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ABSTRACT: A digital and analog signal responsive processor 
generates a visible display of alphanumerics, halftone, or vec 
tor information. The processor includes logic circuits for 
developing dynamic deflection fields in a display cathode-ray 
tube in response to a sequence of digital codes unique for a 
particular alphanumeric symbol such that the tube's electron 
beam is moved or scanned substantially only over the plurality 
of linear areas of the tube's screen which will collectively dis 
play the desired symbol. Additional circuitry is included to 
generate vectors of any length either at a uniform deflection 
velocity or during a uniform period of time. In addition, digital 
circuits are present which may reproduce halftone configura 
tions in a dot-by-dot manner. Beam intensity and focus re 
gisters permit the alteration of these qualities of the electron 
beam as desired. 
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GRAPHICAL DATA PROCESSOR 
BACKGROUND OF THE INVENTION 

This invention relates generally to graphical data 
processing, and, more specifically, to improved apparatus for 
processing and recording data representative of graphical in 
formation in the form of alphanumerics, line drawings or half 
tone facsimiles, 
Generally all information which is capable of being visually 

recorded can be categorized as alphanumeric symbols, line 
drawings, or halftone facsimiles. The recordation of at least 
one or two of these categories of graphic information has 
taken place over the period of time from present date to 
Cavennan existence, 

Even with the advancement of technology, such informa 
tion in its visual recorded form has not been replaced as a 
medium of communication and has even been enhanced in 
value by the information explosion of the 1950's and 1960's. 
While technological progress has greatly improved actual 

recording processes, present day systems for actually 
processing the graphical data prior to recording have fallen 
short of the most ideal processor. 

It may be true that with regard to one of the categories of 
graphic information the processor cannot be greatly improved 
upon. Others can argue that processors available today are al 
ready at the ideal extreme of development. However, it is be 
lieved that all these processors fail more than one of the tests 
of technical simplicity, economy, speed, high quality, and 
most importantly, versatility, all of which must be passed by 
the truly successful data processor. 
Of these, only the versatility test need be elaborated on in 

order to fully appreciate the graphical data processor which 
can pass this test. 

In order for a processor to be versatile to a passing degree, it 
must minimally have the capability of processing, i.e., prepar 
ing for visual display and/or recording, all three categories of 
graphical information represented generally by either digital 
or analog data. Additionally, the truly superior processor must 
be versatile in many other aspects of graphic representations 
such as relative size, resolution, contrast, and organization of 
the material presented. 
A graphical data processor having the quality of versatility 

as well as the other aforementioned qualities would find great 
utility in the area of automatic phototypesetting. In such an 
area of utilization, these qualities are imperative with a premi 
um on quality, speed and versatility. 
Quality is something which is a standard requirement for a 

phototypesetter. Without this characteristic, the commercial 
acceptance of the processor would be doubtful, if not 
completely forfeited. 
Speed is a variable which must be maximized in order to 

bring into line the cost per inch of type set on a competitive 
basis with earlier generation optical-mechanical photo 
typesetting systems. Generally, the successful processor 
cooperates with a high quality cathode-ray tube to expose a 
light sensitive recording medium. This exposed recording 
medium may then be developed and used to produce offset 
printing plates. The employment of a cathode-ray tube insures 
the highest upper limit on possible speeds which can be 
achieved. It is the task of a superior data processor to ap 
proach this upper limit with the greatest proximity. The com 
promise between high quality and high speed is one in which 
neither attribute should be made to suffer excessively. This is 
especially true in processing and recording alphanumeric in 
formation. 
A direct factor affecting the speed of the processor in a 

phototypesetting mode is the time taken to generate each 
alphanumeric symbol or character. Due to the high degree of 
quality required in the characters used in typesetting applica 
tions, more time is needed than conventionally expected in or 
dinary character generators found in computer readout 
devices. However, this time dictated by the higher quality 
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requirements is preferrably minimized by the superior data 
processor. Savings in time per character cag be achieved by 
reducing as much as possible the generation of deflection 
fields in the cathode-ray tube during those periods when the 

5 electron beam is extinguished. In this way, deflection fields are 
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produced mainly during those timcs when portions of the 
character to be recorded are being traced out by the active electron beam. 

Additionally, time is conserved by utilizing a compressed 
coding technique for the alphanumeric symbols which permits 
the generation of large portions of a particular symbol with 
only one coded command. Such a technique obviates time 
consuming exchange between the computer or other storage 
unit and the processor itself. 
As was noted previously, versatility is a vitally important 

feature of the superior graphical data processor. The ability to 
process graphical data representing line drawings or vectors 
would be required by the versatile processor. Specifically, this 
processor should be capable of recording high quality line 
drawings where the vectors comprising the drawings are 
generated either at a constant velocity or during a constant 
predetermined time interval. The latter mode of vector 
generation permits the utilization of clocked data and hence 
the optimization of buffer storage which enhances the sim 
plicity of the hardware involved. The former mode permits 
asynchronous operation of the processor where desired. 
The aspect of versatility alluded to in the preceding para 

graph is possible in the superior processor in part due to the 
ability of the processor to process changes in variables such as 
the density of the electron beam in the recording cathode-ray 
tube. This characteristic allows, for example, vectors of 
unequal length generated during equal time intervals to ex 
pose a photosensitive material uniformly. This is important for 
consistent high quality recording. 
While versatility requires at least that the processor can 

process all forms of graphical data, it is preferable, if not es 
sential, that the processor be capable of exercising this ability 
interchangeably during the recording, for example, of a single 
document. Although an illustration may have the communica 
tive effect of a large number of words, present day standards 
generally dictate a mixture of alphanumeric information and 
line drawings in order to fully present an idea. Further, this 
mixture may also include halftone graphs. Therefore, an 
added feature must be included in the ideal processor if it is to 
be truly versatile. 
Therefore, it is an object of the present invention to im 

prove graphical data processing. 
It is also an object of the present invention to provide an im 

proved graphical data processor which is capable of in 
terchangeably processing alphanumeric, line drawing, and 
halftone facsimile data. 
A further object of the present invention is to provide a high speed quality symbol generator. 
It is an additional object of the present invention to provide 

an improved line drawing or vector generator having great 
versatility. 

SUMMARY OF THE INVENTION 

These and other objects of the invention which may become 
apparent are accomplished in accordance with the principles 
of the present invention wherein a digital and analog signal 
responsive processor generates a visible display of alphanu 
merics, halftone, or vector information. The processor in 
cludes logic circuits for developing dynamic deflection fields 
in a display cathode-ray tube in response to a sequence of 
digital codes unique for a particular alphanumeric symbol 
such that the tube's electron beam is moved or scanned sub 
stantially only over the plurality of linear areas of the tube's 
screen which will collectively display the desired symbol. Ad 
ditional circuitry is included to generate vectors of any length 
either at a uniform deflection velocity or during a uniform 
period of time. In addition, digital circuits are present which 
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may reproduce halftone configurations in a dot-by-dot 
manner. Beam intensity and focus registers permit the altera 
tion of these qualities of the electron beam as desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and attributes of the present inven 
tion may be more apparent from the following detailed 
description of the invention when read with the following 
drawings wherein: 

F.G. 1 represents a general block diagram of a system in 
which the present invention may be utilized; 

FIG. 2 represents a detailed block diagram of the presentin 
vention; 

FIGS. 3 A-K and 4 A-J represent code commands used 
by the computer upon which the present invention operates; 

FIG. 5 illustrates a typical symbol generated by the symbol 
generator of the present invention; 

FIG. 6 is an enlarged portion of the symbol of FIG.5; 
FIGS. 7A and 7B are also enlarged portions of the symbol of 

FIG.5; 
FIGS. 8 A-L represent various logic symbols needed to ex 

plain the detailed operation of the present invention; 
FIG. 9 is the main input register of the present invention; 
FIG. 10 is the control circuit for the register of FIG.9; 
FIG. 11 is the horizontal address register of the present in 

vention; 
FIG. 12 is the vertical address register of the present inven 

tion, 
FIG. 13 is the horizontal velocity register of the present in 

vention; 
FIGS. 14 and 15 are the vertical velocity register and/or the 

vertical offset register of the present invention; 
FIG. 16 represents velocity digital-to-analog converters of 

the present invention; 
FIG. 17 is the horizontal end register of the present inven 

tion; 
FIG. 8 is the vertical end register of the present invention; 
FIG. 19 is the line drawing and unblanking control circuitry 

of the present invention; 
FIG. 20 represents the character generator register of the 

present invention; 
FIG. 21 shows the end of character comparator of the 

present invention; 
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FIG. 22 is the power density register of the present inven 

tion; 
FIG. 23 represents the interrupt circuit of the present inven 

tion; 
FIG. 24 shows the monoscope sweep vertical overflow and 

end of character interrupt circuit of the present invention; 
FIG.25 is the black scan register of the present invention; 
FIG. 26 is the match line counter and control circuit of the 

present invention; 
FIG. 27 shows the photocompose input register of the 

present invention; 
FIG. 28 represents the photocompose control circuit and 

black space generators of the present invention; 
FIG.29 is the memory address counter of the present inven 

tion; 
FIG. 30 represents the increment counter of the present in 

vention; 
FIG. 31 shows the repeat register of the present invention; 
FIGS. 32 and 33 show the horizontal offset register of the 

present invention; and, 
FIG. 34 is the horizontal and vertical deflection and focus 

correction circuits of the present invention. 
DETALED DESCRIPTION OF THE INVENTION 

Referring first to the general system, reference is now made 
to FIG. 1. Basically, the end result of the system is to expose a 
photosensitive medium 1, such as conventional photographic 
film via a suitable optical system 2 from a light source com 
prising a cathode-ray tube 3. The cathode-ray tube is con 
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trolled by the graphical data processor symbolized in block 
form and referred to by reference numeral 4. This processor 
operates on graphical data presented to it either in the form of 
digital information supplied by a general purpose digital com 
puter 5 or analog signal source 6. 
As will be brought out in more detail hereinafter, the analog 

signal source may take the form of many subsystems and the 
example of a conventional monoscope will be used for pur 
poses of explanation. However, this signal source 6 may also 
be of a conventional type scanner which generates an analog 
video signal representative of an object scanned be it either 
two or three dimensional. 
The computer 5 is directed initially by a suitable input ap 

paratus 7 which may take the form, particularly for purposes 
of generating alphanumeric exposures of the recording medi 
um 1, a tape reader although other input control apparatus are 
possible. 
As was noted, the graphical data bits of the present inven 

tion is one of such versatility as to be capable of processing 
graphical data representing alphanumeric information, line 
drawing information, analog information, and other types of 
information which may be represented in digital form. 
Reference will now be made to the more detailed block dia 
gram of FIG. 2 which represents generally processor 4. 
The graphical data processor of the present invention may 

operate in one of several modes. In the line drawing mode 
there are two submodes which may be employed. One of these 
submodes provides for the generation of linear vectors during 
a period of constant time while the other submode provides 
this generation of line vectors at a substantially constant 
velocity with the time varying as a function of the length of the 
vector being generated. Another mode of operation which 
characterizes the processor 4 of FIG. 1 is the dot mode 
wherein a graphic presentation can be recorded on the 
photosensitive medium by the composition of dots equal 
substantially in area to a raster point defined by the cathode 
ray tube's electron beam. The processor is also capable of 
operating in an analog mode as mentioned previously wherein 
any analog signal is supplied to the cathode-ray tube 3 to pro 
vide a corresponding recording. Another mode of operation of 
the graphical data processor 4 and the system of the present 
invention is referred to as the photocompose mode wherein 
high quality alphanumeric recordings may be made. 

FIG. 2 is presented to show the basic overall configuration 
of the graphical data processor 4 in the various modes previ 
ously alluded to. While F.G. 2 is too general to form, the basis 
of a detailed explanation of the present invention, it may pro 
vide a helpful guide to the more detailed logic circuitry in the 
other figures. As shown in FIG.2, each block is referenced by 
a figure number where possible which generally corresponds 
to that figure showing the particular circuit of the block in 
detail. In addition, the arrow heads and data buses indicate the 
general flow of data in the processor itself. The only inputs or 
outputs to the circuit of FIG. 2 involve the computer 5, the 
cathode-ray tube 3, and the analog signal source 6. All other 
inputs shown in FIG. 2 are derived internal with respect to the 
graphical data processor and have not been shown as direct 
connections in order to avoid adding to the complexity of the 
figure. 
The inputs from the computer to the graphical data proces 

sor are provided by two data buses which are designated in the 
drawings by oppositely oriented cross-hatching. One data bus 
is provided for the main input register 10 while the other data 
bus is provided to the photocompose (PC) input register 11. 
These data buses provide parallel data bits to their respec 

tive input registers from the computer. Data bus 12 provides a 
data conduit for various stages of the main input register 10 to 
other logic circuitry in the processor as denoted by the 
branches therefrom. This data bus 12 may be characterized by 
its use with all the modes of operation of the processor. In the 

: photocompose mode, data bus 13 is used. It should be un 
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derstood that not necessarily do all the registers in the main 
input register connect via data bus 12 with the block circuits 
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as shown in FIG. 2. In some instances different numbers of 
parallel lines from the main input register are connected to 
each of the logic blocks. This is also true for data bus 13. 
Therefore, these buses are used only to illustrate the existence 
of parallel data channels. The data bits available on either of 
the data buses are gated into the appropriate block circuit by a 
gate pulse which is generated by either the command decoder 
14 or the PC command decoder 15. 
Data bus 12 is utilized to selectively transfer data from the 

main input register 10 to the direct memory address counter 
35 as will be explained. 

In order to more fully understand the operation of the 
graphical data processor of the present invention, reference 
will now be made to FIGS. 3 and 4 in addition to FIG. 2 which 
show the particular data words which are provided by the 
computer to the graphical data processor via the two data 
buses. Each computer word or command has a maximum of 
24 binary bits. This maximum number is used for explanatory 
purposes only, and, the present invention is not so limited. 
Each bit corresponds to one of the numbers from 1 to 24 at 
the top of these Figures. Depending upon the word or com 
mand, a certain number of the least significant bits are utilized 
as codes to identify the particular word. Generally, four bits 
are utilized for this code, however, there are instances where 
both two bits and five bits are similarly utilized. As these 
words are received by either the main input register 10 or the 
PC input register 11, their respective command decoders 14 
and 15 decode the code bits thereby generating an ap 
propriate signal corresponding to the received word. As 
shown in FIG. 2, these signals are provided as inputs to various 
ones of the blocks illustrated. As will be seen later, most of the 
signals are used to gate the information in any one of the input 
registers to the appropriate block circuit. 

FIG. 3A shows the Load Horizontal Address Register (L- 
HAR) word which can provide a horizontal address to the ap 
propriate register 16 to the graphical data processor using the 
13 most significant bits. Additionally, this LHAR word may 
also be used to indicate a horizontal page size for use in all 
modes. This will be explained further hereinafter. 
FIG. 3D represents the Load Vertical Address Register (L- 

VAR) word which has the same information for the vertical 
address register 17 as does the LHAR word for the horizontal 
address register 16. The vertical and horizontal addresses are 
both relative to the upper left hand corner, for example, of the 
screen in the cathode-ray tube of FIG. as viewed from the 
electron source thereof. This upper left hand corner is con 
sidered to have coordinates 0,0. By using these two words, the 
electron beam can be deflected to any point on the CRT 
SCT - 

FIGS. 3B and 3E represent the Load Horizontal and Verti 
cal End Register (LHER and LVER) words and utilize the 13 
most significant bits to indicate a particular vector end point 
in the horizontal and vertical coordinate system. These end 
points are oriented relative to the 0,0 point previously alluded 
to. The LHER and LVER words are used in a graphics mode 
to describe the extent of a particular vector, for example, and 
provide this information to the vertical and horizontal end 
point registers 18 and 19. 
FIGS. 3C and 3F represent the Load Horizontal and Verti 

cal Velocity Register (LHVR and LVVR) words, respectively. 
The most significant bit of the LHVR and LVVR words 
represents the sign or direction of the velocity component 
along the particular coordinate. This bit is a binary zero in the 
case of the horizontal direction from left to right or a vertical 
direction downward and is a binary 1 for a horizontal direction 
from right to left or a vertical direction upward. In other 
words, a binary zero indicates a positive direction or a 
direction away from the 0, 0 coordinates while a binary 1 in 
dicates a negative direction which is toward this 0, 0 coor 
dinate point. This information is loaded into the horizontal 
and vertical velocity registers 20 and 21. 

FIG. 3H and FIG.3J illustrate the computer words which in 
itiate the line drawing mode, the first being the Start With 
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Stop At End Point (SSEP) command for generating vectors at 
a constant velocity. The 16 bit of this word is a blanking bit 
which instructs suitable unblanking circuitry 22 to either 
blank or unblank the electron beam in the cathode-ray tube if 
during a particular vector. This same bit in the Start With Stop 
on Count of Zero command is used for the same purpose. In 
addition, the SSCZ word provides with its eight most signifi 
cant bits the constant period of time during which any one 
vector will be generated which is loaded into the match line 
counter 23. 

FIGS. 3G and 3 represent two command words which may 
be utilized for resetting various deflection integrators and ad 
vancing the vertical address stored in the vertical address re 
gister. The first of these shown in FIG. 3G is the Reset 
Horizontal-Vertical Integrators (RHVI) word which resets the 
deflection integrators in the deflection circuits 24 and 25 for 
the vertical and horizontal coordinates. The other command 
word shown in FIG. 3 is the Reset Horizontal Integrators-Ad 
vance Vertical Address (RHAV) word which is utilized to 
reset both the horizontal and vertical integrators and advance 
the address stored in the vertical address register 17 by one in 
Ceet. 

FIG.3K illustrates the Vertical Overflow Monitor (VOMR) 
word which is utilized in the monoscope mode to indicate a 
vertical overflow which will be further explained hereinafter. 

Referring now to FIG. 4G, there is shown a computer word 
Clear Horizontal Address-Advance Vertical Address (CHAR) 
which instructs the graphical data processor to clear the con 
tents of the horizontal address register 16 and increment by 
one the vertical address stored in the vertical address register 
17. 
FIG. 4H represents the Load Character Generator Register 

(LCGR) word which is utilized in the particular example in 
this description with the monoscope and its control circuits 
29. The six most significant bits are shared equally to deter 
mine the horizontal and vertical deflection position in the 
monoscope itself. The next 14 most significant bits are shared 
equally to indicate the amount of horizontal and vertical zoom 
or magnification of the particular monoscope symbol 
generated or for use in the photocompose mode. This infor 
mation is loaded into the character generator register 26 and 
zoom circuits 27. 

FIG. 41 represents the Load Power Density Register 
(LPDR) word wherein the eight most significant bits indicate 
the degree of focus to which this beam is subjected and the 
next eight significant bits indicate the intensity of the electron 
beam in the cathode ray tube. This information is supplied to 
the beam power density register 28. 

FIG. 4J represents the Reset Logic computer (RSLG) word 
which is a command used by the computer to reset the logic 
circuitry in the graphical data processor to an initial condition. 

FIGS. 4A through F represent the six computer commands 
or words used during the photocompose mode of operation. 

FIG. 4A represents the Photocompose Initiate (PCI) word 
wherein the 13 most significant bits indicate an initial address 
in a particular subroutine peculiar to each character to be 
photocomposed to which the computer is directed in the 
photocompose mode. 

FIG. 4B represents the Increment Jump word which always 
follows the PCI word to indicate the desired vertical resolution 
indicated by the five most significant bits which are loaded 
into the increment register and counter 30. 

FIG. 4C shows a Jump word (JMP) used to selectively posi 
tion the electron beam during the photocompose mode. The 
first nine most significant bits are utilized to indicate the 
amount of horizontal deflection required to arrive at the 
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horizontal coordinate of the desired jump position. The next 
bit, the 15th, indicates the sign of this deflection as previously 
noted. These bits are loaded into the horizontal offset register 
31. The 14th bit is used to indicate the horizontal direction of 
the black space in the Black White or Repeat words following 
the particular Jump word. The next nine bits in The Jump 
word indicate the amount of vertical deflection required to ar 
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rive at the vertical coordinate of the desired jump position. 
The next bit, the fourth bit, represents the sign of the direction 
of this vertical deflection. These bits are loaded into the verti. 
cal velocity register 21 which also serves as a vertical offset re 
gister in the PC mode. The next bit, the third, represents the 
direction in which the amount of vertical increment is taken in 
the Repeat words and the Black White words following this 
Jump word. 
As will be described in more detail hereinafter, the horizon 

tal and vertical jump distances are referenced to a fiducial 
mark associated with an alphanumeric symbol being 
generated in the photocompose mode. 

FIG. 4D represents a Black White (BW) word wherein a 
possible two horizontal traces may be inscribed by the elec 
tron beam in the cathode-ray tube on its fluorescent screen. 
While in actual practice this trace (s) appears as an illu 

minated line (s) it will be referred to in what follows as black 
space. This nomenclature is appropriate since in the 
photocompose mode a printing plate will usually be generated 
from the exposure effected by the cathode-ray tube. This 
printing plate will print black where the cathode-ray tube's 
screen was illuminated. 
The first and second portions of the Black White word each 

describe a white space, a black space, and the sign of the white 
space direction utilizing 1 1 bits. Of these 1 1 bits, the three 
most significant bits are utilized to indicate the amount of 
white space which will be provided before the black space is 
generated. The fourth most significant bit describes the sign of 
the direction of the white space and the remaining seven bits 
indicate the amount of black space. The direction of the black 
space has been indicated by the 14th bit of the previous Jump 
word, therefore, such a Jump word must regularly occur prior 
to the processing of a Black White word. If it is desired to util 
ize only one portion of a Black White word then the last or 
second portion of this word must be indicated by all binary 
ones in both the white space, the white direction, and the 
black space. 

FIG. 4E represents the Repeat word (RPT) which permits 
the use of a single word to describe a maximum number of ad 
jacent horizontal traces which cannot exceed 31. The most 
significant bit describes the direction of a white space which is 
indicated by the next three most significant bits in this Repeat 
word. The next six bits may be used to indicate a white vernier 
space. This vernier space is one which may be successively 
added to the amount of white space or white vernier space 
previously recognized in the preceding rendition of this Re 
peat word. This will be seen in more detail in connection with 
other figures in the drawings. Bits eight through 14 indicate 
the amount of desired black space and the remaining bits ex 
cepting the code bits indicate the number of desired repeats. 
The maximum number of repeats (31) is dictated by the al 

location of five binary bits to indicate this number. Just as the 
present invention should not be limited to computer com 
mands having 24 bits, so also should the maximum number of 
repeats not be limited to 31. 
FIG. 4F represents the End Photocompose word (EPC) 

wherein the first nine bits indicate the width of the character 
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space necessary for the character previously generated. The p y g 60 
next 12 most significant bits are shared equally to indicate the 
left and right kern information for the character previously 
generated. A kern is a conventional printing term and refers to 
that part of the character that projects beyond the body of the 
character. As will be seen hereinafter, the character space 65 
width information and the kern information are used by the 
computer to generate the necessary spacing between charac 
ters to afford high quality photocomposition. 
Having reviewed computer commands or words used in the 

various modes of operations of the present invention, FIG. 2 70 
has been described to the extent necessary with the exception 
of a few block circuits not previously mentioned. One of these 
circuits is the computer request generator 34 which operates 
to request certain information to be supplied to the graphical 
data processor via one of the data buses. Additionally, an ad- 75 
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dress request counter 35 is also utilized to provide information 
to the computer in the process of photocomposition. The 
horizontal and vertical corrective deflection circuits 36 and 37 
are used to provide corrective measures to compensate for the 
geometry of the cathode-ray tube. 

Before a detailed description is given of the circuitry 
represented by the blocks in FIG. 2, it is helpful to review in 
more detail the photocompose mode of operation of the 
present invention with respect to the generation of a particular 
character. For this example, a 36-point Bodoni Roman L has 
been selected since its generation incorporates the unique and 
efficient aspects of the graphical data processor of the present 
invention in the photocompose mode. 

Reference will now be made to FIGS. 5, 6, 7A, and 7B. FIG. 
5 shows the entire letter on a relative scale superimposed over 
a grid composed of squares which are, for purposes of this ex 
planation, 10x10 raster points in area. A raster point may be 
defined as generally 0.75 mils and represents the cross section 
of the cathode-ray tube's beam as it impacts the fluorescent 
screen of the tube. The numbers along the coordinates in FIG. 
5 are for reference purposes only and may be helpful when 
viewing the sections of FIG. 5 as represented by FIGS. 6, 7A, 
and 7B. The upper case reference letters in FIG. 5 represent in 
the alphabetical sequence the order in which the various por 
tions of the letter L are generated by the present invention. It 
will be understood and may be apparent from the following 
discussion that other generative sequences may be possible. 

It should also be understood that FIGS. 5, 6, 7A, and 7B are 
shown as the generated character as viewed from the source of 
electrons in cathode-ray tube 3 of FIG. 1. 
To further assist in the description of FIGS. 5, 6, 7A, and 

7B, reference will be made to the following Table of computer 
words or commands as they are coded in binary form and in 
the sequence received by the graphical data processor. The 
right-hand margin indicates the type of computer word or 
command the associated 24 bits represent and the left-hand 
margin indicates the character portion generated by that par 
ticular group of commands with which it is associated. 
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It may also be noted that the least significant bit (LSB) ap 

pears at the extreme right of the computer word and the most 
significant bit (MSB) appears at the extreme left of the com 
puter word. 
As the Table indicates, some portions of the character, such 

as portions A, and H among others, require a significantly 
smaller number of computer words than portion F. This fact is 
due to the unique and improved coding concept of the present 
invention which further contributes to the versatility and 
speed of the system. 
As will be seen more clearly hereinafter, before the table of 

photocompose commands are supplied to the graphical data 
processor, the computer loads into the horizontal and vertical 
address registers a specific point relative to the character 
space to be occupied by the next character to be generated. 
This point or fiducial mark is indicated by reference numeral 
40 in FIG. 5. All jump commands for the letter or symbol as 
sociated with this fiducial mark will be referenced from this 
point as noted hereinabove in connection with the description 
of FIG. 4C. It should also be assumed that the computer has 
activated the photocompose mode in the graphical data 
processor with a PCI word. The first word after the PCI word 
is the increment Jump word shown as the first command in the 
Table. Its 20th bit indicates an increment of one unit, in the 
example this is equal to one raster point or 1.5 mils, as men 
tioned in connection with FIG. 4B. 

Referring now to FIGS. 5 and 6, the latter of which 
represents an enlarged section of FIG. 5, the next command in 
the Table may be examined. This command is a Jump word 
which indicates zero vertical jump and a horizontal jump or 
deflection of five units. These units are each equal to a raster 
point which in turn is represented by the smallest square in 
dicated in FIG. 6. This command provides a static deflection 
field sufficient to locate an electron beam in the cathode-ray 
tube of FIG. 1 to a first jump position 41 to the right of the 
fiducial mark 40. The 15th bit indicates that the horizontal 
jump direction is to the right by the presence of a binary zero. 
Also indicated is the fact that the next black space appearing 
in either a Repeat word or a Black White word is also to the 
right of the fiducial mark as represented by the binary zero as 
the 14th bit. The binary one in the third bit position indicates 
that the increment direction along the vertical coordinate is 
toward the top of the letter as it is viewed in FIG.5. 
The next command is a Repeat word which indicates a 

black space of 99 spaces. As will be seen in the detailed 
description of the logic circuitry, this instruction will result in 
the generation of a trace substantially 100 black spaces in 
length or 100 raster points. The desired number of repeats in 
this Repeat word is indicated as seven. 
As noted by the upper case letter A along the left margin of 

the Table, this Jump and Repeat word are all that are necessa 
ry for the generation of portion A of the example character. 

This Repeat word will then generate seven adjacent traces 
substantially 100 raster points in length and extending from 
the first jump position 41 to the right as the character is 
viewed. At the end of the seventh trace of black space, the 
beam will be extinguished and the static deflection field in the 
cathode-ray tube will assume a condition which would hold an 
electron beam in the tube approximately seven raster points 
above position 41. 
The next portion B of the character is generated by two 

more computer commands: a Jump word and a Repeat word. 
The Jump word again indicates a zero vertical deflection or 

jump and a horizontal jump to the right of the fiducial mark 40 
in the amount of 105 spaces or raster points. This jump takes 
the electron beam in an extinguished condition to a second 
jump position indicated by the reference number 42. 

It should be understood that, during jump, retrace, and 
white space operations which will be explained hereinafter, 
when reference is made to the beam being moved from one 
position to another on the face of the cathode-ray tube, the 
control electrodes in the cathode-ray tube itself are biased in 
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10 
sugh a manner as to effectively extinguish the electron beam. 
Therefore, when reference is made to the beam being moved 
it is meant that there is created within the cathode-ray tube a 
deflection field, either electromagnetic or electrostatic, which 
would, if a beam was present, move this beam in the manner 
indicated. Reference will also be made hereinafter to scanning 
by the electron beam or generating a trace or black space. By 
these two phrases it is meant that a beam is impacting the 
fluorescent screen of the cathode-ray tube and is being moved 
in a particular direction. 
The last command necessary for the generation of portion B 

is a Repeat word which instructs the cathode ray tube to re 
peatedly scan the electron beam 59 black spaces or raster 
points to the right of the second jump position seven times, 
each successive trace or scan being made immediately above 
the last trace or scan. 
The initial word for the generation of portion C is a Jump 

word indicating 164 spaces along the horizontal coordinate to 
the right of the fiducial mark 40 and zero vertical deflection. 

It should be again noted that this Jump word indicates a 
positive black space direction for the following Black White or 
Repeat words and a negative increment direction which would 
be a direction toward the top of the grid as shown in FIG. 5. 

In response to this the beam is moved to a third jump posi 
tion indicated by reference numeral 43. This is seen more 
clearly in FIGS. 5, 7A and 7B. The other command which 
completes the generation of portion C is a Repeat word which 
indicates three characteristics to be followed in the generation 
of this portion of the letter. These characteristics are a white 
vernier requirement of three, a black space of eight, and a 
repetition of 23. 
As will be described in greater detail hereinafter, the white 

vernier indication of three units represents three sixty-fourths 
of a raster point or unit of white space. The effect of the white 
vernier spacing is seen better in FIG. 7B which represents a 
magnified portion of FIG. 7A as indicated. In FIG. 7B it may 
be seen that the beginning of the first black space or trace is 
ever so slightly offset from the vertical line passing through the 
third jump position 43. In like manner and by similar displace 
ment the second black space is offset from the first black 
space. The third black space will be seen to bear the same 
relationship to the second black space as the second black 
space had with the first black space. The amount of displace 
ment of the first black space from the vertical line passing 
through the third jump position is approximately three sixty 
fourths of a raster point, a full point being represented by one 
of the squares in FIG. 7B. Consequently, this displacement 
from this vertical line by the second black space is approxi 
mately six sixty-fourths and the third black space displace 
ment is nine sixty-fourths. 

Therefore, with each additional displacement from this ver 
tical line of three sixty-fourths of a raster point, it is readily 
seen in FIG. 7A that after the generation of portion C of the 
letter (requiring 23 repetitions) the total displacement is sub 
stantially equal to one raster point. In this way by the next 
commands for portions D and E of this character the slightly 
angled composite of these portions is generated. The com 
mencement of the 24th black space in portion E is displaced 
approximately three raster points or spaces from the vertical 
coordinate passing through the third jump position 43. It may 
be helpful to note, again referring to FIG.7B, that the addition 
of the white vernier space takes place so that the retrace of the 
beam terminates at the beginning of the last black space. This, 
too, will be seen in more detail in the description of the logic 
circuitry and its operation during the photocompose mode. 
The generation of portion F will now be described and is in 

itiated by locating the beam at a fourth jump position 44 by 
the Jump command to jump right by 132 spaces and vertically 
up seven spaces. It is parenthetically noted that the vertical 
jump distance is indicated in the ones complement of the bi 
nary number representative of seven. The reason for this will 
be brought out in more detail hereinafter in discussion of the 
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vertical velocity and offset register 21 as shown in FIG. 2. This 
portion F unlike the portions previously described is 
generated through a series of Black White words. This is 
necessitated because of the curved characteristic of one side 
of the portion. It will be recalled from the description of FIG. 
4D that each Black White word is composed of two portions, 
each portion describing a white space, a white direction, and a 
black space. 
Since the processing and operation of all Black White words 

are the same, the description of the generation for portion F of 
the letter as shown in F.G. 7A will be limited to the first Black 
White word. The first portion indicates a zero white space and 
a black space of 33 raster points. Since the last jump word 
which positioned the beam at the fourth jump position 44 in 
dicated a positive black space direction, this 33 raster point 
black space extends to the right of point 44 to slightly overlap 
portion C of the letter. The black spaces for portion F of the 
letter are shown in FIG. 7A with cross-hatching for purposes 
of clarity. At the end of this trace the beam is retraced to a 
point immediately above point 44 and the second portion of 
the first Black White word is effected. 
The second portion of this word calls for a white space of 

three and a black space of 30. The blocks or raster points 
shown with broken lines indicate the three white spaces which 
preceed the 30 black spaces. Omitting now in the description 
the processing of the intermediate Black White words for por 
tion F, the last Black White word for this portion is referred to. 
It indicates by the zeros for the black space amount a single 
black space to be generated. The second portion of this Black 
White word includes all binary ones which, as will be seen 
hereinafter, is construed by the circuitry as an indication that 
this portion of this Black White word is not being utilized. This 
completes the generation of the portion F. 

In order to generate portions G, H, I, K, L, and M, it is 
necessary to relocate the beam to a fifth jump position in 
dicated by the reference numeral 45 in FIGS. 5 and 6. This is 
accomplished by the first word associated with portion G 
which is a Jump command indicating a jump to the right of 
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fiducial mark 40 of 35 spaces and a jump vertically toward the . 
top of the letter in an amount of seven spaces. As is seen from 
the Table these portions of the letter are generated by seven 
repeat commands all indicating zero white space and white 
vernier and specifying 36 black spaces. Each command also 
indicates a repetition of 31 times with the exception of that 
Repeat word associated with portion M which has only 20 
repetitions. 

After the completion of portion M another Jump word as 
sociated now with portion N is processed to relocate the beam 
to a sixth jump position 46 which is five spaces to the right of 
fiducial mark 40 and 213 spaces above fiducial mark 40. It is 
again noted that since a negative direction of vertical deflec 
tion is indicated, the vertical distance is indicated in one's 
complement. A Repeat word for 102 black spaces to be re 
peated six times completes the generation of the letter L as 
used in this example. 
The last word in the Table is an EPC word which is decoded 

to indicate the end of the generation of a character and pro 
vides by the nine most significant bits the width of the 
character space occupied by the character just generated. 
The width of the character space is utilized by the computer 

to determine the horizontal address for the fiducial mark as 
sociated with the next character to be generated. If the letter 
previously generated, in the example, the letter L, had left 
and/or right kerns then this additional information would also 
he processed by the computer to provide proper in 
tercharacter spacing between successively generated charac 
ters. 
Having briefly described the various modes of operation of 

the present invention and the basic overall configuration 
thereof as represented in FIGS. 1 and 2, it is appropriate at 
this point to describe in detail the circuitry and operation of 
the present invention. 
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12 
Before proceeding to the detailed description of the logic 

circuitry of the present invention, however, it may be helpful 
to explain the symbols used to denote various logic functions. 
To do this, reference is made to FIGS. 8A through 8. FIG. 8A 
shows how an AND gate will be denoted in the logic circuits 
and will be equivalent to the more conventional symbol for an 
AND gate as shown in FIG. 8B. When two logic one signals 
are applied to the inputs of this gate simultaneously, a logic 
one signal is generated at the output. A logic or binary one 
may be defined as a positive voltage level, for example, 4 volts, 
while a logic or binary zero may be 0 volts or ground potential. 

FIG. 8C denotes two AND gates each having two inputs and 
an output which is inputted to an OR gate. This logic configu 
ration is shown more conventionally in FIG. 8D, 

FIG. 8E shows the symbol used in the logic drawings to 
denote a NAND gate. The conventional symbol for this 
NAND gate is represented in FIG. 8F. The small circle as 
sociated with the symbol designates an inversion function. 

FIG. 8G shows the symbol used in the drawings to designate 
a conventional flip-flop. The sct inputs and the reset input r 
must be clocked to affect the flip-flop by the falling edge of a 
clock pulse applied to the clock input c. The mark input M 
and erase input E need not be clocked. When the set input is 
at a logic one, it overrides any signal condition at the reset in 
put. The mark and erase inputs always override the set and 
reset inputs. In the drawings whenever an input is not in 
dicated, that input should be assumed to be wired to a logic 
one signal condition. If the input is indicated as being wired to 
ground, it is then assumed that it is at a logic zero signal condi 
tion. 
The broken lines in FIG. 8G indicate optional inputs to the 

set, clock, and reset inputs of the flip-flop. Each of these in 
puts represent a signal level input to an AND gate associated 
with the particular input which is wired internal to the flip 
flop. 

FIG. 8H shows two NAND gates coupled in parallel and 
having their outputs wired together. This configuration fol 
lows the rule that if either NAND gate has an output signal 
condition of a logic zero all the outputs connected to this out 
put will also be at this signal condition. 

FIG. 8 shows the symbol used in the drawings to designate 
a conventional monostable or one-shot multivibrator. 
The logic symbols utilized throughout the circuit drawings 

are described in more detail in Publication No. 64-51-03R, 
Revision No. 1, issued by Scientific Data Systems Inc. which is 
incorporated by reference herein. 

It is also helpful to understand the terminal designations of 
the logic circuitry. All inputs are from the left side of the draw 
ing as it is viewed and all outputs are to the right side. In cer 
tain cases the inputs or the outputs originate in the central 
portion of the drawing, however, the conductor connecting 
the terminal to the circuit should be artificially extended in 
determining whether this is an input or an output. If the exten 
sion takes the terminal to the right side of the drawing then it 
is an output and the same is true with the other side of the 
drawing for an input terminal. In order to facilitate a complete 
understanding of the circuits of the present invention, the ter 
minals have been given a unique reference designation. Each 
terminal is generally designated by a number, a hyphen, and a 
letter. The number designates the figure from which a signal is 
received in the case of an input terminal R2 or what figure a 
signal is supplied in the case of an output terminal. For exam 
ple, an input terminal designated 12-A occuring in FIG. 14 
means that an output terminal in FIG. 12 is supplying a signal 
to this input terminal. Similarly, this output terminal in FIG. 
12 will be designated 14-A indicating that it supplies a signal 
to an input terminal in FIG. 14. The letter A will be the com 
mon identifying reference between an output terminal and an 
input terminal. Therefore, no other input terminal in FIG. 14 
should have the designation 12-A. In this manner of referenc 
ing, the circuit drawings may be reviewed with greater facility. 

Further, all inputs or outputs from either input registers 10 
and 11 will be enclosed in brackets where possible to indicate 
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a parallel data flow. To facilitate recognition of the source or 
destination of this data, single brackets are used in connection 
with the main input register and double brackets with the PC input register. 
The graphical data processor as shown in FIG. 2 includes 

two main circuits which control the operation and flow of 
data. The first control circuit is shown in FIG. 10 and controls 
during the photocompose mode, the graphics mode, and the 
analog or monoscope mode. The other control circuit is 
shown in FIG. 28 and functions chiefly in the photocompose 
mode. The operation of these two control circuits will be 
described first as they cooperate with other circuits in the 
photocompose mode to generate a typical character such as 
the letter L in FIG.S. 
FIG.9 represents the main input register 10 previously men 

tioned in connection with FIG. 2. This main input register 
receives on the parallel data buses from the computer the 24 
bits representing the computer words or commands utilized by 
the present invention. Each single input and the bit associated 
with it are indicated by the reference 2 where x+1 equals the 
position of the bit in the computer word, the higher number 
being the more significant bit in the word, e.g., 29 is the 
seventh bit, as shown in FIG. 9, the main input register is a 
conventional arrangement of bistable elements such as flip 
flops 50 which are placed in initial set condition by ap 
propriate set pulse at input terminal 10-D. The computer 
word is loaded into the register of FIG. 9 by an input pulse 
supplied at terminal 10-A which serves to clock in the bits 
present on the data bus from the computer. It should also be 
noted that the inverted form of bits 2 to 2 are made availa 
ble at output terminals 29-A and 29-B collectively through 
the action of the inverters 51. How these bits are utilized will 
be explained hereinafter in connection with the memory ad 
dress counter of FIG. 29 in the photocompose mode. At out 
put terminal 10-C there is provided in parallel inverted bits 20 
to 2. 

The five bits available in parallel at output terminal 10-C of 
FIG. 9 are provided via input terminal 9–C in FIG. 10 to a se 
ries of inverters 52 which act as a decoder or NAND gate col 
lectively to generate a binary one signal when these five bits 
are all binary ones. This case occurs when the Photocompose 
Initiate or PC word is supplied to the main input register of 
FIG. 10. The parallel lines available at output terminal 10-D 
of FIG. 9 are received by two decoder circuits 53 via input ter 
minal 9-D in FIG. 10 and serve to monitor the four least sig 
nificant bits in the computer words supplied to the main input 
register. These decoders then provide a transfer signal at one 
of the input terminals of the decoders 53. How these transfer 
signals are utilized will be explained hereinafter. 

It is sufficient to state that any one of 13 transfer signals 
(TS) may be generated by decoders 53. Generally, each is util 
ized to enable gates to load particular bits of the main input re 
gister into other counters or registers. These transfer signals 
and their associated computer commands are listed below: 

0002 NO CARD FOR THIS ILLUSTRATION. 
A 

As shown in FIG. 10 the three least significant bits supplied 
to the main input register of FIG. 9 are provided to another 
decoder 54 which operates on these bits in response to an SYS 
signal also supplied to the decoder via inverters 55 from the 
computer. This SYS signal informs the decoder 54 that the 
signal it is to decode is an Enable Operation Mode (EOM) signal. 
There are three EOM commands which the computer sup 

plies to the control circuit of FIG. 10. The first referred to as 
the EOM-1 command is utilized prior to loading various re 
gisters of the present invention, EOM-2 command is as 
sociated with the analog or monoscope mode, and EOM-3 is 
simply a command which generates a counter signal or alert 
signal in the graphical data processor which is supplied to the 
computer indicating that information is going to be initiated 
by the graphical data processor for transmission to the com puter. 
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14 
Dealing first with the EOM-1 command, the decoder 54 in 

terprets this command simultaneously with a SYS signal from 
the computer to generate an EOM-1 signal which is supplied 
to an inverter 56 as shown in FIG. 10. This EOM-1 signal is 
also supplied to one of three inverters 57 which function col 
lectively as NOR gate. This EOM-1 signal activates a 
monostable or one shot multivibrator 58, the output of which 
after being inverted serves as a Ready signal to the computer. 
This Ready signal indicates to the computer that the control 
circuit of FIG. 10 has interpreted an EOM command and is 
ready for additional data. 
NAND gates 59 and 60 constitute a latch which serves to 

function as a bistable component in a conventional manner. 
The EOM-1 signal acts to set the latch providing an enabling 
signal to AND gate 61 thereby generating an appropriate 
signal at output terminal 9-A which serves to load the data 
word present on the data bus from the computer into the main 
input register. This signal at the output of AND gate 61 also is 
utilized to activate multivibrator 62 which, after a predeter 
mined delay, generates a preclear pulse at terminals 1-B and 
12-C. The function of this pulse at these terminals will be ex 
plained in more detail hereinafter in connection with the 
horizontal and vertical address registers as shown in FIGS. 11 
and 2. 

With an additional delay, multivibrator 63 also responds to 
the signal at the output of AND gate 61 to generate what will 
be referred to as a Start signal at the output terminal labeled "- 
start." This Start signal is also supplied to one input of AND 
gate 64, the other input of which is supplied by one of the 
transfer signals generated by decoder 53. The output terminal 
of AND gate 64 is labeled 26-E and the signal at this terminal 
will be used in conjunction with the circuit of FIG. 26 as 
hereinafter described. 
The latch composed of gates 59 and 60 is reset at the lead 

ing edge of the inverted Start signal which acts to enable 
NAND gate 65. The two other inputs to this gate are (1) the 
inverted Common Reset signal denoted by the input terminal 
R (the bar indicating an inversion of the signal), and (2) an 
REO signal applied at input terminal labeled REQ. 
Another computer originated signal is to POT signal which 

is received at input terminal labeled POT whenever informa 
tional data is being sent from the computer to the main input 
register of FIG. 9. An inverter 7 inverts the high level POT 
pulse and supplies it to one input of NAND gate 72. Inverter 
73 reconstitutes the POT signal's initial high level and supplies 
it to AND gates 61 and 66 to enable these gates to pass the 
resulting signals from decoder 54. 

In the case of the monoscope or analog mode, an SYS signal 
is applied to the decoder 54 of FIG. 10 along with an EOM-1 
command and followed by and EOM-2 command indicating 
the selection of the particular mode of operation. As was 
noted earlier, the SYS signal is an indication from the com 
puter that an EOM command is being sent which enables the 
decoder 54 to properly decode the first of these commands, 
namely, an EOM-1 command. This command is used to 
prepare the main input register of FIG. 9 as well as those re 
gisters which require the preclear pulse generated at output 
terminals 11-B and 12-C by the one shot multivibrator 62. Ad 
ditionally, a Ready signal is also generated to complete the in 
terchange between the graphical data processor and the com 
puter. 
The decoded EOM-1 command is processed as described 

above and the resultant EOM-2 signal from the decoder 54 is 
supplied through the collective NOR gate made up by inver 
ters 57 to generate another Ready signal by way of one shot 
multivibrator 58 as previously described. Also, the EOM-2 
signal is made available at the output terminal labeled 
EOM-2. The utilization of this EOM-2 signal will be 
described in more detail hereinafter. 

In the case of the photocompose mode it may be helpful to 
first explain basically the operation of the data graphical 
processor having already explained the computer words used 
in this mode. The computer signals the data graphical proces 
sor of the desired photocompose mode with the Photocom 
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pose Initiate command which has included in it the first ad 
dress in the computer's direct access memory for the initial 
command for the particular character or symbol to be 
generated. In the case of the example, the letter L, the Incre 
ment Jump word as shown in Table previously referred to 
would be located in the computer's direct access memory at 
the address given in the PCI word. Obviously, the sequence of 
storage registers in which the entire Table for the letter L is 
stored is consecutive. The graphical data processor decodes 
the PCI word and advises the computer of its desire to have 
immediate access to its direct access memory. The computer 
decodes this request and responds by requesting what direct 
access memory address is desired by the graphical data 
processor. The address desired is that stored in the main input 
register when the PCI word was loaded thereinto and this ad 
dress is sent to the computer via a memory address counter. 
With this address, the computer then sends the specific com 
mand stored in this memory location which in the example is 
the Increment Jump word. 
As will be brought out in more detail, the graphical data 

processor stores this initial address in a suitable counter re 
gister and each time information is sent to it from the com 
puter this address is incremented by one unit. 

After the received information or command is processed by 
the graphical data processor, the new address is relayed to the 
computer for the command stored at this new location. This 
interchange continues until the last direct access memory 
storage address is sent by the graphical data processor and the 
contents of this address is the End Photocompose word which 
terminates the interchange. Just how the graphical data 
processor controls this operation in the photocompose mode 
will now be described with reference to FIGS. 10 and 28. 

Referring first to FIG. 10, an EOM-1 command along with a 
SYS signal is sent to the control circuit of this figure which is 
decoded by decoder 54 to connect the main input register to 
the data bus from the computer and to generate a Ready signal 
as aforedescribed. After the Ready signal has been received by 
the computer, the PCI word is loaded into the main input re 
gister of FIG.9. 

Additionally, the five least significant bits are decoded by 
the five inverters 52 shown in FIG. 10 to enable AND gates 66 
and 67. The signal at the output of AND gate 66 is delivered to 
output terminal 28-F and 29-G. In addition, the signal at the 
output of enabled AND gate 66 is inverted and supplied to ter 
minal 29-H. This inverted signal also serves to enable AND 
gate 68 which effects the setting of one shot multivibrator 69. 
The inverted output of this multivibrator 69 is supplied to out 
put terminal 9-D. 
According to the convention for labelling terminals previ 

ously set forth, output terminal 9-D in FIG. 10 corresponds to 
input terminal 10-D which is coupled to the mark input of the 
flip-flops making up the main input register. Therefore, after a 
predetermined amount of time as dictated by multivibrator 69 
after the PCI word is received, the main input register is 
placed in an initial or clear condition. It may be noted that the 
arrangement of the flip-flops in FIG. 9 is such that the initial 
condition is a set status wherein the one outputs are provided 
with a high level or logic one signal. It should be recalled from 
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the discussion of FIG. 8 that the reset inputs are wired to a 
logic one since they are not shown in the figure. 
With the enabling of AND gate 67, flip-flop 70 is set to pro 

vide a high level signal at output terminals 28-1 and 16-J. 
Similarly, in this set condition flip-flop 70 provides a low level 
signal at the output terminal 24-K. 

Flip-flop 70 is placed in a set condition by the enabling of 
the set input AND gate due to the high level signal at the out 
put of AND gate 67 and the high level output from the zero 
output of this flip-flop. The setting of the flip-flop occurs at 
the trailing edge of the POT signal which is inverted by in 
verter 71 and enables NAND gate 72 whose output is con 
nected to the clock input of the flip-flop 70. 
Reference is now made to FIG. 28 which shows in part the 

control circuitry during the photocompose mode. 
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As was described in connection with the circuit of FIG. 10, 

when the PCI word is decoded a signal indicative of the 
receipt of the PCI word is generated at output terminal 28-F. 
This signal is received at input terminal 10-F in FIG.28 and its 
trailing edge effects a clock edge at the output of NAND gate 
75 thereby setting flip-flop. 76 which was in an initial reset 
condition. With flip-flop. 76 in its set condition, a high level 
signal or logic one signal is supplied to the input of AND gate 
77 and NAND 78 while a low level signal or logic zero signal is 
applied to AND gate 79 and NAND gate 80. These low and 
high level signals precondition these gates for further utiliza 
tion in the photocompose mode as will be described 
hereinafter. 
The signal received by input terminal 10-F is also utilized to 

enable AND gate 81 which provides a high level signal to 
NOR gate 82, the output of which forms an input to NAND 
gate 83. This NAND gate 83 has its output connected as the 
clock input to flip-flop 84. Therefore, on the trailing edge of 
the pulse received at input terminal 10-F a clock edge is 
generated at the output of NAND gate 83 to act to switch flip 
flop 84 from its initial reset condition to a set condition. When 
flip-flop 84 is set, a high level signal is inverted by inverter 85 
to generate an REO signal at output terminal 10-E and the 
output terminal labeled REQ. 

This signal is referred to as the request access signal and 
flip-flop 84 will be referred to hereinafter as the request access 
flip-flop. As noted before, this request access signal is supplied 
to the computer to indicate that the graphical data processor 
is prepared to accept data from the computer's direct access 
memory. w 

Reference is now made to FIG. 29 which shows the direct 
access memory address counter. During the time that the 
request access signal is being generated, the signal at the out 
put of AND gate 66, which is applied to output terminal 29-G 
in FIG. 10, is applied at input terminal 10-G in this Figure to 
strobe into the counter represented by this figure the 13 most 
significant bits of the PCI word stored in the main input re 
gister of FIG. 9. These bits are derived from output terminals 
29-A and 29-D in FIG.9. As noted before in the discussion of 
the PCI word as shown in FIG. 4A, these 13 bits represent the 
address in the computer's direct access memory of the initial 
photocompose command necessary to generate the desired 
character. In this example, this desired character is the letter L 
and the first word is the Increment J ump word as shown in the 
Table above. The bits are strobed via AND gates 86 into a like 
number of flip-flops 87 which act as the counter registers. 
The computer then decodes the request access signal 

generated by the circuit of FIG.28 and indicates by way of a 
ZAD signal to the graphical data processor that the REO 
signal has been received and recognized. This ZAD signal is 
also used to advise the graphical data processor that the com 
puter is taking the address stored in the memory address 
counter of FIG. 29. These bits are then transferred to the com 
puter via inverters 88. 
This ZAD signal is received by the graphical data processor 

at the terminal similarly labeled in FIG. 28 and this pulse 
serves to generate via AND gate 89, NOR gate 82, and NAND 
gate 83 a clock edge coincident with its trailing edge to reset 
the request access flip-flop 84. This terminates the request ac 
cess signal at terminals 10-E and REQ. 

Referring now to FIG. 27 which illustrates the photocom 
pose of PC input register composed of 22 flip-flops 90 having 
their set input connected to the output of a respective inverter 
91. Each flip-flop is associated with a memory output line 
from a register in the direct access memory of the computer 
which forms the input to the respective inverter 91. The 22 
direct access memory output lines supply to the PC input re 
gister the 22 most significant bits of the photocompose com 
mands stored by the memory of the computer. 

75 

After the computer processes the request access signal, 
transmits the ZAD signal, and interprets the address received 
from the memory address counter of FIG. 29, it then activates 
the direct access memory output lines and transmits to the PC 
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input register the contents of the register associated with the 
address received from the memory address counter. This 
transmission is achieved with a ZDO signal which functions 
similarly to the POT signal previously alluded to in connection 
with the description of FIG. 10. 
Therefore, referring now still to FIG. 27, the ZDO signal is 

received at input terminal similarly labeled and is passed by in 
verter 92 to activate a one shot multivibrator 93 whose output 
is inverted by inverters 94 to form a strobe pulse which loads 
the flip-flops 90 with the appropriate bits from the memory 
output lines of the computer. 

Since the photocompose commands are comprised of 24 
bits and only 22 bits are received by the PC input register of 
FIG. 27 the remaining two bits, the two least significant bits, 
should be accounted for. Referring to FIG. 28, these two least 
significant bits are transferred via the direct access memory 
outputs lines of the computer to a conventional decoder made 
up of four inverters 94 and four NAND gates 95. Because of 
the conventional manner in which these two least significant 
bits are decoded, it is not deemed necessary to explain in 
detail the operation of this decoder. 
As will be recalled from the discussion of FIGS. 4B through 

4F, the two least significant bits of the photocompose com 
mands are utilized to code these commands. Therefore, the 
decoder interprets the command codes and generates at the 
output of one of the NAND gates 95 a signal indicative of a 
particular photocompose command either Increment Jump or 
Jump, Black White, Repeat or End Photocompose word. As 
sociated with the output of each of these NAND gates 95 is 
the set input of a flip-flop. These flip-flops will be referenced 
with the letters BW, RPT, JMP, and EPC, and will be referred 
to as the Black White, Repeat, Jump and End Photocompose 
flip-flops, respectively. 
The clock input of each of these flip-flops are connected in 

common to input terminal 27-A which receives a signal in 
response to the reception of the ZDO signal received by the 
PC input register of FIG. 27. 
The mark input of these flip-flops are shown connected in 

common to the output of NAND gate 96. This insures that 
these flip-flops are initially in a set condition prior to the 
decoding of any of the PC command codes by the decoder. 
The arrangement of the decoders is such that upon receipt 

of a particular command, the set input of the flip-flops cor 
responding to the decoded command receives a low level 
signal while the other flip-flops receive a high level signal. The 
result of this is that when the clock signal arrives at input ter 
minal 27-A, all the flip-flops remain in their original set condi 
tion with the exception of the flip-flop corresponding to the 
decoded command which is reset. It should be recalled that 
since the input to the reset side of these flip-flop is not illus 
trated it must be assumed to be wired internally to a high level 
signal condition. This face coupled with the fact that the set 
input overrides the reset input dictates the above described operation. 
Since the generation of the character L is going to be used 

in the description of the photocompose mode of operation of 
the present invention, reference is made to the first command 
in the above Table which shows a Jump Increment command. 
This command is stored in the register of the computer's 
direct access memory corresponding to the address contained 
in the PCI word for this character. It is this command which is 
transferred during the receipt of the ZDO signal from the 
computer on the memory output lines to the PC input register 
of FIG. 27. Referring briefly to FIG. 4B it is seen that the code 
for this command is 0 1 which is received by the decoder of 
FIG. 28, and decoded thereby resetting the jump flip-flop 
providing a low level signal at its one output and a high level 
signal at its zero output. The trailing edge generated at the one 
output of this flip-flop activates the one shot multivibrator 97 
to generate a high level pulse of a predetermined duration 
which is supplied to the input of NAND gates 78 and 80 and 
AND gate 79. The zero output of the jump flip-flop is con 
nected directly to one input of AND gate 77 enabling this in 
put. 
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As noted before, the signal received at terminal 10 FIG. 28 
as a result of the receipt and processing of the PCI word by the 
control circuit of FIG. 10 acts to set flip-flop 76. In this condi 
tion a low level signal is provided as an input to AND gate 79 
and NAND gate 80 as well as AND gate 98. 
The pulse generated by one shot multivibrator 97 is also 

utilized to trigger a second one shot multivibrator 99, the out 
put of which provides the second input to AND gate 98. 
Furthermore, the high level pulse generated by one shot mul O 
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tivibrator 99 triggers a third multivibrator 100 which 
generates a low level or inverted pulse to the input of NAND 
gate 96. The other output of this multivibrator provides a high 
level pulse to the input of AND gate 101 which is in the con 
trol circuitry for the request access flip-flop 84. The role of 
this AND gate will be seen in more detail hereinafter. Addi 
tionally, the high level pulse from multivibrator 100 is also 
supplied as one of the inputs to NAND gate 102 which con 
trols the operation of flip-flops76 as will be seen hereinafter. 
With flip-flops 76 in a set condition and the jump flip-flop in 

a reset condition, a high level signal referred to as an incre 
ment word level signal is generated at the output of AND gate 
77 while a low level signal is generated at the output of NAND 
gate 78 for the duration of the time delay of multivibrator 97. 
This low level signal will be referred to as increment word 
level not signal, the "not" implying a level opposite to that of 
the increment word level signal. These signals are supplied to 
output terminals 30-A and 30-B, respectively, of FIG. 28 
and correspond to input terminals 28-A and 28-B, respective 
ly, associated with the increment counter of FIG. 30. 
The function of the increment word level signal is to load 

the memory portion of the increment counter with the desired 
increment value represented by the five most significant bits 
of the increment Jump word stored in the PC input register of 
FIG. 27. As indicated in FIG. 30 these five most significant 
bits are loaded in response to the increment word level signal 
via AND gates 103 into the memory section. This section is 
composed of five flip-flops 104 which are initially in a reset 
condition. Since it is necessary to clock these bits into the flip 
flops with a clock pulse or edge the increment word level not 
signal is utilized via NAND gate 119. The other input to this 
NAND gate is a high level signal which cooperates with the 
trailing edge of the increment word level not signal to generate 
the necessary clock edge for the flip-flops 104. Depending 
upon the presence of a binary one bit, flip-flops 104 are then 
placed in a set condition. 
The counter section of the increment counter of FIG. 30 is 

composed of five flip-flops 105 which are coupled together to 
function as a down counter in response to appropriate count 
pulses. - . 

An appropriate signal referred to hereinafter as a scan 
signal which is supplied to FIG. 30 at input terminal 28-C 
loads the bits stored in flip-flops 104 via AND gates 106 into 
the respective flip-flops 105 in the counter section of FIG. 30. 
The outputs of AND gates 106 are connected individually to a 
respective mark input of the flip-flops 105. In this way, the 
flip-flops 105 placed in a set condition upon transfer of the 
bits stored in the flip-flops 104 will correspond to binary ones 
stored in the flip-flops 104. It is noted that the data stored in 
the memory section is not destroyed upon transfer since these 
flip-flops remain in their condition subsequent to the receipt 
of the increment word level signal at input terminal 28-A and 
an end scan signal. 
The manner in which the end scan signal is generated will be 

described hereinafter in connection with the processing of the 
black space in a Repeat word. 
The operation of the increment counter will now be 

described. Basically, its function is to insure the proper verti 
cal resolution of the traces generated in the photocompose 
mode. This is accomplished by placing the binary information 
indicative of the desired increment into the down counter sec 
tion represented by flip-flops 105. At the end of a horizontal 
scan and during the retrace of the cathode ray tube's beam, 
the contents of the down counter is decremented by ap 
propriate count pulses supplied from an oscillator in FIG. 26 



19 
which are received by the circuit of FIG.30 at output terminal 
labeled OSC. When the down counter reaches zero an end in 
crement signal (EIS) is generated at output terminals 15-A, 
24-B, and 28-C indicating that the desired increment has 
been accomplished. The utilization of the EIS signal will be 
further described in connection with FIGS. 15, 24, and 28. 
As will be described in more detail in connection with FIGS. 

14 and 15, during the period of time between the loading of 
the counter section of FIG. 30 and the decrementing of the 
counter section's contents to zero, a signal is generated in the 
vertical offset register of FIGS. 14 and 15 which allows the 
contents thereof to be incremented or decremented depend 
ing on the increment direction. A digital-to-analog converter 
translates this counting process into a deflection analog signal 
which increments the vertical position of the beam ac 
cordingly. 
As noted earlier, the transfer from the memory section of 

the counter section is accomplished by an end scan signal 
received at terminal 28-C. This end scan signal also enables 
AND gate 107 which sets flip-flop 108. With flip-flop 108 in a 
set condition the AND gate associated with the set input of 
flip-flop 109 is enabled so that the next oscillator pulse 
received at terminal OSC sets flip-flop. 109. 
The oscillator pulses are also utilized as counting pulses to 

decrement the counter's contents. This is achieved by the 
direct connection to one input of the AND gate associated 
with the clock input section of the flip-flops 105. The enabling 
input or level input to this AND gate is connected to the out 
put of an inverter 110. This inverter inverts the signal 
generated by NAND gate 111 which monitors the set output 
of flip-flop io9 and the output of NAND gate 112. This latter 
NAND gate 112 monitors the reset output or zero output of 
the flip-flops in the counter section. Therefore, when the in 
crement value is transferred to the counter section, the output 
of NAND gate 112 is a high level signal which cooperates with 
the high level signal at the one output of set flip-flop 109 to 
generate a low level signal at the output of NAND gate 111. 
This low level signal inverted by inverter 110 enables the 
clock section of each of the flip-flops 105 making up the 
counter section. In this condition, the trailing edges of the 
oscillator pulses serve to decrement the counter in a conven 
tional manner. When the counter reaches zero, a high level 
signal is generated at the output of inverter 113 indicating this 
degree to which the counter has been so decremented. This 
signal is applied to output terminal 28-D. This signal also 
serves to disable the AND gates associated with the clock 
input of flip-flops 105 via gate 111 and inverter 110. This con 
cludes the description of the increment counter of FIG. 30. 
The utilization of the signals generated by this circuit will be 
described in connection with other operations of the present 
invention in the photocompose mode. As will be seen in 
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greater detail hereinafter, this register cooperates with the 
vertical offset register of FIGS. 14 and 15 to provide vertical 
displacement of adjacent traces in the photocompose mode. 

Reference is again directed to the circuit of FIG. 28. It was 
earlier noted that when the jump flip-flop was reset the pulse 
generated by multivibrator 97 functioned to generate another 
high level pulse at the output of multivibrator 100 which pro 
vided an input to NAND gate 102. It was also stated that flip 
flop. 76 was in a set condition. This renders NAND gate 102 
enabled and cooperates with the high level pulse from flip-flop 
76 to generate a low level signal at the output of this NAND 
gate 102. This low level signal produces a high level pulse at 
the output of NAND gate 75, the trailing edge of which acts to 
reset flip-flop. 76. This resetting of flip-flop 76 terminates the 
increment word level signal at terminal 30-A. 
With flip-flop 76 in a reset condition, AND gate 79 and 

NAND gate 80 as well as AND gate 98 each have one input 
enabled which is coupled to the zero output of flip-flop 76. 
This conditions these gates for the next PC command. 
The high level pulse at the output of multivibrator 100 

serves a dual function. In addition to resetting flip-flop. 76, it 
also provides an enabling signal to the AND gate 101. The 
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other input to AND gate 101 is from the zero output of flip 
flop 84 which, it will be recalled, was reset by the ZAD signal. 
This high level pulse at the output of AND gate 101 is trans 
lated by NOR gate 114 and NAND gate 83 as a clock edge to 
set the request access flip-flop 84 once again. This results in a 
request signal or REO signal as previously described at output 
terminal 10-E and the terminal labeled REQ. Additionally, 
the inverter 115 inverts the output of NOR gate 114 to 
generate a count signal at output terminal 29-D which cor 
responds to input terminal 28-D in FIG. 29. 

FIG. 29 shows the memory address counter which provides 
to the computer the memory address in the computer's direct 
access memory which contains information associated with 
the first command necessary to generate the desired 
character. As shown in this figure the count signal supplied at 
input terminal 28-D serves to increment the binary number 
stored in this counter by one. In this manner, the initial ad 
dress provided by the PCI word is incremented by one. Obvi 
ously, the next command necessary in the generation of the 
letter L in the example will be stored in the next consecutive 
address in the computer's direct access memory. 
The procedure as outlined earlier is followed again by the 

computer which receives the REO signal, interprets it, and in 
dicates a ZDO signal while it transfers the address from the 
memory address counter of FIG. 29 and using a ZAD signal 
alerts the graphical data processor that it is sending the con 
tents of its memory corresponding to the last received address 
to the PC input register. 
These contents represent the next command as outlined in 

the above Table which is a Jump command indicating a zero 
vertical displacement and a horizontal displacement of five 
spaces. As indicated, the direction of the horizontal displace 
ment is from left to right as the character is viewed in FIG. 5. 
The increment direction is indicated by the third least signifi 
cant bit as going from the bottom to the top of FIG. 5 as 
viewed. It should also be noted that the binary zero as the 14th 
most significant bit indicates a direction of from left to right 
for any black space occurring in any following Repeat or 
Black word. 

Referring now to FIG. 28 the processing of this Jump word 
will be described. As noted earlier, the decoder will identify 
the 01 jump code and reset the jump flip-flop in response to 
the second ZDO signal applied at terminal 27-A. This flip-flop 
was returned to its initial set condition by the pulse generated 
at the output of NAND gate 96 in response to the low level 
pulse from multivibrator 100. The effect of this resetting of 
the jump flip-flop will be very similar to the results when the 
Increment Jump word was decoded with some exception how 
ever. Flip-flop. 76 is now in a reset condition thereby disabling 
AND gate 77 and NAND gate 78. This is correct since these 
two gates control the loading and processing of the vertical in 
crement value which has already been accomplished. As was 
noted previously, the high level pulse generated upon the 
resetting of the jump flip-flop by multivibrator 97 enables one 
input of AND gate 79 and NAND gate 80. These two gates 
generate a jump pulse at output terminals 15-F and 33-G and 
a jump pulse not at output terminal 14-H. 
The output of multivibrator 99 energized as a result of the 

resetting of the jump flip-flop cooperates at the input of AND 
gate 98 and the zero output of flip-flop 76 to produce a high 
level pulse at output terminals 14-1 and 15-J referred to 
hereinafter as the jump pulse delayed. 

Inverter 116 inverts the jump pulse delayed to produce a 
jump pulse delayed not signal at output terminal 33-K. 

Reference will now be made to FIGS. 14 and 15 which 
represent in the photocompose mode the vertical offset re 
gister. This register represented by these two figures functions 
to maintain a running accumulation of the amount of vertical 
space through which the electron beam is jumped or retraced. 
Since this direction may be toward the top of the example 
letter in FIG. 5 or toward the bottom, the register takes the 
form of an up-down counter where the mode of counting is 
dictated by the increment direction indicated by the third least 
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significant bit in the Jump word. As noted before in connec 
tion with FIG. 4-C if this third least significant bit in the Jump 
word is a binary one the increment direction is in the vertical 
up direction as the FIG. 5 is viewed. The opposite direction is represented by a binary zero. 

Referring specifically to FIG. 15, flip-flop 120 dictates 
whether or not the counter will be counted up or counted 
down. If the increment direction is toward the top of FIG. 5 
and represented by binary one then the counter of FIGS. 14 
and 15 will be incremented. This is accomplished by the fact 
that the third least significant bit is strobed into the flip-flop 
from its appropriate register in the PC input register of FIG. 
27. This strobing is accomplished upon receipt of the jump 
pulse atterminal 28-F which acts as a clock edge in relation to 
flip-flop 120 which is initially in a reset condition. Since the 
reset input of this flip-flop is internally wired to a high level 
signal condition, if the third least significant bit of the Jump 
word was a zero then the counter would be decremented. 
The jump pulse delayed received at input terminals 28 

and 28-J in FIGS. 14 and 15, respectively, serve to strobe into 
the offset register those bits of the jump word representing the 
vertical amount of displacement, i.e., bits five through 13. As 
shown in FIGS. 14 and 15, AND gate 121 and NOR gate 122 
and inverter 123 all cooperate to load the selected bits into 
flip-flop 124 making up this offset register. The output of each 
of the flip-flops 124 making up the offset register are coupled 
to a digital-to-analog converter 125, the output of which is 
amplified by an amplifier 126 and supplied to an appropriate 
output terminal 20-A. 

Since the Jump word being processed indicates zero vertical 
offset or displacement the contents of the vertical offset re 
gister remain zero. 

Referring now to FIGS. 32 and 33 representing the horizon 
tal offset register, a description of the processing of the 
horizontal displacement represented in the Jump word will be 
given. The horizontal offset register functions to accomplish 
the same results in the horizontal direction as the vertical off 
set register of FIGS. 14 and 15 accomplished in the vertical 
direction. The nine most significant bits of the Jump word 
representing the horizontal offset or displacement are loaded 
into flip-flops 128 via AND gates 129 in response to the jump 
pulse delayed not signal received at input terminal 28-K of 
FIG. 33 which is inverted by inverter 130. The fifteenth bit 
representing the horizontal direction is loaded into flip-flop 
131 via AND gate 132 also in response to the output signal 
from inverter 130. As shown in FIG. 33 the output of AND 
gates 129 and AND gate 132 are connected directly to the 
mark input offlip-flops 128 and 131. 
The jump pulse received at input terminal 28-G of FIG. 33 

is utilized to preclear the flip-flops 128 and 131 of FIG.33 and 
the flip-flops associated with FIG.32. 
As was noted in the discussion of FIGS. 4-C through E, 

white vernier space, and black space contribute to the 
horizontal offset status. 
This information is considered by the horizontal offset re 

gister particularly that portion shown in FIG. 32. While a 
complete description of the entire offset register is not 
deemed appropriate at this point in the development of the 
photocompose mode of operation of the present invention, it 
may be helpful to state the overall organization of the horizon 
tal offset register represented by both FIGS. 32 and 33. 

Basically, the upper portion of both figures and the lower 
left-hand quandrant of FIG.33 as it is viewed represent a full 
binary adder. Through binary addition an accumulating total 
is maintained with respect to horizontal offset or displace 
ment. In FIG. 32 the white vernier information contained in 
Repeat words is totaled or accumulated in the registers 
represented by flip-flops 133. This information enters the off 
set register via AND gates 134. Referring now to FIG.33 the 
black space in both the first and second portions of the Black 
White word are summed with the horizontal jump information 
by way of the circuit represented by the lower right-hand 
quandrant of the figure. This portion of FIG.33 also considers 
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the white space indicated in Repeat words. This will be 
described in more detail in the following description of the 
processing of Repeat and Black White words. 
While a complete description of FIGS. 14 and 15 represent 

ing the vertical offset register in the photocompose mode and 
FIGS. 32 and 33 representing the horizontal offset register will 
be delayed, it should be noted that at this point had there been 
vertical information in the Jump word being processed, this in 
formation would have been entered into the flip-flops 124 of 
FIGS. 14 and 15 and the flip-flop. 120 would be placed in a 
condition corresponding to the increment direction. Similarly, 
the horizontal information of five spaces as noted in the 
second word in the Table above has been entered into the nine 
flip-flops 128 of FIG.33 while the horizontal direction bit has 
been stored in flip-flop. 131. 
The binary vertical information stored in the vertical offset 

register of FIGS. 14 and 15 is converted into an analog signal 
as noted above by a conventional digital-to-analog converter 
125 and is amplified by amplifier 126 and made available at 
output terminal 20-A. Similarly the horizontal offset informa 
tion is converted into an analog signal by converter 135 in 
FIG. 32, the output of which is amplified by amplifier 136 and 
supplied to an output terminal 20-G. 

Referring now to FIG. 20 which represents the character 
generator register of the present invention it is seen that the 
amplified analog information representative of the vertical 
offset data is supplied at input terminal 15-A and to four con 
ventional analog switches 137. This analog signal is further 
amplified by amplifier 138 and supplied to a series of three 
analog switches 139 which may be the same design as switches 
137. Switches 137 and 139 are selectively opened or closed 
depending upon the desired vertical zoom dictated by the con 
tents of the character generator register of this Figure com 
posed of flip-flops 140. It is sufficient to state at this time that 
the analog voltage passed by any one of these gates will vary in 
amplitude depending on which gate is closed. 
As in the case of the vertical analog offset information, the 

horizontal analog offset information received at input terminal 
32-G of FIG. 20 is amplified by an appropriate amplifier 141 
and supplied to the input of seven analog switches 142 of a 
similar design as the analog switches previously alluded to. 
These switches represent the horizontal zoom control and are 
also controlled by the desired zoom information loaded into 
the character generator register. Depending on which analog 
switch in both the horizontal and vertical zoom sections are 
closed an appropriate analog signal will be generated via am 
plifiers 143 and 144 respectively and made available at output 
terminals 19-A and 19-D, respectively. 

Referring now to FIG. 19 input terminals 20-A and 20-B 
are shown and receive the analog signals representative of the 
horizontal and vertical offset information, respectively, pro 
vided from the circuit of FIG. 20. These signals are then 
summed with additional signals to be described, amplified and 
provided at output terminals 34-C and 34-D, respectively. 
These output terminals 34-C and 34-D correspond to input 

terminals 19-C and 19-D, respectively, in FIG. 34 and are 
directly applied to another amplification stage 144 and 145, 
respectively. The output of these amplification stages is cou 
pled to the dynamic focus and deflection correction circuit 
146 and then to the deflection system of the cathode-ray tube. 
The details of the dynamic focus and deflection correction cir 
cuits 146 are not disclosed since it is not per se part of the 
present invention and may take many conventional designs to 
compensate the focus and deflection aberations due to the 
geometry of the cathode-ray tube itself. 
As enounced hereinabove, the two analog signals represent 

ing the horizontal and vertical offset information are each 
summed with an additional analog signal before delivery to the 
deflection correction circuits of FIG. 34. These additional 
analog signals are generated from the horizontal and vertical 
address registers of FIGS. 11 and 12. As was noted before, 
prior to the processing of the PCI word, the computer loads 
into the horizontal and vertical address register, the proper 



i 

3,594,759 
23 

coordinate values to describe fiducial mark 40 as shown in 
FIG. 5. It is from this mark 40 that all jump operations are 
referenced. Therefore, it is necessary to add to the horizontal 
and vertical offset analog signals the proper horizontal and 
vertical address analog signals, respectively, to properly posi 
tion the electron beam for the generation of black spaces. 

Referring briefly to FIG. 11, it may be seen that there is 
represented a conventional digital register composed of bista 
ble storage elements 32, for example, flip-flops, which receive 
a preclear signal at input terminal 10-B. This signal acts to 
place the flip-flops 32 in a reset condition as explained in re 
gard to FIG. 10 prior to the receipt of the transfer signal at 
input terminal TS-1. This transfer signal cooperates with a 
start signal to enable AND gate 33 providing a high level gat 
ing pulse to the input of AND gates 38. Gates 38 act via the 
mark input to load the 13 most significant bits of the LHAR 
word from the main input register into the respective ones of 
flip-flops 32. A D/A converter 39 monitors the one output of 
the flip-flops to generate an analog signal representative of the 
horizontal address. Amplifier 47 processes this analog signal 
and has an output at terminal 19-D. 

FIG. 12 shows an almost identical register configuration as 
FIG. 11. This register stores the vertical address data. The 
preclear signal is provided at input terminal 10-C and the 
transfer signal is supplied The preclear signal is at terminal 
TS-2. AND gates 48 cooperate to strobe the data bits into flip 
flops 49 via the mark inputs thereof. The digital information 
stored in the flip-flops 39 is converted and amplified into an 
analog signal representative of the vertical address and sup 
plied to output terminal 19-J. 
As shown in FIG. 19, input terminals 19-D and 19-J trans 

late the amplified analog signals representing the horizontal 
and vertical address coordinates, respectively, to the input of 
summing amplifiers 22, respectively, along with the respective 
analog signals representing the horizontal and vertical offset 
data. 
The Jump word having been processed, it should now be un 

derstood that the analog signals representative of the horizon 
tal and vertical offset have been delivered to the cathode-ray 
tube's deflection circuit to adjust the static deflection field in 
the tube itself to locate any electron beam in the tube to the 
first jump position 41 as shown in FIG.5 previously discussed. 

Referring now back to FIG. 28, this control circuit is ready 
to receive the next PC command from the Table above. This 
next word is a Repeat word indicating a zero white and white 
vernier space and a black space of one hundred spaces to be 
traced seven times. In order to effect the computer's transmis 
sion of this command from its direct access memory to the PC 
input register of FIG. 27, it is necessary as noted above to 
generate a REQ signal. The request access flip-flop 84 was in a 
reset condition being placed in that condition by the ZAD 
signal when the former Jump word was strobed into the PC 
input register. 
The PC input register is prepared to receive the next PC 

command by the action of one shot multivibrator 100 which 
provides a low level pulse to one input of NAND gate 96. This 
pulse cooperates with NAND gate 96 and the other two nor 
mally high level inputs to this NAND gate to generate a high 
level pulse which is delivered at output terminal 27-M. This 
output terminal corresponds to input terminal 28-M in FIG. 
27 and supplies this high level pulse to the mark input of flip 
flops 90 making up the PC input register. This places these 
flip-flops in a set condition prior to receipt of additional data 
from the memory output lines of the computer's direct access 
memory. 
The high level pulse generated by one shot multivibrator 

100 during the processing of the Jump word acts to enable 
AND gate 101 which provides via NOR gate 114 and NAND 
gate 83 a clock edge sufficient to set the request access flip 
flop 84 thereby generating a REQ signal at terminal labeled 
REQ. Additionally, a count signal is generated at the output of 
inverter 115 and output terminal 29-D. 
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The same interchange between the graphical data processor 

of the present invention and the computer takes place as 
aforedescribed with the generation of a ZDO signal and a 
ZAD signal which act to reset a request access flip-flop 84 ter 
minating the REQ signal. The count signal at output terminal 
29-D increments the address stored in the memory address 
counter and readies this memory address counter for the 
operation following the processing of the Repeat word which 
has now been strobed into the flip-flops of the PC input re 
gister of FIG. 27. The two code bits associated with the Repeat 
word, i.e., 1 0, are recognized by the decoder in FIG. 28 and 
the NAND gate 95 associated with the repeat flip-flop 
generates a low level signal which permits this flip-flop to be 
reset in response to the signal at input terminal 27-A while the 
other flip-flops remain in their initial set condition. 

It should be noted that the jump flip-flop which was in a 
reset condition during the processing of the Jump word was 
returned to its initial set condition by the same pulse 
generated by NAND gate 96 which cleared the PC input re 
gister of FIG. 27. 
The repeat flip-flop provides a high repeat level signal at its 

zero output which is supplied directly to AND gate 145. Addi 
tionally, this repeat level signal is also supplied to output ter 
minals 32-N, 33-O, 31-P and 25-Q. The one output of the re 
peat flip-flop provides a repeat level not signal at output ter 
minal 25-R. . . 
Reference will now be made to FIG. 4-E and FIGS. 32 and 

33. The 10 most significant bits of the Repeat word relate to 
the desired white space which precedes the black space. It is 
necessary to load this information into the horizontal offset re 
gister represented by FIGS. 32 and 33. The repeat level signal 
is utilized to this effect. As shown in FIG.32 and as previously 
noted the repeat level signal is received at input terminal 28-N 
and enables the input of AND gates 134. The other input of 
each of these AND gates is connected to the output of a flip 
flop in the PC input register of FIG. 27 corresponding to bits 
15 through 20, inclusive. These bits represent the white verni 
er information contained in the Repeat word. As noted before, 
FIGS. 32 and 33 represent in part a full parallel binary adder, 
the operation of which will be described in more detail 
hereinafter. It is sufficient to say at this time that the white 
vernier information is added to existing white vernier informa 
tion contained in the accumulator portion of the adder 
represented by flip-flops 146. 
The white space direction and white space amount are 

processed by FIG.33 in response to the repeat level signal 
received at input terminal 28-O. As shown in this figure, the 
repeat level signal affects inverters 149 via AND gates 147, 
and NOR gates 148, to accumulate bits 21, 22 and 23 of the 
Repeat word with the horizontal jump displacement informa 
tion entered and stored by flip-flops 128 as previously 
described. 
The 24th bit which represents the white space direction has 

passed in a similar manner as were the other three most signifi 
cant bits of the Repeat word. 

Since the horizontal jump displacement information loaded 
into this offset register is represented by nine bits, and the Re 
peat word's white space is only described by three bits, it is 
necessary to artificially provide the six most significant bits to 
the original three bit white space information. These six bits 
are always zero. However, when a negative white direction is 
indicated then the white space is represented as a ones com 
plement of the actual binary number. Therefore, as an exam 
ple, if the amount of white space was seven, and the white 
direction was positive and represented by a zero then the bi 
nary number presented to the adder to be accumulated with 
the horizontal distance would be 0 00 00 0 1 1 1. However, if 
the white direction was negative and was represented by a one 
:as a 24th bit, the number to be presented to the adder would 
be 1 1 1. 1 1 1 000 or the ones complement of the former 
nary number. 
The parallel adder utilized in FIGS. 32 and 33 acts to accu 

mulate in the accumulator represented by flip-flops. 133 and 

bi 
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146 the running total of horizontal offset dictated by the PC 
commands during the generation of a particular character. 
The augent in the adding operation is the resident number 
stored in the accumulator while the addend is the number 
which when added to the augend provides the sum which 
replaces the augend in the accumulator. The addition is per 
formed in two steps. The first step is a half add. Each bit of the 
accumulator is complemented if the corresponding bit of the 
incident number is a binary one. The second step is a carry 
wherein a carry bit is generated if a bit in the accumulator is a 
binary zero and the corresponding incident bit is a binary one. 
A carry bit is also propagated if the accumulator bit is a binary 
one and it receives a carry bit from the next less significant ac 
cumulator bit. After all carries have been propagated addition 
is complete and the accumulator contains the sum of the in 
cident and resident numbers. 
This is a conventional mode of binary addition and is 

described in more detail on pages 190 and 191 of Logic Hand 
book, 1967 Edition, made available by Digital Equipment 
Corporation of Maynard, Mass. 
To effect these two steps, a pulse generator generally 

referred to by reference numeral 150 as shown in FIG. 32 is 
provided and includes three flip-flops 151 coupled in a 
cascade configuration, i.e., the one output is coupled to the 
clock input of the next flip-flop. AND gate 152 constitutes one 
output of the pulse generator and supplies a carry signal to 
output terminal 33-D which initiates the carry operation 
previously alluded to. At output terminal 33-E associated with 
AND 153, a half add signal is generated which initiates the 
first of the two step operation previously described. 
The pulse generator 150 of FIG. 32 is initiated in one in 

stance in response to a signal received by the circuit of FIG.32 
at input terminal 31-D. This signal is generated each time the 
number of repeats is loaded into the repeat register of FIG.31 
and after each time the count stored in the repeat register is 
decremented by one. This signal is passed by NAND gate 155, 
the output of which is connected to the mark input of flip-flop 
156. With flip-flop 156 in a set condition, the pulse counter 
150 is then energized by the oscillator pulses provided at input 
terminal labeled OSC to generate the desired carry and half 
add signals at output terminals 33-D and 33-E, respectively. 
These signals cooperate with adder units generally designated 
by reference numeral 157 which comprise two AND gates 
158, the outputs of which are coupled as inputs to an OR gate 
159. For simplicity these adder units are shown throughout 
FIGS. 32 and 33 as simple blocks designated by the reference 
numeral 157. 
The processing of the white direction bit, the white space, 

and the white vernier space of the Repeat word has been 
described with regards to FIGS. 32 and 33. What remains of 
this word are the black space and the number of desired black 
repeats. To accommodate the black space information the 
black space register of FIG.25 has been provided. 
This register is composed of seven sections referred to by 

the reference numeral 198 each of which includes four AND 
gates 199 which have inputs supplied to a NOR gate 160. The 
output of the NOR 160 in each section 198 is coupled to the 
input of a conventional digital-to-analog converter 161 the 
output of which is amplified by amplifier 162 and provided at 
an output terminal 28-G. The output of each NOR gate 160 is 
also inverted by inverter 63 and this inverted output supplied 
as an input to one of the AND gates 199. The function of each 
section is similar to that of a latch which is initially in a reset 
condition by the action of a pulse from one shot multivibrator 
164 which is activated by a pulse from AND gate i65 which 
monitors a plurality of signal conditions which will be 
discussed in more detail hereinafter. One of the conditions is 
the signal level of the repeat level signal as applied at inputter 
minal 28-R. During the processing of the Repeat word this re 
peat level signal is a high level. This in cooperation with the 
remaining inputs to AND gate 165 render the output of mul 
tivibrator 164 at a high level. The same repeat pulse received 
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with the eighth bit which is stored in the PC input register. In a 
Repeat word for the sample character L, the eighth bit is a bi 
nary one which enables the associated AND gate 199 to pro 
vide a low level signal at the output of NOR gate 160. This low 
level signal is inverted by inverter 163 to enable the cor 
responding input to AND gate 199 associated with the output 
of this inverter. 
The operation as described in the preceding paragraph is re 

peated for each section 198 of the black space register thereby 
providing a low level signal at the output of each section de 
pending upon the associated binary bit in the black space por 
tion for this Repeat word. As noted before, the outputs of the 
seven sections 198 of the black space register are converted 
into an analog signal which is amplified and provided to out 
put terminal 28-G. This amplified analog signal is a function 
of the number of black spaces desired in the trace. How this is 
used in generating the trace can best be described with 
reference to FIGS. 28, 13 and 16. 
The amplified analog signal from the output of the black 

space register of FIG. 25 is supplied to black space compara 
tor circuit 165 of conventional design from an input terminal 
25-G. This black space analog signal will be compared in the 
comparator 154 with a ramp signal which is generated by the 
integrating amplifier referred to by reference numeral 166. 
The input of this amplifier 166 is provided through an analog 
switch 167 which is controlled in a complementary manner in 
relation to the analog switch 168 which, when closed, short 
circuits the integrating amplifier 166. Analog switches 167 
and 168 are controlled by the output of NAND gate 169 and 
inverter 170 which inverts the output of NAND gate 169. Be 
fore the manner in which these analog switches are controlled 
is described, reference will be made to FIGS. 13 and 16 which 
provide the source of signal upon which the integrating ampli 
fier 166 in FIG. 28 operates. 

Referring now to FIGS. 13 and 16 which show the horizon 
tal velocity register and the velocity register and the velocity 
digital-to-analog converter, respectively, it will be seen that in 
response to an appropriate transfer signal at the input terminal 
TS-3 and a start signal, the NAND gate 171 in FIG. 13 will be 
enabled to strobe into the horizontal velocity register the 13 
most significant bits of the load horizontal velocity word from 
the main input register of FIG. 9. The start signal and the 
transfer signal applied at input terminal TS-3 are generated 
from the control circuit of FIG. 10 as previously described. As 
shown in FIG. 13, the horizontal velocity register is composed 
of 13 flip-flops 172 which have their one outputs coupled 
together and provided at output terminal 16-A. 
The zero outputs of the flip-flops 172 are made available in 

parallel at output terminal 16-B. Additionally, the zero output 
of the flip-flops are monitored by three AND gates 173, the 
outputs of which are tied together and made available in out 
put terminal 19-F. The signal at this output terminal is 
referred to as the HEL not signal which is inverted by inverter 
174 and presented to output terminal 19-E as a HEL signal. 
This last signal is indicative of the presence of a horizontal 
velocity stored in the horizontal velocity register of FIG. 13. 
This register has two other outputs provided at output ter 

minals 16-C and 16-D. The signals present at these output 
terminals represent the horizontal velocity sign which is in 
dicated by the 24th bit which is provided to the set input of 
flip-flop 172 from the main input register. The signal at output 
terminal 16-C is a high level signal when the horizontal 
velocity is positive and this signal will be referred to as the 
HVS signal while the other signal is of opposite level and will 
be referred to as the HVS not signal. 
The horizontal velocity value provided in parallel at output 

terminal 16-A is supplied as an input to the velocity digital-to 
analog circuit of FIG.16 at input terminal 13-A. Similarly, the 
zero outputs of the horizontal velocity register provided in 
parallel at output terminal 16-B are also supplied to the cir 
cuit of FIG. 16 at input terminal 13-B. 
A conventional digital-to-analog converter 175 converts the 

at input terminal 28-Q energizes the AND gate 199 associated 75 horizontal velocity into an analog signal which is amplified by 
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amplifier 176 and delivered to output terminal 28-H. This am 
plified analog signal is a function of the desired horizontal 
velocity and is supplied to the integrating amplifier 166 of 
FIG. 28 via analog switch 167 from input terminal 16-H. This 
signal is integrated by the amplifier 166 to provide a ramp 
signal for comparison by the comparator 154 with the analog 
signal applied at input terminal 25-G representing the black 
space indicated by the Repeat word. 
As was noted in the description of FIG. 3-C, the velocity in 

the horizontal direction may be either positive or negative de 
pending on the beam's movement to either the right or to the 
left. If the velocity is in a negative direction, from right to left, 
then the binary number representing the velocity is indicated 
in the ones complement form. In order to achieve this, FIG. 16 
includes two NAND gates 178 and 179 each of which receive 
an input signal from input terminal 10-J which represents the 
high level signal generated by flip-flop 70 of FIG. 10 during 
the photocompose mode. NAND gate 178 receives the HVS 
signal at input terminal 13-C which is a high level signal when 
the horizontal velocity is positive. Similarly, NAND gate 179 
receives at input terminal 3-D the HVS not signal which is at 
high level when the velocity is negative. Both NAND gates 
178 and 179 have an additional input which is generated by 
the circuit of FIG. 28 to which reference is now made briefly. 
The inputs to NAND gates 178 and 179 which are received 

at input terminals 28-S and 28-T, respectively, are generated 
by flip-flop 127 which, in a set condition, provides a high level 
signal at output terminal 16-S and a low level signal at output 
terminal 16-T. This flip-flop utilizes the internal AND gate as 
sociated with its set input to monitor the 14th bit of the JUMP 
word which indicates the sign of the black direction appearing 
in the following Repeat and Black White words. The circuit 
arrangement controlling this flip-flop 127 is such that actually 
the inverted form of the 14th bit is considered. In addition to 
this input to the AND gate associated with the set input of this 
flip-flop, the jump pulse provided at the zero output of the 
jump flip-flop is also monitored. In this way, if the 14th bit of 
the Jump word is a binary zero then the set input during the 
processing of the Jump word is enabled. . 

It will be recalled from the description of FIG.4C that a bi 
nary zero indicates a positive black direction, one which sub 
tends from left to right, while a binary one indicates an op 
posite or negative direction. 

Consequently, flip-flop 127 will be placed in a set condition 
providing a high level signal at output signal 16-S for a Jump 
word wherein the black direction is indicated as being positive 
by a binary zero. This setting operation is accomplished by a 
clock edge generated by NAND gate 180 which receives an 
input from the one output of the EPC flip-flop which, during 
the processing of a Jump word, is a high level signal. The other 
input to this NAND gate 180 is from the output of NAND gate 
80. Recalling the description of the Increment Jump and Jump 
word operations, the flip-flop. 76 is in a set condition during 
the processing of the Increment Jump word and is in a reset 
condition during the processing of the Jump word which fol 
lowed. Therefore, the input to NAND gate 80 from the zero 
output of flip-flop. 76 during the processing of the Jump word 
is at a high level while the other input to NAND gate 80 pro 
vided from the output of multivibrator 97 experiences a signal 
level transition from low to high and back to low as this mul 
tivibrator generates a high level pulse. The trailing edge of this 
pulse provides at the output of NAND gate 180 the ap 
propriate clock edge to strobe into flip-flop 178 the inverted 
form of the 14th bit of the Jump word. 

Therefore, a high level signal at the output terminal 16-S 
and a low signal at output termina 16-T are indicative of the 
fact that any black space processed subsequent to the opera 
tion of flip-flop 127 will be in a positive direction or from left 
to right. 

Referring now again to FIG. 16 this high level signal is real 
ized at input terminal 28-S while the low level signal is real 
ized at input terminal 28-T. Assuming with our sample 
character L that the HVS signal is at a low level indicating a 
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positive velocity sign in the horizontal direction then NAND 
gate 178 will experience two high level inputs and one low 
level input which will be translated at its output as a high level 
signal. NAND gate 179 will also experience two high level 
signals and a low level signal thereby generating a high level 
signal. The high level signal at the output of these gates is 
passed by driver 181 to enable AND gates 182 associated with 
the one output of the flip-flop. 172 of a horizontal velocity re 
gister of FIG. 13 provided at input terminal 13-A of FIG. 16. 
This means that the original binary number representing the 
horizontal velocity will be passed through AND gates 182 and 
NOR gates 183 to the D/A converter 175 to be appropriately 
converted into an analog signal representative of a horizontal 
velocity value which is, in turn, amplified by an amplifier 176 
and delivered to output terminal 28-H as previously 
described. 

It should be pointed out that even though the D/A converter 
175 actually receives the ones complement form of the 
velocity value due to the inverting effect of NOR gates 183, 
the converter itself is designed to generate an analog signal 
representative of the original binary velocity number. 
The output of NAND gates 178 and 179 are also provided 

to an inverter 184 which acts to invert this high level signal to 
a low level signal thereby disabling AND gates 185 associated 
with the zero outputs of the horizontal velocity register which 
present the ones complement of the original velocity binary 
number at input terminal 13-D. 
To recapitulate, the Repeat word in the above Table for the 

sample character has been processed by the graphical data 
processor of the present invention to the following extent: the 
white space direction sign bit and the white space amount, and 
the white vernier space (which are all Zero) has been 
"received" by the horizontal offset register in FIGS. 32 and 
33; the black space amount has been received by the black 
space register shown in FIG. 25 and has been converted into 
an analog signal which is supplied to the black space compara 
tor 154 in FIG. 28; the desired horizontal velocity value previ 
ously loaded into the horizontal velocity digital-to-analog con 
verter in FIG. 16 and the result of this conversion has been 
operated upon by the integrating amplifier 166 in FIG. 28. 

Before proceeding to the effect of the output of the com 
parator 154 when a compare condition between the analog 
signal representative of the desired black space and the in 
tegrated velocity signal is realized, the manner in which the 
analog switches 167 and 168 are controlled should be ex 
plained. 
As noted before, when the repeat flip-flop is reset at the in 

itiation of the processing of the Repeat word the high level 
signal present at the zero output of this flip-flop enables the 
respective input to AND gate 145. The other input to this 
AND gate is provided at input terminal 31-D which cor 
responds to output terminal 28-D of the repeat register of 
FIG. 31. As will be described hereinafter in connection with 
the desired number of repeats, this output at this point in the 
operation of the circuits is a high level signal. This provides a 
high level condition at the output of AND gate 145 which ena 
bles its respective input to AND gate 186 whose output is con 
nected to NOR gate 187. The other input to AND gate 186 is 
derived from NOR gate 188 which monitors the output of two 
AND gates 189 and 190. AND gate 189 monitors two signal 
levels supplied to input terminals 30-D and 32-J. 

Input terminal 30-D corresponds to output terminal 28-D 
of the Increment register of FIG. 30. As was noted 
hereinabove, this signal is at a high level when the contents of 
the counter section of this Increment register represented by 
flip-flops 105 is zero. This is the situation prior to receipt of an 
end scan signal at input terminal 28-C of the increment re 
gister. Therefore, the output at terminal 28-D is a high level 
thereby enabling the input to AND gate 189 corresponding to 
input terminal 30-D in FIG. 28. 
The input terminal of this same figure designated 32-J cor 

responds to output terminal 28-J of FIG. 32 which represents 
the horizontal offset register. As shown in this figure, output 
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terminal 28-J will be at a high level condition during the 
generation of a carry signal by the pulse generator 150 utilized 
in the binary addition of horizontal offset information as noted 
before. Therefore, since the pulse generator 150 is initiated by 
the repeat pulse not signal, immediately thereafter a high level 
signal will be present at output terminal 28-) which will ena 
ble the input of AND gate 189 of FIG. 28 corresponding to 
input terminal 32-J. 
The occurrence of these two high level signal conditions at 

the inputs of AND gate 189 enable this gate providing a high 
level signal at the output of NOR gate 188. This results in the 
enabling of AND gate 186 and the generation of a high level 
signal at the output of NOR gate 188 thereby enabling-AND 
186 to provide a high level signal at the output of NOR gate 
187. 
The trailing edge of the carry pulse applied to the input of 

AND gate 189 at input 32-J generates a corresponding clock 
edge to the input of one shot multivibrator 191 which triggers 
a high level pulse at its output, the trailing edge of which ac 
tivates a second multivibrator 192 which provides a low level 
pulse to one input of NAND gate 169. The other input to this 
NAND gate 169 is provided by the output of NAND gate 193. 
This NAND gate 193 monitors at one of its inputs the output 
of NAND gate 169 and the output of NAND gate 194 which 
are tied together as one input to NAND gate 193. The other 
input to this NAND gate is from the output of NAND gate 
195. NAND gate 195 in turn monitors the output of NAND 
gate 194, NAND gate 196, as well as the output of NAND gate 
169. 

It will be recalled that flip-flop 127 in FIG. 28 was placed in 
a set condition because of the positive direction of black space 
indicated by the Jump word processed earlier. This provides a 
high level signal condition at one input of NAND gate 196 and 
an opposite level condition to the input of NAND gate 194. 
NAND gate 194 also receives a signal from the output of the 
black space comparator 154 which, in a condition of no com 
parison, is a high level signal. This high level no compare 
signal is inverted by inverter 197 as part of a low level signal to 
the input of NAND gate 196. In this manner, the positive pulse 
generated by multivibrator 191 initiates a high level signal at 
the output of NAND gate 169 and low level signal at the out 
put of inverter. 170 which cooperates to close analog switch 
167 while opening analog switch 168. This effects the opera 
tion of the integrating amplifier 166 to provide a suitable ramp 
signal which is a function of the analog velocity signal received 
at input terminal 16-H. This ramp signal continues for a dura 
tion of time until its instantaneous amplitude is substantially 
equal to the amplitude of the analog black space signal applied 
at input terminal 25-G. When this occurs, the comparator 154 
generates a low level signal to NAND gate 194 and inverter 
197 inverts this low level signal to provide a high level signal at 
the input of NAND gate 196. The effect of this to disable 
NAND gate 169 thereby generating a low level signal at its 
output which opens analog switch 167 and closes analog 
switch 168 thereby resetting this integrating amplifier 166. 
As noted earlier, the ramp signal generated at output of am 

plifier 166 and supplied to output terminal 20-L is further am 
plified by the amplifier 141 of FIG.20 and supplied selectively 
through one of the analog switches 142 to be amplified again 
by amplifier 143 and delivered to output terminal 19-A. This 
signal is again amplified by amplifier 198 and delivered at out 
put terminal 34-C in FIG. 19 which is coupled to the deflec 
tion circuitry in FIG. 34 for final application to the deflection 
system of the cathode ray tube. The final ramp deflection 
signal supplied to the cathode ray tube is of sufficient duration 
and magnitude to move the electron beam through the desired 
number of spaces in the example, 100 spaces. 
At the end of this first trace of the Repeat word, as was 

noted above, NAND gate 169 effects the opening of analog 
switch 167 and the closing of analog switch 168. This closing 
of switch 168 shorts the integrating amplifier 166 and thereby 
resets the integrator. The result of this is to retrace the beam 
horizontally to the first jump position 41 in FIG. 5. Of course, 
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as will be seen hereinafter, the retrace also occurs during a 
vertical deflection force. 

In order for this movement of the electron beam to generate 
black space or a visible trace on the screen of the cathode ray 
tube, it is necessary to unblank the beam in the tube. This is 
accomplished with the circuitry of FIGS. 19 and 28. 
As shown in FIG. 28 NAND gate 169 also provides an out 

put to terminal 19-V while inverter 170 provides a signal at 
output terminal 19-W. Referring now to FIG. 19 where these 
two output terminals correspond to input terminals 28-V and 
28-W, respectively, it is seen that the output of NAND gate 
169 serves as an input to NAND gate 200 while the output of 
inverter 170 serves as an input to NAND gate 201. These two 
NAND gates have outputs tied together and provide a collec 
tive input to multivibrator 202 and one input to NAND gate 
203. The second input of NAND gate 201 is derived from the 
output of NOR gate 204 which, as will be seen in more detail 
in the description of the vector mode of operation, is a low 
level signal during the photocompose mode. This low level 
signal is inverted by inverter 205 and supplied as a high level 
signal to the other input of NAND gate 200. The third and last 
input to NAND gate 201 is shown being connected to the zero 
output of flip-flop 206 which is responsive to the blanking bit 
in the SSEP and SSCZ words as shown in FGS. 3-H and 3-J. 
This zero output is normally at a high level during the 
photocompose mode. At the moment of commencement of 
operation of the integrating amplifier 166 of FIG. 28, i.e., 
when analog switch 67 is closed and analog switch 168 is 
opened, the signal level at input terminal 28-V goes to a high 
level while the condition of the signal at input terminal 28-W 
is at a low level. These signal level conditions cooperate with 
the other inputs to NAND gates 200 and 201 to generate a low 
level signal at the outputs of these NAND gates. As will be re 
called in connection with FIG. 8-H, when two NAND gates 
have their outputs wired together a low signal at one output 
renders the other output at a low level also. Therefore, the 
input to AN NAND gate 203 associated with the outputs of 
NAND gates 200 and 201 goes to a low level. 

Before the signal level at input 28-V went to a high level, 
the outputs of NAND gates 200 and 201 were at a high level 
condition. Therefore, when the input to terminal 28-V went 
to a high level a falling edge was generated at the input of mul 
tivibrator 202 which triggered a low level pulse which is sup 
plied directly to AND gate 207. The other output of mul 
tivibrator 202 is a high level pulse, the trailing edge of which 
activates multivibrator 208. This second multivibrator. 208 
generates a low level pulse to the other input of NAND gate 
203. The low level pulse occurring coincidentally with the low 
level signal from the output of NAND gates 200 and 201 result 
in a high level signal at the output of NAND gate 203 which 
generates a high level signal substantially coextensive in time 
with the high level signal at the output of NAND gate 203. 
This high level signal at the output of AND gate 207 is 
referred to as the unblanking pulse and is appropriately ap 
plied to the beam control electrodes of the cathode-ray tube 
to permit the beam in that tube to impact the fluorescent 
screen and to be acted upon by the deflection fields in the 
tube. It should be noted that this unblanking signal has its 
leading edge delayed by approximately 1.5 microseconds dic 
tated by the delay of multivibrator 202. This unblanking con 
tinues until the output of both NAND gates 200 and 201 
returns to a high level which occurs when the black space 
comparator 154 in FIG. 28 detects a compare condition and 
terminates the black scan integrating amplifier 166. At this 
point the signal present at input terminal 28-V returns to its 
initial low level condition and the signal at input terminal 
28-W returns to its initially high level condition generating at 
the output of both NAND gates 200 and 201 a high level 
signal condition. This high level signal condition disables 
NAND gate 203 thereby terminating the unblanking pulse at 
the same time that the trace is terminated. 
The unblanking pulse generated by AND gate 207 in FIG. 

19 is also supplied to output terminal 28-B. Returning to the 
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description of FIG. 28, it is seen that output terminal 28-B 
corresponds to input terminal 19-B which is connected as an 
input to NAND gate 209. The other input to this NAND gate 
is supplied to input terminal 10- which represents the signal 
generated by flip-flop 70 in FIG. 10 which is a high level signal 
condition throughout the operation necessary to generate the 
desired character. Therefore, prior to the generation of the 
unblanking pulse the output of NAND gate 209 was a high 
level signal and concurrently with the leading edge of the un 
blanking pulse a trigger signal is generated by NAND gate 209 
to activate multivibrator 210. When activated this multivibra 
torprovides a high level pulse at its output which is supplied to 
output terminal 30-C. This high level pulse corresponds to the 
end scan signal previously alluded to in connection with the 
circuit of FIG. 30. 
As it may be recalled, referring now to FIG. 30, this end 

scan signal is received at input terminal 28-C and functions to 
set flip-flop 108 and to strobe into the counter section of this 
figure the binary data representative of the increment value 
which is stored in the memory section made up of flip-flops 
104. With the receipt of the end scan signal, thc increment 
counter begins its operation of decrementing the increment 
value until zero is reached. At that time a signal is generated at 
the output terminal 28-D. The utilization of this signal will be 
seen in more detail in connection with the discussion of the 
processing of the Black White words. Additionally, AND gates 
211 and 212 also monitor the zero condition of flip-flops 105 
making up the counter section of FIG. 30 and provide a high 
level signal at the output terminals 15-A, 24-B, and 28-C. 
This signal is referred to as the end increment signal (EIS). 
This signal also is used internally in FIG. 30 to effect the 
resetting of flip-flop 109 to terminate the effect of the oscilla 
torpulses on the counter section. Furthermore, when flip-flop 
109 is reset and NAND gate 112 detects a zero condition in 
the counter section NAND gate 111 generates a high level 
signal at output terminal 15-E. 

Reference is now made to FIG. 15 which shows a portion of 
the vertical offset register in the photocompose mode. 
The incrementing in the vertical direction of the vertical 

displacement after a trace, for example, is completed is 
achieved with the use of the signals at output terminals 15-A 
and 15-E associated with the increment register of FIG. 15. 
Prior to the strobing into the counter section of the circuit of 
FIG. 30 of the increment value, the signal at output terminal 
15-A was at a low level due to the output of AND gate 211 
which detected a low level signal at the one output of flip-flop 
109. The signal level at output terminal 15-E was a high level 
due to the action of NAND gate 111 in response to the low 
level signal condition again at the one output of the flip-flop 
109. 
Referring now mainly to FIG. 15, these signal levels are 

received at input terminals 30-A and 30-E, respectively, so 
that the low level signal at input terminal 30-A which is pro 
vided as an input to both NAND gate 24 and 215 effect a 
high level signal at the outputs thereof. These outputs are 
wired together as a single input to both NAND gates 216 and 
217. NAND gate 216 may be referred to as the count NAND 
gate and generates a high level count signal whenever it is 
desired to increment in a vertical direction the position of the 
electron beam in the cathode-ray tube. Initially, however, this 
count NAND gate 216 monitors the high level signal position 
at the output of NAND gates 214 and 215 as well as the high 
level signal available at input terminal 30-E. Therefore, these 
two high level signals result in a low level count signal which is 
connected to the level input of the AND gate associated with 
the clock section or input of flip-flops 124 in FIGS. 15 and 14. 
As shown in FIG. 15, this count signal is supplied to output 
terminal 14G which corresponds to input terminal 15-G in 
FIG. 14. Therefore, during the initial period before the 
counter section of the circuit of FIG. 30 is loaded with the in 
crement value, the count signal is at a low level thereby dis 
abling the clock input of the flip-flops 124 making up the ver 
tical offset register in FIGS. 14 and 15. As was noted previ 
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ously in connection with this offset register, its logic function 
is similar to that of an up-down counter wherein the direction 
of counting is dictated by the output of flip-flop 120 shown in 
FIG. 15 which responds to the sign bit of the increment 
direction contained in the Jump word at the third bit position 
thereof. The one and zero outputs of flip-flop 120 are supplied 
to a count discriminating circuit generally designated by 
reference numeral 218 which is composed of two AND gates 
219 having their outputs coupled to the input of OR gate 220. 
The output of the OR gate is supplied to a driver 221 which 
provides a signal to the AND gate associate with both the set 
and reset inputs of a respective flip-flop 124. The output of the 
OR gate 220 is also supplied as an input to the AND gate 219 
associated with the next successive count discriminating cir. 
cuit 218. The operation of the offset register during the verti 
cal incrementing process is controlled by the count signal at 
the output of NAND gate 216. As may be recalled from FIG. 
30 when the end scan signal is received and the counter sec 
tion loaded, the outputs of NAND gates 211 and 212 remain 
at a low level due to the setting of flip-flop 109. However, the 
output of NAND gate 111 changes from a high level condition 
to a low level condition providing this low level signal at input 
terminal 30-E of FIG. 15 enabling NAND gate 216 thereby 
generating a high-level count signal at its output. This high 
level count signal enables the clock section of each of the flip 
flops 124 and renders the offset register responsive to the pull 
ses of the oscillator which are supplied at input terminal 
labeled OSC in FIGS. 14 and 15. The effect of these oscillator 
pulses are to begin counting up or down the contents of the 
offset register indicated by the condition of flip-flop 120. This 
counting process continues for the duration of the count signal 
at the output of NAND gate 216 which, in turn, endures until 
the count in the counter section of the increment register in 
FIG. 30 is reduced to zero in a counting down process utilizing 
the same oscillator pulses as was used in the vertical offset re 
gister. 
The vertical incrementing of the vertical offset register is 

translated to the deflection circuits of FIG. 34 via D/A con 
verter 125 and amplifier 126 of FIG. 15. 
To summarize briefly, the generation of the initial portions 

of the sample character L, the Increment Jump word has beefh 
processed, the next Jump word has been processed also to 
locate the electronbeam at the first jump position 41 as is seen 
in FIG. 5. Furthermore, the next computer command, a Re 
peat word has been processed and the electron beam has been 
unblanked and moved 100 black spaces to the right of the first 
jump position 41. At the end of this trace, the beam was 
blanked and retraced to a position above the first jump posi 
tion by an amount dictated by the data in the Increment Jump 
word. The next traces indicated by the number of repeats 
specified in the Repeat word may now be generated in a 
manner similar to the generation of the first trace. 
However, in order to complete the description of the 

processing of the Repeat word, the utilization of bits three 
through seven of this word should be dealt with. As was noted 
in the description hereinabove of FIG. 4-E, these five bits are 
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utilized to indicate the desired number of traces to be 
generated by the processing of a single Repeat word. These 
bits are strobed into the repeat register shown in FIG. 31 via 
AND gates 230 in response to the ZDO signal applied to the 
input terminal similarly labeled and the 11 bit combination ap 
plied as the other two inputs to AND gate 231 (from circuit of 
FIG. 28). As shown in this figure, the bits passed by AND 
gates 230 are supplied to the mark input of five flip-flops 232 
which are arranged to cooperate with AND gates 233 in form 
ing a down counter. The contents of this counter is decre 
mented by one for each coincidence of the scan signal 
generated at output terminal 31-X in FIG. 28 which is 
received by the circuit of FIG. 31 at input terminal 28-X and 
the repeat pulse received by the counter at input terminal 
28-P. NAND gate 234 detects this coincidence. AND gage 
236 monitors the zero output of the flip-flops 232 to generate 
a high level signal when the counter has been decremented to 
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zero. This is inverted by inverter 237 and supplied as a low 
level signal at output terminal 28-E. Additionally, inverter 
238 also inverts the output of AND gate 236 and supplies it as 
an input to NAND gate 239 having an output connected to 
terminal 32-D. This NAND gate generates a low level pulse 
each time that the counter has been decremented once. This is 
accomplished by triggering multivibrator 240 each time a 
decrementing count signal is generated at the output of 
NAND gate 234. As shown, NAND gate 241 provides this ac 
tuating pulse to the multivibrator 240 and monitors the decre 
menting signal as well as the output of AND gate 231 via in 
verter 242. 

The situation may occur when it is desirable and ad 
vantageous to utilize a Repeat word yet specify a zero number 
of repeats. In this case, a signal is generated at output terminal 
32-O via inverter 243 indicative of this fact. This is accom 
plished by the coincidence of the strobe pulse from the output 
of AND gate 231 and the high level signal from the output of 
AND gate 236 as detected by AND gate 244. As will be seen 
hereinafter this signal is utilized to generate a next word signal 
to effect the initiating of another request access. 
From the description of the repeat register of FIG. 31, it 

may be realized that a trace as specified by the black space in 
formation of the repeat word will be generated the required 
number of times specified also by the Repeat word. Each time 
the trace is generated the count in the repeat register is 
decreased by one until a zero condition is detected by AND 
gate 236 and a low level signal is generated at output terminal 
28-E which corresponds to input terminal 31-E in FIG. 28. 
This low level signal serves then to disable AND gate 145. 
The high level signal delivered at output terminal 32-R 

when NAND gate detects a zero count condition in the repeat 
register is supplied to the horizontal offset register of FIG. 32 
at input terminal 31-R. 
NAND gate 250 monitors these signal levels at input ter 

minals 28-N and 31-R which are, when the repeat register has 
been decremented to zero, both high level signals. These 
signal levels are monitored by NAND gate 250 which also 
monitors the signal applied at input terminal 28-Y. 
As seen in FIG. 28 this input terminal corresponds to output 

terminal 32-Y which is connected to the output of OR gate 
188 which monitors the output of AND gate 190. The output 
of AND gate 190 goes from a low level condition to high level 
condition when the End Increment signal is generated at out 
put terminal 28-C associated with the increment counter of 
FIG.30 and the flip-flop. 156 in FIG. 32 is in a reset condition. 
Flip-flop 156, it may be recalled, is reset upon occurrence of 
the trailing edge of the carry pulse generated by the pulse 
generator 150. This provides a high level signal at output ter 
minal 28-K which corresponds to input terminal 32-K con 
nected to the input of AND gate 190. Therefore, when the re 
peat register is decremented to zero and the beam is retraced, 
an end increment signal is generated coincidentally with the 
high level signal from the zero output of flip-flop 156 to pro 
vide a high level pulse at output terminal 32-Y in FIG. 28. 
This high level pulse arriving at input terminal 28-Y in FIG. 

32 is translated by NAND gate 250 into a low level next word 
pulse which is supplied to output terminal 28-S. This next 
word pulse indicates when, as will be seen hereinafter, a Re 
peat or Black White word has been completely processed. In 
this way, the request access flip-flop 84 may be set to initiate 
another request access signal to the computer. 

Referring now to FIG. 28, this next word pulse is received at 
input terminal 32-S to be inverted by inverter 251 which ena 
bles AND gate 252 providing a clock edge to set the request 
access flip-flop 84. Additionally, a count signal is generated at 
output terminal 29-D to increment the address stored in the 
memory counter of FIG. 29. Further, this next word pulse is 
passed by driver 253 to generate an output pulse from NAND 
gate 96 at output terminal 27-M. As noted hereinabove, the 
pulse at this output terminal serves to place the repeat flip-flop 
in its initial set condition and to clear the contents of the PC 
input register of FIG. 27 thereby conditioning it to receive the 
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next computer word from the computer's direct access 
memory. 
Since a Jump word, a Jump Increment word, and a Repeat 

word have all been discussed in detail with regard to their 
processing and functions in the graphical data processor of the 
present invention, it is not deemed warranted to discuss in the 
same detail the generation of those portions of the sample 
character L which include basically similar operative steps al 
ready described. Therefore, the description of the present in 
vention and the manner in which the character of FIG. 5 is 
generated will advance to thc generation of portion F. 
As may be secn from a review of the Table set forth 

hereinabove, section F of the character is generated by the 
processing of a plurality of Black White words after a Jump 
word. In order to provide a complete description of the 
present invention, the processing of a single Black White word 
including two portions will be given with reference to the first 
Black White word in the Table. 
To preface this description, it may be helpful to state that 

the Jump word preceding the first Black White word for por 
tion F places the beam at the fourth jump position 44 as seen 
in FIGS. 5, and 7-A. Assuming that the Black White word has 
now been strobed into the PC input register of FIG. 27 and its 
two least significant bits have been decoded by the decoder of 
FIG. 28, the black white flip-flop will be placed in a reset con 
dition. 
With the black white flip-flop in a reset condition, the low 

level pulse is provided by multivibrator 255 at output terminal 
32-Z. The high level signal at the zero output of the black 
white flip-flop referred to as the black white level signal is util 
ized to enable one input of AND gate 256 and to provide one 
input to AND gates 257,258, and 259. This black white level 
signal is also supplied to output terminal 32-EE and output 
terminal 33-FF. 

Referring now to the horizontal offset register as shown in 
FIG. 32, there are three AND gates 266 which monitor bits 
three through 13 of the Black White word stored in the PC 
input register of FIG. 27. These gates detect the situation 
wherein the second portion of the Black White word does not 
contain meaningful information and is represented by 1 1 bi 
nary ones. Since the Black White word in the Table above 
does utilize both portions, the outputs of these AND gates 266 
will be represented by low level signal which is inverted by in 
verter 267 and supplied as a high level signal to one input of 
AND gate 268 and to output terminal 28-L. 
This output terminal corresponds to input terminal 32-L of 

FIG. 28 and this high level signal is supplied to the AND gate 
associated with the set input of flip-flop. 270. The other input 
to this AND gate is connected to the zero output of the ini 
tially reset flip-flop. 270 so as to enable the set input of this 
flip-flop. The clock input is coupled via inverter 271 to AND 
gate 257 which has its input coupled to the black white flip 
flop at a high level and therefore enabled. Its other input cor 
responds to the end scan signal generated as a high level pulse 
by multivibrator 210 upon the occurrence of the trailing edge 
of the unblanking pulse supplied to NAND gate 209 from 
input terminal 19-B. Therefore, at the conclusion of the last 
black space scan, this high level end scan pulse enabled AND 
gate 257 coincidentally with the resetting of the black white 
flip-flop. Therefore, the lead edge of this end scan pulse 
becomes a clock edge when operated upon by inverter 271 
and acts to set flip-flop. 270. 
Since flip-flop. 270 was initially in a reset condition, the 

signal level at the zero output enabled the respective input of 
AND gate 259, the other input of which was enabled when the 
black white flip-flop was reset. Therefore, a high level signal is 
present at the output of AND gate 259 prior to the setting of 
flip-flop. 270. This output is connected to one input of AND 
gate 272 and is also connected to the output terminal 33-DD. 

75 

Referring now to FIG. 33, it is seen that the high level signal 
at output terminal 33-DD enables the input to AND gate 273, 
whose other output is coupled to input terminal 28-FF cor 
responding to the black white level signal. The high level 
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signal resulting at the output of AND gate 273 acts to sum the 
white space of the first portion of the Black White word 
represented by bits 21, 22, and 23 with the horizontal offset 
distance stored in the accumulator section of the horizontal 
offset register represented by flip-flops 128. This is done by 
enabling of AND gates 274 which cooperate with NOR gates 
148 and inverters 149. The white space sign represented by bit 
24 is loaded in a similar manner in order to artificially provide 
the six most significant bits of the horizontal offset data, as was 
explained in more detail in connection with the processing of 
the white space associated with the Repeat word. 
As noted above, the summing or accumulating process is in 

itiated by the pulse generator 150 in FIG. 32 which is actuated 
by the black white low level pulse generated in FIG. 28 by the 
multivibrator 255 and which is received by FIG. 32 at input 
terminal 28-Z. This provides a high level pulse at the output of 
NAND gate 155 which sets flip-flop 156 and begins the 
generation of the half add and carry pulses as previously 
described. 
This high level pulse generated at the output of NAND gate 

155 is also provided at output terminal 28-T. 
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This high level pulse received by the circuit of FIG. 28 at . 
input terminal 32-T cooperates with the high level signal at 
the output of AND gate 259 to provide a high level signal at 
the output of AND gate 272 which is delivered to output ter 
minal 25-AA. 
Reference will now be made to FIG. 25 wherein the output 

terminal of 25-AA in FIG. 28 corresponds with input terminal 
28-AA. As was the procedure with the black space data in the 
Repeat word, this high level pulse acts to load into sections 
158 of the black space register of FIG. 25 the seven bits 
representing the black space amount of the first portion of the 
Black White word. As was also noted hereinabove this black 
space information is converted by converter 161 and am 
plified suitably by amplifier 162 and delivered at output ter 
minal 28-G. 

Referring back again to FIG. 28, it is seen that this analog 
signal representative of the black space of the first portion of 
the Black White word is supplied as one input to black space 
comparator 154. As was the situation with the Repeat word, 
an analog velocity signal will be generated and operated on by 
integrating amplifier 166 until a compare signal is generated 
by the comparator 154 to terminate the integrating process. In 
view of the prior description of this part of the operation of 
FIG. 28, it is only deemed necessary to detail the manner in 
which the integrating process is initiated. 
As was noted before, the black white level signal enables 

one input of AND gate 256, the output of which is directly 
connected to the clock input of flip-flop. 262 making up one 
stage of a two-stage counter wherein the other stage is 
represented by flip-flop 263. These flip-flops were placed in 
an initial set condition by the high level pulse at the output of 
AND gate 261 which monitors the normally high level signal 
present at input terminal R and the ZAD high level signal ap 
plied at the terminal similarly labeled. 
As shown in FIG. 28 three AND gates 276, 277, and 278 

monitor various outputs of the stages of the counter to recog 
nize which portion of the Black White word is being 
processed. 
With both flip-flops in a set condition, flip-flop. 276 

generates a high level signal which is inverted by inverter 279, 
whose output provides one input to NAND gate 280. The 
other input to NAND gate 280 is from the output of AND gate 
277 via inverter 281 which will be a high level signal. This 
results in a high level signal at the output of NAND gate 280 
which enables its respective input to AND gate 282. The other 
input of AND gate 282 was enabled when the zero output of 
the black white flip-flop went to its high level condition. 
Therefore, a high level signal is generated by the output of 
AND gate 282 and is supplied as an input to another AND 
gate 284. This gate 284 has a second input connected to the 
output of OR gate 188 which monitors the output of AND 
gate 189 in particular and detects a high level signal coming 
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from that AND gate as a result of the completion of the carry 
step in the offset register indicated by high level signal at input 
terminal 32-J. Additionally, since the counter section of the 
increment counter has not received the increment value prior 
to the receipt of an end scan signal, the level condition at input 
terminal 30-D is also high. Therefore, AND gate 284 is 
completely enabled providing a high level signal at the output 
of OR gate 187 which goes to a low level coincidentally with 
thc trailing edge of the carry pulse applied at input terminal 
32-J. This falling edge activates multivibrator 191 generating 
a start black scan integrator signal which actuates multivibra 
tor 192 as previously described in the description of the 
processing of the black space of the Repeat word. This high 
level pulse at the output of multivibrator 191 enables AND 
gate 256 and resets flip-flop. 262 indicating that the first por 
tion of Black White word has been processed. This situation is 
detected by AND gate 277 which generates a high level signal 
indicative of this fact which is inverted by inverter 181 to pro 
vide a low level signal to one input of NAND gate 280. This 
results in a high level signal at its output enabling its respective 
input to AND gate 282 whose other output was already ena 
bled by the black white level signal. This results in a high level 
input to AND gate 284 which again relies on the output of OR 
gate 188 to enable it completely. The high level signal at the 
output of AND gate 271 will be referred to hereinafter as the 
count 0 1 signal and is also supplied to output terminal 
32-GG. 

This output terminal 32-GG corresponds to input terminal 
28-GG which provides the high level count 0 1 signal to the 
input of AND gate 268. Since the second portion of the Black 
White word is being utilized, a high level signal is generated at 
the output of inverter 267. The other input to AND gate 268 is 
the end scan signal applied at input terminal 28-HH. This 
input goes to a high level when the black space scan of the first 
portion of the Black White word has been completed and the 
trailing edge of the unblanking pulse triggers multivibrator 
210 in FIG. 28. Therefore, when the scan for the first portion 
of the Black White word is completed, a high level signal is 
generated by AND gate 268 to provide a high level signal at 
the output of NAND gate 155 setting flip-flop 156 to initiate 
the pulse generator 150. Contemporaneously with this step 
and coincidentally with the lead edge of the end scan signal 
passed by AND gate 257 in FIG. 28, inverter 271 provides a 
clock edge to set flip-flop. 270. In this set condition AND gate 
258 is enabled providing a high level signal at output terminal 
33-CC. 
As may be seen in FIG. 33, this high level signal is received 

at input terminal 28-CC and passed by enabled AND gate 
285. The output of AND gate 285 acts on NAND gates 286 to 
make available via inverters 149 bits 10, 11, 12, and 13 of the 
Black White word corresponding to the white space amount 
and white direction of the second portion of the Black White 
word. The accumulator section of the horizontal offset re 
gister represented by flip-flops 128 cooperate with the circuits 
157 and the half add and carry pulses at input terminals 32-D 
and 32-E to sum this white space with the accumulated 
horizontal offset as previously described. At the same time, 
when the carry signal is generated the input to AND gate 189 
in FIG. 28 associated with the input terminal 32-J goes to a 
high level and generates a high level signal at the output of OR 
gate 188 to enable AND gate 284 previously enabled by the 
count 0 1 signal. This high level signal is passed by OR gate 
187 and upon the trailing edge of the carry pulse actuates mul 
tivibrator 191 to initiate the black scan integrator amplifier 
166 thereby processing the black space for the second portion 
of the Black White word. 
When the count 0 1 signal enables AND gate 268 in FIG.32 

to provide a high level signal at output of NAND gate 155 in 
itiating the pulse generator 150, an output signal is generated 
at output terminal 28-T. This high level pulse serves to enable 
AND gate 291 in FIG. 28 providing a high level pulse at out 
put terminal 25-BB. 
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Referring to FIG. 25, this high level pulse is received at 

input terminal 28-BB and acts to strobe into sections 158 of 
this black space register the seven bits representing the black 
space in the second portion of the Black White word. The 
digital-to-analog converter 166 converts this digital informa 
tion into an analog signal which is amplified and supplied to 
output terminal 28-G. This analog signal in FIG. 28 provides 
an input to black space comparator 154 against which the in 
tegrated horizontal analog velocity signal is compared during 
the black space trace or scan. As was the case with the black 
space of the first portion of this Black White word, this signal 
is provided at output terminal 34-KK. 
As before, the high level of the output of multivibrator 191 

is passed by AND gate 256 to set flip-flop. 262 and reset flip 
flop 263 in the two stage binary counter. In doing this, a high 
level signal is generated at the output of AND gate 278 
referred to as the count 1 0 signal which indicates that the 
second portion of the Black White word has been processed. 
This count 1 0 signal is delivered to output terminal 32-JJ 
which corresponds to input terminal 28-JJ in FIG. 32. This 
signal cooperates with the high level signal at input terminal 
28-Y which is generated concurrently with the end increment 
signal and the high level black white level signal to generate a 
next word signal at the output of NAND gate 287 coupled to 
output terminal 28-S. As noted before, this next word pulse 
acts to set the request access flip-flop generating another 
request access signal to the computer. 
The next Black White word is then processed and the opera 

tion repeated until the entire portion F of the character as 
shown in FIG. 5 is completed. 

It might be noted that the second portion of the last Black 
White word utilized in generating portion F of the character is 
not used and as shown in the Table above is represented by all 
binary ones. In this case, AND gates 266 in FIG. 32 provide a 
high level signal to the input of NAND gate 288 which acts to 
generate the next word pulse at its output coincident with the 
trailing edge of the end increment scan signal received at input 
terminal 30-P. Additionally, the high level signal at the output 
of AND gates 266 is provided to output terminal 28-M which 
acts to inhibit the actuation of multivibrator 191 by the action 
of NAND gate 290. 

After the Repeat word necessary to generate portion N of 
the character in FIG. 5 has been processed and a request ac 
cess signal generated by the request access flip-flop 84, the 
EPC word is strobed into the PC input register of FIG. 27. This 
is decoded as an EPC word by the decoder of FIG. 28 which 
acts to reset the EPC flip-flop. The falling edge at the one out 
put of this flip-flop triggers multivibrator 293 which generates 
a low level signal to output terminal 10-F and to the input of 
inverter 294. The inverter provides a high level pulse to the 
output terminal which is connected to the computer and con 
stitutes an end PC interrupt signal, which terminates the 
photocompose mode. The low level signal applied to output 
terminal 10-Facts on the circuit of FIG. 10 and, more specifi 
cally, serves to reset the flip-flop 70 which remained in its set 
condition throughout the photocompose mode. 
Having described the operation of the graphical data 

processor of the present invention during the photocompose 
mode, the vector or graphic mode of operation will now be 
described. 
As enounced hereinabove, the graphical data processor of 

the present invention can process vector information as well 
as alphanumeric and halftone analog data. In processing vec 
tor information, the processor can operate in either of two 
manners: 1. generating vectors at a constant deflection 
velocity; and 2. generating vectors during a constant period of 
tline, 

The first method is referred to as the SSEP mode as noted 
before in connection with FIG. 3-H. This abbreviation stands 
for "start with stop at end point" and this mode actually does 
that. The beginning of a vector is defined by the horizontal 
and vertical addresses loaded into the respective registers 
shown in FIGS. 3 and 4, respectively. The vector's terminus is 
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defined by horizontal and vertical endpoints which are loaded 
into the respective registers shown in FIGS. 17 and 18, respec 
tively, by the LHER and LVER words shown in FIGS. 3-B and 
3-E. In this way, a horizontal and vertical coordinate are in 
dicated relative to the horizontal and vertical address. A 
horizontal and vertical deflection ramp waveform are 
generated until their magnitude compares to the analog signal 
corresponding to the desired coordinates or end points and 
the resultant vector represents the desired one. This vector 
would then extend from the initial address to the intersection 
of the end points. 

This operation will be described in more detail in connec 
tion with the circuit of FIG. 19. However, there are certain 
preconditioning operations that must precede the actual vec 
tor generation. - 

The first step is the loading of the horizontal and vertical ad 
dresses into the respective registers. This is achieved by an 
EOM-1 signal which generates a start signal used to gate into 
the horizontal and vertical address registers the thirteen most 
significant bits of the LHAR and LVAR words, respectively, 
in response to transfer signals provided at input terminals 
TS-1 and TS-2 associated with these registers. As shown in 
FIGS. 11 and 12, this digital information is provided as an 
analog signal at output terminals 19-D and 19-J, respectively. 
The second step is the loading into the respective registers 

shown in FIGS. 13 and 14 and 15 the desired horizontal and 
vertical velocities with which it is desired to trace the vectors 
in this mode. For the horizontal velocity, this is accomplished 
as discussed hereinabove in connection with the photocom 
pose mode of operation. The vertical velocity value is treated 
in a similar manner. Referring to FIGS. 14 and 15, a start and 
transfer signal applied at input terminal TS-4 cooperate to 
generate a strobe pulse at the output of AND gate 300 which 
enables AND gates 301 to pass the contents of the main input 
register corresponding to bits 12 through 24 via NOR gates 
122 into flip-flops 124. Since the 24th bit represents the sign 
of the vertical velocity, the signal level at output terminals 
19-P and 19-Q are indicative of this sign. If the flip-flop 124 
connected to these output terminals is set, then the sign bit 
was a binary one which indicates a direction from the bottom 
to the top of the raster or screen as it is viewed. Then, a high 
level signal is present at output terminal 19-P and a low level 
signal is present at output terminal 19-Q. The signal at the 
former is referred to as the VVS signal and the signal at the 
latter is referred to as the VVS not signal. Still referring to 
FIG. 15, three AND gates 302 monitor the one outputs of flip 
flops 124 making up the vertical velocity register. The signal 
level at output terminal 19-S is indicative of the presence or 
absence of a velocity value in the register. If this signal level is 
low, then there is a velocity value loaded into this register. 
This signal is referred to as the VEL not signal which is in 
verted by inverter 304 to provide a high level VEL signal at 
output terminal 19-R. The digital value of the velocity is con 
verted into an analog signal which is available at outputter 
minal 20-A in FIG. 15. 
The next step is to load in the power density register of FIG. 

22 the value of the desired intensity and focus of the electron 
beam in the cathode-ray tube during the vector generation 
step. This is accomplished by using the LPDP word which 
results in a transfer signal at input terminal TS-8 which 
cooperates with a start signal to enable AND gate 307 thereby 
enabling the clock input of flip-flops 308 making up this re 
gister. The set input of each of the flip-flops 308 is coupled to 
a register in the main input register corresponding to bits nine 
through 24. As will be recalled from the description of FIG. 
4-1, these bits are shared equally to describe a desired focus 
and intensity condition on the part of the electron beam. The 
one outputs of the flip-flops 308 are coupled to a digital-to 
analog converter 309 which generates two analog signals 
representing the focus and intensity of the beam. Amplifiers 
310 amplify these signals which are supplied to appropriate 
beam control electrodes in the cathode-ray tube. 
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The next step is the loading of the desired horizontal and 
vertical end points defining the terminus of the vector into the 
horizontal and vertical end registers shown in FIGS. 17 and 
18, respectively. In the case of the horizontal end point, this is 
accomplished by the LHER word which generates a transfer 
signal at input terminal TS-5 in F.G. 17 which cooperates with 
a start signal to enable AND gate 312 to provide a clock edge 
to the clock input of each of flip-flops 314 making up this re 
gister. The set input of each of these flip-flops is coupled to 
one of the flip-flops of the main input register corresponding 
to bits 12 through 24. The zero output of these flip-flops are 
coupled to a digital-to-analog converter 315 which generates 
an analog signal representative of the horizontal end point 
which is amplified by amplifier 316 and delivered to output 
terminal 19-M. 

In the case of the vertical end register of FIG. 18, a transfer 
signal is supplied to input terminal TS-6 in response to the 
LVER word. This transfer signal cooperates with a start signal 
to enable AND gate 317 which enables the clock input of flip 
'flops 318 making up this register. The set input of each of the 
flip-flops 318 is coupled to a flip-flop in the main input register 
corresponding to bits 12 through 24. The zero outputs of these 
flip-flops 318 are coupled to a digital-to-analog converter 319 
which generates an analog signal representative of the vertical 
end point. This analog signal is amplified by amplifier 320 and 
supplied to output terminal 19-N. 
The final step in the process of generating a vector at a con 

stant velocity is the transmission of the SSEP word to the main 
input register. This word generates a transfer signal at the out 
put of decoders 53 which is supplied to the input terminal 
TS-10 of the circuit of FIG. 19. A start signal is also generated 
which (in its inverted form) has its leading edge changing from 
a high potential to a low potential to generate a similar edge at 
the output of AND gate 331 which acts to set SSEP flip-flop 
332. With flip-flop 332 in a set condition and SSCZ flip-flop 
333 in its initial reset condition, the output of NAND gate 334 
is at a high level which is supplied as one input to NAND gate 
330. The other input to this NAND gate 330 is connected to 
the inverted start signal which is at a low level at this time. 
Consequently the output of NAND gate 330 goes to a high 
level condition thereby generating a start (SSEP) pulse at the 
output of a one shot multivibrator 335 after a predetermined 
delay. This pulse operates to set a horizontal latch 336 com 
prised of NAND gates 337 and 338 and a vertical latch 339 
composed of NAND gates 340 and 341. The outputs of the 
horizontal and vertical latches is monitored by NAND gate ar 
rangement 204 which in time coincidence with both the out 
puts of the latches generates a start/stop signal. This signal is 
applied to the input of AND gate 343 and AND gate 344 as 
well as to the input of AND gate 345. Additionally, the 
start/stop signal serves as an input directly to NAND gate 201 
and indirectly to NAND gate 200 via an inverter 205. The 
other input to AND gate 343 is applied from FIG. 13 via input 
terminal 13-E in the form of a HEL signal which is also ap 
plied at the input to AND gate 349. This HEL signal is also ap 
plied to NAND gate 338 in the horizontal latch 336. 

Similarly, a VEL signal is applied from FIG. 15 via input ter 
minal 15-R to serve as one input to AND gate 344 and as an 
input to AND gate 349. Additionally, this VEL signal is ap 
plied as an input to NAND gate 341 in the vertical latch 339. 
The HEL signal is from the horizontal velocity register and 

is at a high level when a horizontal velocity has been loaded 
into this register which in the SSEP mode is generally the case. 
Similarly, the VEL signal represents the presence of a stated 
vertical velocity in the vertical velocity register in FIG. 15 and 
is generally a high level signal in the SSEP mode. Therefore, 
with the HEL and VEL level inputs to AND gates 343 and 
344, respectively, enabled, the start/stop signal enables gates 
343 and 344. The outputs of these gates are coupled through 
inverters 351 and 352 respectively to one side of an analog 
switch generally designated by reference numerals 353 and 
354, respectively. The other side of the switch is appropriately 
connected directly to the output of AND gates 343 and 344, 
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respectively. In this manner, during the presence of HEL and 
VEL signals and a start/stop signal renders analog switches 
353 and 354 closed. 

In its now closed position, switch 353 connects via inputter 
minal 16-K a horizontal velocity signal from the digital-to 
analog converter 175 of FIG. 16 to an operational amplifier 
355 which integrates this analog velocity signal which is then 
applied via output terminal 34-C in conjunction with certain 
correction signals to the horizontal deflection system of the 
cathode-ray tube display unit. 
As shown in FIG. 19 the operational amplifier 355 is short 

circuited by another analog switch 356. The position of this 
switch, i.e., closed or open, is dictated by the output or condi 
tion of flip-flop 357. This will be discussed in more detail 
hereinafter. 
As was the case with switch 353 in its closed condition, 

switch 354 passes a vertical velocity signal from the digital-to 
analog converter 125 in FIG. 15 to an integrating operational 
amplifier 348 to the vertical deflection system in the cathode 
ray tube display unit via output terminal 34-D. It is noted that 
integrating operational amplifier 348 is short circuited by 
another analog switch 358 which is controlled by the condi 
tion of flip-flop 359. The effect of analog switches 356 and 
358 is to render inoperative in a closed condition the integrat 
ing effect of the operational integrating amplifiers 355 and 
348, respectively. 

Flip-flops 357 and 359 are initially in a set condition 
thereby short circuiting the integrating amplifiers 355 and 
348. This is the result of the common reset input via input ter 
minal R mark input to the flip-flops. A time delay circuit or 
one shot multivibrator 360 insures this initial condition once 
the common reset signal is generated. However, it is noted 
that the input to the reset side of these flip-flops is respectively 
from the output of AND gates 349 and 350 which in turn have 
one input connected to the HEL and VEL signal inputs atter 
minals 13-E and 15-R, respectively. Therefore, considering 
what has been described above during the SSEP mode, this 
input is enabled. The other inputs to AND gates 349 and 350 
are connected in common to OR gate 360 which passes a 
transfer signal in either the SSEP or SSCZ mode. Therefore, if 
either one of these modes is selected a pulse is passed by both 
AND gate 349 and 350 to the reset input of flip-flops 357 and 
359, respectively. In order for these flip-flops to be then 
placed in a reset condition, a clock signal must be received at 
the clock input. This input of both flip-flops is connected in 
common to start signal which is generated substantially simul 
taneously with the SSEP transfer signal from FIG. 10. This 
signal is the same signal which provides an input to AND gates 
eel and 330 but is inverted. This action therefore clocks flip 
flops 357 and 359 to their reset position placing a voltage 
across analog switches 356 and 358, respectively, which opens 
these switches permitting the integrating operational am 
plifiers 355 and 348 to operate on the analog signals passed by 
switches 353 and 354, respectively. 
The setting of flip-flops 357 and 359 occurs when the 

processing of the horizontal and vertical velocity analog 
signals has been completed. The completion of this processing 
is detected by a comparator circuit indicated by reference nu 
meral 361 in the case of the horizontal section and 362 in the 
case of the vertical section. Each of these comparator circuits 
compares the integrated velocity analog signal with an analog 
signal representative of the end point associated with the 
deflection being made in the horizontal and vertical direction. 

In the case of the horizontal section, the integrated horizon 
tal velocity signal is compared with an analog signal represen 
tative of the horizontal end point which is supplied from the . 
horizontal end register of FIG. 17 via input terminal 17-M. 
Similarly in the vertical section, the vertical velocity signal 
after its integration is compared by comparator circuit 362 
with the vertical end point analog signal supplied by the verti 
cal end register of FIG. 18 via input terminal 18-N. 
When the comparator circuit 361 detects a comparison, a 

low level signal is generated to the horizontal SSEP reset cir 
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cuit 363. The reset circuit 363 includes NAND gates 364,365, 
366, and 367. NAND gate 364 simply inverts the horizontal 
comparator signal emanating from the comparator 361 and 
provides one input to NAND gate 365. The uninverted 
horizontal compare signal is provided directly as an input to 
NAND gate 366 which also receives an input from the output 
of latch 336 as does NAND gates 365 and 367. Additionally, 
an HVS signal is supplied as an input to NAND gate 365 via 
input terminal 13-G and is supplied in inverted form as an 
input to NAND gate 366 via input terminal 13-H. 
For the character L the HVS signal is a low level providing a 

high level signal at the output of NAND gate 367. Therefore, 
when the low level signal from the comparator 361 is 
generated, the output of NAND gate 367 falls to a low level 
which effectively resets the latch so that its output is now a low 
level. This effect is localized in the output of the horizontal 
latch and does not affect the start/stop signal at the output of 
circuit 204 as long as the vertical latch remains in a set condi 
tion. 

However, when the vertical comparator 362 detects a com 
parison between the integrated vertical velocity signal and the 
vertical end point analog signal, a comparison signal is 
generated and supplied to the input of the vertical SSEP reset 
circuit 370 which operates in a manner very similar to that of 
the horizontal SSEP reset circuit 363. The only difference 
other than the fact that a vertical compare signal is being util 
ized is the input of a VVS signal via input terminal 15-P from 
the vertical velocity register in FIG. 15. 
When the vertical SSEP reset circuit is actuated to reset the 

vertical latch 339, the start/stop signal is terminated present 
ing a low level signal at the output of circuit 204. This effect 
disables AND gate 343 and AND gate 344 and provides an 
input to NAND gates 201 and 205. NAND gate 205 operates 
to invert the output of circuit 204 and provides an input to 
NAND gate 200. A black space signal from FIG. 28 is also 
supplied via input terminal 28-V as an input to both NAND 
gates 201 and 200. In the case of NAND gate 201, however, 
this black space signal is inverted. Also, NAND gate 201 
receives an input from the blanking bit flip-flop 206. This 
blanking bit flip-flop 206 determines by its condition whether 
the electron beam will be blanked or unblanked during the 
deflection period made possible by the action of integrating 
amplifiers 355 and 348. The condition of the blanking bit flip 
flop 206 is determined by the absence or presence of a blank 
ing bit in the SSEP word initially loaded into the main input re 
gister of FIG.9. 
As noted in connection with FIG.3-H hereinabove, the six 

teenth bit of the SSEP word is a binary one when a visible 
trace is desired or when the beam will be unblanked. Conver 
sely, this bit is a binary zero when the beam is not to be turned 
on or will be blanked. Assuming a visible trace is desired, flip 
flop. 206 remains in its initially reset condition providing a high 
level signal to its respective input to NAND gate 201. 
The black space signal at input terminal 28-V in the SSEP 

mode is normally a low level signal. Therefore, the inputs to 
NAND gate 201 are a high level black space signal (from ter 
minal 28-W), a low level start/stop signal, and a high level 
blanking bit signal from the blanking bit flip-flop 206. This 
produces at the output of NAND gate 201 a high level signal. 
The inputs to NAND gate 200 are a high level inverted 
stopfstart signal and a low level blanking bit signal to produce 
at the output of this NAND gate a high level signal. 

Prior to the generation of start/stop signals, the collective 
output of NAND gates 201 and 200 was a high level. This 
changed to a low level upon the generation of a high level 
start/stop signal resulting in a falling edge which actuates mul 
tivibrator 202. This multivibrator generates a high level pulse, 
the trailing edge of which actuates multivibrator 208 resulting 
in the application of a low level pulse of approximately 23 
microseconds to one input of NAND gate 203. The other out 
put of multivibrator 202 is a 1.5 microsecond low level pulse 
to one input of AND gate 207. NAND gate 203 generates a 
high level signal as long as the output of NAND gates 201 and 
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200 remain low. AND gate 207, therefore, generates a high 
level unblanking pulse during the high output of NAND gate 
203 with the exception of the 1.5 microsecond duration of the 
pulse from multivibrator 202. This unblanking pulse is sup 
plied to the appropriate beam controlling electrodes in the 
cathode-ray tube display device. 

In addition, the unblanking pulse is supplied as an input to 
an OR gate 371. The trailing edge of this unblanking pulse is 
passed by OR gate 202 to a time delay circuit 372 which 
generates a very short low level signal to the input of AND 
gate 331, which disables this AND gate providing a low level 
pulse at its output the leading edge of which resets the SSEP 
flip-flop 332. When this flip-flop returns to its initial reset con 
dition, a low level signal is generated at the output of NAND 
gate 334 providing a high level signal at the output of NAND 
gate 330 which serves as a next command interrupt signal. 
This signal is supplied via output terminal 23-T to the com 
puter interrupt circuit in FIG. 23 to generate an interrupt 
computer for next command signal which is relayed to the 
computer. 
When a series of vectors is desired in a manner wherein the 

beginning of one vector is at the terminus of the last generated 
vector, the integrating amplifiers 355 and 348 are not shorted 
by closing analog switches 356 and 358, respectively. In this 
manner, the last derived analog signal at the output of both 
these amplifiers will be maintained and augmented by the next 
vector signals generated. However, if it is desired to generate a 
plurality of vectors where each has a unique beginning point, 
then a RHVI word may be used to "reset horizontal-vertical 
integrators." This word provides a transfer signal at input ter 
minal TS-9 which enables the set input of flip-flops 357 and 
359 so that the next start signal to their clock inputs places 
them in a set condition thereby closing switches 356 and 358, 
respectively. This will result in the resetting of the integrators 
355 and 348. 

Also, it may be desirable to generate a series of horizontal 
vectors in a raster configuration. In order to facilitate this, the 
RHAV word may be used which acts via a transfer signal at 
input terminal TS-11 to reset on the horizontal integrator in 
FIG. 19 and to advance the vertical address register by one as 
shown in FIG. 12. 

Having described vector generation in the SSEP mode, the 
same operation will describe in the SSCZ mode. In preparing 
for this mode, the horizontal and vertical address registers are 
loaded just like in the SSEP mode. Since the velocity will vary 
from trace to trace due to unequal lengths, it is necessary to 
reload the power density register of FIG. 22 before each vec 
tor is generated. Similarly, the horizontal and vertical veloci 
ties will also have to be changed before each vector is traced. 
This too is necessitated by the constant time restriction on the 
generation of each vector. With these exceptions understood, 
the operation of the circuit of FIG. 19 in the SSCZ mode is 
substantially similar in its preliminary operative stages to the 
SSEP mode. 

In the SSCZ mode an SSCZ transfer signal is applied via 
input terminal TS-12 to the input at the set side of the SSCZ 
flip-flop 333 as well as to one input of OR gate 360. The action 
of the start signal on the enabled AND gate 331 acts to clock 
the SSCZ flip-flop 333 to a set condition from its initial reset 
condition. The SSEP flip-flop is initially in a reset condition so 
as to provide a high level signal the output of NAND gate 334. 
This effectively produces at the output of delay circuit or mul 
tivibrator 335 a low level pulse which acts to set the horizontal 
and vertical latches 336 and 339, respectively. 

in the SSEP mode these latches remain in a set condition 
until the integrated velocity signal compared favorably with 
the end point analog signal at which time the latch or latches 
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were reset. In the SSCZ mode, the resetting of the latches is 
accomplished by a signal at the output of NAND gate 373, 
which will be referred to as the SSCZ reset signal. The inputs 
to this NAND gate 373 come from the zero output of the 
SSEP flip-flop which is a high level signal in the SSCZ mode 
and a match line input at input terminal 26-T which is derived 
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from the match line counter and control circuit shown in FIG. 
26. Normally, the output of this match line is a low level signal 
which provides at the output of NAND gate 373 a high level 
signal which permits the latches 336 and 339 to operate effec 
tively under the control of the signal cmanating from delay cir 
cuit 335. 

Referring now to FIG. 26, the eight most significant bits of 
the SSCZ word are loaded into the match line counter com 
posed of eight flip-flops 375. Each bit from the main input re 
gister of FIG. 9 is strobed into a respective flip-flop's mark 
input via AND gate 376. The strobe pulse is supplied at input 
terminal 10-E in response to the start signal and a transfer 
signal corresponding to the SSCZ word generated by the 
decoder 53 of FIG. 10. This strobe pulse acts also to enable 
AND gate 377 thereby producing a clock edge at the output of 
OR gate 378 corresponding to the trailing edge of the strobe 
pulse. This sets flip-flop. 379 thereby enabling AND gate 380 
causing flip-flop 381 to be set by the trailing edge of the next 
pulse from oscillator 382. As flip-flop 381 is set, the high level 
signal at its one output acts to enable the internal AND gates 
at the set and reset inputs of flip-flop. 375 associated with the 
17th bit or least significant of those with which the match line 
counter is concerned. Also, this high level signal enables the 
level input to the clock section of the remaining flip-flops 375. 
The match line counter is so logically designed with flip 

flops .375 and AND gates. 384 so as to constitute a down 
counter wherein the oscillator pulses applied to the clock in 
puts of the flip-flops effect the decrementing. 
A zero condition in the counter is detected by AND gates 

385 and 386 to generate an enabling signal to the set input of 
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flip-flop 387. With its other set input coupled to the one out 
put of flip-flop 381, this flip-flop 387 is set on the oscillator 
pulse following the zero count condition. The setting of flip 
flop. 387 provides a match line signal at output terminal 19-T. 
The zero count condition signal from AND gates 385 and 

386 return flip-flop 381 to its initial reset condition thereby 
isolating flip-flops 375 in the counter from the influence of the 
oscillator pulses. The high level match line signal at input ter 
minal 26-T provides a low level signal at the output of NAND 
gate 373 which effectively resets both horizontal and vertical 
latches 336 and 339, respectively. This resetting of the latches 
simultaneously in the case of the SSCZ mode terminates a 
high level signal from the start/stop circuitry 204 thereby ter 
minating the unblanking pulse at the output of AND gate 207. 
Additionally, this unblanking pulse is relayed to OR gate 371 
as it was in the SSEP mode so as to generate at the output of 
NAND gate 330 a next command interrupt signal at output 
terminal 23-T. . 

Another possible mode, called the dot mode, makes it possi 
ble to display of a typical raster configuration of a group of 
dots for the purpose, as example, of displaying facsimile infor 
mation. An SSEP word commences the operation in a manner 
earlier described in connection with the SSEP mode of opera 
tion. In the dot mode in contrast to the SSEP mode, the verti 
cal and horizontal velocities are zero. This means that the 
HEL and VEL signals are zero. With the setting of the SSEP 
flip-flop, a short low level pulse is generated at the output of 
the one shot multivibrator or delay circuit 335 which in the 
SSEP mode would act to set the horizontal and vertical latches 
336 and 339, respectively. However, since one of the original 
conditions for the setting of these latches was the presence of 
a HEL and VEL signal, respectively, this pulse is merely 
passed by both latches as a high level pulse which generates an 
equal duration high level start/stop signal at the output of cir 
cuit 204. Due to the nonexistence of horizontal and vertical 
velocity values, gates 343 and 344 remain disabled during the 
generation of the start/stop pulse. However, the blanking cir 
cuit, especially multivibrator 208 responds to the start/stop 
signal to generate a short duration pulse (lt microseconds) at 
the output of AND gate 207 which renders a visible dot at the 
display area of the cathode-ray tube. This unblanking signal is 
utilized as was in the case of the SSEP mode of operation to 
energize time delay circuit 372 effecting a resetting of the 
SSEP flip-flop. - 
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Since the horizontal and vertical velocity values are zero, 

the HEL not and VEL not signals which are supplied as inputs 
to AND gate 373 enable this AND gate during the set condi 
tion of the SSEP flip-flop so as to generate an advance 
horizontal address register signal at output terminal 11-Z 
which is supplied to FIG. 11. This signal advances the horizon 
tal address one raster point so as to permit next dot to be dis 
played if desired. With the programing of the power density 
register, a succession or complete raster of intensity modu 
lated dots may be displayed to reproduce graphic halftone 
data. 
To summarize, the present invention makes possible the ef 

ficient and fast processing of all forms of graphical data. 
In the photocompose modes, black spaces or traces may be 

generated utilizing a deflection signal which is generated mu 
tually inclusive with the generation of a black space or un 
blanking signal. This technique obviates generating a 

- complete raster for each character to be displayed. 
It should be understood that although this style of letter is 

used in this description, other styles are equally possible with 
the present invention. Moreover, the photocompose mode of 
operation is not limited to alphanumeric symbols. Other sym 
bols such as geometric figures, straight lines, and other ran 
dom symbols of any configuration are also possible. Of course, 
such symbols must be coded using the photocompose com 
mands or words in the proper sequence before the processor 
can process this graphical data. - 
The frequency of the oscillator in FIG. 26 is not a critical 

factor in the operation of the present invention. However, a 
frequency of approximately 300 megacycles has been success 
fully used. - 
While the invention has been described with reference to a 

preferred embodiment, it will be understood by those skilled 
in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing 
from the true spirit and scope of the invention. In addition, 
many modifications may be made to adapt a particular situa 
tion or material to the teachings of the invention without de 
parting from its essential teachings. 
What claim is: 
1. A system for displaying symbol composed of parallel, 

closely spaced, constant length linear traces including: 
a. cathode-ray tube means responsive to deflection signals 
and black space signals and including an electron beam 
and display screen for generating visible traces; 

b. storage means for storing a binary data word, said data 
word including a plurality of code sections including at 
least one binary bit, a first section of said data word 
representing the length of one of said traces, a second 
section of said data word representing the number of 
traces necessary to constitute said symbol; 

c. first control circuit means responsive to said first code 
section for generating a black space signal representative 
of the length of said traces and a deflection signal of a 
magnitude to deflect said electron beam across said 
screen a distance proportional to said length of said 
traces; . 

d. second control circuit means coupled to said first control 
circuit and responsive to said second code section for in 
itiating said first control circuit operation once for each 
desired trace indicated by said second code section; and, 

e. means for coupling said black space and deflection 
signals to said display means. 

2. A system as defined in claim 1 including means for incre 
menting the starting point of each successive ones of said 
traces by a predetermined amount in a direction substantially 
perpendicular to the long dimension of said traces. 

3. A system for generating vectors in the form of visible 
traces comprising: 
a cathode-ray tube display means including a deflection 

system, a beam control system, and a display screen; . 
b. a horizontal velocity register adapted to receive binary 

data representing a predetermined horizontal velocity 
value and to provide an analog horizontal velocity output 
signal corresponding to said horizontal velocity value; 
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c. a vertical velocity register adapted to receive binary data 

representing a predetermined vertical velocity value and 
to provide an analog vertical velocity output signal cor 
responding to said velocity value; 
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3. integrator means responsive to said start signal and said 
third group for integrating signals corresponding to said 
horizontal and vertical velocity to produce deflection signals; 

d. horizontal end point register adapted to receive binary 5 4. comparator means responsive to said second group and 
data representing a predetermined horizontal point on the condition when the generated trace of said vector 
said screen and to provide an analog horizontal end point reaches said terminal point for terminating said start signal at its output; signal; - 

c. vertical end point register adapted to receive binary data f first means for coupling said black space and start signals 
representing a predetermined vertical point on said 10 as they are generated to said beam control system; 
screen and to provide an analog vertical end point signal 
at its output; 

f. horizontal switch means for generating a first start signal 
in response to an initiate signal; 

g. vertical switch means for generating a second start signal 
in response to an initiate signal; 

h. integrator means responsive to said first and second start 
signals for integrating said analog horizontal and analog 
vertical output signals, respectively, resulting in horizon 

b. unblanking control means responsive to either a black 
space signal or a start signal for generating an unblanking 

g. second means for coupling said deflection signals as they 
are generated to said deflection system. 

5. A system for displaying a symbol composed of parallel, 
closely spaced parallel traces of constant length, some of 

15 which are preceded by a predetermined amount of white 
space, comprising: 

a. cathode-ray tube display means including an electron 
beam, a deflection system, a beam control system for 
generating visible traces in response to black space and 

- - 20 deflection signals; 
tal deflection and vertical deflection signals, respectively; b. storage means for storing at least one binary data word, 

i. horizontal comparator means responsive to said analog said word including a first section representing a 
horizontal end point signal and said horizontal deflection predetermined amount of said white space, a second sec 
signal for generating a. horizontal compare signal when tion representing said constant length, a third section 
said horizontal end point and said horizontal deflections representing the number of traces necessary to constitute signals are substantially equal in magnitude; said symbol; 

j. vertical comparator means responsive to said analog verti- c. offset register means adapted to receive said first section 
cal end point signal and said vertical deflection signal for for generating a deflection signal corresponding to said 
generating a vertical compare signal when said vertical white space; 
endpoint and said vertical deflection signals are substan- 30 d. control means for generating a black space signal and 
tially equal in magnitude; deflection signal corresponding to said second section; 

k. means for terminating said first and second start signals in e. end scan means for generating an end scan signal at the 
response to said horizontal and vertical compare signals, termination of said black space signal; 
respectively; f. repeat down counter means adapted to receive said third 

l. unblank control means responsive to the duration of 35 section for generating a repeat pulse each time said re 
either said first or second start signals for generating al peat down counter means is decremented, 
unblanking signal; and, g. means coupling said end scan signal to said repeat down 

m. means for coupling said deflection signals to said deflec- counter means for decrementing the contents thereof by tion system and said unblanking signal to said beam con- one; 
trol system. 40 h. means coupling said repeat pulse to said offset register 

4. A system for processing and displaying graphical data means for accumulating said white space in said offset re 
comprising: gister means each time a trace is generated; 

a. cathode-ray tube display means including an electron i. means for coupling said deflection signals as they occur to 
beam, a deflection system, and a beam control system for said deflection system, and, 
generating visible traces on the display screen thereof, 45 j. means for coupling said black space signals to said beam 

control system. 
6. A system as defined in claim 5 further including incre signal coextensive in time with the black space or start signals; 

. c. storage means for storing at least one sequence of binary 
data words corresponding to a particular symbol to be 
displayed, said symbol being composed of a plurality of 
visible, substantially parallel linear traces in its displayed 
form on said screen; 

d. photocompose means responsive to said data words for 
generating deflection signals and black space signals, said 
black space signals being generated substantially mu 
tually inclusive with said deflection signals; 

e.vector control means for generating a visible linear trace 

ment means responsive to said end scan signal for increment 
ing the vertical position of one of said traces from the vertical 
position of said last generated trace. 

7. A symbol generator for displaying on the screen of a 
cathode-ray tube one of a plurality of symbols, said symbol 
being defined by a predetermined number of continuous visi 
ble linear traces substantially parallel to each other, some of 
said traces being adjacent to each other and of a uniform length, comprising: 

a. storage means for storing a sequence of binary data words 
corresponding to said one symbol, said sequence consist 
ing of a number of data words which is less than the 
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on said display screen corresponding to a vector, said vec- 60 number of traces comprising said one symbol; 
tor being defined by an initial point and a terminal point b. cathode-ray tube display means responsive to deflection 
on said display screen, including and black space signals for generating deflection fields 
1. storage means for storing a sequence of binary code within said display means and for unblanking the electron 
groups, a first group of which represents said initial beam; w 
point, a second group of said groups representing said 65 graphical data processor means responsive to said data 
terminal point, a third group of said groups represent- words for generating deflection signals and black signals 
ing the horizontal and vertical velocity at which said unique for said one character, said black space signals 
beam will be scanned during the display of said vector being generated substantially mutually inclusive with said 
on said display screen, a fourth group of said groups deflection signals; and, - - - 
representing the type of display to be generated; 70, d. means for coupling said deflection signals and said black 

2. decode means responsive to said fourth group for space signals to said cathode-ray tube display means. . 
generating a start signal; 
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