, as represented 
by the symbol “SCH' to provide an input thereto. Pref. 
erably, microprocessor 6000 does not act on all special 
characters such as for example not acting with respect 
to 32-or-64 character selection, although, if desired, the 
microprocessor could also be programmed to accom 
plish this. 

ERASE CIRCUIT 

Now considering the improved erase circuit portion 
905 of the memory and output processor portion illus 
trated in FIG. 13, the erase circuit 905 provides a means 
for making the screen of the video display device 2013 
go blank. This is desirable at initial turn on at which 
time the main memory would come on with a random 
bit pattern which in turn would display a random as 
sortment of characters which would be meaningless 
and, perhaps, confusing to the viewer. Erase is accom 
plished by loading all character locations in memory 
which comprises stages 1030 through 1042 preferably 
with an octal 40 value which is the value which corre 
sponds to a "space' in ASCII code. The erase cycle can 
be initiated also by the microprocessor 6000 in response 
to the appropriate special character assigned for the 
erase function or whenever a keyboard cycle takes 
place, if desired. The erase cycle is preferably initiated 
by a conventional flip-flop 907 which gets set initially 
when power is on as a result of an RC charging network 
909 through inverters 911 connected to the preset input 
of flip-flop 907. Flip-flop 907 can also preferably get set 
by microprocessor 6000 via the clock input provided 
via path 913 from microprocessor 6000. Once set, flip 
flop 907 preferably enables a conventional two input 
NAND gate 925 which also receives the vertical sync 
pulse via path 923. Therefore, the first vertical sync 
pulse that occurs after flip-flop 907 is set appears as a 
negative pulse at the clock input of a second flip-flop 
915 to which the output of gate 925 is connected. Flip 
flop 95 is clocked to its set state preferably at the trail 
ing edge of the vertical sync pulse. When set, the output 
of flip-flop 915 preferably switches a conventional mul 
tiplexer 917 such as a Texas Instruments SN 74157N, 
which accomplishes the switching necessary to load the 
memory octal 40 values; specifically, switch 917a and 
917b illustratively shown separate in FIG. 13 actually 
comprise the multiplexer 917 with switch917a of multi 
plexer 917 loading a logic one into the correct bit posi 
tion of character latch register'468 whose operation is 
described in detail in our previous U.S. Pat. No. 
3,889,054, to obtain octal 40 therefrom. All of the other 
bits are preferably set to 0 via path 919 which is con 
nected to the inverted output of flip-flop 915 with the 
signal present thereon turning off the input to shift reg 
ister 466 previously described in detail in our previous 
U.S. Pat. No. 3,889,054, via a conventional two input 
NAND gate 921 whose inputs are the output of shift 
register 457, which is also previously described in our 
U.S. Pat. No. 3,889,054, and the inverted output of 
flip-flop 915. As a result, all logic zeros are present at 
the outputs of shift register 466 which logic zeros are 
provided to the inputs of character latch register 468 
except for the previously mentioned single bit. Switch 
917b of multiplexer 917 switches multiplexer 1020, 
which is described in detail in U.S. Pat. No. 3,889,054, 
so that the read row addresses are applied to the mem 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

44 
ory stages 1030 through 1042 even though the memory 
stages 1030 through 1042 are in the write mode during 
the erase cycle. This insures that all memory locations 
are addressed during erase. Termination of the erase 
cycle is preferably accomplished by the second vertical 
sync pulse that occurs after flip-flop 907 has been set. 
The second vertical sync pulse clocks flip-flop 915 back 
to its original state and also clears flip-flop 907 via an 
other conventional two input NAND gate 927 whose 
output is provided to the clear input of flip-flop 907 
through an inverter 929. Thus, both flip-flops 907 and 
915 are returned to their original state. The period of 
the erase cycle is thus preferably one vertical field per 
iod, this time being adequate to insure that all memory 
stage locations 1030 through 1042 have been addressed. 
As was previously mentioned the balance of the cir 
cuitry illustrated in FIG. 13 is adequately described in 
detail in our previous U.S. Pat. No. 3,889,054 which 
was specifically incorporated by reference herein. 

PERMISSION MEMORY CIRCUITRY 

Referring now to FIG. 12, the improved permission 
memory circuitry utilized in the preferred improved 
row grabbing terminal 28 of the present invention shall 
be described in greater detail. Except where otherwise 
specifically noted, the portions of the circuit in FIG. 12 
are preferably identical with the permission memory 
circuitry described in our previous U.S. Pat. No. 
3,889,054 with reference to FIG. 11 of that patent and 
identical reference numerals are utilized therefor. Thus, 
this description which is incorporated by reference 
herein will not be repeated and the following discussion 
of the improved permission memory circuitry will pri 
marily be directed to the differences over the permis 
sion memory circuitry described in U.S. Pat. No. 
3,889,054. In the previous permission memory circuit of 
U.S. Pat. No. 3,889,054, counters 974 and 976 were 
initially cleared to zero rather than being preloaded to a 
predetermined number such as 254. Thus, this previous 
system could possible provide a couple of extraneous 
clock pulses before the first permission bit was received 
so that the counter was at a value of one when the first 
permission arrived and, accordingly, group 0 would not 
be available. In the improved permission memory cir 
cuit shown in FIG. 12, counters 974 and 976, which are 
four bit counters, constitute a 256 bit counter, although 
if desired a 128 bit counter could be utilized instead. 
This counter, which is comprised of counters 974 and 
976, is preferably utilized for addressing the permission 
memory 462 during the permission write cycle. Count 
ers 974 and 976 are preferably initially loaded to a pre 
determined value, such as preferably 254, which is ac 
complished by utilizing the load input 931 of counter 
976 in conjunction with the preset inputs 933a and 933b 
of counters 974 and 976, respectively. As a result of the 
preload via path 931, at the beginning of a permission 
write cycle, the first two clock pulses advance the 
counter 974-976 to 0. The second clock pulse occurs 
just prior to the availability of the first permission bit. 
This timing sequence makes it possible for the first per 
mission bit to represent group 0. Thus it is possible to 
insure permission for groups 0 through 127 on one 
pseudo video scan line. As shown and preferred in FIG. 
12, 128 groups are provided via the connection of per 
mission memory 462; however, as will be described in 
greater detail hereinafter, if desired, additional counters 
may be provided in conjunction with permission mem 
ory 462 so as to provide up to 1000 groups. 
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The improved permission memory circuit illustrated 
in FIG. 12 also enables self-termination of permission 
write to return the system to the normal mode of a 
permission line occurs at the end of a field. This is ac 
complished in the following manner. An inverter and 
NAND gate constitute a decoder 935 that generates a 
pulse preferably at a count, such as 192, which is greater 
than the number of groups, which were previously 
mentioned as being 128 by way of example in the ar 
rangement illustrated in FIG. 12, and less than the num 
ber of bits in a data line to permission memory, which 
number of bits preferably constitutes 238 by way of 
example. The number 192 is preferably chosen for ease 

10 

of decoding although it could be any number between . 
128 and 238, the criteria for these limits being defined as 
being greater than the number of groups and less than 
the number of bits in a data line to permission memory. 
This pulse is provided through an inverter 937 to an 
input of a conventional two input NOR gate 939 whose 
other input is the keyboard active line 941 and whose 
output is utilized to reset the permission flip-flop 960. 
The flip-flop 960 is guaranteed to get reset even if the 
completion of permission write occurs during vertical 
blanking. In such a case, flip-flop 960 would not other 
wise get reset because the decoded character 41 pulse 
present on path 413 is not normally generated during 
vertical blanking. During a keyboard cycle, the group 
address is preferably not a valid signal. Therefore, the 
output of the permission memory 462 would not be 
valid. Accordingly, in order to prevent an erroneous 
authorization, flip-flop 960 is held in a reset state during 
the keyboard cycle. This is accomplished by the key 
board active line or KAC 941 which is generated by 
microprocessor 6000 which, as was previously de 
scribed, is applied to the other input to NOR gate 939. 
Preferably, the improved permission memory of FIG. 
12 provides permission initialization when the power is 
turned on, the permission memory circuit automatically 
selecting group 0, page 0 at such time. When the first 
permission line is received by receiver 28, the permis 
sion memory circuit of FIG. 12 will then preferably 
revert to normal operation. THis initial mode, group 0, 
page 0 on turn on, is preferably established by flip-flop 
953 which is initially preset by line 955 (FIG. 13) when 
power is turned on. The output of flip-flop 953 is prefer 
ably applied to a conventional NOR gate 957 via line 
959 and sets the permission O.K. line 556 through an 
inverter 961. This asserts permission. Line or path 959, 
which is also preferably connected to gate 963 of the 
page address circuit (FIG. 11), and is termed pre-per 
mission, also sets line 508 low. This simulates an address 
of page Zero, group Zero. 

Referring now to FIG. 14, the improved permission 
memory update circuitry for updating the permission 
memory 462 (FIG. 12) is shown and will be described. 
As will be described in greater detail hereinafter, the 
purpose of the improved permission memory update 
circuitry is to avoid any flicker which might otherwise 
occur in the video display on display device 2013 during 
update of the permission memory as a result of such 
update. In the improved circuitry of FIG. 14, the previ 
ously considered clock B signal is replaced by the prime 
clock provided via path 401 from the voltage controlled 
oscillator 130 (FIG. 3). This prime clock input provided 
via path 401 to the permission memory update circuitry 
is inverted by an inverter 965 and applied to a conven 
tional single-shot 967. Preferably, the purpose of single 
shot or one-shot 967 is to generate a symmetrical square 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

46 
wave which is required by the conventional frequency 
double circuitry comprising inverters 1074 and 1076 
and exclusive OR gate 1078. As described in our previ 
ous U.S. Pat. No. 3,889,054, inverters 1074 and 1076 
provide a predetermined delay, such as 100 nanosec 
onds in the prime clock signal provided via path 401, 
this delay time preferably representing a fraction of the 
clock period. It is this delayed prime clock signal which 
is preferably supplied to one input of the two input 
exclusive OR gate 1078 whose other input is directly 
connected to the prime clock input provided at the 
output of single-shot 967. Exclusive OR gate 1078 pref. 
erably provides an output only during the period of 
time that the delayed prime clock signal overlaps the 
undelayed prime clock signal, which occurs twice per 
clock period and, as a result, two output pulses are 
available from gate 1078 for each input pulse. As shown 
and preferred in FIG. 14, the output of exclusive OR 
gate 1078 is fed to a conventional switch 1079 which 
selects between the 32 character position and the 64 
character position depending on the desired character 
display, with the exclusive OR gate 1078 output being 
connected to the 64 character position and the non-dou 
bled or direct prime clock signal being connected di 
rectly to the 32 character position of switch 1079. The 
output of switch 1079 is provided to the clock input of 
a conventional divide-by-eight counter 1080 previously 
described in our U.S. Pat. No. 3,889,054, such as the 
type manufactured by Texas Instruments under the 
designation SN74161N, which is a four bit binary 
counter connected as a divide-by-eight counter, al 
though, if desired, a conventional divide-by-eight 
counter could be utilized. Thus, the frequency doubled 
clock signal is preferably utilized as the clock for 
counter 1080 only during 64 character operation while, 
during 32 character operation, that is 32 characters per 
video row versus 64 characters per video row, counter 
1080 is clocked directly by the prime clock signal. The 
prime clock signal provided via path 401 is preferably 
unaffected by the permission write mode (FIG. 8). The 
normal horizontal sync signal provided via path 969 is 
preferably utilized for the horizontal timing of all of the 
display circuits including the memory read circuit. The 
horizontal sync on path 969 is also unaffected by the 
permission write mode as it is the normal sync during 
the permission write mode. 
The clear signal for counter 1080 is preferably devel 

oped as follows. Counter 971 in conjunction with flip 
flop 973 establishes the start of a display video row. 
During horizontal sync, counter 971 is preloaded to a 
count which depends on whether the terminal 28 is 
operating as a 32 or 64 characters per row terminal. 
When the terminal 28 is operating as a 32 character per 
row terminal, the perload condition for counter 971 is 
preferably selected as one value, such as preferably 15, 
and when the terminal 28 is operating in the 64 charac 
ters per row mode the preload for counter 971 is prefer 
ably selected as another value, such as preferably 11. 
Whichever value is selected, that value is selected so as 
to obtain the correct starting position on the display 
screen. A different perload condition is preferably re 
quired for the 32 and 64 characters per row modes 
because preferably a different clock frequency is re 
quired for these two modes. 
At the conclusion of the horizontal sync pulse, 

counter 971 preferably starts counting at the prime 
clock rate which prime clock is provided to the clock 
input of counter 971 from single-shot 967. At the com 
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pletion of the count, the output of the two input NAND 
gate 975, which has one input connected to the nonin 
verted output of flip-flop 973 and the other input con 
nected in parallel to the clock input to flip-flop 973 prior 
to inversion thereof, goes low and stops the counting 
using the P inhibit input of counter 971. Preferably a 
predetermined count value, such as preferably a value 
of 31, terminates the count cycle. The negative level 
present at the output of gate 975 is also provided in 
parallel through an inverter 977 and applied to the clear 
input of counter 1080 which enables counter 1080 by 
removing the clear state and counter 1080 starts its 
count sequence. Thus, by utilizing the prime clock for 
row one and the normal horizontal sync 969 together 
with the improved circuitry for enabling counter 1000, 
the display circuits are preferably independent of the 
permission memory update and, thus, any flicker which 
might otherwise occur in the display during such up 
date as a result thereof is minimized and preferably 
avoided. The balance of the circuitry associated with 
FIG. 14 is preferably identical with that described in 
our previous U.S. Pat. No. 3,889,054 with reference to 
FIG. 13 thereof. 

MAIN MEMORY UPDATE 

Referring again now to FIG. 12, the improved main 
memory update circuitry shall be described in detail 
hereinafter. Preferably, under normal conditions when 
the main memory whih comprises stages 1030 through 
1042 (FIG. 13), is in the write mode, the outputs of these 
stages 1030 through 1042 are not valid. Thus, as shown 
and preferred in FIG. 12, update control circuitry 979 is 
provided to prevent the main memory updating or writ 
ing if a valid pseudo video scan line is received while a 
row is being displayed. If a valid pseudo video scan line 
is received while a row is being displayed, other than 
during the occurrence of dead space on the screen, this 
line will perferably be stored in shift register 457 (FIG. 
13) until completion of that displayed row and the line 
then would be written into memory 1030 through 1042 
during the dead space following the row. When a valid 
pseudo video scan line is received, path 981, which is 
connected to the output of NAND gate 986, goes low 
and sets a flip-flop 983 which remains set preferably 
until the display sweep completes the 12th line counted 
of a row which is equivalent to line 11 which is a prefer 
ably dead line of a row with lines 1 through 9 of the row 
preferably being considered active lines for a row. The 
information corresponding to line 11 is provided to a 
three input NAND gate 985 which decodes the count of 
11 provided from the output of line counter 1056 (FIG. 
14) and provides a negative pulse to the clock input of 
flip-flop 983. Flip-flop 983 is then preferably reset at the 
end of that pulse; that is, at the completion of the 12th 
line counted which is equivalent to line 11. In this re 
gard, it should be noted that the zero line is the first line 
counted and, therefore, the 11th line or a count of 11 is 
the 12th line counted. The time during which flip-flop 
983 is set preferably establishes the time during which 
the input data must be stored in the one line shift regis 
ter 457 (FIG. 13) which preferably stores this informa 
tion as long as flip-flop 983 is set plus one more line to 
enable for shifting out and writing into memory 1030 
through 1042. Update control circuit 979 also prefera 
bly includes a two input NAND gate 987 which has one 
input connected in parallel to the Q or non-inverted 
output of flip-flop 983 and the other input connected to 
the output of NAND gate 983. The output of gate 987 
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is preferably provided through an inverter 989 to one 
input of another gate 991 whose other inut is the data 
gate signal provided via path 993 from flip-flop 696 
(FIG. 8). The output of gate 991 is the gate hold signal 
which is provided via path 997 to flip-flop 1002 (FIG. 
13) and is the control line which stops the clocking of 
shift register 457 (FIG. 13) during the period that flip 
flop 983 is set excluding the 12th line counted; in other 
words, the output of gate 991 via path 997 goes low 
when a valid pseudo video scan line is received and 
goes high at the beginning of the 12th line counted, 
which is equivalent to line 11. The output of gate 991 
preferably cannot go high until the inverted data gate 
line 993 goes low. This continues to hold data in the 
serial shift register 457 (FIG. 13) preferably until the 
fourth character. Thus, the clocking of shift register 457 
is preferably enabled at the beginning of the fourth 
character of the transmitted pseudo video scan line after 
the 12th line counted (line 11) of the displayed row is 
started. As was previously mentioned, the output of 
gate 991 is preferably applied to the preset input of 
flip-flop 1002 via path 997 (FIG. 3). The Q output of 
flip-flop 983 is also preferably connected in parallel to 
one input of another two input NAND gate 999 whose 
other input is connected through an inverter to the 
output of gate 985. Gate 999 preferably produces a 
negative level during the 12th line counted (line 11) 
which terminates a hold period. This 12th line counted 
is the time during which data is preferably written into 
the main memory 1030 through 1042 (FIG. 13). The 
low level at the output of gate 999 is preferably applied 
to the main memory control (read) line 446 via a two 
input NOR gate 1001, whose other input is the inverted 
erase signal, through an inverter 1003. Gate 1001 prefer 
ably causes the memory control read line 446 to also go 
low during an erase cycle as a result of the inverted 
erase input applied thereto. As was described in out 
previous U.S. Pat. No. 3,889,054, the output of gate 994 
which is provided through an inverter 996 preferably 
generates the memory pulse R/W via path 995 which is 
provided to the memory 1030 through 1042 through 
inverter 1047 and gate 1046 via path 1044 (FIG. 13). 
Thus, the operation of the update control circuit 979 
preferably prevents any possible flicker in the display 
during the main memory write mode. The balance of 
the circuit of FIG. 12 is preferably identical with that 
described with reference to FIG. 11 of our previous 
U.S. Pat. No. 3,889,054 with the exception of the differ 
ences previously noted above. 

COMPUTER/PRINTER CRT DISPLAY 
INTERFACE 

Referring now to FIGS. 24 and 25, the computer/- 
printer CRT display interface 8004 which was generally 
referred to with reference to FIG. 26 with respect to the 
option of utilizing a printer to provide hard copy text in 
addition to the video display of information shall be 
described in greater detail. As was previously men 
tioned, the above described system will function as an 
improved row grabbing terminal 28 without the addi 
tional computer/printer CRT display interface 8004 
and printer 8006, if such hard copy text material is not 
desired, without departing from the spirit and scope of 
the present invention. However, assuming such hard 
copy text is desired, the computer/printer interface 
8004 shall now be described with reference to FIGS. 24 
and 25. As will be described in greater detail hereinaf 
ter, the interface 8004 preferably utilizes character in 
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formation when available at a high speed rate so as to 
enable continuous high speed video display of the infor 
mation which is normally preferably provided with the 
improved row grabbing terminal 28 of the present in 
vention, as well as with out previously described row 
grabbing terminal described in U.S. Pat. No. 3,889,054, 
while also enabling real time pick off of this information 
for printing. The printer 8006 is preferably a conven 
tional matrix printer, such as an Extel Model No. AF11, 
whose operations are preferably controlled by the mi 
croprocessor 6000. The following functions are prefera 
bly commanded by the microprocessor 6000: 
PRINTER WRITE, PRINT, LINE FEED, CAR 
RIAGE RETURN, SPACE COMMAND, and the 
32/64 CHARACTER COMMAND, as indicated by 
the control lines illustrated in FIGS. 24 and 26. The 
PRINTER WRITE COMMAND from the micro 
processor, provided via path 1007 from microprocessor 
6000, preferably causes the printer interface 8004 to 
write a row of characters into a buffer memory 1011 
from the terminal main memory 1030 through 1042 as 
will be described in greater detail hereinafter. The 
PRINT COMMAND, provided via path 1013 from 
microprocessor 6000, causes the interface 8004 to out 
put the row of characters to the printer 8006 at the 
proper baud rate for the printer 8006, such as at 110 
baud, in serieal EIA standard format including start and 
stop bits for the printer 8006. The LINE FEED COM 
MAND, provided via path 1015 from microprocessor 
6000, preferably causes the interface 8004 to issue an 
ASCII line feed character to the printer 8006 in the 
same format as the characters; that is, in serial EIA 
standard format at the same rate, such as the 110 baud 
rate. The CARRIAGE RETURN COMMAND, pro 
vided via path 1017 from microprocessor 6000, prefera 
bly causes the interface 8004 to issue an ASCII carriage 
return character to the printer 8006 in the same format 
as the characters. The SPACE COMMAND, provided 
via path 1019 from the microprocessor 6000, preferably 
causes the interface 8004 to issue an ASCII space char 
acter to the printer 8006 in the same format as the char 
acters. The 32/64 CHARACTER COMMAND, pro 
vided via path 1021 from microprocessor 6000 to inter 
face 8004, preferably causes the interface 8004 to write 
into its memory 1011 the correct number of characters. 
Thus, as will be described in greater detail hereinafter, 
the microprocessor 6000 can establish each printed page 
format. 
Now describing the memory write mode for the in 

terface 8004. When the interface 8004 receives a 
PRINTER WRITE COMMAND via path 1007, this 
signal is provided to the clock input of a flip-flop 1023 
which is clocked to a set state. This causes a second 
fip-flop 1025 to subsequently be clocked to its set state 
by the first horizontal sync pulse occurring after flip 
flop 1023 is clocked to its set state. When flip-flop 1025 
is set, its Q or inverted output preferably resets or clears 
flip-flop 1023 via path 1023a. The set output of flip-flop 
1025 preferably operates a conventional multiplexer 
1027, such as a Texas Instruments SN74157N which is 
illustratively represented in FIG. 25 by further illustrat 
ing its various sections 1027a, 1027b, 1027c and 1027d as 
switches which are located in FIG.25 in their appropri 
ate functional positions for purposes of clarity. Thus, 
the operation of multiplexer 1027 preferably puts the 
interface 8004 into the write mode. Multiplexer section 
1027d connects the horizontal sync pulse to the clock 
input of a conventional bit counter 1029 which will 
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therefore advance one count for each TV line after the 
start of the write cycle. The write cycle preferably lasts 
for eight horizontal lines. During each of the eight hori 
zontal lines; one bit from the main memory 1030 
through 1042 of each character is preferably written 
into the buffer memory 1011. Thus, for example, for line 
one, no bit is selected; for line two, bit 7 for every char 
acter in line two is selected; for line three, bit 6 for every 
character in line three is selected; for line four, bit 5 for 
every character in line four is selected; for line five, bit 
4 for every character in line five is selected; for line six, 
bit 3 for every character in line six is selected; for line 
seven, bit 2 for every character in line seven is selected; 
and for line eight, bit 2 for every character in line seven 
is again selected; however, it is inverted. A conven 
tional bit select multiplexer 1031 preferably selects the 
appropriate main memory stage 1030 through 1042 line 
for each of the eight counts. During the first count, no 
line is selected if there are only 7 bits per character. 
During the second count, the memory line correspond 
ing to the 7th bit is selected. This process continues for 
each line with the memory line for the second bit being 
selected on the seventh count. As was previously men 
tioned, on the eighth count the memory line for the 
second bit is again selected, but it is applied to multi 
plexer 1031 through an inverter 1033. The purpose of 
the above procedure is to preferably convert the stan 
dard 6 bit ASCII code from the main memory 1030 
through 1042 into a 7 bit standard ASCII code which is 
used by the printer 8006, such conversion preferably 
being conventional. The output of multiplexer 1031 is 
preferably applied to the D input of a flip-flop 1035 
which is clocked by the PRINTER LATCH CLOCK 
provided via path 1037 from gate 1094 (FIG. 14) and is 
preferably the same waveform that operates the charac 
ter generator 570 (FIG. 14). Flip-flop 1035, as was pre 
viously mentioned, is a D flip-flop and, thus, the output 
follows the input but is delayed by an amount deter 
mined by the PRINTER LATCH CLOCK 1037. The 
purpose of flip-flop 1035 is to preferably provide a logic 
level which is stable for the full character period to the 
buffer memory 1011. The clocking of memory 1011 is 
preferably accomplished via R/W line 1039 through 
multiplexer section 1027a which is shown in the write 
position in FIG. 25, this signal being a clock signal 
provided by multiplexer 1041. The select inputs of mul 
tiplexer 1041 which are 1043a, 1043b and 1043c, pefera 
bly select either a low or high level to provide a clock 
waveform via path 1039 with a period equal to a charac 
ter period. The timing of the clock waveform 1039 is 
preferably such that data is clocked in memory 1011 
after the data has been loaded into the flip-flop 1035. 
Memory 1011 is preferably a one-by-1024 bit static 
random access memory. Thus, it preferably has one data 
input line and ten address lines with three of the address 
lines preferably being used for the bit address, allowing 
8 bits per character, and six of the address lines prefera 
bly being used for the character address, allowing for 
up to 64 characters, one of these character address lines 
not being utilized when 32 character lines are to be 
printed as opposed to 64 character lines. The tenth 
address lines is preferably not utilized. The bit address 
for memory 1011 preferably comes from the same bit 
counter that operates the bit select multiplexer 1031, 
while the character address preferably comes from a 
pair of conventional character counters 1045 and 1047. 
During the write mode of operation, the character 
counters 1045 and 1047 are preferably utilized simply as 
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latches to store the character address for the main mem 
ory 1030 through 1042 and to apply it to the buffer 
memory 1011. The character address is strobed into the 
character counters 1045 and 1047 by the PRINTER 
LATCH CLOCK 1037. The load inut to counters 1045 
and 1047 is preferably held low during the write mode 
by flip-flop 1025. It should be noted that the bits need 
only be selected at the character rate not at the bit rate 
since a given bit number for each line in the character 
contains the same information to the character genera 
tor input for that character; therefore, for example, bit 1 
provides the same bit 1 information for all nine lines; 
similarly bit 2 provides the same bit 2 information for all 
nine lines, etc., thus enabling the use of a lower speed 
circuit thereby slowing things down so that the printer 
can be operated at normal speed. Thus, the preferred 
system takes advantage of the eight-to-one differential 
between the bit and character rates such as, by way of 
example, in the 64 character mode the bit rate being 10.2 
megahertz and the character rate being approximately 
1.28 megahertz, while in the 32 character mode the bit 
rate being 5.1 megahertz and the character rate being 
approximately 0.64 megahertz. Summarizing the above 
described memory write cycle, this cycle starts with the 
bit counter 1029 preferably set for bit 1 which corre 
sponds to count 0, the character counters 1045 an 1047 
addressing characters 1 through 32 or 1-through 64 and 
writing all zeros into memory 1011. At the start of the 
next TV line, the bit address out of counter 1029 is 
advanced by one and the character counters 1045 and 
1047 again address characters 1 through 32 or 1 through 
64 depending on whether it is in a 32 character mode or 
a 64 character mode and write bit 7 into memory 1011. 
This preferably continues through eight counts or bits 
of the bit counter 1029, writing bits 6, 5, 4, 3, and 2 into 
memory 1011 as the line changes. At the beginning of 
the ninth TV line, the D output of bit counter 1029 
preferably goes high to the K input of flip-flop 1025 
causing flip-flop 1025 to be reset at the trailing edge of 
the horizontal sync pulse. The resetting of flip-flop 1025 
thereby terminates the write mode with flip-flop 1023 
having previously been reset after flip-flop 1025 was set. 
Now describing the output mode, which with refer 

ence to FIG. 25 is a mode in which all multiplexer 
sections or switches are set at the R or read position, all 
of these sections or switches being at the W or write 
position in the write mode. The output mode preferably 
comprises the print mode, the line feed mode, the car 
riage return mode and the space mode. During the 
output mode, the bit clock is preferably generated by a 
conventional oscillator 1049 which preferably com 
prises a conventional integrated circuit oscillator such 
as an NE555V, which is set at a frequency of preferably 
110 hertz for the 110 baud rate described above by way 
of example. This corresponds to a print rate of 10 char 
acters per second using an 11 bit per character format. 
It should be noted, however, that the printer rate can be 
set at any desired value merely by changing the oscilla 
tor 1049 rate, although the presently preferred printer 
rate is 110 baud. An 11 bit format preferably consists of 
one start bit, 7 character bits, one parity bit, which is 
preferably not utilized, and 2 stop bits. During the out 
put mode, multiplexer 1027 is preferably not activated 
and the output of oscillator 1049 is preferably applied 
through multiplexer section 1027d to the clock input of 
bit counter 1029, which counter can preferably count 
up to 16 for the example given, although counter 1029 
preferably operates in a count 11 mode. Thus, prefera 
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bly when the output of counter 1029 is equal to binary 
10, a gate 1051 connected thereto acts as a decoder and 
applies a negative level to the clear input of counter 
1029 through a two input NOR gate 1053 whose other 
input is connected to the J output of J-K flip-flop 1025. 
Preferably, counter 1029 has a synchronous clear so 
that it is cleared to zero on the next clock following 
count 11. In addition, during the output mode, counter 
1029 preferably establishes the bit sequence of the serial 
line to the printer 8006 with the counter 1029 count 
value 0, corresponding to count one, establishing the 
printer start bit and with counter values 1 through 7, 
corresponding to counts two through eight, establishing 
the data bits, count values 9 and 10, corresponding to 
counts 10 and 11, establishing the printer stop bits, and 
with count value 8, corresponding to count 9, prefera 
bly not being utilized. 
With reference to the print mode, microprocessor 

6000 preferably initiates a print cycle, as was previously 
mentioned, by pulsing line 1013. This pulse, provided 
via path 1013, is the PRINT COMMAND and clocks a 
flip-flop 1055 to its state. The set output of flip-flop 1055 
is preferably applied to the enable inputs P and T of 
character counter 1045 which then advances when 
clocked by the D output of bit counter 1029. Thus, 
character counter 1045 advances at count value 8 of the 
bit counter 1029 which is the D output of counter 1029. 
As a result, the memory 1011 is addressed sequentially 
through the bit and character values that constitute one 
row. Thus, the output of memory 1011 is a serial bit 
stream when bits 1 through 8 of character 1 first appear 
with bits 1 through 8 of subsequent characters follow 
ing. In each case, bit 1 is a zero level and bits 2 through 
8 are the bit values of the character retrieved from 
memory 1011. The output of memory 1011 is preferably 
applied to one input of a two input NOR gate 1057, the 
other input thereto preferably being provided from the 
reset output of flip-flop 1055 which is low during the 
print mode. Thus the output of gate 1057 is the inverted 
bit stream from memory 1011, this inverted bit stream 
preferably being applied to one input of a negative 
NAND gate 1059, the other input thereto being low 
during this print mode so that the non-inverted bit 
stream is present at the outputof gate 1059. The output 
of gate 1059 is provided as one input to a two input 
NOR gate 1061, the other input thereto being the D 
output of bit couner 1029 which is preferably high dur 
ing bits 9, 10 and 11. Thus, the output of gate 1061 is 
inverted data including the printer start bit during bits 1 
through 8, but is a steady low level during bits 9, 10 and 
11. The output of gate 1061 is preferably inverted by an 
inverter 1063 to provide the final serial output through 
a level changer 1065 to the printer 8006. The output of 
inverter 1063 preferably has a high level during bit 1, 
which is the printer start bit, and follows the data dur 
ing bits 2 through 8, with this output being low during 
bits 9, 10 and 11. This corresponds to the prescribed 
preferred EIA format for a 0 start bit and two 1 stop 
bits. Level changer 1065, which is also a line driver, 
preferably generates an output signal such as, by way of 
example, with + 12 volts representing binary 0 and -12 
volts representing binary 1, these levels being pre 
Scribed by the EIA serial line interface standard. At the 
end of the row, a decoder 1067 preferably provides a 
negative level to reset flip-flop 1055 with the decoder 
1067 preferably being programmed via line or path 1021 
from the microprocessor 6000 besetting the appropriate 
input levels to provide a negative output in the case of 
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a 64 character format at count value 64, which is at the 
beginning of count 65 of the character counter 1047, 
and to provide a negative output in the 32 character ode 
at count value 32, which is at the beginning of count 33 
of character counter 1047. This resetting of flip-flop 
1055 preferably terminates the print mode. 
The microprocessor 6000 can also preferably com 

mand a single special function character such as for 
example LINE FEED, CARRIAGE RETURN or 
SPACE. Preferably, if the microprocessor 6000 wants a 
repeated special function character, it must recommand 
the character after adequate time, such as for example, 
0.1 seconds for a 110 baud rate, has elapsed for the first 
special function character to have been isued to the 
printer 8006. A multiplexer 1069, such as a Texas Instru 
ments SN74151AN, is provided which preferably func 
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tions as a programmable character generator to provide 
the proper bit sequence that corresponds to the special 
character which has been requested. The microproces 
sor 6000 commands a line feed preferably by pulsing 
line 1015 with the LINE FEED COMMAND. This 
clears flip-flop 1071 which is normally in a set state with 
flip-flop 1071 setting a low level at bit input 2 of multi 
plexer 1069 via path 1071a, and also sets bit input 4 low 
via NOR gate 1072, all other bit inputs to multiplexer 
1069 preferably being high. Multiplexer 1069 preferably 
sequentially switches the bit inputs 0 through 7 to the 
output Y under control of the inputs A, B, C from bit 
counter 1029. As a result, a serial output is applied from 
multiplexer 1069 to one input of gate 1059. At this time, 
the other input to gate 1059 is preferably a steady low 
level so that the single character bit stream is provided 
to the NOR gate. 1061. This bit stream is preferably 
combined with the stop bits and is applied to the output 
line to printer 8006 from level changer and line driver 
1065 in th same manner as previously described with 
respect to the print mode. At the completion of one 
special character, flip-flop 1071 is preferably reset by 
the D output of bit counter 1029 via multiplexer section 
or switch 1027c, NAND gate 1073 and inverter 1075, 
with the output of inverter 1075 preferably being con 
nected in parallel to also provide the character clock for 
the microprocessor 6000. This preferably completes a 
line feed cycle. 
When a CARRIAGE RETURN COMMAND is 

requested by the microprocessor 6000, it pulses line 
1017 and clears flip-flop 1077 which then sets bit input 
numbers 1, 3 and 4 low to multiplexer 1069, multiplexer 
1069 then generating a single character return ASCII 
code in the manner as previously described with respect 
to the LINE FEED code. Flip-flop 1077 is also prefera 
bly reset in the same manner as previously described 
with respect to the LINE FEED by the next character 
clock from inverter 1075. 
When the microprocessor 6000 commands a space by 

providing the SPACE COMMAND by pulsing line 
1019, flip-flop 1079 is cleared which then sets bit input 
number 6 low to multiplexer 1069 causing multiplexer 
1069 to then generate a single space ASCII code in the 
same manner as previously described with respect to 
LINE FEED. Flip-flop 1079 is also preferably reset in 
the same manner as previously described with respect 
to LINE FEED by the next character clock provided 
from inverter 1075. 

It should be noted that preferably the character 
counters 1045 and 1047 are cleared during either a line 
feed or carriage return by the low level from NOR gate 
1072. Thus, one row connot follow another to printer 
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8006 unless a LINE FEED or CARRIAGE RETURN 
is issued. However, normally microprocessor 6000 will 
generate such a CARRIAGE RETURN and LINE 
FEED between each row. Thus, the interface 8004 
enables the microprocessor 6000 to make the following 
types of decisions: what row to be printed, how many 
rows, whether to print a 32 or 64 character row, how 
much marginal space for the row and whether or not 
extra spaces are to be placed between rows. These deci 
sions are based on keyboard inputs from the operator 
provided to the microprocessor 6000, and inputs from 
the transmitted data in the form of special characters, 
directed messages or override messages provided to the 
microprocessor 6000. Due to all of the above, the com 
puter/printer interface 8004 enables a system to have 
the following capabilities: the operator can print a com 
plete page of displayed information or any selected row 
or group of rows of displayed information; it provides 
the capability to print an override message, such as an 
emergency message, without operator involvement as is 
also true with respect to a directed message; it permits 
the operator to select a special print mode wherein a 
row or page which he has selected will be reprinted 
whenever data on the selected row or page is changed 
with operator involvement not being required after 
initial selection of the mode, this operation being acti 
vated by a one time per update special character on the 
updated row; and special messages such as override 
messages can be emphasized by using extra line feeds 
between rows. 

Lastly, referring now to FIGS. 29 and 30, with FIG. 
30 being a modification to a portion of FIG. 13, a pre 
ferred circuit 9000 for providing a row-by-row determi 
nation of 64 character or 32 character display of a row 
in the system of the present invention shall be described. 
This circuit 9000 may be omitted without departing 
from the spirit and scope of the present invention if such 
row-by-row determination of 64 or 32 character display 
is not desired. As shown and preferred in FIG. 29, 
assuming such a 64 or 32 character row-by-row deter 
mination is desired, the display screen for the display 
device 2013 is preferably considered as comprising two 
half screen widths with the left hand half of the screen 
preferably displaying even rows which are rows 0 
through 62, and with the right hand half of the screen 
preferably displaying odd rows, which are rows 1 
through 63. It should be noted that during normal dis 
play as previously described, a row is defined as being 
contained in the full screen width; however, in the in 
stance of a row-by-row determination of 64 or 32 char 
acter display, it is preferable to consider half of the 
screen as comprising a row with each row in this in 
stance comprising half a message for the pseudo video 
scan line. Preferably, in determining whether to provide 
a 32 or 64 character display for a given row, if 32 char 
acters are contained in the even row, that is rows 0, 2, 
4, 6, etc., up to row 62, then only the even rows is 
displayed for the full screen width irrespective of the 
presence of an odd row in memory. If, however, there 
are 64 characters contained in the even row, then both 
the odd and the even row are displayed. In the pre 
ferred circuit arrangement 9000, no weight is given to 
the presence of a 64 or 32 character bit in the odd row, 
only the presence of this bit in the even row being con 
sidered. As will further be explained in greater detail, 
the control of the clock rate determines whether a 32 
character or 64 character row is displayed, the memory 
being read twice as fast for display of a 64 character 
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row as for a normal 32 character row, although the 
write speed for both a 32 and a 64 character row is the 
same because of the same speed of transmission in the 
preferred system of the present invention which re 
ceives row-by-row or pseudo video scan line-by-pseudo 
video scan line. In the system described in our previous 
U.S. Pat. No. 3,889,054, the 32 or 64 character determi 
nation was based on a page-by-page basis and of each 
row had to have a 32 character or 64 character bit 
according to the page sent or the display screen would 
flash between 32 character and a 64 character display 
effecting the readability of the display. As shown and 
preferred in FIG. 30, the memory 1030 through 1042 
preferably includes another memory stage 2000 for the 
purposes of determining whether the row is to be a 64 
or 32 character row display, memory 2000 only looking 
at the row position and not at the character position. 
Preferably, the even row message which is contained in 
row 0, 2, etc., through row 62, includes the 64/32 char 
acter bit. When the characters are loaded into memory 
1030 through 1042 for the even row, from shift register 
466 (FIG. 13), a decoder latch 2002 preferably decodes 
the 64/32 character bit which is then loaded or written 
into memory stage 2000. The row position in memory 
stage 2000 is determined by row latch 470 through 
multiplexer 1020. The character position of memory 
stage 2000 is preferably ignored. On read out, the 64/32 
character bit from memory stage 2000 is then preferably 
read into multiplexer 2004 which then makes a switch 
connection to gate 1090 (FIG. 14) via path 2004a (FIG. 
14) and to divide-by-eight counter 1080 via path 1079 
(FIG. 14) to double the clock frequency of the prime 
clock to provide for the 64 character row by proper 
timing. For a 32 character row, multiplexer switch 2004 
is left in the normal position with no output being pro 
vided via 2004a and 1079 which, as shown in FIG. 14, 
are in the 32 character position, so that only the primé 
clock non-doubled output is provided for 32 character 
row timing. 
Now describing the adjacent odd row message gating 

although, if desired, the odd row gating can be omitted 
if the odd row is not transmitted with a 32/64 character 
bit. Furthermore, the 32/64 character bit in the odd row 
message can be discarded in other conventional ways 
than to be described hereinafter if desired. As shown 
and preferred, when the odd bit of row latch 470 
through multiplexer 1020 is on, indicating the presence 
of an odd row, which information is provided via path 
2006a to a two input NAND gate 2006, and the system 
is loading or writing into memory 1030 through 1042 
and stage 2000, as indicated by the presence of a write 
signal via path 2006b to gate 2006, the memory location 
for the odd row in memory stage 2000 is preferably 
changed to an unused memory location and the output 
of memory stage 2000 to multiplexer switch 2004 re 
mains the same as for the previous even row message in 
that line. The ignoring of the first bit in the digital out 
put of multiplexer 1020 (FIG. 13) will always provide 
the even row input to memory stage 2000. This is ac 
complished by preferably grounding the first bit row 
input to memory stage 2000 from multiplexer 1020. In 
order to ignore the 64/32 character bit when reading 
the odd row, then when writing the odd row, the 32/64 
character bit is referably put in an unused location by 
enabling this unused location in memory stage 2000 
through gate 2006 whose input is the first bit position 
from row latch register 470, which is always preferably 
a 1 for the odd numbers and a 0 for the even numbers. 
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Therefore, gate 2006 is enabled only when the input 
provided via path 2006a is a 1 and the write mode, also 
indicated by a 1, is provided via 2006b or, in other 
words, only for an odd row. 

Lastly, discussing erase of memory stage 2000, when 
the normal erase is provided to the memory 1030 
through 1042, preferably a common space character is 
put in all positions of the memory. When the 64 charac 
ter row is erased, in order to insure that this row re 
mains a 64 character row or, similarly, for a 32 charac 
terrow, in order to insure it remains a 32 character row, 
in erasing the memory location in memory stage 2000 
this memory location is positioned to an unused location 
without erasing the previously loaded memory bit 2010 
from memory stage 2000, the erase signal via path 2008 
together with the row input determining the location in 
memory 2000. 

It should be noted that the description of the balance 
of the circuitry disclosed herein relating to the row 
grabbing system 10 which is common to our previous 
U.S. Pat. No. 3,889,054, and which has not been re 
peated herein, is specifically incorporated by reference 
herein and the identical reference numerals therefor are 
utilized herein for clarity. Furthermore, any other dis 
closed circuitry not specifically described in detail 
herein is conventional and readily understandable by 
one of ordinary skill in the art without further explana 
tion and, accordingly, will not be described in further 
detail. In addition, it is to be understood that all logic 
described herein is conventional unless otherwise speci 
fied. 
By utilizing the improved row grabbing system of th 

present invention in which grabbed frames may be up 
dated on a row-to-row basis, conventional television 
transmission techniques and distribution equipment can 
be utilized for transmission and reception of data which 
has been packed into pseudo video scan lines which 
look like a conventional TV scan line to television 
equipment but contain a complete packet of information 
suitable for display of an entire row of video informa 
tion with enhanced noise immunity to any jitter or noise 
present on each received pseudo video scan line being 
processed as well as clock phase correction for the 
receiver terminal on every data transition of the re 
ceived pseudo video scan line whereby the received 
information will be essentially noise insensitive. 

It is to be understood that the above described em 
bodiments of the invention are merely illustrative of the 
principles thereof and that numerous modifications and 
embodiments of the invention may be derived within 
the spirit and scope thereof. 
What is claimed is: 
1. A real time frame grabbing system for substantially 

instantaneously providing a continuous video display of 
a selectable predetermined video frame of information 
on a video display means from continuously transmitta 
ble video information comprising means for transmit 
ting said video information as a plurality of pseudo 
video scan lines, each of said pseudo video scan lines 
having a television video scan line format and capable 
of comprising a complete self-contained packet of digi 
tal information sufficient to provide an entire display 
able row of video data characters, said pseudo video 
scan line having an associated transmission time equiva 
lent to said television video scanline, said packet of 
digital information comprising at least address informa 
tion for said displayable row and data information for 
said displayable characters in said displayable row, each 
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of said pseudo video scan lines further comprising a 
horizontal sync signal at the beginning thereof and a 
start bit pulse between said horizontal sync signal and 
said packet of digital information, said horizontal sync 
signal providing a record separator between adjacent 
psuedo video scan lines, said transmitting means further 
comprising means for providing a vertical sync signal 
signal after a predetermined plurality of pseudo 

video scan lines have been transmitted, said pseudo 
video scan line being a composite video signal, said 
system further comprising television signal distribution 
means for distributing said transmitted composite 
pseudo video scan line signals to said video display 
means for providing said continuous video display and 
receiver means operatively connected between said 
television signal distribution means and said video dis 
play means for processing said distributed composite 
pseudo video scan line signals and capable of providing 
a displayable video row signal to said video display 
means from each of said pseudo video scan line signals 
pertaining to said selected frame for providing said 
containing continuous video display, a predeter 

mined plurality of displayable video rows comprising a 
displayable video frame of information, said start bit 
pulse providing a unique synchronizing pulse for each 
transmitted pseudo video scan line for enabling precise 
determination of a sampling time for the received dis 
tributed pseudo video scan line to enable accurate deter 
mination of the binary state of the bits comprising said 
digital information packet, said receiver signal process 
ing means comprising means responsive to the occur 
rence of said bit and said horizontal sync signal for each 
distributed pseudo video scan line for providing a reset 
signal for resetting said processing means in response to 
detection of said start bit for enhancing immunity of said 
system to any noise or jitter present in said horizontal sync 
signal, whereby noise immunity and accurate signal 
information detection are enhanced. 

2. A real time frame grabbing system in accordance 
with claim 1 wherein said processing means start bit 
responsive means comprise means responsive to the 
occurrence of said horizontal sync signal and said start 
bit for each distributed pseudo video scan line comprises 
means for delaying said horizontal sync signal a prede 
termined time inverval determined by the occurrence of 
the trailing edge of said horizontal sync signal and the 
leading edge of said start bit, said delayed horizontal 
sync signal comprising said reset signal, whereby immu 
nity of said system to any noise or jitter present in said 
horizontal sync signal is enhanced. 

3. A real time frame grabbing system in accordance 
with claim 1 wherein said receiver signal processing 
means comprises means for providing a master clock 
signal output in accordance with said start bit pulse, and 
decoder means operatively connected to said master 
clock signal output for providing timing control signals 
for said receiver signal processing means indicative of 
predetermined character positions within said pseudo 
video scan line signal and predetermined bit positions 
with a character for processing said distributed pseudo 
video scan line to provide said displayable video row 
signal therefrom. 

4. A real time frame grabbing system in accordance 
with claim 1 wherein said receiver means comprises 
means for updating said continuously video displayable 
selectable frame on a displayable video row-by-row 
basis dependent on the real time data information con 
tent of said received pseudo video scan lines. 
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5. A real time frame grabbing system in accordance 

with claim 4 wherein said updating means comprises 
memory means for retrievably storing said continuously 
distributed pseudo video scan line data portion for pro 
viding said displayable video row therefrom, said mem 
ory means retrievably stored data portion being contin 
uously updateable as said data portion of said pseudo 
video scan line signal associated therewith is updated. 

6. A real time frame grabbing system in accordance 
with claim 1 wherein said composite pseudo video scan 
line signal provided by said transmitting means com 
prises a three level signal having first, second and third 
signal levels with said digital data information and said 
start bit pulse varying between said second and third 
signal levels, and said horizontal sync signal information 
being provided between said first and second signal 
levels. 

7. A real time frame grabbing system in accordance 
with claim 1 wherein each of said packets of digital 
information further cmprises an error check informa 
tion content based on said data information content for 
said displayable characters of an associated pseudo 
video scan line, said receiver signal processing means 
comprising error check means for obtaining an error 
check indication from said distributed associated 
pseudo video scan line and comparing said error check 
indication with said error check information content of 
said associated pseudo video scan line in accordance 
with a predetermined error check condition for provid 
ing a predetermined output condition signal when said 
error check condition is satisfied, said receiver signal 
processing means further comprising condition respon 
sive means operatively connected to said error check 
means to receive said predetermined output condition 
signal therefrom when provided, said condition respon 
sive means inhibiting the provision of said displayable 
video row from said associated pseudo video scan line 
signal when said predetermined output cooling signal is 
not provided thereto. 

8. A real time frame grabbing system in accordance 
with claim 7 wherein said error check means comprises 
means for serially adding said displayable characters on 
a word-by-word basis for providing said error check 
condition. 

9. A real time frame grabbing system in accordance 
with claim 7 wherein said receiver means comprises 
programmable microprocessor means for controlling 
the operation thereof, said microprocessor means com 
prising means for testing said address information por 
tion of said distributed pseudo video scan line signal for 
satisfaction of at least one predetermined signal recep 
tion condition, said microprocessor means providing a 
predetermined output condition when said reception 
condition is satisfied; said microprocessor means further 
comprising memory means for retrievably storing said 
pseudo video scan line data portion for providing said 
displayable video row therefrom, delay means for de 
laying the storing of said distributed pseudo video scan 
line signal data portion for a sufficient interval to enable 
testing for said error check condition and testing of said 
address information prior to storing of said pseudo 
video scan line data portion and said condition respon 
sive means, said condition responsive means being fur 
ther operatively connected to said address information 
testing means for inhibiting the storage of said data 
portion in said memory means when said predetermined 
output condition signals from said testing means are not 
provided thereto, whereby the provision of said dis 
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playable video tow from said associated pseudo video 
scan line signal is inhibited. 

10. A real time frame grabbing system in accordance 
with claim 9 wherein said receiver means further com 
prises keyboard means operatively connected to said 
microprocessor means for selecting said predetermined 
video frame to be continuously displayed said address 
information comprising information corresponding to 
the frame associated with said distributed pseudo video 
scan line, said address information testing means con 
prising means for testing said frame information, said 
reception condition being correspondence between said 
frame information and said selected frame. 

11. A real time frame grabbing system in accordance 
with claim 9 wherein a predetermined pseudo video 
scan line signal contains permission information repre 
sentative of predetermined frames which a video dis 
play means is authorized to receive for video display 
thereof, said receiver means comprising means for stor 
ing said authorized frames, said address information 
comprising information corresponding to the frame 
associated with said distributed pseudo video scan line, 
said address information testing means comprising 
means for testing said frame information, said reception 
condition being correspondence between said frame 
information and stored authorized frame. 

12. A real time frame grabbing system in accordance 
with claim 1 wherein said system further comprises 
programmable means for receiving said continuously 
transmittable video information, retrievably storing said 
information, reformatting said stored information into a 
desired psuedo video scan line format and continuously 
providing this reformatted information to said transmit 
ting means a word at a time, said word comprising a 
pair of displayable characters. 

13. A real time frame grabbing system in accordance 
with claim 12 wherein said programmable means in 
cludes means for interleaving said reformatted pseudo 
video scan line information to provide pseudo video 
Scan line information corresponding to a common as 
signed row for a plurality of frames to said transmitting 
means before providing pseudo video scan line informa 
tion corresponding to a subsequent different common 
assigned row for said plurality of frames to said trans 
mitting means. 

14. A real time frame grabbing system in accordance 
with claim 3 wherein said processing means further 
comprises means responsive to each transition in said 
digital data content of each pseudo video scan line for 
continuously correcting the phase of said master clock 
signal. r 

15. A real time frame grabbing system for substan 
tially instantaneously providing a continuous video 
display of a selectable predetermined video frame of 
information on a video display means from a plurality of 55 
pseudo video scan lines, each of said pseudo video scan 
lines having a television video scan line format and 
capable of comprising a complete self-contained packet 
of digital information sufficient to provide an entire 
displayable row of video data characters, said pseudo 
video scan line having an associated transmission time 
equivalent to said televison video scan line, said packet 
of digital information comprising at least address infor 
nation for said displayable row and data information 
for said displayable characters in said displayable row, 
each of said pseudo video scan lines further comprising 
a horizontal sync signal at the beginning thereof and a 
Start bit pulse between said horizontal sync signal and 
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said packet of digital information, said horizontal sync 
signal providing a record separator between adjacent 
pseudo video scan lines, said pseudo video scan line 
being a composite video signal, said system comprising 
means for selecting said predetermined video frame to 
be continuously displayed and means operatively con 
nected to said video display means and said frame selec 
tion means for processing said composite pseudo video 
scan line signals and capable of providing a displayable 
video row signal to said video display means from each 
of said pseudo video scan line signals pertaining to said 
selected frame for providing said continuous video dis 
play, a predetermined plurality of displayable video 
rows comprising a displayable video frame of informa 
tion, + said start bit pulse providing a unique synchro 
nization pulse for each pseudo video scan line for en 
abling precise determination of a sampling time for each 
pseudo video scan line to enable accurate determination 
of the binary state of the bits comprising said digital 
information packet, said processing means comprising 
means responsive to the occurrence of said start bit and 
said horizontal sync signal for each pseudo video scan 
line for providing a reset signal for resetting said pro 
cessing means in response to detection of said start bit 
for enhancing immunity of said system to any noise or jitter 
present in Said horizontal sync signal, whereby noise im 
munity and accurate signal information detection are 
enhanced. 

16. A real time frame grabbing system in accordance 
with claim 15 wherein said processing means start bit 
responsive means comprises means responsive to the 
occurrence of Said horizontal sync signal and said start 
bit for each pseudo video scan line comprises means for 
delaying said horizontal sync signal a predetermined 
time interval determined by the occurrence of the trail 
ing edge of said horizontal sync signal and the leading 
edge of Said start bit, said delayed horizontal sync signal 
comprising said reset signal, whereby immunity of said 
system to any noise or jitter present in the said horizon 
tal sync signal is enhanced. 

17. A real time frame grabbing system in accordance 
with claim 15 wherein said processing means comprises 
means for providing a master clock signal output in 
accordance with said start bit pulse, and decoder means 
operatively connected to said master clock signal out 
put for providing timing control signals for said pro 
cessing means indicative of predetermined character 
position within said pseudo video scan line signal and 
predetermined bit positions within a character for pro 
cessing said pseudo video scan line to provide said dis 
playable video row signal therefrom. 

18. A real time frame grabbing system in accordance 
with claim 15 wherein said processing means comprises 
means for updating said continuously video displayable 
Selectable frame on a displayable video row-by-row 
basis dependent on the real time data information con 
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tent of said video scan lines. 
19. A real time frame grabbing system in accordance 

with claim 18 wherein said updating means comprises 
memory means for retrievably storing said pseudo 
video Scan line data portion for providing said display 

- ing video row therefrom, said memory means retrieva 
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bly stored data portion being continuously updateable 
as said data portion of said pseudo video scan line signal 
associated therewith is updated. 

20. A real time frame grabbing system in accordance 
with claim 15 wherein each of said packets of digital 
information further comprises an error clock informa 



Re. 31,863 
61 

tion content based on said data information content for 
said displayable characters of an associated pseudo 
video scan line, said processing means comprising error 
check means for obtaining an error check indication 
from said associated pseudo video scan line and con 
paring said error check indication with said error check 
information content of said associated pseudo video 
scan line in accordance with a predetermined error 
check condition for providing a predetermined output 
condition signal when said error check condition is 
satisified, said processing means further comprising 
condition responsive means operatively connected to 
said error check means to receive said predetermined 
output condition signal therefrom when provided, said 
condition responsive means inhibiting the provision of 15 
said displayable video row from said associated pseudo 
video scan line signal when said predetermined output 
condition signal is not provided thereto. 

21. A real time frame grabbing system in accordance 
with claim 20 wherein said error check means com 
prises means for serially adding said displayable charac 
ters on a word-by-word basis for providing said error 
check condition. 

22. A real time frame grabbing system in accordance 
with claim 20 wherein said processing means comprises 
programmable microprocessor means for controlling 
the operation thereof, said microprocessor means com 
prising means for testing said address information por 
tion of said pseudo video scan line signal for satisfaction 
of at least one predetermined signal reception condition, 
said microprocessor means providing a predetermined 
output condition when said reception condition is satis 
fied; said microprocessor means further comprising 
memory means for retrievably storing said pseudo 
video scan line data portion for providing said display 
able video row therefrom, delay means for delaying the 
storing of said pseudo video scan line signal data por 
tion for a sufficient interval to enable testing for said 
error check condition and testing of said address infor 
mation prior to storing of said pseudo video scan line 
data portion and said condition responsive means, said 
condition responsive means being further operatively 
connected to said address information testing means for 
inhibiting the storage of said data portion in said mem 
ory means when said predetermined output condition 
signals from said testing means are not provided 
thereto, whereby the provision of said displayable video 
row from said associated pseudo video scan line signal is 
inhibited. 

23. A real time frame grabbing system in accordance 
with claim 22 wherein said processing means further 
comprises keyboard means operatively connected to 
said microprocessor means for selecting said predeter 
mined video frame to be continuously displayed, said 
address information comprising information corre 
sponding to the frame associated with said pseudo video 
scan line, said address information testing means com 
prising means for testing said frame information, said 
reception condition being correspondence between said 
frame information and said selected frame. 

24. A real time frame grabbing system in accordance 
with claim 22 wherein a predetermined pseudo video 
scan line signal contains permission information repre 
sentative of predetermined frames which a video dis 
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play means is authorized to receive for video display 
thereof, said processing meeans comprising means for 
storing said authorized frames, said address information 
comprising information corresponding to the frame 

5 associated with said pseudo video scan line, said address 
information testing means comprising means for testing 
said frame information, said reception conditions being 
correspondence between said frame information and 
stored authorized frame. 

25. A real time frame grabbing system in accordance 
with claim 17 wherein said processing means further 
comprises means responsive to each transition in said 
digital data content of each pseudo video scan line for 
continuously correcting the phase of said master clock 
signal. 

26. A real time frame grabbing system in accordance 
with claim 12 wherein said programmable means com 
prises means for continuously providing said reformatted 
information to said transmitting means a word at a time, 

20 said word comprising a pair of displayable characters. 
27. A real time frame grabbing system in accordance 

with claim 1 wherein said receiver means comprises means 
for updating said continuously video displayable selectable 
frame on a displayable video row-by-row basis as said data 

25 portion of any of said displayable distributed pseudo video 
Scan line signals pertaining to said selected frame is up 
dated. 

28. A real time frame grabbing system in accordance 
with claim 15 wherein said receiver means comprises 

30 means for updating said continuously video displayable 
selectable frame on a displayable video row-by-row basis as 
said data portion of any of said displayable distributed 
pseudo video scan line signals pertaining to said selected 
frame is updated s 

29. A real time frame grabbing system in accordance 
with claim 1 wherein said receiver means comprises means 
for providing a displayable frame of information to said 
video display means from a predetermined plurality o 
displayable video rows. 

30. A real time frame grabbing system in accordance 
with claim 15 wherein said processing means comprises 
means for providing a displayable frame of information to 
said video display means from a predetermined plurality of 
displayable video rows. 

31. A real time frame grabbing system in accordance 
with claim 1 wherein said start bit pulse comprises a single 
bit pulse, 

32. A real time frame grabbing system in accordance 
with claim 31 wherein said receiversignal processing means 
comprises means for providing a master clock signal output 
in accordance with said start bit pulse, and decoder means 
operatively connected to said master clock signal output for 
providing timing control signals for said receiver signal 
processing means indicative of predetermined character 
positions within said pseudo video scan line signal and 
predetermined bit positions within a character for process 
ing said distributed pseudo video scan line to provide said 
displayable video row signal therefrom. 

33. A real time frame grabbing system in accordance 
60 with claim 32 wherein said processing means further com 

prises means responsive to each transition in said digital 
data content of each pseudo video scan line for continu 
ously correcting the phase of said master clock signal. 
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