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dance with coordinates of initial starting points of out-
lines of the character and variational parameters defin-
ing changes in those outlines such as slope and curva-
ture. All characters of all formats are encoded for a
maximum point size display. Vertical scaling factors
permit character generation at any desired point size
display. Horizontal scaling factors are employed both
for transforming computations based on the encoded
parameters for the normalized quad to a desired point
size of display and also to adapt cyclic computations to
the stroking density of a display CRT.
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CHARACTER GENERATING METHOD AND
SYSTEM

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

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based wupon original Pat No.
4,029,947, issued June 14, 1977, upon application Ser. No.
359,591 filed May 11, 1973, and relates a co-pending
application entitled “CHARACTER GENERATING
METHOD AND SYSTEM’; Ser. No. 359,590, filed May
11, 1973 in the name of Robert L. Caswell.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to character generating
systems and, more particularly, to a digital such system
having a minimum data storage requirement and
wherein character display controls are derived by com-

putations on a few stored parameters by which each

character 1s encoded.

2. State of the Prior Art

Character generators have numerous applications, a
common commerical one being phototypesetters. Early
such devices were primarily optical and used masks
formed in the character configurations. CRT displays
were developed wherein the patterns may be defined
either optically or from digitally derived signals. As one
example, a flying spot scanner is optically coupled to a
matrix of character representations to derive the digital
signals for the pattern in U.S. Pat. No. 3,324,346.

Other CRT systems have employed marks which are
scanned for a similar purpose, as in U.S. Pat. Nos.
2,275,017 and 2,379,880.

One brute force method of character encoding is to
identify each element or dot of a matrix of dots which
correspond to the character segments when a character
is superimposed on the matrix. A dot-type generating
system is described 1n U.S. Pat. No. 3,165,145. A severe
disadvantage of this approach is the excessively large
amount of storage required for even moderate to poor
quality reproduction.

Another form- of coding developed in the prior art
generally involves the breaking down of a character’s
area into narrow strips and quantizing and storing the
starting coordinates and length of each strip. Such a
technique 1s disclosed in U.S. Pat. No. 3,305,841. An
improvement in that technique is set forth in U.S. Pat.
No. 3,471,848 wherein an incremental form of encoding
the terminal points of successive strips 1s employed.
This generally serves to reduce the required memory
for the encoded character data.

An alternative approach in the more recent prior art is g

set forth in U.S. Pat. No. 3,422,419 in which a set of
characters is analyzed to define a plurality of patterns

which are common to one or more characters and are of
substantially rectangular configuration, comprising a

d
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restrictions on the font styles and result in some distor-
tion of the generated characters.

SUMMARY OF THE INVENTION

[ In accordance with the present invention, all char-
acters of all fonts to be stored in memory are encoded in
relation to a normalized quad. The quad in general
corresponds to the maximum point size character to be
displayed.]

I Each character is analyzed in relation to the coordi-
nates of the quad and specifically as to outline pairs
which contain therebetween a segment of the character
and thus define the boundaries of such a segment. Each
character thus is defined by one or more of these outline
pairs. The encoded information as to the parameters of
each character includes the Y coordinates of the start-
ing point or points of each such outline pair and the
slope and curvature (variable directional parameters) of
each such outline. In the quad, the X coordinate spac-
ing, or bit positions, along the X coordinate are defined
as unity value. Hence, all slopes are defined by incre-
mental changes in the Y coordinate of the outline for
successive X coordinate positions. Curvatures are then
encoded for certain predetermined radii of curvature
which are matched to the character outlines. Each such
curvature determines a succession of incrementally
changing slopes. Moreover, the rate of incrementing of
the slopes is varied. Hence, a given curvature defines a
succession of incremental slope changes each of varying
duration, and the slope increments in turn determine
successions of incremental changes in the Y coordinate
positions. }

[ Generation of a character from this encoded and
stored parameter information is performed i1n accor-
dance with successive computation cycles correspond-
ing to successive X coordinate positions. Sequencing
through successive computation cycles is a time func-
tion dependent on the number of computations which
must be performed which, in turn, depends upon the
number of outlines to be processed. ]

[ Character display finally is performed as a function
of blanking and unblanking a scanning beam as it is
directed through successive horizontally displaced ver-
tical strokes. Each outline pair causes the scanning
beam to be unblanked and scanned through the vertical
displacement of the outline pair. As before noted, hori-

zontal scaling factors provide for correlating the strok-
ing function at any desired stroke density with the com-

puted Y coordinate transition values generated in suc-
cessive computation cycles as a function both of stroke
density and the required point size of the display.]}

In accordance with the present invention, there is dis-
closed a character generator and a method for generating
characters in accordance with encoded data capable of
being stored in a memory and representative of points on at
least one outline of a character, the outline points being
defined in terms of first and second coordinates. In particu-
lar, there is included date in the form of a set of instruc-
tions defining for each value of the second coordinate, a
value of the first coordinate corresponding to its point on
the outline and at least one value indicative of the extent
relative to the second coordinate for which the set of in-
struction defines points on its character outline. There is

further included means for generating the character and in

plurality of line segments of controlled length. Each 65 particular for computing a first coordinate value corre-

character i1s encoded as comprising a combination of
selected one of these common patterns. Such a system,
while reducing storage requirements, can pose great

sponding to point on the outline for each successive coordi-
nate value in accordance with the encoded set of instruc-
tions for the character outline. A display device rllustra-
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tively in the form of a cathode ray tube, displays the char-
acter by forming a plurality of scan paths or strokes spaced
Jrom each other in accordance with a given scan density,
and further including a device for controlling the scanning
of the scan paths between a display state producing a dis-
play and a blank state for producing no display. In particu-
lar, the scanning control device switches from one state to
the other when the scan path in the first coordinate direc-
tion crosses the correlated and computed first coordinate
values of the character outline.

In a further aspect of this invention, there is included a
device for correlating the size of the normalized character
as encoded by the first and second coordinates to the size as
displayed by said display device, by a first (or vertical) and
a second (or horizontal) scaling factor. In particular, the
Jirst (or vertical scaling factor) is used to correlate the first
coordinate value to determine when the scanning control
device switches from one to the other of the display and
blank states. The dimension of the displayed character in
the second coordinate direction is determined by the scan
line density and the second or horizontal scaling factor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s an illustration on a greatly enlarged scale of
a 72 point Serif display for unity horizontal and vertical
scale factors (HSF=VSF=1) produced from encoded
Iinstructions in accordance with the invention.

FIG. 21s an illustration of the Serif as in FIG. 1 0on an
even larger scale, generated from the same encoded
instructions but displayed at 4 points with VSF =18 and
HSF =25.774, the insert illustrating the actual display
on the same scale enlargement as in FIG. 1.

FIG. 3A illustrates a character generated by the in-
structions of the table of FIG. 3B, relative to a normal-
1zed quad, and FIG. 3C illustrates the outlines of the
same character of FIG. 3A as numbered in the instruc-
tions of FIG. 3B.

FIG. 4 15 a table of instructions illustrating their for-
mats.

FIG. § 1s a simplified quad for illustrating character
encoding.

FI1G. 6 1s a simplified plot of codable slopes.

FIG. 7 1s a table of values for the slopes of FIG. 6.

FI1G. 8 1s a simplified quad having a simple character
configuration thereon for explaining slope encoding.

F1(. 9 is a table of instructions for the character and
quad of FIG. 8.

FIG. 10 is a table of computed Y coordinate values
for successive X coordinate positions, computed for the
instructions of FIG. 9.

FIG. 11 is a plot of the character generated from the
encoded instructions of FIG. 9.

FIG. 12 1s a block diagram of a ROM for storing
values of incremental changes of the Y coordinate value
for corresponding slope values.

FIG. 13A and 13B illustrate the bit pattern of the
ROM of FIG. 12 to the bases 2 and 10, respectively:
F1G. 13C is a truth table relating the representative
slope values of FIG. 6 to binary values and the bit posi-
tions thereof utilized as the addressing bits for the ROM

of FIG. 12.
FI1G. 14 1s a simplified block diagram of a mechaniza-

tion for the Y update function in slope computations.

FI1G. 15 1s a simplified plot of curvatures.

FIG. 16 1s a table relating the curvatures of FIG. 15
to binary form and the corresponding radii.

FIG. 17 is a plot of succession of slopes approximat-
Ing a circular curve of an arbitrary radius of curvature.
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FI1G. 18 1s a comparison plot of a succession of slopes
generated for equal X coordinate intervals and a curve
to be approximated and encoded.

FIG. 19 1s a simplified table, for a given curvature
value k, of the corresponding stored succession of slope
values M and respectively predetermined numbers Sy
of Y coordinate change computations to be made for
each slope value, as utilized for closely approximating
an arc of a circular curve.

FIG. 20 1s a comparison plot of an outline generated
in accordance with the curvature table of FIG. 19 and
the arc to be approximated.

FIG. 21 1s a table illustrating Y coordinate update
values computed in accordance with the table of FIG.
19.

FIG. 22 1s a comparison plot of outline produced
from the values of the table of FIG. 21 and the arc
approximated thereby.

FIG. 23 1s a simplified design of a ROM utilized to
implement the function of M updating in accordance
with the table of FIG. 19.

FIG. 24 i1s a table of the bit pattern of the ROM of
FIG. 23.

FIG. 25 1s a table illustrating the generation of differ-
ence curvatures from a single ROM as in FIG.’s 23 and
24 programmed for a base radius of r,=32 for k=6.

FI1G. 26 1s a simplified block diagram of a mechaniza-
tion for implementing the M update function in accor-
dance with FIG.’s 19-285.

F1G. 27 1s a basic block diagram of an actual embodi-
ment of a character generator in accordance with the
invention.

FIG. 27A is a logic flow diagram explaining the basic
functions performed in the basic system block diagram
of FIG. 27.

FIG. 28 is a detailed block diagram of the computa-
tion and storage unit of the block diagram of FIG. 27.

FIG. 29 is a detailed block diagram of the Y unit
shown in FIG. 28.

FIG. 29A 1s a flow chart for the Y computation func-
tion of the Y unit of FIG. 29,

F1G. 29B s a plot illustrating curve generation in
relation to incrementally updated values of M and Y.

FIG. 29C 1s a summary of the curve plot of FIG. 29B
indicating the relationship of curvature polarity and
slope increments and the relationship of slope polarity
and Y coordinate increments.

FIG. 30 is a detailed block diagram of the M unit of
FiG. 28.

FI1G. 30A is a flow chart for the functions of the Y
unit of FIG. 30.

FIG. 31 is a detailed block diagram of the K unit of
FIG. 28. |

FIG. 31A 1s a table of values for the K decode logic
of FIG. 31.

FI1G. 31B 1s a table of values stored in the Sy PROM
of FIG. 31.

FIG. 31C is a logic truth table for the MK decode
logic block of FIG. 31.

FIG. 32 is a detailed block diagram of the S UNIT of
FIG. 28.

FIG. 33 is a detailed block diagram of the Scaling,
Stroking, and Video Control Unit of FIG. 29.

FIG. 34 is a detailed block diagram of the horizontal

scaling unit of the Scaling, Stroking, and Video Control
Unit of FIG. 33.

FIG. 3§ is a detailed block diagram of the Central
Processing Unit of FIG. 27.
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FIG. 36 1s a detailed block diagram of the Process

State Unit of FIG. 35.

F1G. 37 1s a flow chart illustrating the sequence of
states of the system; and

FI1G. 38 1s a detailed block diagram of the Outline
Sequence Unit of FIG. 38.

DETAILED DESCRIPTION OF INVENTION
General Discussion

Each character capable of being displayed typically is
one of a plurality of characters of a set, generally desig-
nated a font or font style. It will be appreciated that
each such font style must be available for display at any

10

of a wide range of sizes. The typical terminology in

typography relates character sizes to points as the basic
typographic unit, one point being approximately 1/72
of an inch. Thus, a 9-point character is defined within a
quad of 9x1/72 inch=4} inch. Correspondingly, a 72-
point character has a quad of 1 inch.

In the present invention, each character is encoded
for storage in accordance with a normalized quad com-
mon to all characters of all fonts. That quad arbitrarily
Is assigned a coordinate system of 1,024 cootrdinate or
bit positions in the X direction and 1,024 coordinate or
bit positions in the Y direction.

As detailed hereafter, the present invention requires a

minimum of storage or memory for the encoded charac-
ter data. Particularly, each character is encoded as to
certain parameters related to the outlines of each por-
tion of the character in relation to the normalized quad.
The outlines thus are related in pairs and in essence are
the boundaries of the solid area, or segments, of each
character. Whereas a normalized quad is postulated as
the basis for encoding of characters, in fact, the subject
system is not mherently restricted to a predetermined
quad configuration in the sense of the typically square
quad of typography. Instead, the horizontal dimension
or width of the quad effectively is variable in accor-
dance with the width of a character.

The encoded and stored parameters for each charac-
ter include the Y coordinates for the initial, or starting
point, of each outline and slopes and curvatures of those
outhnes. In relation to the quad, each bit position in the
X coordinate of the quad encompassing the character is
considered as a unit spacing, and a computation is per-
formed in relation to the stored parameters for each
such successive X bit position of the quad encompassing
the character, i.e., each computation cycle, to compute
the Y coordinates at that bit position of each outline.

The display of each character is performed on a cath-
ode ray tube (CRT) display screen of high resolution,
both as to the quality of the luminescent screen and as to
the control sensitivity of the scanning electron beam. As
the scanning beam is displaced through a vertical
stroke, the computed Y coordinates of the successive
outlines of each pair cause the beam to be alternately
unblanked and blanked, “filling-in” that vertical portion
of the character segment between the outline pair. The
character generator of the invention is adaptable to any
desired scan density of the display CRT. For example,
the display CRT may have a total display line width of
11 1nches. A fixed increment of the successive displace-
ment of vertical scans across the preset maximum
width, as well, is established and, as an example, may
comprise 214 positions, or bit positions, for a total of
16,384 bit positions, across the 11 inch width or, more
precisely 1,488 bits per inch. Typically, the scan density
or resolution is adjustable and may be selected at the
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maximum of 1/1488 inch or at 1/744 inch (i.e., one scan
or stroke for each bit position or every other bit posi-
tion). In high quality display CRT’s of the type contem-
plated to be employed with the present character gener-
ator, the spot size of the scanning CRT beam is very
precisely controlled. In the present example, a spot size
of 0.0015 inches may be employed. With these specifica-
tions, overlap of strokes may be achieved with a scan
denstity, 1.e. stroke displacement, of 1/744 inch.

A significant point to appreciate is that in the present
invention, the bit positions, or the divisions of the quad
are independent of the scan raster, and thus as well is
the encoding of the characters, although obviously the
two must be correlated to achieve the display function.
Specifically, the characters are encoded for a maximum
point size of display within the normalized quad. Hori-
zontal and vertical scaling factors then are introduced
for transforming the computed coordinate data for con-
trol of the scanning CRT beam, in accordance with the
desired point size of the display. Thus, a single set of
encoded character data for any given font suffices for
display of all characters of that font in any desired point
size within the full range of available point sizes.

A minicomputer recieves the input data designating
the font style and size for the display, as well as the
particular data to be displayed, and provides for posi-
tioning the scanning beam at the appropriate line and
character spacing positions desired.

The number of displayed lines of characters displaced
on the CRT also may be selected in view of the font size
being displayed, under control of the computer.

In one application of the invention, the CRT display
1s used to expose a photoresponsive medium which then
is incrementally advanced past the CRT display of each
line of characters. The ability to display plural lines of
characters before advance of the photoresponsive
image receiving medium to a position of receiving a
subsequent plurality of displayed lines of characters
permits higher speed operations. In this regard, it will
be appreciated that the deflection of the scanning beam
through successive, vertically displaced character dis-
play lines is a far more rapid and easily performed func-
tion that incrementally advancing the medium for each
display line.

To summarize thus far, every character of each font
Is encoded in relation to a normalized quad and the data
necessary to reconstruct a character includes initial
coordinates of the character within the quad, i.e., the
starting position of the character outlines, and varia-
tional parameters such as direction and curvatures of
lines and curves comprising the outline. Generation of a
character outline proceeds concurrently with display of
the character in accordance with computations per-
formed in time sequence with the stroking intervals of
the CRT display beam. As noted, however, there is not
any necessary one-to-one correspondence between the
computation intervals and the stroking intervals; fur-
thermore, although the same number of computations
for defining the character outline are performed regard-
less of the point size of the character desired to be gen-
erated, the Y coordinates which are output for control
of the unblanking of the scanning beam are generated in
relation to the horizontal scaling factor which relates
the number of computation cycles to the desired point
size and stroke density of the CRT beam.

Scaling: Computations and Actual Displays



Re. 30,679

7

As an example, In a system having a maximum 72-
point size display, implying further that all characters
are coded for that size, and assuming a normalized quad
of 219bit positions (1,024 bit position), the scale factors
are computed as follows:

Eq. (1)

Hornzontal Scale Factor (HSF) | _

72 % 1024
Point size Stroke Density
Vertical Scale Factor (VSF) _

72
[ Point size ] X [Ramp Rate]

(It will be appreciated that fractional values may result
from the above calculations. These may be expressed as
binary number equivalents used and in fact are so devel-
oped for processing by the system).

The actual number of strokes per character is related
to the computation cycles by the following expression:

Eq. (2)

Strokes per character = Eq. (3)

| + Total Number of computation cycles) — 1

ASF
Where the integral number of strokes is obtained
by dropping the fractional part of the resulis.

To aid in visualizing the foregoing, refer to FIG. 1
which illustrates the display of a 72-point Serif, on a
greatly enlarged scale (refer to FIG. 3A), as produced
by a scanning CRT having a stroke density of 1,024
strokes per inch. Note that FIG. 1 for illustrative pur-
poses assumes a stroke density of an equal number of
strokes per inch as the number of bit positions in the
normalized quad. Further, the illustration is for a maxi-
mum 72-point size character display, thus relating the
computation of outlines on a one-to-one basis to the
imtial encoding of the character. From Equations (1)
and (2) above, HSF=VSF=1. It also follows from
Equation (3) that the number of strokes per character
equals the number of computation cycles.

In FIG. 1, the initial coordinates are X=200 and
Y =750 as to the lower outline, and X =200 Y =800 as
to the upper outline. Given this initial information, the
CRT beam may proceed immediately to scan the first
line at the X =200 position with the beam initially being
blanked, then unblanked at Y=750 and then again
blanked at Y=2800. The vertical location of the beam
during the stroke is determined by counting pulses of an
8 MHz clock which, by Equation (2) for a given ramp
rate, thus identifies the actual physical position of the
beam.

During a given stroke, the system computes the char-
acter outline positions for the succeeding stroke. Since
HSF =1 in FIG. 1, a computation is performed for each
successive horizontal bit position and a stroke, as well,
1s performed for each bit position. As described in detal
below, the encoding of the character as in FIG. 1 would
tdentify the Serif as having no change in the upper and

lower outlines, from computational cycle 200 at which
1t initiates through cycle 250. Thus, the identical blank-

ing and unblanking of the beam proceeds for the time
duration of 50 computation cycles. At cycle 250, how-
ever, a change occurs in the lower outline, comprising
a downward curvature continuing in more or less regu-
lar fashion through computation cycle 300. As sug-
gested in FIG. 1, the curve is approximated by a succes-
sion of incremental steps and thus the Y coordinate for
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the lower outline decreases in successive steps for pre-
determined numbers of the computation cycles along
the X axis. For example, a first change in the lower Y
coordinate exists from computation cycle 256 through
260 (5 cycles), a further change is produced from cycle
261 through 264 (4 cycles) and so forth.

FIG. 2 now illustrates the more typical situation in
which the stroke density does not correspond on a one-
to-one basis with the bit positions of the normalized
quad and, instead, a stroke density of 744 points per inch
15 illustrated. In addition, a 4-point Serif is illustrated
which thus is 1/18th the size of the 72-point Serif of
FIG. 1. From equation (2), VSF=18 as illustrated in
FIG. 2. The Serif is shown in FIG. 2 to be of the same
size as in FIG. 1, since it is encoded on the basis of the
normalized quad. However, whereas FIG. 1 illustrates
the Serif at 62.5 times the actual display size of a 72-
point character, for comparison, the display size of the
4-point Serif of FIG. 2 is suggested in the insert on FIG.
2. An appreciation of the scaling difference also will be
derived by comparison of the CRT spot of 0.0015
inches in diameter as illustrated in FIG. 1 and that same
spot in FIG. 2 for the 4-point Serif.

The beam location during each vertical stroke is still
identified by the 8 MHz clock but instead of each clock
pulse being counted as 1 as in FIG. 1, each clock pulse
now causes a count increase of 18 in the counter. The
ramp rate of the scanning beam, therefore, can remain
constant.

From equation (1), HSF=24.774 as also illustrated in
FIG. 2. This implies that one vertical stroke is per-
formed for each 24.744 computation cycles. To imple-
ment this, a whole number or integer number of compu-
tation cycles must be related to a single stroke and thus
special circuit 18 provided as hereinafter disclosed to
vary the integer number of computation cycles for suc-
cessive strokes whereby an average value of
HSF =24.774 is achieved.

Referring again to the insert in FIG. 2, it now will be
seen that five strokes numbered from 10 to 14 are per-
formed by the CRT to display the Serif portion of the
iliustrated character. FIG. 2 also shows in dotted line
format the traces of the spot, the dark or heavy lines in
FIG. 2 illustrating the computation cycle at which the
actual strokes are performed. It will, of course, be ap-
preciated that the resolution of the character is substan-
tially descreased, consistent nevertheless with a high, or
graphic arts, quality of the displayed character in view
of its much reduced size. It also will be appreciated that
once a stroke begins, the system proceeds to compute
the character outlines, and hence the blanking and un-
blanking positions of the scanning beam, for the next
stroke, and that multiple computation cycles are re-
quired.

Encoding of Character Data

In this section, there is considered in more detail the
basic techniques of character encoding. In FIG. 3A is
shown in large block “J” with a related table in FIG. 3B
comprising the instructions for generating that charac-
ter. The same character is shown in FIG. 3C to illus-
trate the outlines of the character. For correlation, FIG.
3A includes a bracketed region corresponding to the
Serifs of FIGS. 1 and 2. The letter is seen to occupy 500
computational cycles with an initial X,Y coordinate of
0,400. As seen in FIG. 3A, the character is to be com-
pletely filled in by the CRT strokes and thus outline
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pairs are identified in FIG. 3C bounding those filled-in
regions. At the beginning of the character (X [10), a first
outline pair 1 and 2 is defined and at cycle No. 200, a
new pair 3 and 4 initiates. As shown in FIG. 3C, the
angle ¢ which ranges between +87.2° i1s measured rela-
tive to the horizontal. The line defining the angle is the
tangent to the curved boundary or outline of the char-
acter, as discussed more fully hereafter.

Every character at its initial starting point necessarily
includes at least one outline pair which for the illus-
trated letter “J” are the outlines lines 1 and 2 having a
common initial Y coordinate 400. As knowledge of
outline 1’s slope is a prerequisite for the first computa-
tion cycle, the Begin Ouline Pair (BOLP) instruction
must also indicate the need for this additional informa-
tion. This is established in the last column of FIG. 3B as
0 “computation cycles to next instruction”. At the start-
ing point, outline 1 has a vertically downward direc-
tion. This is coded as a change slope instruction CM of
6= —87.2% again, 0 computation cycle 1s encoded.
Also, at the starting point, outline 1 1s encoded to have
a change of curvature instruction (CK) of the curvature
value +1/200. The CK instruction also is encoded for
100 computation cycles to the next instruction. Stroking
and computing now proceeds, for the appropriate hori-

zontal scaling factor, to the computation cycle (c.c.)

No. 100.

Next, a CM instruction to change slope and a CK
instruction to change curvature as to outline 2 are pres-
ented, which then prevail for the succeeding 100 com-
putation cycles. No change in instruction for outline 1 is
encoded and therefore, by computations to be ex-
plained, each of outlines 1 and 2 is defined in the curvi-
linear configuration shown until computation cycle 200.
At c.c. 200, the outline pair 3,4 initiates 1n accordance
with the further BOLP instruction encoded as to the
respective Y coordinate values 750 and 800. At c.c 250,
there 1s a change curvature instruction CK for outline 3
encoded for curvature K =1/50, which continues for 50
computation cycles. Note that an initial portion of out-
lines 2 and 3 and the entirely of outline 4 are horizontal
and that no CM instruction 1s required to designate
intial slopes for those outlines. Note also that no CM
instruction is required prior to the CK instruction for
outline 3, since no change in the tangent exists at the
point the curve begins.

Note that outlines 2 and 3 cease to exist at cycle No.
300; this is established by the instruction End Outline
Pair (EOLP). One hundred computation cycles are
encoded in the EQLP instruction. As will be detailed,
the outline pair which continue to define the remainder
of the character now include the outlines 1 and 4.
Hence, unblanking is continuous between outlines 1 and
4, outline 4 remaining a straight line and outline 1 con-
tinuing to follow the curvature of its earlier CK instruc-
tion.

At cycle No. 400, outline 1 is further defined by a
special form of BOLP instruction, causing it to reinitial-
1ze at cycle No. 400 from a value of about Y=400 di-
rectly to the value Y =700. The special BOLP instruc-
tion is later described, but generally is employed to
accommodate Y position discontinuities in the charac-
ter outline at some intermediate X position. QOutline 1
also 1s encoded 1n a CM instruction for €= 4 87.2° and
0 cc., and in a CK instruction for a curvature of K
=1/50, the CK instruction being encoded for 30 c.c. At
cycle No. 450, the CM instruction encodes a change of
slope to 8 =0° for 50 c.c., outline 1 thus proceeding as a
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horizontal line for the next 50 computation cycles. Fi-
nally, an instruction end character (RC) serves to iden-
tify completion of the character encoding, and hence
completion of the computations for generating the char-
acter display controls.

FIG. 4 illustrates the instruction format as employed
in an actual operating system. The instructions are
based on a 16-bit word, BOLP and CDY each compris-
ing two words. The seven instructions shown comprise
the total of instructions for generation of any character.
With the exceptions of NOP and EC, each instruction
identifies not only the operation to be performed, or
parameter to be controlled, but also the specific outline
to which it relates and the number of computation cy-
cles to the next instruction. An operational code of from
] to S bit positions identifies the specific instruction and
each, except for the BOLP instruction, includes a num-
ber of bits for encoding the computation cycles.
Whereas 4 bits are provided for this purpose in the
CDY, CM, CK and EOLP instructions, the NOP in-
struction includes 8 bit positions for this purpose. Thus,
whereas 4 bits permit encoding of from 0 to 15 compu-
tational cycles to the next instruction, the NOP instruc-
tion permits encoding of 0 to 255 computation cycles.
NOP therefore is useful where an extended portion of a
character is to be generated without any outline infor-
mation required NOP.

The two words of the BOLP instruction in succession
relate to the upper and lower outlines of a given pair, as
designed by the subscripts S and L for smaller and
larger Y coordinate values. The Y value is encoded in 9
bits from bit 8 through bit 16, even though for computa-
tional purposes, Y comprises a 16 bit number. The 10
most significant bits identify the integar value of Y to
one part in 1,024 and the lower order 6 bits are frac-
tional bits required for approximating fractional, or
noninteger portions of slope values. Control of the
beam position, however, under the BOLP instruction, is
limited, for convenience, to a 9-bit value and as imple-
mented enables establishing an mitial Y coordinate of
any one of 512 even numbered values of the 1.024 bit
positions of the Y coordinate axis. BOLP also has 4 bits
in each word, J1 to J4, which identify the particular
outline to which the instruction relates. This permits a
total of 16 outlines and thus 8 outline pairs along any
vertical portion of a character. Note that each of the
remaining instructions 1s encoded with the bits J1 to J4
to 1dentify the outline to be modified subject to the
respective mstruction.

The CDY instruction is employed for defining an
outline which is a straight sloped line. From the forego-
ing, curves and slopes are achieved by incremental
changes in the Y coordinate values. Thesee incremental
values are encoded 1n the CDY instruction in 14 bits,
AY1to A4, plus a sign bit, such that negative AY values
are defined as the 1’s complement. This affords a range
of slopes of straight lines of a character outline from
+ 2355 63/64 to —255 63/64, with a resolution of 1/64.
The provision of CDY instruction is a compromise 1n
light of efficient utilization of memory capacity for
slope changes and curvature, to be discussed. Gener-
ally, generation of a straight sloping line, if performed
by computations based on a slope change instruction
(CM) would require an excessive storage of slope infor-
mation to enable generation of the precise straight line
as required in graphic arts quality display. Conversely,
if only a reasonable number of slope changes are en-
coded, generation of a long straight sloped line by use of
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CM instructions (as tn an “M” or a “W"") would result
In an uneven, or stepped, line configuration and thus be
of unacceptable quality.

The change slope instruction (CM) thus includes 6
bits of a slope information (allowing for 26 =64 different
slopes —considered a reasonable number). The curva-
ture information, K7 beinga sign bit change curvature
imstruction (CK) includes 7 bits of curvature informa-
tion, K7 being a sign bit and thus providing +26=-+64
curvatures. Each of CM and CK also is encoded with
the outline number, J1-J4.

The end outline pair instruction (EOLP) simply re-
quires encoding to identify the outline number of the
outline with the smaller Y coordinate. The term *“pair”
arises in EOLP since outlines always begin and end in
pairs. The end character instruction (EC) is encoded

and recognized by the system as the end of the charac-
ter being generated.

ILLUSTRATIVE EXAMPLE OF
COMPUTATIONS

To facilitate the presentation of the invention, an
illustrative example is set forth utilizing a greatly re-
duced level of data and parameters to simplify the ex-
planation of the computations which are performed.
Thus, in FIG. § is shown a quad of 64 units in each of
the X and Y coordination directions. Consistent with
the more complex illustrations set forth above, a base
line 1s established within the quad, a Y=21. This pro-
vides for letters such as Q or many lower case letters
such as p, q, y, etc.,, which have portions extending
below the base line to be included within the quad. The
X coordinates may be defined by 6-bit binary numbers,
whereas Y may be defined by 12-bit binary numbers.
Thus, a point in the quad may be defined by X =6, Y=7
33764 (note that 26 bits 64 define the integer value of Y
and 20 bits identify the fraction, expressed therefore in
1/64th’s). In fact, whereas Y may be resolved to that
precision, the coordinates which control ultimately the
unblanking and blanking of the scanning beam are only
6-bit numbers, thus defining only integer or whole num-
ber values of Y coordinates. The necessity for the frac-
tional Y values arises in coding and computing of slopes
and curves as will now become apparent.

Slopes

In FIG. 6 is shown a plot of “codable” slopes. The
plot illustrates rays of slopes M=0 to M=7 and the

adjacent coordinate plot relates an angle @ to the X
coordinate. It follows that:

AY

Axr = tan@ Eq. (4)

Moreover, since the X increments AX correspond to
successive computation cycles, or bit positions, and by

definition may be of unity value, we may set AX=1.
Thus,

AY=tan @ Eq. (5)

From the preceding discussion, it will be recalled that
slopes and curvatures are achieved by incrementally
changing the Y coordinate of successive strokes. Those

changes thus are the values AY. It is now seen how
these are related to a slope function M, in turn related to

the angle 6. It also will be seen that to achieve a desired
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slope of a character outline, AY must be adjusted in
accordance with Equation (5).

The slopes M=0 to M=7 are converted to 3-bit
binary numbers as indicated in the table of FIG. 7,
wherein is also shown the angle values for 8, the value
of tan @, and the calculated values of AY(M).

FIG. 8 1s a simplified geometric configuration serving
to illustrate the “update” operation for Y as a function
of the slope values M. FIG. 9 is a simplified list of en-
coded instructions corresponding to the generation of
the configuration of FIG. 8. The BOLP instruction
carries the initial coordinate information of Yo=2 and
Y 1 =24 for the outline pair 0 and 1 as shown in FIG. 8.
The X coordinate has been arbitrarily selected as X =4.
00=22.5° for outline 0 and &= —45° for outline 1
which, from FIGS. 6 and 7, conveniently correspond to
Mi=1 and Mp=35, encoded as the parameter informa-
tion in the corresponding CM instructions. The system
then preceeds to compute the AY values, i.e., the Y
update function, and generate the indicated sloping
outhines 0 and 1 until the EC instruction designates the
completion of the character.

In F1G. 9, the AX column corresponds to the compu-

5 tation cycle number of FIG. 4 and, for the CM instruc-
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tion for outline 1, is the value 14. Note that the charac-
ter in FIG. 8 extends from X=4 to X=18 ora AX of 14.

It follows that 14 vertical scans (assuming a 1 scan to
1 computation cycle relationship) are required to dis-
play the character of FIG. 8, requiring moreover 13 *Y
updates™ of outlines 0 and 1. The equations below de-
scribe the update process wherein, by definition AX = |
for each update and j=outline number:

Eq. (6)
YAX + AX) = YAX) + M(h—y)‘
J
Y{X + 1) = Y{X) + A¥(M) Eq. (7)
Moreover,
AY(M) = = = tan) = ®
Therefore, since 8p=22.5° and 8;= —45°,
AY (Mg)=tan 8= 14{(22.5")=27/64 Eq. (9)
Eq. (10)

AY (Mp)=tan 6= gu(—45")= —1

From the general expression of Equation 6, one may
then write the specific update functions for the outlines

0 and 1 as follows:

Yo(X +1)=Y(X)+ 27/64 Eq. (11)

Yi(X)+D=Y(X)-1 Eq. (12)

The table of FIG. 10 then illustrates the computed coor-
dinate values of Yo(x) and Yi(x) for the successive
values of X. From the corresponding CRT display plot
of FIG. 11, and recalling that only integer values of Y
control the unblanking of the scanning beam, it will be
seen that ouline 0 steps in successive groups of changed
Y coordinate values; nevertheless, from FIG. 10 is will
be appreciated that the fractional Y values do accumu-
late and eventually affect the integer value of Yo(x).
The reason for ignoring the fractional values of Yo(x),
for example, may be that a 6-bit D/A converter is em-
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ployed to generate the unblanking function correlated
to the sweep of the CRT scanning beam.

The calculation of Equation (5) AY =tan & conve-
niently is achieved by a readonlymemory (ROM) which
for the illustrative system has 32 bits capacity with the
bit pattern “programmed” to provide four 8-bit words,
as tllustrated in FIG. 12. F1G. 12 corresponds to binary
coded values wherein Nj is the integer portion of AY
and N> is the numerator value of the fractional 1/64th

portion of AY, which may be expressed as follows:
N Eq. (13)
| AY(M) | = N1 + =5

Note that the inputs of the ROM of FIG. 12 are M1+
and M3+ which correspond to internally decoded val-
ues for the M input to the ROM in accordance with the
Boolean *“‘exclusive or ”’ equations:

M1 =2 M3 Eq. (14)

MiB=m M3 Eq (15)

The ROM bit pattern for the differing values of M+ 1n
binary notation then is shown in the table of FIG. 13A
and the corresponding values to the base 10 are shown

in FIG. 13B.

From the foregoing, it will be realized that the ROM"

is being addressed with only two bits and this is possible
in light of Equations 14 and 15 by responding to the
third bit M3 to control the sign of the 66 Y and particu-
larly,

AY (M)<O0 if M3=1 Eq. (16)

AY (M)>0 if M3=0 Eq. (17)

As will be appreciated from the above, the value of Y
then is updated by adding or subtracting the AY value
(subtraction being performed by the 1’s complement
technique). The full expression of the M addressing
function 1s illustrated in the truth table of FIG. 13C.

A simplified illustration of a mechanization of Y up-
date then is shown in FIG. 14. A 12-bit value either
derived initially from a data source (such as a BOLP
instruction) or comprising a current computed Y value,
as will be explained, is made input to a 12 adder 10. The
3-bit word defining an M slope value, as derived from a

CM instruction, is supplied through suitable gates 12a
and 12b to the AY ROM 13 to address it in the manner

suggested in FIGS. 12 and 13A, and from which the
stored AY value is supplied to a 1's complement gate 14
(also responsive to the M3 value). Gate 14 thereby
supplies AY to the 12-bit adder 10 either for addition or
subtraction (by the 1’s complement function) to the
concurrently supplied Y value. The resulting Y4+ AY
sum 1s supplied to a 12-bit latch 15 which in turn stores
the resulting Y+ AY value in the Y coordinate RAM as
the new Y coordinate value for use 1n a succeeding
display scan. That new value of Y may be supplied to
another Y coordinate RAM for accessing and control of
the scanning beam. The current Y coordinate value
then also is supplied back to the 12-bit adder 10 for use
in the succeeding Y update operation.

CURVATURES

There is next considered the coding of curvatures. In
FIG. 15 is illustrated a system of four radii of curvature
in each of two curvature polarities and designated K =0
through K =7. A 3-bit binary number may encode these
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as one of four radii (2 bits) and one of two polarities (1
bit). Thus k; and k; define a desired radius of curvature
r. and the third bit k3 defines the sign of the curvature.
For a base radius of r.=232, the table of FIG. 16 then
relates the curvature k to its binary expression and the
desired value of r..

FIG. 17 now relates the foregoing to the generation
of curves. The radial lines M=0 through M7 corre-
spond to those in FIG. 6 and are the directions of slopes
which can be approximated by successive Y updates,
where M =constant. However, whereas a straight line
slope is generated by a constant M, if the outline slope
varies in accordance with varying values of M, the
outline curves. In FIG. 17, the figure generated i1s a
sixteen-sided polygon with slope variations occurring at
each of positions Xg through X7. Thus, the M value i1s
updated in the present system to approximate a curve,
i.e., the circle of FIG. 17. FIG. 17 also illustrates that
incrementing M, 1e, (M—M41) produces positive
curvatures, whereas decrementing M, i.e.,, (M—M—1)
produces negative curvatures.

If the curvature parameters k were to represent the
number of Y updates for every M update, a curve
would result but it would not approximate a circular
arc. For example, if k=4 and (M—M+ 1) for every
fourth update of Y, (i.e., Y=Y + AY), then a succession
of straight line segments as in FIG. 18 would result,
which does not conform to the circular arc shown in
dotted lines.

To permit matching the polygon more closely to a
desired circular arc, the system introduces a new pa-
rameter S which, for a fixed curvature K, is a function
of M and permits updating M after a variable number of
Y updates. This is illustrated in the table of FIG. 19,
wherein:

Sp=number of Y updates to be made at a given M
before M 1s updated; and M =slope parameter en-
coded to define respectively corresponding AY
values, and

M =slope parameter encoded to define respectively
corresponding AY values, and

K =6 (corresponding to r,=32). The table of FIG. 19
is defined in accordance with matching straight
line segments to the circular arc of r.=32 of FIG.
20. Initially, for the coordinates shown and under
the simplified presentation here considered, Y =0,

M =4 and the sequence from the table of FIG. 191s as
follows:

Y—Y 40 (6 times, with M =4 then M—35)
Y-Y=27/64 (12 times, with M=% themn M-+6)
Y—-Y=1 (9 times with M=6, then M—7)

Y—>Y =2 27/64 (5 times)

These update functions are fully set forth in the table
of FIG. 21 and the computed value there listed would
result in generating a succession of variably, incremen-
tally changing Y coordinates approximating the desired
curve of radius r,=232 as in FIG. 22.

An implementation to perform the calculation of
when to increment or decrement M, in an M update
operation, 1s programmed into a 64-bit ROM as illus-
trated in FIG. 23 (6 binary inputs corresponds to
260--64) from which a single output § is derived. This
ROM would be in parallel with the Y update ROM of
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FIG. 12. With reference to the corresponding ROM bit
pattern table of FIG. 24, =1 when S=Sy at which
time S is reset to 001 and S is then incremented by 0001
as long as &=0.

From the ROM bit pattern table of FIG. 24, 6=1
when the accumulated value of S, in each successive
operation, attains the value of Sy=6, 12, 9 and 5 (for
M+=0, 1, 2 and 3, respectively). Note that
2SN=6+41249+4+5=32, the desired r..

The preceding dicussion has provided only for gener-
ation of positive curvatures ro=232. Generation of dif-
ferent curvatures may be achieved by programming a
ROM for every desired curvature. This requires a large
amount of memory and thus is undesirably expensive.

An alternative and preferable approach is to make
AM, AS, and S, (the reset value of S when S=8p) vari-
able as functions of the curvature K. The table of FIG.
25 indicates different values of r,. for such variations in
the values AM, AS and S;; r.=32 is the base radius, as
seen by the unity values of AM, AS and S,.

In FIG. 26 is shown a block diagram of a system
implementing the foregoing curve generation function.
The curvature value K from a CK instruction is sup-
plied to decode logic 16, the latter also receiving the 6
output of ROM 17 (corresponding to the ROM of FIG.
23). Logic 16 supplies outputs AM and AS, defined from
the table of FIG. 2§ as a function of the value K, which
are supplied with the corresponding M and S values to
repective adders 18 and 19, the latter outputting the
updated values M+ AM and S+ AS. The update opera-
tion of the circuit of FIG. 26, of course, assumes that
AM=0 if 6=0. The M+AM and the S+ AS updated
values then become the inputs to the ROM of FIG. 23.

SUMMARY

In summary, the foregoing has demonstrated initially
the basis on which characters are encoded as a function
of a limited number of initial parameters defining one or
more outline pairs and the slopes and curvatures by
which outlines of any configuration are encoded. There
also has been disclosed the instruction words which are
stored in memory and based on which various calcula-
tions are performed for generating any desired charac-
ter of any font stored in memory. Furthermore, simpli-
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the necessary hardware for performing the computa-
tions to in turn develop the Y coordinate values provid-
ing control signals for the scanning beam, in reproduc-
ing each character on a CRT. It will be appreciated that
the storage requirements of the present system are mini-
mal compared with those of the prior art, and yet an
extremely flexible and efficient system is afforded. Any
desired font encoded as set forth above may be stored in
memory and the characters thereof reproduced at any
desired font size. The system is readily adaptable to any
desired CRT scan density in accordance with the scal-
ing factors. The computations are performed concur-
rently with the CRT scanning and in view of processing
speeds, typically are completed well in advance of each
scanning stroke. Hence, high speed operation is readily
attainable since the speed limitation essentially is that
imposed by the scan deflection circuitry itself. It, of
course, will be appreciated that displays other than
CRT’s may be employed.

DETAILED BLOCK DIAGRAMS

Before proceeding with the discussion in this section,
it 1s noted that the character generator of the invention
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1s only a part of an overall character generation and
display system and, thus, the scan electronics for the
CRT, although having timing functions and the like
coordinated with the generator, is not an integral por-
tion of the generator itself. The CRT employed in an
actual reduction to practice of the invention is available
under code designation 1ZM115P47MFQO, manufac-
tured by Thomas Electronics, Inc. Wayne, New Jersey.
Moreover, the overall sequencing and coordination of
operations 1s controlled by a minicomputer which again
may be, and 1n actual reduction to practice of the inven-
tion, 1s a commercially available item. Particularly, the
minl computer employed in an actual reduction to prac-
tice 1s sold under the trade name of Nova 1200 manufac-
tured by Data General Corporation of Southboro, Mas-
sachusetts. Accordingly, these and other such compo-
nents of the total system have not been shown. Commu-
nication with them, however, is indicated in the ensuing
block diagrams.

In these block diagrams, the designation PACT ap-
pears, which is an acronym for Profile Algorithm Com-
putation Technique, a term suitably characterizing the
character generator of the invention.

The mini-computer receives the input characters to
be generated, in any suitable encoded form compatible
with the computer, such as from a mag tape, punched
cards or tape, or the like. The data input to the com-
puter designates the font to be displayed and the point
size of the display. Through suitable memory or direct
data input, the computer derives the necessary informa-
tion as to justification of the characters of a line display,
character spacing, line spacing and other such informa-
tion.

FI1G. 27 1s a general system block diagram illustrating
all major sub-systems and the inputs and outputs of the
character generator. The computer interface issues
IORESET to the CPU 26 and by this signal initializes,
through CPU 26, the entire system. The computer inter-
face 20 also supplies strobes DS64 and DS6S for loading
the vertical and horizontal scaling factors (16-bit words
shown as data 0-data 15) into the scaling, stroking, and
video control unit (SSVCU) 22. The computer also
derives from disc or other large capacity memory the
data comprising the instruction words as in FIG. 4
relating to a given font to be displayed, which then are
stored in the pact buffer 24; the latter affords high speed
access for the processing and computation functions.
The pact start signal supplied to (CPU) 26 initiates the
computations for display of each character and is issued
by pact buffer 24 under control of the computer. The
16-bit instruction words designated pact 0-pact 15 are
supplied frm the pact buffer 24 to each of the central
processing unit (CPU) 26 and the computation and
storage unit (CSU) 28, in response to PACT REQ. (pact
instruction request) issued by the CPU 26.

A basic system clock of 2 MHz is derived from a
master oscillator in the scan electronics 30 and gener-
ally is supplied to the (CPU) 26 from which it in turn is
1ssued to other operating systems. The (SSVCU) unit 22
supplies an SVS signal to the scan electronics 30 which
serves to initiate and terminate each vertical stroke of
the CRT scanning beam. SVS also is supplied to the
CPU to indicate whether a stroke is currently in
progress, thereby to coordinate the typically much
faster computations of the system, for the successive
computational cycles, with the much slower stroking
intervals. The CPU 26 issues PFTF to the SSVCU 22
when a stroke is not in progress to cause the latter to
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perform certain load and transfer functions, to be de-
scribed, and to initiate a stroke. PFTF moreover re-
quires that the computations for the next stroke have
been completed. Thus, coordination is as well afforded
for the reverse condition in which such a large number
of computations must be performed that the prior stroke
terminates before the computations for the next stroke
are completed —i.e., the CRT scan must then wait. This
situation seldom occurs 1 practice.

One of the transfer functions is that of transferring the
computed Y transition coordinate values from CSU 28
to SSVCU 22, shown as RY7-RY16. A ten bit word s
so transferred for each outline in that scan. In this re-
gard, note that CPU 26 supplies J1-J4 to CSU 28 to
identify each outline in the scan as well as PFF which is
the command to CSU 28 to compute the parameters of
the next outline (for each of the two or more oulines
identified to J1 to J4). The computations by CSU 28 are
tnterrupted and certain of its outline parameters initial-
1zed during the processing of instructions, as indicated
by Bolp, DY, K, CK, and CM supphlied by CPU 26 to
CSU 28. Clearing and clocking controls are also pro-
vided by the CPU.

As will later be explained, the output RY > BY from
CSU 28 to CPU 26 serves during BOLP instructions to

order the outline numbers J1-J4 in ascending values of

their Y coordinates to order the transfer (RY7—RY16)
from CSU 28 to SSVCU 22. When so ordered in a
temporary memory of the SSVCU 22, a very simple
blanking/unblanking operation is provided. As previ-
ously noted, an 8 MHz gated clock signal 1s issued by
the scan electronics 30, the gating function being that of
issuing this signal when a vertical stroke begins. The 8
MH:z clock activates a counter in the (SSVCU) which,
for a known ramp function of the scanning beam
thereby serves to identify the physical location of the
beam in its vertical stroke. This count is scaled by the
VSF and when 1t corresponds to a Y coordinate in the
temporary memory of the SSVCU, the unblank signal is
issured. The unblank signal is supplied to the high volt-
age video coupler 29 which controls the unblanking and
blanking of the CRT scanning beam during each verti-
cal stroke, and thus the painting of the character. The
beam normally 1s blanked and 1s unblanked as the beam
position reaches a first Y coordinate value, thus corre-
sponding to the lowermost outline of a character. In
view of the utilization of outline pairs, a very simple
unblanking and blanking operation is achieved, in that
on each successive Y coordinate value, the blanking-
/unblanking state is changed from its current to the
opposite state.

Brief note is made of other signals. An S counter in
SSVCU 1s set to the horizontal scaling factor, and is
decremented by one for each computation cycle by
PFFT from CPU 26. When the count equals zero, the
SXZ signal 1s 1ssued to the CPU 26. The CPU 26 re-
quires SXZ (for S=0), to halt computations, transfer Y
coordinates (RY7-RY16) to the SSVCU 22 after com-
pletion of the current CRT scan, and initiate a stroke.
The S counter function thus serves to relate the strokes
to the computation cycles in accordance with the HSF.

CPU 26 includes an I counter receiving the 2 MHz
clock from Scan Electronics 30. The I counter 1s loaded
with the computation cycle number of an instruction
being processed. It i1s decremented by one count, as is
the S counter, under control of PFFT, by the 2 MHz
clock.
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Thus, the (CPU), the (CSU) and the (SSVYCU) com-
prise the major functioning blocks of the pact proces-
sor. Moreover, the (CPU) and the (CSU) operate con-
currently with the (SSVCU) to compute the Y coordi-
nates and outline parameters M, K and S as well as the
processing of any pact instructions required for a suc-
cessive stroke while the CRT is scanning in a present
stroke.

The foregoing dicussion of FIG. 27 and its functions
will be more readily visualized with reference to the
logic flow diagram of FIG. 27A. Note therein that the
function PACT START sets both the I and S counters
to zero, and places the system in the P state (a basic or
return state), from which one of four operations com-
mences:

1) Instruction Processing (PT)

2) Outline Computation (PFF)

3) Y Coordinate Transfer (PFTF)

4) Waiting for Current CRT Stroke to Complete

(PFTT)

The block diagram of FIG. 28 illustrates the (CSU)
28 1n more detail. The (CSU) includes an Sumit 32, a K
unit 34, and M unit 36 and a Y unit 38, the latter three
units receiving the pact 1-15 data from the buffer 24 as
therein illustrated. Each of these units receives from the
CPU the system clock and the bits J1-J4 which, it will
be recalled, identify which of 16 possible outlines is

~ being processed or computed. Logic Unit 39 receives
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PFF (the command to compute) and instructions
BOLP, CM, and CK from CPU 26, and also the K state
signal, (established by a CK instruction word). The Unit
39 1ssues SWE, KWE, MWE and YWE to the corre-
sponding units, which are the commands to write into
the memories of these units. Note that J1-J4 are sup-
plied to each unit to identify the outline for which pa-
rameters are being computed. The various patterns of
data flow and instructions herein are discussed subse-
quently. As before stated, the outputs of the (CSU) 28
and the Y coordinates RY7-RY16 supplied to (SSVCU)
22. These values are computed and updated from the M
parameters supplied by M unit 36 to Y umt 38 and
shown as RM3-RMS8. The M parameter in turn 1s con-
trolled by the K and S umts. These basic blocks will
now be considered separately.

In FIG. 29, the Y unit includes a Y RAM 40 and a
CDY RAM 42, each thereof receiving Y coordinate
data from instructions supplied from the pact buffer 24.
The CDY RAM 42 particularly receives the Y incre-
ment data from the CDY instruction, whereas the Y
RAM 40 receives Y coordinate data either from buffer
24 or from latch 46 through a 2 to 1 data selector 44.
Latch 46 stores the Y + AY output of the 16-bit adder 48
(the up-dated Y coordinate value), to be described.
Selector 44 is controlled by PFF (see FIG. 27A) to pass
the latch 46 Y value while computing outline parame-
ters In a given computation cycle, and to pass a Y value
from buffer 24 when a new instruction is recetved.

CDY RAM 42 is provided for the CDY instruction to
permit generation of long straight, sloped lines in lieu of
attempting to compute such hines from M values pro-
vided by a CM instruction.

Each of RAMS 40 and 42 has a capacity of storing
sixteen 16 bit words, corresponding to 16 outlines, as
identified and addressed by the inputs J1-J4 from
(CPU) 26.

The Y unit also includes a programmed ROM 52
(PROM) which stores the AY (M) values. In an actual
systern, 64 values of AY (M) corresponding to 64 slopes
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(M) are stored and thus 64 corresponding AY values are
provided in PROM 352. The adjacent AY decode logic
54 provides the most significant bits AYg—AY 4, which
are not stored in the PROM 52 to economize on the
circuitry. A further 2 to 1 data selector 56 normally
selects the AY from the AY PROM 52 and decode logic
54 for supply to the adder 48; however, a CDY instruc-
tion results in DY from the CPU 26 and the RAM 42
output DYF for causing selector 56 to pass the CDY
RAM 42 output to adder 48. Finally, the updated Y
value 1s supplied as before noted to the Y RAM 40 and
from which the CRT spot unblanking/blanking control
bits RY7-RY16 are supplied to the (SSVCU) 22.

The comparator 50 is employed during resequencing
of outline numbers at the time a new outline transition
pair 1s begun during a BOLP instruction period. It
serves to compare existing values of Y coordinates (RY)
from the RAM 40 with the Y coordinate value (BY) of
the new outline to be begun on the BOLP instruction
from buffer 24 and determine, based on their Y coordi-
nate numerical values, where, in the sequence of outline
numbers, the new outline numbers should fall.

The flow chart of FIG. 29A assists in illustrating the
foregoing. From the PFF instruction to compute, if
DYF i1s false (0), the MSB of the M3-M8 bits from M
unit 36 (i.e., bit 8) then determines whether an incre-
ment or decrement of Y by AY is to occur. The M8 bit
can thus be thought of as a sign bit.

The eftfect of the M8 bit being either 0 or 1 is readily
appreciated from FIG. 29B which shows the effect
thereof in the generation of positive slopes and curva-
tures. Note that curvature polarity is defined by the
seventh curvature bit K7. If K7=0, curvature is nega-
tive and M is decremented by AM, and if K7=1, curva-
ture is positive and M is incremented by AM.

In F1G. 30 1s shown the M unit 36 of FIG. 28. During
a computation period, while the M parameter is ad-
dressing the AY PROM or lookup table (see FIG. 29),
the value of M itself is being updated in the M unit 36.
Particularly, there is shown the M RAM 60 which
stores the M parameter for each existing outline. (Note
addressing inputs J1-J4). These are the coded slopes for
each of the up to sixteen outlines. The M value, consis-
tent with defining 64 possible slopes, comprises an
eight-bit word including six bits defining the integer of
from 0 to 63 slope values, and two bits defining a frac-
tional portion 0, 4, 1, or §. The bits M3-MS8 defining the

Integer value are supplied to the Y unit 38, as before
noted.

Similarly to the function in the Y unit, the M parame-
ter can be initialized through a pact instruction or the
value may be an updated value incremented during a
computation cycle. Hence, a 2 to 1 data select circuit 62
provides for selecting between these inputs, i.e., either
from the pact buffer 24 (comprising bit positions 2-7 of
the CM instruction word of FIG. 4) or from the updat-
ing circuitry, under control of PFF.

‘The updating circuitry includes an 8 bit adder 64 and

an 8 bit latch 66. As will be recalled, the value of M is
updated under control of the K and S units. Moreover,

the absolute value of AM, i.e,, | AM|, by which M is to
be changed is supplied by the K unit 34. The bit RK?7,
comprising the seventh bit of the K parameter, identifies
in accordance with its bit value of 1 or 0, whether cur-
vature 1s positive (and M 1s incremented) or whether

curvature 18 negative (and M is decremented) as seen in
FIG. 29B.
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The MZ signal from logic unit 39 is true to a BOLP
instruction, and serves to set M—31% (for which
AY =0) at the beginning of an outline pair. The effect of
MZ is essentially to disable the selector 62, so that no
input is supplied to the M RAM.

The conditions for M to change are best visualized
from the flow chart of FIG. 30A. From FIGS. 30 and
J0A, and CPU 20 issues the control PFF which initiates
the M computation. The first decision RKF is whether
a flag bit in the K unit indicates that no curvature exists
for a given outline (J1-J4) by the 0 decision wherein
My=Mpn_, implying that M is not to change, i.e., no
curvature value has been noted for that outline in the K
RAM. The second diamond, or decision, indicates
whether the increment to M will cause an overflow to
occur and if 1t will, again M does not change.

The third decision is the primary decision or branch
point for curved outlines, namely, whether the Sy value
stored 1n the Sy lookup table exceeds the S parameter.
If false, the logic calls for an update of M and, for the
final diamond, RK?7 (the sign bit of the curvature) deter-
mines whether a decrement or an increment will result.
If true, M remains unchanges.

Returning then to FIG. 30, when an M update does
occur, the new value from adder 64 is stored in latch 66
to be written through data select 62 into the M RAM
60.

FIG. 31 15 a detailed block diagram of the K unit 34.
The K RAM 70 receives the 7 bit curvature information
from buffer 24 in accordance with the CK instruction.
Whereas the K RAM is initialized by the pact instruc-
tion, 1n contrast to the Y and M units, it is seen that the
K value 1s not updated during computations. Bits K1,
K2, K5, and K6 are supplied to K decode logic 72
which in turn supplies |AM/|. RK7 controls the 1's
complement circuit 73 an is supplied with |[AM| to the
M unit 36. In FIG. 31A is shown a truth table for the K
decode logic, Note [AM|=AS;=1 and ASg=0 for
base radui Ké=1; K5=K2=K1=0.

The K3 and K4 bits identify and select the base ra-
dius. Four Sy lookup tables corresponding to four base
radil are employed such that other desired curvatures
are more readily approximated by scaling the AM and
AS values within the Sy table most closely relates to a
curve to be encoded. The table of FIG. 31B illustrates
the Sy selection for K3 and K4 and the values of
|AY(M)| for M- from 0 to 31. (A single Sy table could
be employed and the desired number of radii calculated
by scaling AS and AM, as one extreme; an an opposite
extreme, 64 different tables of Sy could be provided,
corresponding to 64 different radii, or curvatures). Note
that data selector 76 serves a selection function in re-
sponse to K4 for this purpose.

The M, K decode logic 78 controls the reset value So
of the S parameter, as function of K1, K2, KS, and K86,
and a truth table for its inputs is shown in FIG. 31C.

In FIG. 32 is provided a detailed block diagram of the
S unit 32. The S RAM includes a 4 bit portion 80 storing
the integer value of S and a 4 bit portion 82 storing the
fractional value of S for each of sixteen outlines as iden-
tified by the J1-J4 addresses. A key function of the S
unit 1s afforded by comparator 84 which compares the
value Sy from K unit 34 with the increasing integer
value of S (i.e.,, S+ ASpg); supplied thereto from the S
RAM 80.

If comparator 84 produces the A <B output, the
carry value from adder 86 and AS; from K unit 34 are
added to the S value supplied to adder 88 by data selec-
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tor 89. That S value is either Sg, where the S count has
exceeded Sy and thus 1s reset to Sg, or the current value
of (S+ ASp)1. The incremented value then is supplied to
RAM 80 as the updated value.

Note that adder 86 adds the fractional increment ASg 5
to the stored increment Sg from RAM 82, and supplies
the sum Sg+0ASx-to RAM 82 for updating.

The complementary logic output of A > B from com-
parator 84 i1s derived from latch 86. Thus, when
(S+ASF);= SN, an output is provided to computation 10
logic unit 39 of the CSU 28 (see FIG. 28).

As will be recalled, when S=Z Sy, M is incremented or
decremented by | AM | in accordance with K7, the M-K
decode logic defines a new value of Sp, and Y is incre-
mented on succeeding computations as a function of the
new value of M. Thus, a successive segment of the
curve approximation is generated in accordance with
the new Y coordinate transition values.

The (SSVCU) 22 is shown in detail in block diagram
F1G. 33. Primary components are the horizontal scaling
unit 90 and the vertical scaling unit 92, each of which in
response to the corresponding strobes DS 65 and DS 64
recelve the scaling information from the data 0-15 input
from the computer interface 20, as previously de-
scribed.

A temporary Y (TY) coordinate memory 94 receives
the bits RY7-RY186, representing the Y transition coor-
dinate of each of the outlines. The Y coordinates are
supplied by CSU 28 in ascending numerical order, by 10
the command S1 from CPU 26. TY memory 94 can
store 16 eleven bit words, the last bit normally being
zero. The cycle output from CPU 26 sets the 11th bit to
1 when the last Y transition coordinate is read in. This
serves to identify the last outline to be processed in a 45
given computational cycle, as will be explained.

The TY memory 94 is addressed by a TY address
counter 96 advanced by a TY clock from the scan and
video unit 98. Each Y coordinate value read out of TY
memory 94 by the address counter 96 is supplied to a 4,
comparator 100 for the comparison VYZ=TY.

As will be recalled, the vertical scaling function per-
mits generating a character of any desired point size
from the encoded character data related to the 72 point
size or maximum point size for the established quad 45
coordinates. The 8 MHz clock from scan electronics 30

supplied to vertical scaling unit 92 causes a counter
provided therein to increment by a value corresponding

to the scaling of the character to be displayed. If, for
example, a 72 point character is to be displayed, the 5g
counter increments by a unit for each clock pulse input.
Conversely, 1f a four point character is to be displayed,
the counter would increment by 18 for each clock pulse,
the ratio of the display point size to the standard en-
coded size. 55

Hence, the scaled CRT spot coordinate position out-
put from the scaling unit 92 is compared in comparator
100 with the Y transition coordinate read from TY
memory 94. When the comparison VY ZTY results, an
output 1s supplied to scan and video unit 98 which then 60
unblanks the scanning beam by control of the video
coupler 29. As before noted, the beam is initially
blanked and thus becomes unblanked on a first compari-
son. By virtue of the concept of outline pairs, each
successtve comparison then causes the beam to switch 65
from its current state to the opposite state and thus a
subsequent comparison results in blanking of the beam
once again.
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As soon as Scan and Video Unit 98 receives a com-
parison signal from comparator 100, 1t supplies TY
CLK to the TY address counter to address TY memory
94 to read out the next transitional coordinate.

The eleventh bit stored in TY memory 94 produces
the TYF output when the last Y coordinate is supplied
to comparator 100. By definition, when VY=TY oc-
curs it results in blanking the beam for that stroke. The
TY CLK 1s disabled, and the SVU 98 switches and SVS
signal to an opposite logic state, indicating to the CPU
26 that the stroke is now completed. The scan electron-
ics 30 thus terminates further stroking, readying itself
for a successive stroke function. Thus, the scan elec-
tronics i1s not committed to scanning the beam through
a fixed raster. This function thus permits higher speeds
of operation.

Details of the horizontal canning unit 90 are shown in
FIG. 34. It will be recalled that non-integer scale fac-
tors are possible in the present system. The integer latch
or register 110 contains the integer part of the horizon-
tal scale factor and the latch 112 contains the fractional
part, as supplied by the data inputs from the computer
interface 20 and loaded therein by DS 65. The interger
part from latch 110 is loaded into the S counter 114
under the S1 control of the (CPU) 26. After each com-
putation cycle, CPU 26 issues PFFT to enable the S
counter 114 to be decremented by the next CLK input.
When it reaches a vliue of 0 (the *MIN”’ output) SXZ is
supplied to the CPU 26 which then inhibits further
computations until it initiates a new stroke.

The value in the fractional latch or register 112 is
supplied to a ten-bit adder as input A, to be combined
with the fraction currently stored in fractional summa-
tion register 118. Register 118 is initially cleared to a
zero value by the CLEAR command of (CPU) 26,
which also resets S counter 114. |

When the result of the addition in adder 116 produces
a carry output (e.g., as would happen on every fourth
addition for a scale factor of 5}), the carry output is
gated to the S counter 114 by S2 from CPU 26 to incre-
ment its count by 1. This function, of course, is per-
formed after the S counter 114 has been preset to the
integer part of the horizontal scale factor by the load
command S1.

The foregoing operations of the S unit thus will be
seen to accomplish the objective of processing non-inte-
ger horizontal scale factors. This is very significant,
since 1t not only affords precise scaling to desired point
sizes, but also accommodates the use of various CRT
scan densities.

The central processing unit (CPU) 26 is shown in
more detail in FIG. 35 and includes as basic components
a processor state unit 120, an OP decode unit 122, and
an outline sequence unit (O5U) 126. The OP code de-
code unit 122 receives the first five bits of each pact
instruction and directs the corresponding instructions to
the appropriate units, as therein illustrated. Bits 8 to 11
of the instructions containing the outline bits J1 to J4
are supplhied to the Outline Sequence Unit (OSU) 124
which stores the values J1 through J4 for output to the
(CSU) 28. Finally, the bits 12 through 15 of those in-
structions identifying the number of computation cycles
to the next instruction, are supplied to the (PSU) 120.

Central Processing Units 1n data processing systems
are conventional, and the design thereof for implement-
ing the basic sequencing and control functions required
for the present system will be apparent to those skilled
in the art. Hence, description of the present CPU will be
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limited to certain significant aspects directly relative to
processing controls required in the present system.

FIG. 36 shows further details of the processor state
unit and serves to clarify the various outputs therefrom
as shown in FIG. 35. Note that each of the instructions
BOLP, EOLP, CK, and CDY is supplied to a corre-
sponding flip-flop B, E, K, and DY, and causes the
system to exit the P state, as does PFTF. The sequence
of the state is more readily appreciated from the flow
chart of FIG. 37, in which the EOLP and BOLP in-
structions are seen to estalish moreover a sequence of
substates.

Of particular interest is the I counter 130 which is
preset to the computation cycle number contained in
pact bits 12 through 1§ and, in the case of the NOP
Instruction, contained in bits 8 through 11 as well. NOP
thus enables the gate 132 to pass these additional bit to
the I counter. The I counter than is decremented by one
during the last computation of each successive compu-
tation cycle, to 0 count, and produces the output IXZ as
previously discussed.

In FIG. 38 1s shown the outline sequence unit 124,
Two sixteen bit, serial-in, parallel-out shift registers are
provided. Register 140 stores the four bit outline num-
bers and register 142 stores, in a corresponding position,
a single bit identifying valid outline numbers in register
140.

Primary functions to be performed include storing
the outline numbers as they are supplied by BOLP in-
structions, and eliminating those outlines previously
stored upon receipt of an EOLP instruction.

The unit 124 also organizes the outlines by ascending
Y coordinate values. The assignment of outline mem-
bers, of course, is arbitrary, within the range of 0 to 15
for J1 to J4. Once assigned, however, the parameters for
that outline are stored in the various memories (i.e., Y,
M, K, and S) at addresses defined by their respective
outline members J1 to J4.

Prior examples herein of encoded characters have
demonstrated that as new outline pairs develop, or as
old ones end, previously unrelated outlines may now
form a pair. For example, new outlines may have coor-
dinate values intermediate to existing ones, and form
new patrs. These changes are processed during the B
and E states, 1n response to BOLP and EOLP instruc-
tions.

Hence, although there is not and cannot be an or-
dered sequence to the outline number assignments, it is
necessary that the outline numbers be stored in accor-

dance with an ordered sequence of the respective Y
coordinate values.

This requirement is imposed to permit the direct
comparison function between the vertical scaling and
the TY memory read outs as discussed in relation to
F1G. 33 which produces the unblanking controls for the
strokes. The outline sequence unit 124 thus provides for
achieving that correct ordering of the outline numbers
in view of the Y coordinate values of their respective
outlines. In a Y coordinate transfer operation from the
CSU to the TY memory in FIG. 33, therefore, the Y
RAM 40 (FIG. 29) of Y unit 38 (a portion of the CSU
28—see FIG. 28) then is addressed by the outline num-
bers J1-J4 output from CPU 26 in the correct succes-
sion of outline members which corresponds to reading
out the Y coordinate transition values in the requisite
ascending order.

It will be recalled from FIG. 29 that the comparison
RY >BY was output to CPU 26 which in the more
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detailed diagram of FIG. 3§ is shown more specifically
as being applied to the logic unit 126 for further pro-
cessing.

These functions are shown somewhat schematically
in FIG. 38 to simplify an understanding of the opera-
tion. There the B and E states corresponding to BOLP
and EOLP instructions are supplied to the logic unit 126
(FIG. 35) as well as RY > BY, unit 126 then providing
an output to control unit 150 indicating to the latter
whether the Y coordinate in the BOLP instruction is
less than a Y coordinate value currently being read from
memory. Recall again that the Y coordinate value being
read i1s identified by the outline number J1-J4. That
outline number at any given moment is the J1-J4 output
from data selector 152 which is supplied to the CSU 28
to perform the addressing.

In operation, the registers 140 and 142 continuously
recirculate under control of a clock. As will be ex-
plained, the register 142 with decode logic 144 identify
the position, at all times, of the outline having the small-
est Y coordinate value. That shift register stage is identi-
fied and loaded into the storage flip-flops 146 when the
output of the 8 to 1 data selector 143 indicates the larg-
est Y coordinate is currently addressed and another
shift register stage must be selected.

The output of data selector 143, more specifically, is
supplied through inverter 160 as a first input to AND
gate 162 which aso receives a second input, CLK. The
output of the AND gate 162 then is supplied to the
clock input of the storage flip-flops 146. As above dis-
cussed, a logic bit 1 comprising a so-called flag bit is
stored in the register 142 for each valid outline stored in
register 140, that flag bit then identifying the corre-
sponding stage of register 140 in which a valid outline
number is stored. Each of the registers 140 and 142
recirculates in synchronous fashion. |

The output of the flip-flops 146 is supplied to the 8 to
1 data selectors 141 and 143.

In operation, the decode logic 144 identifies the out-
put of the eight outputs from flag bit shift register 142
which identifies the lowest y coordinate outline number
stored 1in the shift register 140. With regard to the coun-
terclockwise direction of recirculation of the shift regis-
ter 142, as illustrated in FIG. 38, it will be apparent that
that first or lowest y coordinate identifying flag bit is
the first logic 1 following a logic 0 in the register 142.
That stage currently storing the first logic 1 is identified

by decode logic 144 and supplied as a three bit binary
number (one out of eight) to the storage flip-flops 146.
Specifically, since a logic 0 value necessarily follows
the logic 1 flag bit identifying the highest coordinate, a
O output is produced, by the selector 143 following the
highest Y coordinate identifying logic 1 flag bit. The
logic 0 output, through inverter 160 enables AND gate
162 to supply the clock pulses to the storage flip-flops
146 whereby they are set to the binary number from
decode logic 144. That newly set binary number then is
supplied from the flip-flops 146 to the data selector 143
to gate through the logic 1 flag bit identifying the low-
est Y coordinate. The logic 1 is inverted by inverter 160
to disable AND gate 162. Thus, as long as a continuing
succession of logic 1 flag bits is produced at that identi-
fied output, the AND gate 162 remains disabled and the
storage flip-flops 146 remain set to identify that specific
stage at which the lowest flag bit was then stored. To
complete the cycle, it then will be seen that when all
valid outlines of a sequence of outlines currently stored
have been processed, a logic O then is supplied through
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data selector 143 to enable setting of the thp-flops 146 to
the number of the new stage in the register 142 at which
the lowest Y coordinate flag bit currently is stored, by
virtue of the decode logic 144.

The output of storage flip-flops 146 also 1s supplied to
the 8 to 1 data selector 141 to gate through the outline
numbers currently circulating through register 140
from the thus identified output stage of register 142, for
supply to the data selector 152.

The outline sequence unit 124 thus functions to
greatly increase the speed of processing of a stored
sequence of outline numbers. Particularly, where less
than 16 outline numbers are stored (16 being the maxi-
mum number possible in this illustrated embodiment),
the system need not wait for the clocking rate of the
shift registers to recirculate through a full cycle before
computations on valid, stored outlines of a sequence can
be reinitiated, following a prior cycle of processing of
those stored outline numbers.

As an example, assume that lowest Y coordinate out-
line of four such outlines in storage is stored currently
so as to produce a logic 1 flag bit output on the second
and third outputs (counted from the right) of register
142. This identifies four corresponding valid outline
numbers, two of which likewise are producing outputs

on the second and third outputs of register 140. (Recall

that because of using outline pairs, it 1s only necessary to
identify the lower one of the pair of two outline num-
bers—the Y coordinate values of such pairs always
being in adajcent, ascending value relationship relative
to other such outline pairs.) Assume that the three bit
output of decode logic 144, in binary form, then identi-
fies the second output and supplies same to the storage
flip-flops 146. This then controls selector 143 to pass the
logic “1” output from the second output of the shift
register 142 through inverter 160 thereby to disable
AND gate 162. Similarly, the outline number is derived
by the data selector 141 from the second position output
of register 140 for supply to the data selector 152.

The logic 1 output from selector 143 continues until
the four outlines have been processed at which time the
second output of register 142 becomes a logic 0 and is
supplied through selector 143 to produce a logic 1 from
inverter 160. AND gate 162 then is enabled to supply
the clock CLK to storage flip-flops 146 and set the same
to the current binary output of decode logic 144. In this
example, the two flag bit outputs of register 142 (identi-
fying the location of four outline numbers in register
140) might then be located in the first and the eighth
output positions of the registers 142, (This assumes shift-
ing from left to right in each of registers 140 and 142, as
is apparent from the circuit shown.) Decode logic 144
would then identify the eighth output of register 142 as
contatning the flag bit corresponding to the lowest Y
coordinate value outline number stored in register 140
and that value would be set into the storage flip-flops
146. The selection scheme then would proceed as out-
line above.

Thus, the stages two through seven of register 140
containing no outline numbers, as identified by the in-
tervening logic *“0” states currently existing on the cor-
responding outputs two through seven of register 142,
are simply “‘skippedover” by the operation of the se-
quence unit 124. This technique greatly enhances the
speed of processing of the outlines.

The 8 to 1 data selector 141 thus i1s controlled to read
out the lowest Y coordinate outline number to the data
selector 152 during the succeeding clock interval.
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If the Y coordinate value of BOLP instruction is less
than the thus identified lowest Y coordinate value of
existing outlines (1.e., RY > BY) then the outline number
from the shift register is taken out of recirculation and
held in the gating and storage unit 152" and the outhine
number for the new outline identified by the BOLP
instruction is inserted through the unit 152" into the
input stage of register 140. More precisely, since BOLP
includes two words and two Y coordinate values corre-
sponding to two outlines of a pair, and recalling from
FI1G. 4 that the smaller coordinate value is in the first
BOLP word the larger 1s in and the second BOLP
word, it will be appreciated that the two successive
corresponding outline numbers for the two Y coordi-
nate values of the two BOLP words are inserted in
succession.

Conversely, if the Y coordinate value of the BOLP
instruction 1s greater than that of an existing outline, the
gating and storage umit 152 recirculates the existing
outline numbers until such time as the comparison
RY > BY obtains.

The converse situation obtains with the EOLP in-
struction, in the sense that existing outline members are
to be eliminated from the shift register. This function is
easily appreciated as being more readily implemented.
Note that the EOLP instruction, from FIG.4, is en-
coded with the outline number having the smaller Y
coordinate of a pair of outlines to be terminated. Thus,
when this outline number is supplied from pact buffer to
the units 150 and 152; when a comparison obtains with
the outline number being recirculated by register 140
the comparison is identified to control unit 150 and the
latter controls the gating unit 152’ to remove that out-
line by inhibiting recirculation of that outline number.
In addition, unit 152" now switches from the last stage
output 140A to the next to last stage output 140B
thereby to advance all successive outline numbers by
one stage in the register 140. This serves to maintain all
existing outlines in consecutive stages of the register
140, affording more efficient processing.

It will be readily perceived that the flag bit for identi-
fying valid outline numbers may be entered into the
shift register 142 or removed therefrom by generally
identical control of the gating unit 154 whereby the
latter performs substantially parallel operations as the
gating portion of the unit 152"

As a final point, note that only eight outputs are de-
rived from each of the registers 140 and 142. This i1s a
result of the unique relation of outlines in pairs. By
appropriate timing, those eight paraliel outputs may at
all times correspond to the lower Y coordinate outline
in which case the system inherently knows that the next
outline in storage is the related higher Y coordinate
outline of a pair. Reliance on this relationship was had
and demonstrated earlier in relation to inserting the
higher Y coordinate outline of a new pair from the
BOLP nstruction. With regard to the EQOLP instruc-
tion, as above mentioned, only the lower Y coordinate
outline is encoded. Thus, the cancellation function per-
formed by control unit 150 serves to cancel both the
outline for which a comparison is attained and as well
the next successive outline. Hence, the EOLP instruc-
tion does not require a second word to identify the
higher Y coordinate outline since this simply would be
redundant.

In short, the outline sequence unit 124 serves to main-
tain the outlines in a correct sequence of ascending Y
coordinate values. Moreover, the outline numbers are
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maintained in consecutive stages of the register 140.
The flag bits identifying valid outlines correspondingly
are maintained in the register 142. The significance of
the flag bit and decode logic 144 thus will be seen to be
that the processing functions may initiate immediately
with the lowest Y coordinate and proceed through all
valid stored outlines. The processing thus is not con-
stratned timewise to a complete recirculation of each
register. This saves valuable computing time. For exam-
ple, where only one outline pair is registered, the system
can immediately identify the location of the outlines,
process the two outlines and then be enabled for a fur-
ther processing function. The remaining fourteen stages
of the shift registers thus do not have to be considered.
In this example, only one-eighth of the processing time
1s consumed as compared to a situation where all 16
stages of the shift register would have to be examined
and processed.

Conclusion

The foregoing has described the encoding technique
of the present invention and a very basic form of pro-
cessing circuitry for computing coordinates of charac-
ters to be generated, and finally a substantially fully
detailed implementation of processing circuitry corre-
sponding to an actual operating system. Those skilled in
the art will readily appreciate that numerous modificia-
tions and adaptations of the technique and specifically
implemented systems in accordance with the invention
may readily be achieved. As examples of such modifica-
tions, although the invention has been disclosed in rela-
tion to a quad of rectangular coordinates, it is apparent
that other coordinate systems may be employed. As
well, other than rectangular coordinate-type display
systems may be employed. Moreover, the coordinate
system of the encoding need not be directly related to
the scan pattern. To clarify, the specifically disclosed
system employs a rectangular coordinate encoding
quad and a raster scan pattern. The invention, neverthe-
less, is not confined to such a direct relationship and
merely by way of exemplification and not limitation,
alternative arrangements could include a rectangular
encoding quad with a circular scan pattern or a polar
coordinate encoding system and either a raster or circu-
lar scan for display. The necessary techniques for corre-
lating the encoding system and resultant computations
tor defining coordinates of the outlines in relation to
control of the display for any desired scan pattern used
in the display will be apparent to those skilled in the art.
Moreover, whereas significant advantages for particu-

lar applications arise out of utilization of the concept of

outline pairs as set forth in the detailed disclosure of a
preferred embodiment of the invention herein, it is to be
recognized that the character configuration need not be
defined by pairs of outlines. Instead, a character may be
defined by a single outline. This may be visualized
readily in relation to characters such as “E”, “F”’, “I”,
etc. Where a single outline approach is adopted, the

basic encoding techniques as set forth herein are still
applicable. The encoding would include in such an

instance both incrementing and decrementing values of
computation cycles idenfitying the extent of applicabil-
ity of any given encoded coordinate value or parameter
value from which the locus of points defining the out-
line position are computed. Moreover, it is to be recog-
nized that, even where the character is defined by two
or more outlines, the concept of relating the outlines as
pairs 1s primarily useful for visualization of the encoding
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function. In fact, it is clear that each outline may be
separately defined. In any of the variations suggested
above, the basic consideration is that the integrity of the
character is maintained in accordance with the desired
use of one or more outlines in the resultant encoding
and computation functions taught by the invention.
Thus, it is intended by the appended claims to cover all
modifications and adaptations which fall within the true
spirit and scope of the invention.

What is claimed is:

1. A character generator for generating characters
encoded in accordance with a normalized quad of X Y
coordinates wherein each successive X coordinate
value corresponds to a computation cycle, each charac-
ter being encoded in a succession of data instructions
related to outlines of the character segments and includ-
ing a beginning line instruction identifying the initial Y
coordinate of each of a related pair of outlines, outline
change instructions specifying variously fixed and vari-
able directions of outline, and termination of an outline
pair, and an instruction designating the end of a charac-
ter, each change instruction including an identification
of the outline to which it relates, and a number designat-
ing the computation cycles to a subsequent instruction,

means responsive to a beginning line instruction to
identify an initial pair of outlines and to store in
relation thereto their respective Y coordinates,

means responsive to a change instruction for a related
outline, as identified and stored, for computing, in
each successive computation cycle, a new Y coor-
dinate value for each identified outline in accor-
dance with its associated change instruction, said
means maintaining a stored Y coordinate value for
an outline for which there is no change instruction,

means for updating the Y coordinate values in said
storing means in accordance with the computed
new value thereof, as computed in each computa-
tion cycle, and

means responsive to the encoded computation cycle
number of each successive change instruction to
request and receive the next successive instruction
for the character upon completion of the encoded
number of computation cycles of a present instruc-
tion.

2. A character generator as recited in claim 1,

wherein there is provided:

means for storing plural sets of instructions corre-
sponding to plural sets of characters;

a buffer storage means for storing the successive in-
structions for each character of a selected set of
characters to be generated: and

means for supplying the successive instructions for
each character of a selected set thereof to said
buffer storage means.

3. A character generator as recited in claim 1,
wherein said means responsive to a beginning line in-
struction comprises a Y unit including a Y memory for
storing the initial Y coordinates of an initial pair of
outlines, said Y memory having a number of storage
positions corresponding to a maximum number of out-
lines in a given computation cycle and addressable in
accordance with the identification [number] of each
outline.

4. A character generator as recited in claim 3 wherein
said Y unit further comprises a further memory having
a plurality of incremental Y coordinate changes stored
therein and addressable in accordance with a corre-
sponding identification number of an instruction en-
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coded to specify a fixed increment of change of the Y
coordinate for an i1dentified outline, and

means operable in each computation cycle to add to

the current Y coordinate from the Y memory and
the increment of Y from the further memory to
compute a new value of Y updated by the incre-
ment and means for storing the updated Y value in
the Y memory position for the outline, in each
successive computation cycle until a further
change instruction for the outline or an end of
character instruction.

5. A character generator as recited in claim 3 wherein
one of the change instructions includes a change slope
instruction encoded in accordance with a designated
slope and each slope being defined as a predetermined
increment of Y in each computation cycle, and wherein:

satd Y unit further includes a Y increment memory

having a plurality of storage positions addressable
by an encoded slope designation and storing in the
corresponding position the value of the Y incre-
ment, and said updating means includes:

means operable in each computation cycle for ad-

dressing the Y memory for the outline identified by
a change slope instruction and for addressing the
incremental Y memory in accordance with the

slope designation to derive the corresponding Y

coordinate value and Y increment values, and

means for adding the derived Y coordinate and Y
increment values to compute a new value of Y
thereform, and

sald updating means updates the Y memory with the
thus computed new value of Y,

6. A character generator as recited in claim § wherein
said computing means further comprises an M unit hav-
ing an M memory addressable in accordance with the
outline number of a change slope instruction to store in
a corresponding memory position the slope designation
of the instruction, said M memory supplying the slope
designation for each outline to the Y increment memory
of said Y unit.

7. A character generator as recited in claim 6,
wherein a further outline change instruction comprises
a change of curvature instruction for an identified out-
line and wherein each designated curvature corre-
sponds to an increment of change in slope, defining a
succession of slope values updated by the said incre-
ment, each said updated slope value being utilzed for a
predetermined number Sy of computation cycles to
effect a corresponding number of updates of the Y coor-
dinate to establish a desired radius of curvature of the
resulting outhine, and said computing means further
comprises:

a K memory addressable in accordance with the iden-
tified outline of a change curvature instruction to
store in the corresponding memory position the
curvature designation of the instruction;

K decode logic means responsive to a.curvature
designation derived from the K memory for
supplying the increment of slope corresponding
to the designated curvature; and

a further memory having stored therein a plurality of
values Sy respectively corresponding to the num-
ber of computation cycles of Y updates for each of
the updated values of slope for a given curvature
designation and addressable in accordance with the
designated curvature of a change curvature in-
struction and each of the updated values of the
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slope, 1n succession, to supply the corresponding
Sx value as as output.

8. A character generator as recited in claim 7,
wherein;

said computing means further includes an S unit for
accumulating a count S as a function of the number
of updates of the Y coordinate for each of the suc-
cession of slope values related to a given curvature,

said S unit including an S memory addressable in
accordance with the outline identification to store
In the corresponding memory position a current
value S corresponding to the number of Y updates
at a given slope, |

said K decode logic means of said K unit furthermore
provides an S increment AS for a given curvature
designation, and said S unit further includes

an adder for adding in each computation cycle, corre-
sponding thereby to each Y update, the value AS
supplied by said K decode logic to the S value for
the corresponding outline stored in said S memory,
and

means for updating, in accordance with the summa-
tion output of said adder, the value of S stored in
said S memory for the corresponding outline.

9. A character generator as recited in claim 8,

wherein said S unit further comprises:

a comparator for comparing the updated S value
from said S memory with the stored value Sy of the
predetermined number of Y updates from said
memory of said K unit in accordance with a pres-
ent slope value, to determine when the accumu-
lated S value corresponds to said predetermined
value Sy of Y updates, and

means responsive to said comparator to continue the
addition by said adder of an incremental S value AS
to the stored S value when the S value is less than
said predetermined number Sy and alternatively to
supply a reset value Sg in lieu of the updated S
value when the latter equals or exceeds a predeter-
mined number of Y updates.

10. A character generator as recited in claim 9,
wherein there is further provided decode logic respon-
sive to the slope value and to the curvature designation
for defining respectively corresponding reset values Sp.

11. A character generator as recited in claim 9,
wherein there is further provided means responsive to
the output of said comparator when the incremented
value of S equals or exceeds the predetermined number
of Y updates thereby to enable update of the slope des-
ignation in accordance with the increment of slope
change supplied by said decode logic in response to the
curvature designation.

12. A character generator as recited in claim 11
wherein said curvature designation identifies positive or

negative curvatures and wherein the succession of slope

values defined for a given curvature correspondingly
are incremented or decremented.

13. A character generator as recited in claim 12
wherein said Y unit further includes means for recog-
nizing alternatively the incrementing or decrementing
effect of incremental changes of slope to supply corre-
sponding incrementing or decrementing Y coordinate
increments to said added for producing correspond-
ingly incrementing or decrementing Y update changes
whereby outlines of positive and negative curvatures
are selectively defined.

14. A character generator as recited in claim 10,
wherein said further memory of said K unit having
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stored therein the predetermined number of successive
updates for a given curvature designation defines for
unitary increments of the value S the base radius of
curvature and wherein different radii of curvature are
derivable from the stored number of updates for a given
radius of curvature by selectively or in combination
incrementing the S count in accordance with non-uni-
tary values and incrementing or decrementing the slope
in accordance with non-unitary values, and wherein
said decode logic receiving the output of said K mem-
ory correspondingly provides integer AM;and fraction
AMF§g values of said slope increments and integer AS;
and fractional ASg values of the § count update values.

15. A character generator as recited in claim 14,
wherein there is further provided

a memory having stored therein fractional S values

Srand an associated further added for adding each
fractional S update value ASr to the stored Sg
value, and means to update the Sg memory by
storing the updated value Sg+ ASfg for outline in
the Sg memory, and

means for supplying said carry output to said adder

for the § and AS; update increments when the
successive updates of the value Sg, as defined by
the output of the Sgpand ASgadder, reaches unity.

16. A character generator as recited in claim 1,
wherein said means responsive to the encoded computa-
tion cycle number comprises:

a counter set to the encoded number 1n response to

each change instruction and

means responsive to completion of the computation

for all outlines computed in a given cycle to decre-
ment the counter by unity value, and

means responsive to a zero count of said counter for

requesting a successive instruction for the charac-
ter.

17. A character generator as recited in claim 1,
wherein there is further provided a sequencing unit
storing the outline [identification numbers} identifica-
tions in a sequence corresponding to an ordered succes-
sion of Y coordinate values of the thereby identified
outlines.

18. A character generator as recited in claim 17,
wherein there is further provided a control unit includ-
ing a temporary memory and a temporary memory
address counter and means responsive to the sequence
of outline number designations stored in said sequence
unit for supplying updated Y coordinates of the outlines
in each computation cycle to said temporary memory in
an ordered sequence of coordinate values.

19. A character generator as recited in claim 18 for
use with a display means having scanning means effect-
ing a succession of horizontally displaced vertical
strokes, each vertical stroke having a fixed ramp rate
and said scanning means being normally blanked, and
wherein the updated Y coordinate values of a given
computation cycle are employed to control blanking
and unblanking of a scanning beam in a corresponding
stroke of the beam, further comprising

a vertical scaling unit for scaling the Y coordinate

values of the normalized quad to the deflection of
the beam 1n each stroke, and

a comparator for comparing the effective scaled co-
ordinate position of the stroke relative to the Y
coordinates of the normalized quad with the or-
dered succession of updated Y coordinate values of
the said temporary memory to produce unblanking
and blanking control outputs in alternate succes-
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sion for each comparison of the vertically scaled
untt output being equal to or greater than the
stored and updated Y coordinate stored in the tem-
porary memory, for each such stored Y coordinate
value of the ordered succession thereof.

20. A character generator as recited in claim 19, fur-

ther comprising

means for storing in association with the last Y coor-
dinate value an identification of the absence of
further coordinate values in said temporary mem-
ory, and means responsive to said stored identifica-
tion upon said last coordinate value being supplied
to said comparator to identify the conclusion of Y
coordinate information and thereby terminate the
current stroke.

21. A character generator as recited in claim 19,

wherein there is further provided:

means for generating a clocking signal during each
vertical stroke and related to the ramp rate of the
stroke, and

said vertical scaling unit includes means for receiving
a vertical scaling factor relating the size of a char-
acter to be displayed to a maximum point size cor-
responding to the encoding of the character in the
normalized quad, and

a counter and means to increment the counter in
response to each clock pulse during a stroke by an
amount corresponding to the vertical scaling fac-
tor.

22. A character generator as recited in claim 19,
wherein each vertical stroke of the display means is
performed at a predetermined horizontal spacing in
accordance with a desired stroke density, and there is
further provided:

a horizontal scaling unit for receiving and storing a
horizontal scale factor relating the computation
cycles of the normalized quad for a maximum size
character display to the desired size of the charac-
ter to be displayed and to the stroke density, and

means for decrementing said stored horizontal scale
factor in accordance with completion of said com-
putation cycle and producing an output upon the
stored scale factor being decremented to a mini-
mum value, and

means enabling a successive scanning stroke of the
display means in response to said output for con-
trolling the blanking and unblanking of the scan-
ning means in accordance with the ordered se-
quence of Y coordinate values of the preceding,
completed computation cycle.

23. A character generator as recited in claim 22,

wherein said horizontal scaling unit comprises first and
second storage means for storing [horizontal] integral

s5 and fractional portions of the horizontal scale factor,

60

635

respectively,
an adder for receiving the horizontal fractional scale
factor in each computation cycle and adding that
fraction to a fraction summation value,

a fraction summation register for storing said fraction
summation value and supply thereof to said adder,
a counter for storing the horizontal scale factor sup-

plied thereto by said first storage means, and
gating means for decrementing the integer count

stored in said counter for each computation cycle

and for incrementing the count thereof in response

to a carry output from said adder when the addi-
tion of the fractional scale factor to the fraction
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summation of said register thereby is equal to or
greater than unity.

24. A character generator as recited in claim 23,
wherein satd means responsive to the mintmum output
of said counter for thereby enabling the stroke effects
loading of the horizontal scale factor into said counter
for a successive operation.

25. A character generator as recited in claim 17,
wherein said sequencing unit comprises

a first recirculating shift register having a number of
storage positions corresponding to the maximum
number of outlines capable of being processed,

a second recirculating shift register of a correspond-
ing number of storage positions and recirculating in
synchronism with said first shift register, and

gating means for inserting a flag bit in each stage of
said second shift register for which a valid outline
number is stored in the corresponding stage of the
first shift register.

26. A character generator as recited in claim 23,
wherein each of said shift registers includes parallel
outputs and there is further provided decode logic re-
sponsive to the parallel outputs of said second shift
register o identify in accordance with the position of a
flag bit therein the storage position of said first shift
register having, at any given point in time, the outline
number corresponding to the lowest ordered Y coordi-
nate outline value, and

a data selector for reading out the stored outline iden-
tification numbers from said first shift register sup-
plied at said parallel outputs thereof from the posi-
tion identified by the decode logic, in succession
for the plurlity of identification numbers stored
therein, thereby to avoid delays in requiring com-
plete recirculation of each shift register to obtain
outputs of the stored identification numbers there-
from.

27. A character generator as recited in claim 2§,
wherein there is further provided first and second gat-
ing means respectively associated with said first and
second shift registers,

means operable in response to each stored identifica-
tion number for comparing the corresponding Y
coordinate value with the Y coordinate value of a
newly received beginning line instruction to deter-
mine whether the stored Y coordinate value is
greater than the encoded Y coordinate value of the
instruction, and

said gating means responding to said comparison
when the stored Y coordinate value exceeds the Y
coordinate value of the instruction to interrupt the
recirculation of the corresponding identification
number in said first shift register and insert in ad-
vance thereof the identification number of the new
outline encoded in the instruction.

28. A character generator as recited in claim 27,
wherein said second gating means is operable in parallel
with said first gating means to insert a further flag bit in
the corresponding shift register position of said second
shift register.

29. A character generator as recited in claim 2§,
wherein there is further provided gating means associ-
ated with said second shift register to control the recir-
culation of data therein, and there is further provided:

means responsive to an end of line pair instruction to
store the outline identification number encoded
therein for comparison with the stored identifica-
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tion numbers recirculating in said first shift regis-
ter, and
said gating means for said first shift register respond-
ing to the comparison of a currently recirculating
outline number and the stored outline number from
the instruction to inhibit further recirculation of
that outline number.
30. A character generator as recited in claim 23,
wherein said gating means is connected to said first shift
register to receive and recirculate the contents thereof
from a stage displaced from the last stage in response to
inhibiting recirculation of a terminated outline number
thereby to maintain the recirculating outline numbers in
consecutive order position in the shift register.
31. A character generator as recited in claim 30,
wherein said gating means for said second shift register
is operated in parallel with said gating means for said
first shift register to eliminate the corresponding flag bit
and to recirculate remaining flag bits from a stage of the
shift register displaced from the last stage thereby to
maintain the flag bits in the corresponding positions of
the second shift register for identifying valid outline
numbers in the first shift register.
32. A method for automatically generating characters
with respect to a normalized encoding quad of X-Y
coordinates having predetermined Y coordinate values
wherein for at least one parameter of directional varia-
tions of a line within the quad, there are selected a plu-
rality of fixed values of the parameter variations, the
fixed values respectively relating to Y coordinate incre-
ments to successive X coordinate positions and wherein
a first and each successive X coordinate position defines
a computation cycle, each character capable of being
generated being encoded in an instruction set in accor-
dance with
storing the initial Y coordinates of the outlines of
each pair of outlines of a character as an instruction
identifying the beginning of the outline pair,

storing, in relation to each outline having a direc-
tional variation, the corresponding parameter
value as a parameter change instruction,

determining the number of X coordinate positions
from the first and each successive parameter
change instruction to the respectively next succes-
sive instruction, and storing the determined num-
ber as a number of computation cycles in associated
with the first of each two said successive instruc-
tions, |

storing an end of character instruction, and

storing the termination of an outline pair intermediate

the beginning and end of a character as an end of
outline pair instruction, and the generating method
comprising:
providing a set of instructions in accordance with the
aforesaid encoding of a character to be generated,
for each character available to be generated,

identifying a desired character to be generated and
selecting, in succession, the instructions of the cor-
responding said set thereof for processing, in accor-
dance with

responding to each begin outline pair instruction

corresponding to outline pairs initiating with the
first X coordinate position of the character to iden-
tify and store the Y coordinate and thereby estab-
lish a starting point for each such outline relative to
the quad, and

in each successive computation cycle, computing the

Y coordinate position of each outline 1in accor-
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dance with the stored value thereof and any en-
coded parameter change instructions for the out-
line and storing said computed Y coordinate val-
ues, and

storing the number of computation cycles from a first
instruction encoded therewith and reducing that
number by a predetermined amount upon comple-
tton of computations in each of successive compu-
tation cycles and, in response to said number being
reduced to a predetermined value, selecting the
next successive instruction of said set for said char-
acter.

33. A method for automatically generating characters

as recited 1n claim 32, further comprising:

computing a new Y coordinate value of each outline
in accordance with the Y coordinate increment
stored for the value of the parameter change in-
struction for that outline in each successive compu-
tation cycle in response to a parameter change

instruction for that outline and, upon completion of 20

a number of computation cycles corresponding to
the stored, determined number of X coordinate
positions from a given instruction, computing a Y
coordinate value in accordance with the next suc-
cesstve instruction for the outline to which that
next successive mstruction relates, and

terminating computations of Y coordinate values in
response to an end of outline pair instruction as to
the outlines of the terminated pair and terminating
all computations in response to an end of character
instruction.

34. A method for automatically generating characters
encoded 1n a normalized quad of predetermined X and
Y coordinate values wherein successive X coordinates
define successive computation cycles and wherein each
outline is encoded in a begin outline pair instruction for
each outline thereof as to its initial Y coordinates, in a
parameter change instruction as to at least a first param-
eter of directional variations comprising one of a plural-
ity of fixed values of the first parameter, each said fixed
value defining a Y coordinate increment; an end of
outline pair instruction for the outlines of a pair termi-
nating intermediate the beginning and end of a charac-
ter; each foregoing instruction furthermore being en-
coded with an outline number identifying the outline to
which it relates; and an end of character instruction for
terminating all outlines of the character; each instruc-
tion excepting the begin outline pair instruction and the
end of character instruction furthermore being encoded
with the number of computation cycles corresponding
to the number of X positions to the next encoded in-
struction for the character, comprising:

providing a set of instructions in accordance with the

aforesaid encoding of a character to be generated

for each character available to be generated,
identifying a desired character to be generated and

selecting, in succession, the instructions of the cor-

responding said set thereof for processing, in accor-
dance with,

in a first computation cycle, responding to each begin
outline pair instruction corresponding to an outline
pair initiating at an initial X coordinate position of
the character to establish an initial Y coordinate
value for each such outline relative to the quad,

in each successive computation cycle, generating the
Y coordinate value of each outline in accordance
with its Y coordinate value generated in the respec-
tively next preceding computation cycle and any
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current instruction as to that outline, to define the

Y coordinate value for the corresponding X coor-

dinate position in relation to the quad, including

for each outline having a parameter change instruc-
tion, computing a new y coordinate value in
accordance with modifying the initial value by
the amount of the increment identified by the
parameter value encoded in the instruction, and

terminating the computation of Y coordinate val-
ues for each outline pair identified by an end of
outline pair instruction, and

storing the number of computation cycles from a
first instruction encoded therewith and reducing
that number by a predetermined amount upon
completion of generating the Y coordinate val-
ues of each outline in each of successive compu-
tation cycles and, in response to said number
being reduced to a predetermined value, select-
ing the next successive instruction of said set for
sald character,

terminating the computation of Y coordinate values

for all outlines for a given character in response to
an end of character instruction.

35. A method for automatically generating characters
as recited in claim 34, further comprising:

responding to each begin outline pair instruction

subsequent to an initial such instruction to identify
initial Y coordinate values for the outlines of each
such subsequent pair at an X coordinate position of
the quad corresponding to the elapsed number of
computation cycles of preceding instructions,
thereby to initiate the generation of new outlines of
the character.

36. A method for automatically generating characters
as recited in claim 38, wherein the characters further are
encoded as to a second parameter having a plurality of
fixed values each thereof defining a succession of incre-
mental changes in the first parameter and wherein the
change of the first parameter in accordance with the
increment is a function of a predetermined number of
changes in the Y coordinate in accordance with each
successively changed value of the first parameter, com-
prising:

responding to each instruction of a change in the

second parameter for a given outline, to compute
the Y coordinate for the outline in each of succes-
sive computation cycles by
identifying the increment of change of the first
parameter in accordance with the second param-
eter and computing the value of the first parame-
ter therefrom,
identifying the incremental value of change of the
Y coordinate in accordance with the computed
first parameter value and computing a new Y
coordinate value therefrom in each of successive
computation cycles for the predetermined num-
ber of changed values of Y,
and continuing to compute new successive values of
the first parameter upon completion of computa-
tions for the predetermined number of changed
values of Y in accordance with said identified in-
crement of change of the first parameter corre-
sponding to the value of the second parameter and
computing new changed values of Y in accordance
with the new computed value of the first parameter
for the predetermined number of changes in values
of Y in successive computation cycles.
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37. A method for automatically generating and dis-
playing characters encoded in a2 normalized quad of
predetermined X and Y coordinate values wherein suc-
cessive X coordinates define successive computation

cycles and wherein each outline is encoded in a begin

outline pair instruction for each outline thereof as to its
initial Y coordinates, in a parameter change instruction
as to at least a first parameter of directional variations
comprising one of a plurality of fixed values of the first
parameter, each said fixed value defining a Y coordinate
increment; an end of outline pair instruction for the
outlines of a pair [of] terminating intermediate the
beginning and end of a character; each foregoing in-
struction furthermore being encoded with in outline
number identifying the outline to which it relates; and
an end of character instruction for terminating all out-
lines of the character; each instruction excepting the
begin outline pair instruction and the end of character
instruction furthermore being encoded with a number
of computation cycles corresponding to the number o
X positions to the next encoded instruction for the char-
acter, comprising:
generating characters in accordance with:
providing a set of instructions in accordance with
the aforesaid encoding of a character to be gen-

erated, for each character available to be gener-

ated,

identifying a desired character to be generated and
selecting, in succession, the instructions of the
corresponding said set thereof for processing, in
accordance with,

In a first computation cycle, responding to each begin
outline pair instruction corresponding to an outline
pair initiating at an initial X coordinate position to
establish initial Y coordinates for each such outline
relative to the quad,

in each successive computation cycle, generating the
Y coordinate value of each outline in accordance
with i1ts Y coordinate value generated in the respec-
tively next preceding computation cycle and any
current instruction as to that outline, to define the
Y coordinate value for the corresponding X coor-
dinate position in relation to the quad, including
for each outline having a parameter change instruc-

tion, computing a new Y coordinate value in

accordance with modifying the initial value by
the amount of the increment identified by the

parameter value encoded in the mnstruction, and

terminating the computation of Y coordinate val- s

ues for each outline pair identified by an end of
outline pair instruction, and
storing the number of computation cycles from a
first instruction encoded therewith and reducing
that number by a predetermined amount upon
completion of computations in each successive
computation cycles and, in response to said num-
ber being reduced to a predetermined value,
selecting the next successive instruction of said
set for said character,
terminating the computation of Y coordinate values,
for all outlines of a given character in response to
an end of character instruction, and
displaying characters thus generated on a display
means including means for effectively horizontally
displaced vertical strokes on a display element in
accordance with a desired stroking density and
wherein the scanning means may be selectively
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controlled to blank and unblank each stroke on the
display element, in accordance with:

correlating the size of the display character in the X

coordinate direction, in accordance with the effec-
tive displacement of successive X positions of the
quad, to the stroke density of the display means to
define a first component value of a horizontal scal-
ing factor thereby to control character size in the X
coordinate direction [by control of stroke density
on said display means, in the character generation
operation] as the character is displayed upon the
display means, and

controlling the unblanking and blanking of the scan-

ning beam during each stroke in accordance with
the computed Y coordinate values for the cycle
correlated with the stroke.
38. A method of characte generation and display as
recited in claim 37 further comprising:
correlating the size of the characters to be displayed
with respect to the maximum size in accordance
with which the character is encoded to define a
second component value of the horizontal scaling
factor, and
defining a series of numbers of computation cycles in
accordance with the horizontal scaling factor,

storing a first number of said series of numbers of
computation cycles and reducing same by a prede-
termined amount for each successive computation
cycle and producing an output when the said
stored number is reduced to a predetermined value
thereby to select the computation cycle from
which the Y coordinate information is obtained to
control the scanning means in each stroke thereof,
and
storing a successive number of said series thereof in
response to said output and upon completion of a
prior stroke, thereby to initiate a successive num-
ber of computation cycles for control of a subse-
quent, correlated stroke of said scanning means.
39. A method of character generation and display as
recited in claim 38 wherein each stroke of the vertical
scan in performed at a known, fixed ramp rate of dis-
placement on the display element, and wherein the
characters are encoded in the normalized quad for a
maximum size character display, further comprising:
correlating the size of the charactes to be displayed
with respect to the maximum size in accordance
with which the character is encoded and with re-
spect to the ramp rate to define a vertical scaling
factor, and
unblanking and blanking the scanning means during
each stroke in accordance with the Y coordinate
values of the outlines defined in the computation
cycle corresponding to the stroke as those values
are scaled by the vertical scaling factor.
40. A method of automatically generating characters
with respect to a normalized encoding quad of X-Y
coordinates having predetermined Y coordinate values
wherein each character capable of being generated is
encoded in accordance with
selecting and designating a plurality of slopes, each
slope having a value defined as a corresponding,
fixed increment of the Y coordinate for a unit
change in the X coordinate, |

selecting and designating a plurality of slopes, each
slope having a value defined as a corresponding,
fixed increment of the Y coordinate for a unit
change in the X coordinate,



Re. 30,679

39

selecting and designating a plurality of curvatures,
each curvature having a succession of incremen-
tally changing values of slopes, with each incre-
mentally changed slope having a related predeter-
mined number of changes in Y in accordance with
the Y increment for a given slope value,

relating each of the characters to be éncoded to the
normalized quad, and, for each character,

defining and identifiying outlines of the character,
wherein the outlines are related in pairs, each pair
containing therebetween a solid continuous seg-
ment of the character,

storing in a corresonding beginning of line instruction
the imitial Y coordinate of each outline of the char-
acter,

storing, for each outline having a slope, the outline
identification and the corresonding slope designa-
tion in a slope change instruction,

storing, for each outline having a curvature, the out-
line designation and the corresponding curvature
designation in a change curvature instruction,

storing in at least each instruction subsequent to the
beginning of line instruction and prior to the end of
a character, the number of X coordinate positions
to the next successive instruction for the character
as a corresponding number of computation cycles,

storing an end of character instruction, and

sald method of character generation comprising:
providing at least one set of instructions, each such

set defining a corresponding character to be gener-
ated,
identifying a desired character to be generated and
selecting, in succession, the instructions of the cor-
responding said set thereof for processing in accor-
dance with
responding to each begin outline pair instruction of
said at least one set corresponding to an outline pair
initiating with the first X coordinate position of the
character to identify and store the initial Y coordi-
nate and establish a starting point for that outline
relative to the quad, and
in each successive computation cycle, determining
the Y coordinate value of each outline for the cor-
responding X coordinate position of the quad in
accordance with:
maintaining the initial Y coordinate value in the
absence of a change instruction for the outline:

computing a new, changed Y coordinate value in
response to a change instruction for the outline,
and storing said new Y coordinate value, and

storing the number of computation cycles from a
first instruction encoded therewith and reducing
that number by a predetermined amount upon
completion of computations in each of succes-
sive computation cycles and, in response to said
number being reduced to a predetermined value,
selecting the next successive instruction of said
set for said character.

41. A method for automatically generating characters

as recited in claim 40, further comprising:

In response to a slope change instruction for an out-
line, computing a new Y coordinate value of that
outline in accordance with the Y coordinate incre-
ment stored for the designated slope of the slope
change instruction in each successive computation
cycle, and
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In response to an end of outline pair instruction, ter-
minating computations of Y coordinate values for
the outlines of the terminated pair, and

terminating all computations in response to an end of
character instruction.

42. A method for automatically generating characters

as recited in claim 41, further comprising:

in response to a curvature change instruction for an
outline, determining the increment of change of
slope for the encoded, designated curvature and
computing a first slope value,

determining the said predetermined number of
changes in Y, and the increment of change of Y for
the computed first slope,

computing new values of Y in accordance with the
determined Y increment in each computation cycle
of said predetermined number, and

computing a successive slope value and determining
the increment for computing new values of Y in
successive computation cycles upon each comple-
tion of the corresonding predetermined number of
such new valueof Y computations.

43. A system for automatically generating characters
with respect to a normalized encoding quad of first and
second coordinates wherein each character capable of
being generated includes at least one outline and the
character is encoded as to that outline with respect to a

normalized encoding quad to define values of the first
coordinate with respect to successive values of the sec-

ond coordinate and including a beginning of line in-
struction definining the initial first coordinate value for
each outline, a slope change instruction for each outline
having a slope, a curvature change instruction for each
outline having a curvature, each foregoing instruction
identifying the outline to which it relates and designat-
ing the number of successive positions of the second
coordinate prior to the next successive instruction for
the character, an end of outline instruction and an end
of character instruction, comprising:

means defining a computation cycle with respect to

each successive position of the second coordinate
of the encoding quad,
means responsive to a begin outline instruction corre-
sponding to an outline initiating at the first position
of the second coordinate to identify the initial value
of the first coordinate, thereby to establish a start-
ing point for that outline relative to the quad, and

means operative in each successive computation
cycle to determine the value of the second coordi-
nate for each outline with respect to the corre-
sponding position of the first coordinate of the
quad, including means for maintaining the said
initial value of the second coordinate system in the
absence of a change instruction for the outline, and
means for computing a new, changed value for the
outline in response to a change instruction of the
outline.

44. A system as recited in claim 43, wherein said
outlines correspond as pairs of outlines defining there-
between a solid segment of the character to be gener-
ated, the begin outline instruction being encoded for
both outlines of the pair to constitute a begin outline
pair instruction, and wherein

said means responsive to each begin outline pair in-

struction thereby identifies the initial value of the
second coordinate as the starting point for the said
pair of outlines relative to the quad.
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45. A system for displaying characters wherein each
character to be displayed 1s encoded in relation to a
normalized encoding set of first and second coordinates
and wherein a character i1s defined by at least [one
outline} first and second outline segments encoded re-
spectively in [a set] first and second sets of [instructions
defining, for a first value of the second coordinate, a
value of the first coordinate corresponding to a point on
the outline and at least one value] manifestations, each
set including a manifestation indicative of the variable
extent relative to the second coordinate for which [the
stored value of the first coordinate cooresponds to] its
set of manifestations defines points on [the] its outline
segment, cCOmMprising:

means for generating the character for display, in-

cluding means for computing a first coordinate
value corresponding to a point on the outline seg-
ment for each successive second coordinate value
in accordance with the encoded first set of [in-
structions] manifestations for the [character]
outline segment.

means responsive to the manifestation of the first set for

requesting and receiving the second set of manifesta-
tions.

display means including a display element and means

for scanning the display element in scan paths of a

desired pattern controlled to encompass a selected
region of the display element on which the charac-
ter 1s to be displayed, and means for controlling
satd scanning means between a display state for
producing a display and a blanked state for produc-
ing no display,
said means for computing including means for corre-
lating the second coordinate values and the com-
puted first coordinate values of the outline segment
with the scan pattern and selected region of display,
and
said scanning control means controlling said scanning
means to switch from one to the other of the dis-
play and blanked states when the scanning in each
scan path crosses the correlated and computed
coordinate values of the outline segment.
[46. A system for displaying characters wherein
each character to be displayed is encoded in relation to
a normalized encoding set of first and second coordi-

nates and wherein a character is defined by at least one

outline encoded 1n a set of instructions defining for a
first value of the second coordinate, a value of the first
coordinate cooresponding to a point on the outline and
at least one value indicative of the extent relative to the
second coordinate for which the stored value of the first
coordinate corresponds to points on the outline, com-
prising:
means for generating the character for display, in-
cluding means for computing a first coordinate
value corresponding to a point on the outline for
each successive second coordinate value in accor-
dance with the encoded set of instructions for the
character outline,
display means including a display element and means
for scanning the display element in scan paths of a

desired pattern controlled to encompass a region of

the display element on which the character is to be
displayed, and means for controlling said scanning
means between a display state of producing a dis-
play and a blanking state for producing no display,
said means for computing including means for corre-
lating the second coordinte values and the com-
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puted first coordinate values of the outline with the
scan pattern and region of dislay, and

said scan controlling means controlling the scanning

means in each scan path to switch from the current
to the opposite one of dislay and blanked states at
each intersection of the scan path and the com-
puted outline, except at tangential intersections
thereof. }

47. A character generator for generating characters
encoded in accordance with a normalized quad of first
and second coordinates wherein each successve value
of the [first] second coordinate corresponds to a com-
putation cycle of the generator, each character being
encoded in a set of data instructions related to outlines
of the character segments and including a beginning line
instruction identifying the intial value of the first coor-
dinate of each of a related pair of outlines for a given
second coordinate value, outline change instructions
specifying, variously, fixed and variable directions of
associated outlines and termination of an outline pair,
and an instruction designating the end of a character,
each change instruction including an identification of
the outline to which it relates, and a number designating
the computation cycles to a subsequent instruction,
COmprising:

means responsive to a beginning line instruction to

identify an initial pair of outlines and to store in
relation thereto their respective coordinate values
of the said first coordinate,

means responsive to a change tnstruction for a related

outline, as identified and stored, for computing, in
each successive computation cycle, a new coordi-
nate value of said first coordinate for each identi-
fied outline in accordance with its associated
change instruction, and for maintaining a stored
value of said first coordinate for an outline for
which there is no change instruction,

means for updating the value of the first coordinate in

said storing means in accordance with the com-

- puted new value thereof, as computed in each com-

putation cycle, and

means responsive to the encoded computation cycle

number of each successive change instruction to
request and receive the next successive instruction
for the character upon completion of the encoded
number of computation cycles of a present instruc-
tion.

48. A character generator for generating characters

encoded in accordance with a normalized quad of first and

second coordinates, each character being encoded in a
succession of sets of data, each related to an outline seg-
ment of the character and including a beginning line mani-

festation identifying the initial first coordinate of its out-

line, segment and outline change manifestations specifying
directions of outline, each change manifestation including
an identification of the outline to which it relates, and an
indication of the number of incremental lengths along the
second coordinate to a subsequent set of data, said charac-
ter generator comprising:
means responsive to a beginning line manifestation for
storing the manifestation identifving the initial first
coordinate, |
means responsive to a change manifestation for a related
outline segment, as identified and stored, for comput-
ing, in each of its successive computation cycles, a new
first coordinate value for its outline in accordance with
its associated change manifestation, said means main-
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faining a stored first coordinate value for an outline
segment for which there is no change manifestation,

means for updating the first coordinate values in accor-
dance with the computed new value thereof, as com-
puted in each computation cycle, and

means responsive to the indication of the number of

incremental lengths of each successive change mani-
Jestation to request and receive the next successive set
of data for the character upon completion of the en-

coded number of incremental lengths of the present
set of data.

49. A character generator as recited in claim 48, wherein
there is provided:

means for storing plural sets of data corresponding to
plural sets of characters;

a buffer storage means for storing the successive sets of

data for each character of a selected set of characters
to be generated,; and

means for supplying the successive sets of data for each

S
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character of a selected set thereof to said buffer stor- 20

age means.

50. A method for automatically generating and display-
ing characters encoded in a normalized quad of predeter-
mined first and second coordinate values, wherein each
outline segment of the character is encoded as to its initial
first coordinate, and a parameter change manifestation as
to at least a first parameter of directional variations com-
prising one of a plurality of fixed values of the first parame-
ter, each said fixed value defining a coordinate increment;
each manifestation furthermore being encoded with an
indication of the number of incremental lengths along the
second coordinate to the next encoded manifestation for
the character, said method comprising the steps of"

generating characters in accordance with:

providing a set of manifestations in accordance with
the aforesaid encoding of a character to be gener-
ated, for each character available to be generated,

identifying a desired character to be generated and
selecting, in succession, the manifestations, of the
corresponding said set thereof for processing, in
accordance with,

defining and identifying outline segments of a selected
character, wherein the outline segments are related
in pairs,
in a first computation cycle, responding to the identifica-
tion of each outline pair to initiate an initial second
coordinate position to establish an initial first coordi-
nate for each such outline segment,
in each successive computation cycle, generating the first
coordinate value of each outline segment in accor-
dance with its first coordinate value generated in the
respectively next preceding computation cycle and any
current manifestation as to that outline segment, to
define the first coordinate value for the corresponding
second coordinate position, including for each outline
segment having a parameter change manifestation,
computing a new first coordinate value in accordance
with modifying the initial value by the amount of the
increment identified by the parameter value encoded
in the manifestation, and
storing the indication of the number of incremental
lengths and reducing the number by an amount upon
completion of computations in each successive compu-
tation cycle, and in response to said number being
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manifestations for said character,
displaying characters thus generated on a display means
including means for scanning horizontally displaced
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vertical strokes in accordance with a given stroking
density and wherein the scanning means may be selec-
tively controlled to blank and unblank each stroke on
the display element, in accordance with:
coorelating the size of the display character in the
second coordinate direction, in accordance with the
effective displacement of successive second coordi-
nate positions of the quad, to stroke density of the
display means to define a first component value of
a horizontal scaling factor thereby to control char-
acter size in the second coordinate direction for the
display of the character upon the display means,
and
controlling the unblanking and blanking of the scan-
ning means during each stroke in accordance with
the computed first coordinate values.
31. A method for automatically generating characters as
recited in claim 50, further comprising:
correlating the size of the display character in the Y
coordinate direction, in accordance with a vertical
scaling factor, by effectively multiplying the computed
Y coordinate value for a corresponding Y coordinate
position of the character outline by the vertical scaling
Jactor, to thereby control character size in the Y coor-
dinate direction as the character dislayed upon the
display means.
2. A system for displaying characters wherein each
character to be displayed is encoded in relation to a nor-
malized encoding set of first and second coordinates and
wherein a character is defined by at least first and second
outline segments, each outline segment encoded in a set of
manifestations defining, for a first value of the second
coordinate, a value of the first coordinate corresponding to
its point on the outline segment and at least one value
indicative of the extent relative to the second coordinate for
which the set of manifestations defines values of the first
coordinates corresponding to points on the character out-
line segment, comprising:
means for receiving a set of manifestations and for gen-
erating the character for display, including means for
computing a first coordinate value corresponding to a
point on the outline segment for each successive second
coordinate value in accordance with the encoded set of
manifestations for the character outline segment,

display means including a display element and means
for scanning the display element in scan paths of a
desired pattern controlled to encompass a region of the
display element on which the character is to be dis-
played, and means for controlling said scanning
means between a display state for producing a display
and blanked state for producing no display, |

said means for computing including means for correlat-
ing the second coordinate values and the computed
Jirst coordinate values of the outline with the scan
pattern and region of display,

said scanning control means controlling said scanning

means to switch from one to the other of the display
and blanked states when the scanning in each scan

path crosses the correlated and computed first and
second coordinate values of the outline segment, and
means aperative in relation to the scanning of said dis-
play means for transferring after the computing of the
Jirst coordinate values of the points on the first outline
segment, the set of manifestations encoding the second
outline segment to said means for computing to pro-
vide therefrom correlated and computed first and
second coordinate values of the second outline seg-
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ment to be displayed by said display means after the
display of the first outline segment.

53. The system for displaying characters as claimed in
claim 52, wherein said correlating means correlates the
second coordinate values and the computed first coordinate
values in accordance with corresponding second and first
scaling factors to define the size of the character displayed
by said display means.

54. The system for displaying characters as claimed in
claim 53, wherein said correlating means comprises [irst
means for multiplying each of the computed first coordi-
nate values corresponding to a series of points for each
successive second coordinate on the character outline, by
the first scaling factor to define the size of the character in
the first coordinate direction as displayed by said display
means.

55. The system for displaying characters as claimed in
claim 33, wherein said scanning means scans the scan
paths in a pattern whereby the scan paths are spaced from
each other along the second coordinate in accordance with
a given density of said scan paths, and said correlating
means comprises means for selecting the number of scan
paths by which to display the points of the character outline
segment in accordance with said given density and said
first scaling factor.

56. The system for displaying characters as claimed in

claim 52, wherein said transferring means is responsive 1o

the number of computations by said computing means of
the first coordinate value corresponding to each point on
the outline segment to obtain an indication of the number
of computations and for comparing said indication o said
one value indicative of the relative extent of the character
outline for providing a call to obtain the next set of manifes-
tations, when said indication has a predetermined rela-

tionship to said one value.

57 The system for displaying characters as claimed in
claim 52, wherein display means comprises a cathode ray
tube (CRT) for deflecting an electron beam in a vertical, Y
direction corresponding to the first coordinate and for
successively spacing the position of the electron beam in a
second horizontal direction corresponding to the second
coordinate to provide a series electron beam scan spaced
from each other in accordance with a given scan line den-
Sity.

58 The character generator for generating characters as
claimed in claim 57, wherein said scanning means includes
means for deflecting the electron beam of said CRT along
the first coordinate; said scanning control means compris-
ing means for receiving an indication of the computed first
coordinate value corresponding to a point on the outline
segment and means responsive to the amount of deflection
of the electron beam along the first coordinate direction for
providing an indication thereof; and means for comparing
the computed value of the first coordinate and the indica-
tion of beam deflection to determine when the scanning in
each scan path crosses the correlated and computed first
coordinate value of the outline segment to thereby cause
said scanning means to switch from one to the other of the
display and blank states.

59 A system for generating and displaying characters
encoded in accordance with a normalized quad of first and
second coordinates, and wherein a character is defined by
at least one character outline segment encoded in a set of
instructions defining for a first value of the second coordi-
nate, a value of the first coordinate corresponding to its
point on the outline segement, and at least one value indic-
ative of the extent relative to the second coordinate for
which the set of instructions defines values of the first coor-
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dinates corresponding to points on the character outline
segment, comprising:

means for displaying a character including means jfor

scanning a pattern of strokes extending in the first
direction and spaced from each other along the second
coordinate in accordance with a given density, and
scan control means for controlling said scanning
means to selectively control the blanking and un-
blanking of each stroke of the pattern;

means for generating the character to be displayed by

said display means, including means for computing
first coordinate values corresponding to each point on
the outline segment for each successive second coordi-
nate value in accordance with the encoded set of in-
structions of the character outline segment,

said computing means including means for correlating

the size of the display character in the second coordi-
nate direction, in accordance with the effective dis-
placement of second coordinate positions of the quad,
to the given density of said displaying means to define
a first component value of a horizontal scaling factor
to control character size in the second coordinate
direction for the display of the character by said dis-
playing means; and

said scan control means controlling said scanning means

to switch from one to the other of display and blank
states when the scanning of each stroke crosses the
correlated computed first, coordinated values of the
character ouline segment.

60. The system for displaying characters as claimed in
claim 59, wherein said correlating means correlates the
computed first coordinate values in accordance with a
vertical scaling factor to define the size of the character
along the first coordinate direction as displayed by said
display means.

61. The system for displaying characters as claimed in
claim 59, wherein said correlating means comprises first
means for multiplying each of the computed first coordi-
nate values corresponding to a series of points for each
successive second coordinates on the character outline seg-
ment, by the vertical scaling factor to define the size of the
character in the first coordinate direction as displayed by
said display means.

62. The system for displaying characters as claimed in
claim 59, wherein said correlating means comprises means

for selecting the number of strokes by which to display the

points of the character outline segment in accordance with
said given density and a horizontal scaling factor.

63. The system for displaying characters as claimed in
claim 59, wherein there is further included means respon-
sive to the number of computations effected by said com-
puting means of the first coordinate value corresponding to
each point on the outline segment to obtain an indication of
the number of computations, and for comparing said indi-
cation to said one value indicative of the relative extent of
the character outline segment for providing a call to obtain
the next set of instructions, when said indicator has a pre-
determined relationship to said one value.

64. The system for displaying characters as claimed in
claim 59, wherein display means comprises a cathode ray
tube (CRT) for deflecting an electron beam in a vertical, Y
direction corresponding to the first coordinate direction
and for successively spacing the position of the electron
beam in a second horizontal direction corresponding to the
second coordinate direction to provide a series electron
beam strokes spaced from each other in accordance with
said given stroke density.
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6J5. The character generator for generating characters as
claimed in claim 64, wherein said scanning means includes
means for deflecting the electron beam of said CRT along
the first coordinate direction, said scanning control means
comprising means for receiving an indication of the com-
puted first coordinate value corresponding to a point on the
outline segment and means responsive to -the amount of
deflection of the electron beam along the first coordinate
direction for providing an indication thereof, and means
for comparing the computed value of the first coordinate
and the indication of beam deflection to determine when
the scanning in each stroke crosses the correlated and
computed first coordinate value of the outline segment to
thereby cause said scanning means to switch from one to
the other of the display and blank states.

00. A character generator for generating characters
encoded in accordance with a normalized quad of first and
second coordinates, each character being encoded in a
succession of sets of manifestations, each set related to an
outline segment of the character and including a beginning

line manifestation identifying the initial first coordinate of

each outline and an outline change manifestation specify-
ing the change of direction of the outline, said character
generator comprising: -
means for receiving a set of manifestations and generai-
ing the character for display, including means for
computing a first coordinate value corresponding to a

point on the outline segment for each successive second
coordinate value in accordance with the outline

change manifestation for its outline segment.

display means including a display element and means
Jor scanning the display element in a series of scan
paths spaced from each other along the second coordi-
nate in accordance with a given density of said scan
paths, and means for controlling said scanning means
between a display state for producing a display and a
blank state for producing no display, said scanning
control means controlling said scanning means to
switch from one to the other of the display and blank
states when the scanning in each scan path crosses the
correlated and computed first coordinate value of the
outline segment, and

said computing means including means for correlating

the first coordinate value of the outline segment with
the scan pattern and region of display in accordance
with at least one scaling factor indicative of character
size in the second coordinate direction, said correlat-
ing means for selectively effecting the computation of
the first coordinate value of a point on the outline
segment in accordance with the one scaling factor and
the change of direction manifestation.

67. The character generator as claimed in claim 66,
wherein said correlating means effects a selected number of
computations according to the one scaling factor.

68. The character generator as claimed in claim 66,
wherein said correlating means effects the computation of
the first coordinate value of a point on the outline segment
in accordance with a second scaling factor indicative of
character size in the first coordinate direction.

69. The display system as claimed in claim 45, wherein
each set of manifestations includes a second manifestation
indicative of a change of the first coordinate with respect to
the second coordinate, and said generating means is re-
sponsive to the second manifestation for computing a first
coordinate value coresponding to a point on the outline
segment for each successive second coordinate value.

70. The display system as claimed in claim 46, wherein
the set of manifestations includes a second manifestation
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indicative of a change of the first coordinate with respect to
the second coordinate, and said generating means is re-
sponsive to the second manifestation for computing a first
coordinate value corresponding to a point on the outline
segment for each successive second coordinate value.

71. The display system as claimed in claim 70, wherein
said relating means relates the first coordinate value of the
outline segment with the scan pattern and region of the
display in accordance with one scaling factor indicative of
character size in the second coordinate direction, said relat-
ing means for selectively effecting the computation of the

first coordinate value of the outline segment in accordance

with the one scaling factor and the second manifestation.

72. A character generator for generating characters from
stored electrical signals coded in accordance with a master
quad of first and second master coordinates, each character
being encoded in a succession of sets of manifestations
defining the outline segments of a character, said character
generator comprising.

display means including a display element and means
for scanning said display element in a series of scan
paths directed along a first display coordinate and
spaced from each other along a second display coordi-
nate in accordance with a given density of the scan
paths, said display means capable of displaying a
character in accordance with a selected one of a plu-
rality of character sizes; and

means for receiving a set of manifestations and for per-
Jorming computations of the values of the first master
coordinates corresponding to respective points on the
outline segment for successive ones of the second mas-
ter coordinates of the master quad, said computing
means comprising means responsive to the selected one
of the plurality of character sizes for determining the
ratio of the number of the computations effected by
said receiving and performing means to the number of
scan paths effected by said display means to generate
the outline of the character in accordance with the
selected one of the plurality of character sizes and the
given density of the scan paths.

73. The character generator as claimed in claim 72
wherein there is a scaling factor corresponding io the se-
lected one of the plurality of the character sizes and said
determining means is responsive to the scaling factor for
determining said ratio.

74. The character generator as claimed in claim 73,
wherein the scaling factor represents a non-integral value
of said ratio, and said determining means provides an
approximation of the non-integral value by periodically
using first and second whole numbers.

75. The character generator as claimed in claim 74,
wherein said determining means determines the first and
second numbers to be the nearest integral values to the
non-integral value.

76. A character generator for generating characters of a
size selected in accordance with a scaling factor, each char-
acter generated from stored electrical signals encoded in
accordance with a master quad of X and Y master coordi-
nates, each character being encoded in a succession of sets
of manifestations, defining the outline segments of a char-
acter, said character generator comprising:

a cathode ray tube including a display screen and means
Jfor scanning said display screen with an electron beam
in a raster-like pattern comprised of a series of beam
scans directed along the Y coordinate of said cathode
ray tube and spaced from each other along the X
coordinate of said cathode ray tube in accordance with
a fixed density of the beam scans, said cathode ray
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tube capable of displaying a character in accordance
with a scaling factor; and

means for receiving a set of the manifestations and for
performing computations of the Y master coordinate
corresponding to points on the outline for successive
ones of the X master coordinates, said computing
means comprising means for selecting the ratio of the
number of computations effected by said computing
means to the number of beam scans of said cathode

ray tube to define the dimension of the character 10

displayed upon said cathode ray tube along its X coor-
dinate in accordance with said fixed density of beam
scans and with said scaling factor.

77. The character generator as claimed in claim 76,
wherein said computing means further comprises means
Jor adjusting the computed value of the Y coordinate in
accordance with a second scaling factor to determine the
extent of scan of the beam along the Y coordinate of said
cathode ray tube.

78. The character generator as claimed in claim 77,
wherein said scanning means includes means for deflecting
its electron beam along its Y coordinate and means for
controlling said scanning means to switch between a dis-
play state for emitting the electron beam and a blanked
state for inhibiting the emission of the electron beam, said

computing means comprising means for providing an indi-

cation of the degree of deflection of the electron beam along
the Y coordinate and means for receiving and comparing
the computed and adjusted value of the first coordinate
and the degree of deflection indication for determining
when each beam scan crosses the adjusted and computed Y
coordinate value of the outline segment to thereby cause
said scanning means to switch from one to the other of its
display and blank states.

79. A character generator for generating characters from
stored electrical signals encoded in accordance with a nor-
malized quad of first and second coordinates, each charac-
ter being encoded in a succession of sets of manifestations,
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defining the outline segments of a character, at least one 40

including a beginning line manifestation identifying the
initial first coordinate of each outline segment and an
outline manifestation specifying the direction of its outline,
said character generator comprising:

means for receiving a set of manifestations and for gen-

erating a character for display, including means for
computing the first coordinate value cooresponding to
a point on the outline segment for each successive
second coordinate value in accordance with the outline
manifestation for its outline segment,

display means including a display element and means

Jor scanning the display element in a series of scan
paths spaced from each other along the second coordi-
nate in accordance with a given density of said scan
paths, and

means for controlling said scanning means between its

display state for producing a display and its blank
state for producing no display, said controlling means
controlling said scanning means to switch from one to
the other of its display and blank states when the
scanning in each scan path crosses the computed first
coordinate value of its outline segment.

80. A character generator for generating characters from
stored electrical signals encoded in accordance with a nor-
malized quad of first and second master coordinates, each
character encoded in a succession of sets of manifestations,

defining outline segments of a character, said generator
comprising:
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display means including a display element and means
Jor scanning said display element in a series of scan
paths directed along a first display coordinate and
spaced from each other along a second display coordi-
nate in accordance with a given density of said scan
paths, said display means capable of displaying a
character in accordance with a selected one of a plu-
rality of scaling factors, at least one of said scaling
factors representative of a non-integral value, and;

means for receiving a set of manifestations and for com-
puting values of the first display coordinate corre-
sponding to points on the outline segment of each scan
path of said display means, said computing means
comprising means for determining and using a first
number of and a second different number of the sec-
ond master coordinates to generate corresponding first
and second portions of an outline segment of the char-
acter in accordance with said given density of the scan
paths and said one non-integral scaling factor.

81. A character generator for generating characters from
stored electrical signals encoded in accordance with a mas-
ter quad of first and second master coordinates, each char-
acter being encoded in a succession of sets of manifestations
defining the outline segments of a character, said character
generator comprising.

display means including a display element and means

for scanning said display element in a series of scan
paths directed along a first display coordinate and
spaced from each other along a second display coordi-
nate in accordance with a given density of said scan
paths, said display means capable of displaying a
character in accordance with a scaling factor indica-
tive of the ratio of the second master coordinates to the
second display coordinates, said ratio comprising an
integral number and a fraction; and

means for receiving a set of manifestations and for com-

puting values of the first display coordinate corre-
sponding to points on the outline segment for each
scan path of said display means, said computing
means comprising first and second means for storing
respectively the integral number and the fraction of
said ratio, means for selecting a given number of the
second master coordinate to be used to generate an
outline segment in accordance with the integral num-
ber and said given density of scan paths, and means
Jor varying said number of the second master coordi-
nates in accordance with the fraction.

82. A character generator for generating characters
from stored electrical signals encoded in accordance
with a master quad of first and second master coordi-
nates, each character being encoded in a succession of
sets of manifestations defining the outline segments of a
character, said character generator comprising:

display means including a display element and means

Jor scanning said display element in a series of scan
paths directed along a first display coordinate and
spaced from each other along a second display coordi-
nate in accordance with a given density of said scan
paths; and

means for receiving a set of the manifestations and for
computing values of the first display coordinate corre-
sponding to points for each scan path on an outline
segment, said receiving and computing means com-
prising means responsive to the set of manifestations
for providing a manifestation indicative of the direc-
tion of the outline segment, and first coordinate com-
puting means responsive to said direction manifesta-
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tion for computing values of the first display coordi-
nates.

83. The character generator as claimed in claim 82,
wherein said computing means comprises means for deter-
mining the values of the first and second display coordinate
Jor an initial point on the outline segment.

84. The character generator as claimed in claim 83,
wherein said first coordinate computing means is respon-
sive to the initial values of the first and second display
coordinate and to the direction manifestation for comput-
ing the value of the first display coordinate of the next
successive point on the outline segment.

85. The character generator as claimed in claim 83,
wherein said direction manifestation comprises a tangent
Junction of the corresponding outline segment.

86, The character generator as claimed in claim 82,
wherein at least one of said sets of manifestations includes
a manifestation indicative of the variable extent relative to
the second master coordinate for which its set of manifesta-
tions define points on its outline segment, said receiving
and computing means responsive to the manifestation of a
first occurring set of manifestations for requesting and
recetving a second, subsequent set of manifestations.

87. A character generator for generating characters from
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stored electrical signals coded in accordance with a master 25

quad of first and second master coordinates, each character

being encoded in a succession of first and second sets of

manifestations, each of the first and second sets defining an
outline segment of a character and including a manifesta-
tion indicative of the variable extent relative to the second
master coordinate for which its set of manifestations de-
fines points on its outline segment, said character generator
comprising.

display means including a first display element and

30

means for scanning said display element in a series of 35

scan paths directed along a first display coordinate
and spaced from each other along a second display
coordinate in accordance with a given density of said
scan paths,

means for generating the character for display including 40

means for computing a first master coordinate value
corresponding to a point on the outline segment for
regularly periodic ones of the second master coordi-
naies in accordance with the first set of manifesta-
tions, and

means responsive to the manifestations of the first set for

requesting and receiving the second set of manifesta-
tions.

88. The character generator as claimed in claim 87,
wherein there is further included means for storing the
manifestation of the first set and for decrementing the
manifestation of the first set upon the computation of the
value of each first master coordinate and upon decrement-
ing the manifestation to a predetermined value, for initiat-
ing said responsive means to request and receive the second
set of manifestations.

89. A character generator for generating characters from
stored electrical signals encoded in accordance with a mas-
ter quad of first and second master coordinates, each char-
acter being encoded in a succession of sets of manifestations
defining the outline segments of a character, said generator
comprising.

display means including a display element and scanning

means for scanning said display element in a series of
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character in accordance with a selected one of a plu-
rality of character sizes; and

means for receiving a set of manifestations and for per-

Jorming computations of the values of the first master
coordinates corresponding to points on the outline,
each computation corresponding to successive ones of
the second master coordinate of the master quad, said
computing means comprising means for adjusting the
computed values of the first master coordinates of the
outline to provide adjusted values of the first display
coordinates of the outline segment in accordance with
the selected character size. |

90. The character generator as claimed in claim 89,
wherein the character size corresponds with a scaling fac-
tor, said adjusting means adjusting the ratio of the number
of computations effected by said receiving and performing
means to the number of beam scans effected by said display
means, lo define the dimension of the character displayed
upon said display means along its second display coordi-
nate in accordance with the given density of the scan paths
and with the scaling factor.

91. A character generator for generating characters from
stored electrical signals in accordance with a normalized
quad of first and second master coordinates, wherein regu-
larly periodic ones of the second master coordinates define
successive computation cycles, each character being en-
coded in a succession of sets of manifestations defining the
outline segments of a character, said character generator
comprising:

display means including a display element and means

Jor scanning said display in a series of scan patterns
spaced from each other along a second display coordi-
nate,

means for performing a plurality of successive computa-

tion cycles, each computation cycle computing a value
of the first master coordinate; and |

means for selecting ones of the computed values of the

- first master coordinate to provide values of the first

display coordinates corresponding to points on the
outline segment for each of the second dislay coordi-
nates.

92. The character generator as claimed in claim 91,
wherein said performing means comprising means for com-

45 puting a change of the value of the first master coordinate

Jor the present computation cycle with respect to the next
preceding computation cycle.

93. The character generator as claimed in claim 92,
wherein said performing means comprises means for accu-
mulating the changes of the values of the first master coor-
dinates in successive computation cycles.

94. The character generator as claimed in claim 93,
wherein said performing means comprises means respon-
sive to a set of manifestations for providing a manifestation
indicative of the slope of the corresponding outline, and
means responsive lo the slope manifestation for computing
the change in value of the first master coordinate for the
present computation cycle with respect to the next preced-
ing cycle.

95. The character generator as claimed in claim 94,
wherein said display means scans said display element in
scan paths spaced from each other in accordance with a
given density of said scan paths.

96. The character generator as claimed in claim 95,

scan paths directed along a first display coordinate 65 wherein the spacing between the second master coordinates

and spaced from each other along a second display
coordinate in accordance with a given density of said
scan paths, said display means capable of displaying a

is substantially equal and said performing means com-
putes in each computation cycle the change of the value of
the first master coordinate for the present computation
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cycle with respect to the next preceding cycle, in accordance
with the equal spacing.

Q7. The character generator as claimed in claim 95,
wherein said display means comprises a cathode ray tube
including a display screen, means for scanning said display
screen with an electron beam in a raster-like pattern com-
prised of a series of beam scans directed along said first
display coordinate and spaced from each other along said
second display coordinate in accordance with the equal
spacing, and means for controlling said scanning means
between a display state for producing the electron beam
and a blanked state for producing no electron beam; said
compulting means comprising means for providing an indi-
cation of the degree of deflection along the first display
coordinate, and means for receiving and comparing the
computed value of the first master coordinate and the
degree of deflection modification for determining when
each beam scan crosses the computed value of the first
master coordinate value of the outline segment to thereby

5
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said performing means successively performing the calcula-
tion of the values of the first master coordinates for each of
said plurality of outlines in a first, single computation cycle
and thereafter computing the values of the first coordinates
for each of the plurality of outlines ir a second, successive
computation cycle.
09. The character generator as claimed in claim 93,

wherein said display means comprises means for control-
ling said scanning means between a display state for pro-

10 ducing a display and a blank state for producing no dis-

£5

play, said controlling means responsive to the values of the
first display coordinates to successively control said scan-
ning means to switch between a display state and a blank
display in the course of a first scan pattern, while said
performing means is calculating the values of the first
display coordinates to be applied to said display means
during a second scan pattern.

100. The character generator as claimed in claim 99,

cause said cathode ray tube to switch from one to the other 20 wherein there is included storage means coupled to said

of its display and blank states.

98. The character generator as claimed in claim 91,
wherein the character is defined by a plurality of outline
segments, wherein for a given second master coordinate of
the master quad there is defined a corresponding plurality

of points, each having a different first master coordinate,
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performing means for receiving and storing the values of
the first master coordinates for a given computation cycle
in the order they are to be used by said controlling means
to control said scanning means between its display and

blank states.
i Wy i » x
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