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COMPRESSED CODING 0F DIGITIZED 
QUA ; a IES 

NATURE AND OBJECT OF INVENTION 

Typographical matter may be reproduced by trans 
mitting digital codes representing the alphanumeric 
characters from remote locations or from computer 
storage to a photocomposing apparatus, which controls 
operation of a cathode ray tube for recording the 
alphanumeric characters on sensitive ?lm. Fonts of 
characters may also be stored for use in control of 
similar photocomposing apparatus. 
The characters, or other images to be reproduced, 

are coded in digital form by relating to a grid system, 
the coordinates of which denote the areas covered by 
the character, and a digital code is developed denoting 
the areas of each character. This code may then be 
transmitted or stored for control of the photocompos 
ing apparatus. Such a character as outlined on a grid in 
black areas is illustrated in FIG. 2, in which the coor 
dinates of the black elemental areas forming the 
character are designated by digits. 
Each column or linear array of the white or blank 

areas is counted, then the number of black or unblank 
areas to the next blank area, etc. Thus, as the numbers 
of blank and unblank areas along each array, or each 
scan, are recorded, the counts of the scans all are sets 
of digits, each set representing the items of one column 
of blank and unblank areas, and as a whole, the 
character itself. This set of digits, or character block, if 
in binary digits, may be transmitted to a photocompos 
ing apparatus to “write” the character with the cathode 
ray tube beam, or stored in a memory for future use in 
the same manner. 

Applicant has discovered that the number of digits 
necessary for a record of a digitized character may be 
reduced substantially, that is, the code for a digit may 
be compressed, by representing the changes in counts 
of successive scans instead of the full counts. The ?rst 
linear array of areas which forms the ?rst scan is 
represented by counts of blank areas and unblank areas 
in the array, and then the results of the next scan are 
compared and the changes in length of the blank and 
unblank areas are registered. This registering by a 
change count code substantially reduces the number of 
digits to be stored or transmitted. For control of a 
photocomposing apparatus, the code is expanded, or 
restored to its original full count form, by modifying 
each preceding scan by its change code to produce the 
full code, which is registered to actuate the photocom 
poser. 

It is the object of this invention to compress the 
digital codes denoting the coordinates of alphanumeric 
characters or other images by a change count of suc 
cessive linear arrays or scans compared with preceding 
scans denoted by full counts, and to expand such code 
after storage and/or transmission to its original form for 
representation of a character or image and for use as 
controls of photocomposing apparatus. In the practice 
of this invention, the sensitized elemental areas which 
form each character, variously known as black or un 
blank areas, are located along each scan, or column of 
areas by counting the number of white or blank areas 
and black or unblank areas scanned successively in 
each linear array. The next succeeding scan may then 
be recorded by designating the changes in lengths of 
the areas compared to the preceding scan. 
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2 
The compression of the codes for the quantities 

representing counts of scan items for digitized charac 
ters is only one application of the broader concept of 
reducing the digital representation of sets of variable 
quantities. In a similar manner, any set of variable 
quantities may be successively registered by the use of 
the compressed coding system to transfer or store new 
values after registering base values of such quantities. 

THE DRAWINGS 

FIG. I is a diagrammatic view of a photocomposing 
system embodying the invention. 

FIG. 2 illustrates the representation of a character on 
a coordinate grid network. 

FIG. 3 is a general schematic view of the basic units 
of the data expanding apparatus to register the 
complete data for control of the photocomposing ap 
paratus. 

FIG. 4 is a schematic of the clock circuit to furnish 
control pulses for the data expanding circuits. 

FIG. 5 is a schematic of one input register which 
receives the character data from the computer storage. 
FIG. 6 is the space decode circuit for blank spaces 

along the left margin of a character. 
FIG. 7 is the full count size decode circuit, which 

fixes the number of digits to be used for the items of 
each scan. 

FIG. g is the memory input gating circuit which con 
trols the transfer of complete data to the storage and 
output registers. 

FIG. 9 is a schematic of the scan address controls cir 
cuits and registers for controlling the address of the 
storage registers. 

FIG. It) is the mode control circuit which sets the 
operation of the expanding system in either the full 
count or change count mode. 

FIG. 11 is the end-of-scan decode circuit which 
signals the change to successive scans. 

FIG. 12 is the change count decode circuit for con 
trolling operation to expand into the full count code for 
successive change count scans. 

FIG. 13 is the end-of-character circuit to denote the 
completion of a character. 

TECHNICAL DESCRIPTION 

Referring now to FIG. I, the relationship of the data 
expander to the photocomposing system is schemati 
cally represented. Computer 10 supplies display data in 
coded form to the data expander 12. The editing of the 
text and the choice of fonts to be used is controlled in 
the computer lb. The ?nal formatted text is passed to 
data expander in a compressed code. Data expander 12 
then decodes the data and provides the control signals 
to the display controls 13. The display controls provide 
drive signals that enable the cathode ray tube 14 to 
print the text material on photographic ?lm 16. 
The operation of the display controls 13 is described 

in detail in copending patent application, Ser. No. 
682,845, ?led Nov. 14, 1967, entitled “Reciprocating 
Lens Photocomposer,” and invented by J. L. 
Overacker and owned by the same assignee. The 
cathode ray tube I41 displays one vertical scan at a time, 
and lens I8 focuses that scan onto ?lm 16. When the 
next adjacent scan is to be printed, the scan appears at 
the same place on the face of the cathode ray tube, and 
the lens is indexed horizontally to move the scan line 
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‘ horizontally on the ?lm. Accordingly, a character is 
painted onto the ?lm by a series of vertical scans of the 
cathode ray tube with a slight horizontal adjustment of 
lens 18 between each scan. 
A control for the reciprocating lens motor to position 

lens 18 is described in copending, commonly assigned 
patent application, invented by V. C. Martin Ser. No. 
871,932, ?led on Oct. 28, 1969, and entitled 
“Photocomposing System." 

In FIG. 2, the lower case character e is shown as an 
example of a character broken down into small blocks. 
For simplicity in understanding the operation of the in 
vention, the scans in the example of the letter e have 
been numbered along the bottom of the letter, while 
the vertical bits in the scan have been numbered along 
the left side of the e. A bit is here de?ned as one block 
in a scan. ‘The e, as shown in FIG. 2, appears very 
crude, and is not of print quality. However, with many 
more bits per scan and many more scans per inch, the 
print quality of the e can be made extremely high with 

4 
to the left, although coding could be done from either 
direction) and denoting the change per scan item. An 
additional rule to be followed in compressing the data 
in Table I is that when the number of scan items change 
from one scan to the next, it is necessary to change 
some of the scan items from change-count items to full 
count items. A full count is the number of bits con 
tained in a scan item, while a change count is the dif 
ference in number of bits between the scan item in the 
present scan and the same scan item in the preceding 
scan. If the number of scan items decreases from the 
number in a previous scan, the last scan item of a scan 
must be coded as a full count. If the number of scan 
items increases, the scan item corresponding to the last 
scan item of the previous scan and all remaining scan 
items must be coded as full counts. Also, any time a 
scan item changes by a large amount, that scan item 
and all remaining scan items of the scan must be coded 

20 as full counts. With these simple rules, Table 11, shown 
below, may be generated from Table I. 

TABLE II 

—1 I) —1 +1 -—1 (l 0 l) 0 ll +1 —1 +1 0 
+1 +1 +1 0 +1 0 (l () U U -—l (I —1 —l 

(l (l i] U (l l) t) (I O (I U 0 (l U 
'+l +1 +1 (1 +1 I] 0 (J 0 i1 —1 0 —l —l 
-—1 U —1 +1 —1 U l] 0 ll 0 +1 -—1 +1 0 

i1 —-1 0 —1 U l) 0 0 l) U 0 +1 +1 
It) 11 12 13 14 15 1G 17 18 19 20 21 22 23 

no discernible discontinuity along its outer periphery. 30 The transition between Table II and Table I is as fol 
With the grid overlying the character e as in FIG. 2, it 

is possible to arrive at a data code for the e by splitting 
up each scan into a series of alternating black and white 
scan items. The length of a scan item is measured by 
the number of bits (blocks) in the scan item. The start 
ing position for the scan is at some vertical reference 
position below the character. For purposes of the ex 
ample in FIG. 2, it is assumed that the vertical 
reference position for each scan is three-bit positions 
below the lowest portion of the character. The top of 
the scan for a character is de?ned by the last black scan 
item in a scan. 

In scan 4, the ?rst scan item is white and is 13 bits in 
length. The second scan item is black and is seven bits 
in length. Because the vertical reference position is 
below the character, the ?rst scan item in each scan 
will always be white. The scan items will then alternate 
black and white. The following table may be built up as, 
a code for the scan items in the character 2 shown in 
FIG. 2. On the vertical coordinate of the table, the 
white and black alternating scan items are indicated. 
On the horizontal coordinate of the table, the number 
of the scan is indicated. Scans 1, 2, and 3, and scan 30 
are not in Table I because these scans, as can be seen in 55 
FIG. 2, do not contain any pieces of the character. 
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lows. Scan 4 is the ?rst scan through the character, and, 
accordingly, the scan items must be full count items. 
Scan 5 is the second scan through the character and 
contains the same number of scan items as scan 4. 
Therefore, scan 5 may be indicated by change counts 
relative to scan 4. Similarly, scans 6 and 7 are indicated 
by change counts relative to the size of the same scan 
item in the preceding scan. For example, in scan 7, 
from Table I, it is clear that the ?rst item decreased 
from magnitude 8 in scan 6 to magnitude 7 in scan 7. 
Accordingly, the ?rst item in scan 7 is identi?ed as 
negative 1. Similarly, the second item in scan 7 in 
creased from 16 in scan 6 to 18 in scan 7. (See Table 1.) 
Therefore, in Table H, the second item in scan 7 is in 
dicated as being a+2. 
A comparison of Tables I and II with FIG. 2 shows 

that from scan 7 to scan 8, the number of scan items 
change. Therefore, it is necessary for the code to revert 
to full counts to code the last three scan items in scan 8. 
Likewise, scan 9 also increases in scan items from scan 
8, and, therefore, the last three items of scan 9 must 
again be coded as full-count scan items. 
Scan Eli contains the same number of scan items as 

in both scans 9 and 10 is ?ve bits in length, and, the 

TABLE I 

5 5 4 5 4 4 4 4 4 4 5 4 5 5 G . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .. 

3 4 5 5 6 6 b (i (i G 5 5 4 3 2 __________________ _. 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 10 ‘J 8 (i . ._ 

B 7 5 5 4 5 4 4 4 4 4 4 5 4 5 5 ii (i 5 4 2 4 
__ 7 G 5 4 4 3 3 3 3 3 3 3 3 4 4 5 5 6 7 8 10 16 

Sean 4 5 6 7 S ‘J 10 11 12 13 14 15 1G 17 18 19 2G 21 22 ‘23 24 25 26 27 28 29 

As pointed out earlier, it is desirable to compress the 65 change count for that scan item is “0” in scan 10. By 
code shown in Table 1 into a code showing only the 
changes between scans. Accordingly, a second table 
can be generated from the ?rst by comparing each scan 
with the preceding scan (usually the scan immediately 

comparing scans 9 and 10 in Table I, the difference, or 
change-count code, can be arrived at for insertion in 
scan 10 of Table 11. Similarly, scans 11 through 24 will 
all be change-count coded since all of these scans con 

scan 9, and is change-count coded. The ?rst scan item. 
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tain the same number of scan items. One point of in 
terest starts at scan 15 where a comparison of scans 14 
and 15 in Table 1 indicates that these scans are identi 
cal. 

Therefore, scan 15 in Table II contains all “O’s” for 
the scan items. 
The change back to full-count items occurs next at 

scan 25. Scan 25, in FIG. 2, is where the intersection 
between white and black segments of the character 
drop from 6 to 4. The last count of scan 25 is then full 
count coded. Scans 26 through 28 are change-count 
coded since they also contain four scan items, just as 
scan 25. Finally, scan 29, which is the last scan through 
the character, is full-count coded starting with the ?rst 
count since the first count change from scan 28 is +6. 
This change could have been coded as a change count, 
but is not because the change is relatively large. 

DATA COMPRESSION CODE 

The code utilized by the computer to send com 
pressed data to the data expander follows a set of rules. 
The code is binary and in this case contains eight bits 
per byte. Data from the computer is sent over to the ex 
pander, one byte at a time. As will be seen later, the 
data expander contains a serializer so that effectively 
the data expansion works on a bit at a time as the data 
is received out of the serializer. 

Continuing with the set of codes, the ?rst bit, or bit 
zero, in the ?rst byte indicates whether there is a left 
edge space preceding the start of the character, or no 
left-edge space. A “0” indicates no space and a “ l ” in 

dicates space. Also, if there is left-edge space, the 
number of scans in the left space will be indicated by 
the count to be received in the second byte. 

Bits one and two of the ?rst byte are a two-binary 
code to identify the four possible count sizes for full 
count items. The code is as follows. ' 

Bit 1 Bit 2 Full-Count Size 

0 0 5 Bits + EOS Bit 
0 l 6 Bits + EOS Bit 
1 0 7 Bits + EOS Bit 
1 1 8 Bits + EOS Bit 

The EOS bit is an End-of-Scan ?ag bit in a full-count 
scan item. If the EOS bit contains a “ 1 ," that full-count 
item is the last scan item in a scan. Accordingly, if the 
counts are of a magnitude that seven hits plus an EOS 
bit are required to specify a scan item, then bits one 
and two will contain a “1” and “0,” respectively. 

Bits three through seven of the ?rst byte are unused 
in this invention. They may be used for check bits or 
other data processing functions. 

After the ?rst byte, or the second byte, the data ex 
pansion proceeds on a serial-by-bit basis. Whether this 
serial operation starts after the ?rst byte or after the 
second byte depends upon whether or not bit zero in 
the ?rst byte indicates left-edge space data. lfbit zero is 
a “ l ,” the number of blank scans in left-edge space is 
the content of the second byte. If bit zero in the ?rst 
byte is a “0,” this indicates that character data begin 
immediately with the second byte, and, therefore, seri 
al-by-bit operation begins with the second byte. 
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6 
Once the expansion of character data has begun, the 

following codes are used. If the end-of-scan bit is a “ 1 ,” 
then the full-count item containing this bit is the last 
scan item in a scan. The end-of-scan bit is the ?rst bit in 
a full-count scan item. Accordingly, if there are seven 
bits per full-count scan item, these will be proceeded by 
an end-of-scan bit, so that in total there will be eight 
bits de?ning a full-count scan item. Once the code, as 
previously pointed out, de?nes the size of the full-count 
scan item, that size is retained throughout the data ex 
pansion of the entire character. 

If an end-of-scan signal occurs, the ?rst scan item of 
the next scan is treated as a change-count scan item. 
The data expansion hardware will be triggered auto 
matically to go to a change-count mode of operation. 
To return to full-count mode of operation, the data ex 
pander must receive the code “111.” If “1111” is 
received by the data expander, this indicates end-of 
character. 1 , 

The change-count codes are as follows. A single “0” 
in a bit position indicates that the scan item in the 
present scan is the same as the scan item in the preced 
ing scan. If the change count is other than “0,” the 
magnitude of the count is de?ned by a variable length 
word, the beginning and the end of the word being 
de?ned by a binary “1" and the number of “0’s” 
between the two binary “l’s” indicating magnitude of 
the change. Accordingly, a code 0 “ 10001 ” indicates a 
change count of 3, while a code of “101” indicates a 
change of one. 
As to the sign of the change count, if the code con 

tains two ones at the beginning of a change-count item, 
the direction of the change is opposite to the direction 
of the change for the same scan item in the previous 
scan. For example, a “110001” indicates a change 
count of magnitude three plus a change in direction 
from the change count for that scan item in the previ 
ous scan. If the scan item in the previous scan was a 
full-count scan item, it is assumed that the change 
count in this next scan will be positive or additive to the 
full-count item of the preceding scan. Therefore, if the 
change count scan item which ?rst follows a full-count 
scan item in the preceding scan is negative, then the 
?rst change-count code for the change-count scan item 
must have a “l l ” as the beginning of the change-count 
scan item. 

The following Table 111 indicates some of the codes 
as they would be sent from the computer to the data ex 
pander for the letter e of FIG. 2. The codes are in 
dicated on a scan-by-scan basis, except for the ?rst line 
which indicates the ?rst two bytes of the display data. 
Also, the codes below contain a space which would not 
be present in the data. The spaces are added here to aid 
the reader in picking out the end of each binary word. 

TABLE III 

Scan Serial date 

First two bytes ....... __ 100XXXX 00000011 

___ 110001 1000001 
1001 100001 
101 1001 

.. 101 111 000111 000011 101010 
101 1101 1001 111 000011 000010 100110 

10 , _ _ _ . _ _ _ _ . . . _ . . _ . . . . __ O 101 101 0 101 1101 

14 _ _ _ _ _ . . _ _ _ _ _ . . _ . . . _ . .. 0 1101 101 0 101 1101 

15 _ _ _ _ _ _ _ , _ _ _ _ . _ _ _ _ . , _ _ . 0 0 O 0 0 0 

25 _ _ _ _ _ _ _ _ . . _ . _ . i . . . . . 101 0 101 111 101010 
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rTABLE III —Continued 

Serial date Scan 

The ?rst two bytes of data from the computer indica 
tive of character information are indicated at the top of 
Table HI. Bit zero of the ?rst byte contains a “‘ 1.” Ac 
cordingly, the second byte indicates the number of 
scans at the left edge of the character before the 
character scans start. In the example in FIG. 2, there 
are three scans, and, accordingly, the second byte con; 
tains the binary indication for three. 

Returning to the ?rst byte, the bits in the “l” and 
“2” positions of the byte are “O’s” indicating that the 
full-count items for the character to be generated will 
be ?ve bits in length plus an end-of-scan bit. The 
remaining bits in the ?rst byte are indicated by “X’s” as 
these bits are not used in the invention, and could be 
utilized by the data processing equipment for other 
functions. 

In the next line of Table III, the binary words for scan 
4 of FIG. 2 are shown. Of course, the binary words in 
Table III would follow one right after the other and are 
delineated here line-by-line for ease in understanding 
which binary words are associated with each scan. The 
binary words for full-count items will be ?ve bits plus 
anend-of-scan bit as the ?rst bit of each word. The ?rst 
binary word has a “0” at the first bit position, indicat 
ing that this scan item is not the end-of-scan. The next 
?ve bits indicate the magnitude of the scan item-in this 
case, a count of 13. This corresponds to the 13 for the 
?rst scan item in the fourth scan, as indicated in Table 
II. The second scan item de?ned by the next binary 
word contains a “1” in the ?rst bit position of the word 
indicating that this scan item is the end of the scan. The 
count in the binary word is seven and, of course, cor 
responds to the seven bits, or blocks, in the second scan 
item of scan 4 as indicated in Table H. 
Scan 5 is the ?rst scan which is change-count coded. 

In Table II, the ?rst scan item for scan 5 is indicated by 
the ?rst binary word for scan 5. This binary word in 
dicates that a change of three is required, and that the 
change should also begin a direction opposite to that 
which the decode hardward is presently set for. Ac 
cordingly, a change in sign must be coded into the data 
sent to the data expander. The change in sign, as ex 
plained previously, is signaled by a second binary “l ” 
in the change-count binary word. Accordingly, the ?rst 
binary word for scan 5 indicates a change of negative 
three as required by Table II. The second binary word 
in scan 5 indicates no change in sign and a change 
count of 5. Accordingly, the second binary word for 
scan 5 calls for a change of +5 as indicated in Table I! 
for the second scan item of scan 5. 
The second scan item of scan 5 contains no end~of 

scan signal because the end-of-scan condition during 
change-count mode of operation is handled by the 
hardware in the data expander, as will be explained 
hereinafter. 
The binary words for scans 6 and 7, as shown in 

Table III, represent change-count codes and are 
developed in the same manner, as just explained for 
scan 5. Notice that no change in sign is required 
because the same scan item in adjacent scans is chang 
ing in the same direction. 
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The binary words for scan 8 represent a signi?cant 

departure from the binary words in scan 7 because the 
number of scan items changes from 2 to 4. As ex 
plained previously, when there is a change in the 
number of scan items, the operation of data expansion 
reverts to a full-count mode for some scan items. The 
binary words for the last three scan items in scan 8, as 
shown in Table III, are full-count items. 
The second binary word consists of three binary “ l’ 

s.” This is the code signal indicating a change to a full 
count mode. This code signal causes the data expander 
to change to a full~count mode of operation. The next 
binary word is the full count for the second scan item of 
scan 8. The ?rst or end-of-scan bit of the word is “0” 
indicating that the second scan item is not the end-of 
scan. The count indicated by the binary word is 7 and 
corresponds to the size of the second scan item as in 
dicated in Table II. The remaining binary words in scan 
8 indicate the size of the scan items by full counts. Of 
course, the last binary word for scan eight contains a bi 
nary “1” at the ?rst or end-of-scan bit position indicat 
ing it is the last scan item in scan 8. 
The end-of-scan signal at the end of the previous 

scan 8 causes the data expansion hardward to auto— 
matically change to a change-count mode of operation 
for scan 9. As can be seen from FIG. 2 and Tables I and 
II, scan 9 differs in number of scan items from that of ‘ 
scan 8. Scan 8 contains four items and scan 9 contains 
six. Therefore, the last three scan items of scan 9 must 
be coded as full-count items. The fourth word for scan 
9 in Table III is three serial binary ones, “ l l l,” indicat 
ing a change to full-count mode. The full count binary 
words for the last three scan items in scan 9 are then in 
dicated in Table III. The last scan item contains a bi 
nary one at the ?rst or end-of-scan bit position and in 
dicates end of the scan. 
The next scan 10, as can be seen in Table II, is coded 

entirely in change-count code. Thus, when the data ex 
pander automatically changes to change-count mode of 
operation at the end of scan 9, it is ready to commence 
decoding, or data expansion of scan 10. The ?rst scan 
item in scan 10 is zero, indicating that that scan item is 
unchanged from the previous scan. The second binary 
word in scan 10 of Table III indicates a change of —l . 
The third binary word in scan 10 indicates a change of 
+1. These changes correspond to the changes indicated 
in Table II and are decoded in the same manner as 
previously described for scans S, 6, and 7. 
The next scan that is signi?cantly different in 

procedure is scan 15. By examining scan 14 and 15 in 
Table I, it is clear that the scan items in these two scans 
are identical. Accordingly, the change count for scan 
15 in Table I1 is a series of zeros. Likewise, in Table III, 
the change-count code for scan 15 is a series of binary 
words where each binary word is a single bit, and that 
bit is a zero. 

in scan 25, there is again a change to full count 
mode, signal “111,” preceding the last scan item. The 
last item is therefore a full count item for a count of 10 
and also contains an end-of-scan ?ag “1" as the ?rst 
bit. The change to full count mode is required so that 
an end-of-scan flag could be put in the last scan item. 
The last signi?cant change in the data expansion 

code which has not been discussed is shown in scans 29 
and 30 of Table IH. Scan 29 is a full-count item scan. 
Accordingly, as described above, the signal for change 
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to full count is a series of three ones and is the ?rst bi 
nary word of scan 29. Scan 29 then proceeds in the typ 
ical fashion using full-count items. 
Scan 30 is shown only in Table III as scan 30 is the 

?rst scan which is not generating a portion of the lower 
case e shown in FIG. 2. The binary word in scan 30 is a 
series of four l’s. A series of four binary l’s is the code 
which indicates to the data expander that end-of 
character has been reached. 

DATA EXPANDER 

So far, the description has dealt with the code which 
the data expander works with. The coding of the scan 
items into full-count and change-count items is neces 
sary to the invention, which also includes restoring the 
data to its original full-count state. The signi?cance in 
the code is the fact that the great percentage of the data 
may be change-count coded, and, thereby, save trans 
mission or storage in a computer operating controls. 
The gist of the invention is the storage or transmission 
of compressed data and the use of data expander cir 
cuitry to expand compressed data into full counts, 
whereby the data may be used for display ‘or controls, 
as for example, in a photocomposer. A preferred em 
bodiment of the data expander is shown in FIG. 3. 
The connections of the functional blocks in FIG. 3 

are complete, with the exception of timing signals and 
reset signals. The timing and reset signals will be 
pointed out in later ?gures which show the detail imple 
mentation of the more unusual blocks shown in FIG. 3. 
The flow of data from the computer enters input re 

gister 50. The data from the computer arrives in eight 
bit bytes. The input register 50 contains a parallel 
storage array for storing the eight bits in parallel as they 
arrive. The register also contains hardware for 
thereafter serializing the parallel bits into a serial string 
of eight bits. At the output of the input register 50, 
there is indicated the 0-bit, the l-bit, and the 2-bit posi 
tions. The O-bit position is the serial data output posi 
tion. The 1- and 2-bit positions contain the full-count 
size information, or code, when the ?rst byte of 
character data is received at the input register. Ac 
cordingly, the 1-bit and 2-bit positions are passed to a 
full-count size decoder 52, which will be described 
hereinafter. 

In addition, the input register has an output cable 
carrying all eight bits of a byte in parallel out of the re 
gister. This cable is provided so that left-edge space 
counts can be passed in parallel as a full byte out of the 
input register through AND gate 54 for storage in 
memory 56. AND gate 54 is represented as a single 
AND gate in FIG. 3. In fact, the AND gate 54 would 
consist of a plurality of eight AND gates in parallel with 
each AND gate passing one-bit position in the byte. 
The two controlling gating signals for AND gate 54 are 
applied to all eight of the AND gates to enable each 
AND gate to pass one bit of the 8-bit byte. 
One of the enabling signals for AND gate 54 is the 

left-edge space signal generated by space decode 58. 
The function of space decode 58 is to indicate when 
there is a left-edge space preceding the scan items of a 
character and also to indicate character start, i.e., 
begin of scan items. The space decode responds to the 
input serial data, to a prime cycle signal from mode 
control 60 and to a ?rst byte, a second byte signal and a 
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third byte signal from the computer. The ?rst, second 
and third byte signals are pulse signals which accom 
pany, in time, the ?rst, second and third 8-bit bytes of 
character information at the beginning of each 
character. The second byte pulse is also used as an 
enabling signal for AND gate 54; so that only the 
second byte of input character data is passed to storage 
in memory 56. It is, of course, only the second byte 
which contains left-edge space count‘if there is a left 
edge space at the beginning of a character. The opera 
tion of the space decode 58 will be described 
hereinafter with reference to FIG. 6. 
When the ?rst byte of eight bits is in the input re 

gister, the full-count size decode is active to identify 
from the one and two bits of the 8-bit byte what the size 
of full-count items is for the character about to be 
photocomposed. The full-count size decode 52 
responds to the 1-bit and 2-bit positions in the input re 
gister and the prime-cycle signal from the mode control 
60 and, also, to the ?rst byte indication from the com 
puter. Its function is to decode the one and two bits and 
identify the size of the full-count items and convey this 
size information to the memory input gating 62. 
The function of the memory input gating is to control 

whether data from cable 63, or data from cable 64, or 
serial data from line 65 is gated into the memory 56. 
The memory 56 operates on a cyclic basis with each 
cycle being divided into a write time and a read time. 
The remaining input lines to the memory input gating 

62 are the lines which provide the control signals to 
control which data ?ow into the input gating is passed 
onto memory 56. The signals passed via cable 66 from 
the mode control are prime cycle, full-count mode, and 
change-count mode. In full count mode operation, the 
memory input gating is receiving serial data over line 
65 and acts to store that data in parallel in memory 56 
by a recirculating operation operating with buffer re 
gister 68. As each bit in the serial string of data is ap 
plied to the memory input gating, it is passed to the 
memory during the write time. During read time of the 
same cycle, the bit is passed to the buffer register, and 
from the buffer register 68 back over cable 63 and 63A 
to the memory input gating 62. During the next cycle of 
the memory, the next bit in the serial data string is writ 
ten in parallel with the ?rst bit into the memory. During 
the next read time the two bits are then passed to the 
buffer register 68 and recirculated back to the memory 
input gating as before. This recirculating procedure 
continues until all the bits of a full-count item as 
speci?ed by the full-count size decoder 52 have been 
assembled at a scan address in the scan storage section 
of memory 56. 

During change-count-mode operation to be 
described in detail later on, the count-item (or scan 
item) is read from scan storage section of memory 56 
into buffer register 68 and recirculated back to the in 
crement/decrement '70 where it is changed according 
to the change-count signal and gated by the memory 
input gating back into scan storage. 

During the assembly of full-count items and also the 
updating of previous scan items by change counts, the 
memory controls issue a scan-cycle signal which ena 
bles the memory input gating 62 and scan address con 
trols 74. When a full scan has been decoded and accu 
mulated in the scan storage area of memory 56, a 
move-scan cycle of operation begins. 
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During move scan, the scan items are read from the 
scan storage section of memory 56 into the buffer re 
gister 68. They are then recirculated back over cable 
63 and 63A to the memory input gating 62. The move 
scan signal from the memory controls is applied to the 
memory input gating 62 and enables the memory input 
gating to pass the recirculated scan item back into 
memory 56. This time, during the write time of memory 
cycle, the scan item is stored in the print-storage area 
of memory, rather than the scan-storage area. This 
procedure continues until all of the scan items in a scan 
have been moved from the scan-storage area of 
memory into the print-storage area of memory. 
There is one other remaining operation of the 

memory called use-cycle operation. The use cycle is re 
lated to the display controls in the actual photocompos 
ing of each scan on photographic ?lm. When the dis 
play controls are ready for more scan items to control 
the display, they generate a use-cycle request signal. 
When the memory controls receive a use-cycle request 
signal, they interrupt their other operations, such as as 
sembling full-counts or change-counts, or moving 
scans, and immediately send a scan-item from the print 
storage area of memory to display controls. The 
memory controls generate the use-cycle signal which 
gates AND gate 72 to pass the scan item from the 
buffer register to'the display controls. As soon as the 
scan item has been passed from the print-storage area 
to the display controls, the memory reverts back to its 
previous operation which may have been either scan 
cycle or move scan. The AND gate 72 in FIG. 3 is 
representative of a plurality of AND gates which would 
be passing a scan item in parallel to the display con 
trols. ' 

The buffer register 68 is simply a register for storing 
eight bits of data plus a flag bit. Each stage of the re 
gister 68 operates in parallel with the other stages. The 
data from the memory is loaded into the register in 
parallel and is gated out of the register in parallel. The 
details of register 68 are not shown, as such a register is 
common in the art. 

Likewise, the details of memory 56, with its memory 
controls, are not shown hereinafter as they do not form 
a part of the invention, and there are many memory 
and addressing controls and logic which may be used to 
perform the function of memory 56 and its controls. 
One exception is the scan address controls which per 
form some unique functions for the preferred embodi 
ment of the invention as shown in FIG. 3. A block for 
the scan address controls 74 is shown at the bottom 
center of FIG. 3. 
The scan-address controls function during the scan 

cycle mode of operation of the memory 56 and assign 
sequential addresses to scan items as they are assem 
bled in the scan storage portion of memory 56. Scan 
address controls are operative either in full-count mode 
or change-count mode. In either mode, a new scan is 
assembled in the scan-storage area of the memory. In 
addition, in change-count mode, the scan-address con 
trols keep track of which scan item is the last scan item 
in a scan. In other words, the scan address controls 
monitor the end-of-scan condition and generate a set 
move-scan signal when a complete scan has been built 
up in a scan-storage area of memory. The set-move 
scan signal is passed by the OR gate 76 to the memory 
controls to initiate the move-scan operation in the 
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memory. The set-move-scan signal from the scan-ad 
dress control 74 is generated during a change-count 
mode of operation. The identical signal during full 
count mode of operation is generated by the end-of 
scan decode 78. 
To determine whether the data expander is to 

operate in change-count or full-count mode, mode con 
trol 60 is provided. Mode control 60 is initiated by the 
character start signal from space decode 58. Initially, 
the mode control will generate a full-count mode 
signal. When an end-of-scan flag is detected during the 
full-count mode of operation, the mode control auto 
matically generates a change-count ‘mode signal. The 
remaining output signal from the mode control is the 
prime-cycle signal which is present only during the ?rst 
bit of every full-count scan item. To generate these 
three signals, full-count mode, change-count mode, 
and prime cycle, the mode control responds to (reading 
from top to bottom on block 60 in FIG. 3) character 
start, a history of two ones, serial data, end-of 
cha'racter, full-count-scan-item-but not-end-of-scan, 
and set-move-scan (from end-of-scan decode 78). The 
detail implementation of mode control 60 is shown in 
FIG. 10 and will be described hereinafter. 
To detect the end-of-scan ?ag during full-count 

mode operation, end-of-scan decode 78 monitors the 
serial data during prime cycle. The endof-scan decode 
is operative only during full-count mode of operation. 
If, during the prime cycle, (?rst bit of each full-count 
item), the serial data contains a one, the end-of-scan 
decode will indicate an end-of-scan condition over the 
output marked EOS from decode 78 in FIG. 3. In addi 
tion, the end-of-scan decode also indicates over 
another output line when a full-count item has ended, 
but there has been no end-of-scan flag. Finally, in the 
event the end-of-scan decode does detect an end-of 
scan ?ag, it also generates a signal for a set-move-scan, 
which is passed by OR gate 76, and signals the memory 
controls to initiate the move-scan operation. 

In change-count mode, the change-count decode 80 
is active. The function of the change-count decode is to 
monitor the serial data during a change-count mode. 
From the data the change-count decode will indicate 
the amount of change to be applied to a full-count item 
in the previous scan to make up the present fu1l~count 
item. The change-count operation on the change-count 
items is done serial-by-bit. The first determination 
made by the change-count decode is whether a change 
in direction (or sign) is called for by the change-count 
item. If the change in direction is desired, the change 
count decode applies a signal to the exclusive OR 82. 
The function of exclusive OR 82 is to change the sign 
?ag bit from the buffer register when the change count ' 
decode signals a change in direction. This flag bit in 
dicates the last direction of change for that item. The 
sign ?ag bit out of exclusive OR 82 is passed to the 
memory input gating 62 and stored back in memory 56 
during the write time of the memory cycle. 
At the same time that the sign ?ag bit is being up 

dated, the count in a scan item is being incremented or 
decremented by one by the increment/decrement cir 
cuit 70. Whether the circuit 7!) increments or decre 
ments is controlled by the output of exclusive OR 82. 
With the full count being applied to the incre 
ment/decrement circuits via cable 638, the change 
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count decode 80 applies an advance signal which 
causes the increment/decrement circuit to add or sub 
tract one from the full count depending upon the flag 
bit from exclusive OR 82. The updated count is then 
passed to the memory input gating 62 and loaded back 
into memory 56 during write time of the memory cycle. 
At read time, if there is still a further change required 

in the count as indicated by the change-count code, the 
same count item will be again recirculated to the incre 
ment/decrement via buffer register 68 and the cable 
63B. The increment/decrement circuit 70 again up 
dates the full count. This procedure continues until all 
of the change-count zeros in the change-count code 
have been consumed and the full-count is completely 
updated by the change count. At this time, the change 
count decode 80 generates a change-scan-address 
signal which is applied to the scan-address controls 74. 
Scan address controls operate to select the next item 

for a change-count modi?cation. At the last count item 
in the scan, scan-address controls will detect that it is 
an end-of-scan and generate a set-move-scan signal 
which is passed by OR gate 76 to cause the updated 
scan to be moved from the scan-storage area of 
memory to the print-storage area as previously 
described. The read out from the scan storage is not 
destructive. Therefore, the scan items will be available 
in scan storage for updating by change-count codes 
when the next scan item is built up. 
The only remaining function in the data expander is 

end of character (EOC) decode. The purpose of EOC 
decode 84 is to detect the end of character code and in 
dicate to the computer that new character information 
(starting with ?rst and second bytes of a new 
character) may be sent to the input register 50. A by 
product of EOC decode is a signal telling the scan-ad 
dress controls when the count item being assembled is 
the ?rst item in the scan. 

CLOCK SIGNAL GENERATION 

Referring now to FIG. 4, the clock signal generation 
circuits are shown. These clock signals were not shown 
in FIG. 3. However, in describing the detailed imple 
mentation of some of the blocks in FIG. 3, it is necessa 
ry to understand the timing and gating of the signals 
being used and generated by the blocks. 

In FIG. 4, the source of the time pulses is a clock 91 
which puts out four clock pulses during each cycle of 
operation. Clock-pulse outputs B1, B2, and B3 are 
shown in FIG. 3. B4 is not shown as that particular 
pulse is not used in the preferred embodiment of the in 
vention. The clock pulses reoccur once each cycle in 
the order of their numerical identi?cation, i.e., B1, B2, 
B3, B4, B1, B2, B3, B4, etc. In addition to the B1, B2, 
and B3 pulses, two gated pulses, OB]. and 0B3 are also 
generated. These pulses occur at the same time as BI 
and B3, but are gated so that they will not occur during 
either use-cycle or move-scan operations. 
To generate the gated pulses OBI and 083, the use 

cycle request is inverted by inverter 92 while the move 
scan signal is inverted by inverter 93. These inverted 
signals are applied to AND gate 94. Therefore, AND 
gate 94 will have an output only when both the use 
cycle request and the move-scan signals are absent. 
The output from AND gate 94 is applied to the inverter 
95. Thus, inverter 95 will have an output until one of 
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the signals, use cycle or move scan, is present. The out 
put from inverter 95 enables AND gate 96 to pass the 
BI time pulse and create the OBI time pulse. Ac 
cordingly, the OBI time pulse will disappear when 
either the use-cycle request or the move scan signals 
occur. 

The output from AND gate 94 is also applied as a DC 
level to the polarity hold circuit 97. At Bl time, if the 
AND gate 94 has an output, the polarity hold will be 
set. The output of the polarity hold then enables AND 
gate 98 to pass the B3 pulse at B3 time and create the 
DB3 pulse. If a use-cycle or move-scan signal is ' 
present, then the AND gate 94 will not have an up level 
output at B1 time, and the polarity hold circuit 97 will 
not be set to an up level. If the polarity hold is not set to 
an up level, then it will not have an output to enable 
AND gate 98. Thus, the gated 0B3 time pulse will not 
be generated when either a use-cycle request or a 
move-scan signal is present. 

INPUT REGISTER‘ 
The input register 50 of FIG. 3 is shown in detail in 

FIG. 5. The input register consists of a linear array of 
OR gates positioned in parallel and identi?ed by the 
reference numeral 100, a linear array of polarity hold 
circuits positioned in parallel and responsive to the OR 
gates and identi?ed by the reference numeral 102, and 
finally a second linear array of polarity hold circuits 
responsive to the ?rst array of polarity hold circuits and 
identi?ed by the reference numeral 104. 
The data input bytes of eight bits are applied in paral 

lel to the lines zero through seven at the left-hand side 
of FIG. 5. Each bit is passed by one of the OR gates 100 
to one of the polarity-hold circuits 102. At 0B3 time, 
the polarity-hold circuit is set to the binary value of the 
signal applied to it by the OR gates 100. Thus, at 0B3 
time, the input data is stored in the polarity-holds 102. 
The output of each polarity-hold, indicative of its bi 
nary state, is passed to the polarity~holds 104. At 081 
time, these polarity holds are set to the value they 
receive from the polarity holds 102. Accordingly, at 
OBI time, the 8-bit byte stored in polarity holds 102 is 
shifted to polarity holds 104. 
To serialize the parallel data, the output from the 

polarity holds TM is fedback to the OR circuits 100 
where they are applied to next higher bit position of 
polarity holds 102. During each clock cycle of 0B1, 
0B3 timing pulses the parallel data moves upward until 
it reaches the topmost polarity hold 1041A. Thus, after 
eight cycles of the clock pulses, the eight parallel bits 
will have been gated out serially from polarity hold 
104A. ‘When the last or eighth bit is in polarity hold 
IIMA,‘ the computer applies the next eight bit byte to 
OR gates MN). 
The cable I at the bottom of FIG. 5 is the cable 

which passes the eight-bit byte as parallel bits to AND 
gate 54 in FIG. 3. This byte of data is the left-edge 
space count and does move in parallel and need not be 
serialized. The second byte signal from the computer 
which controls the gating of AND gate 54 in FIG. 3, 
will occur during the ?rst clock cycle of 0B3, OBI pul 
ses. 

The only remaining output lines from the input re 
gister are the one-bit and two-bit positions from polari 
ty holds 1MB and W4C, respectively. These output 
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bits are passed to the full-count size decode 52 in FIG. 
3 during the ?rst bytes signal after the 081 pulses has 
loaded the bits into polarity holds 1643 and 104C. Dur 
ing ?rst byte, these bits contain the full-count size code. 

SPACE DECODE 

In FIG. 6, the space decode is shown in detail. Its 
function is to decode the ?rst bit, or zero bit, in the ?rst 
byte of character data. The space decode receives seri 
al data from the input register over line 110. During the 
time of occurrence of the zero bit, a ?rst byte pulse 
from the computer will be present. The ?rst byte pulse 
has a duration equal to one clock cycle running from 
B1 through B2 pulses. When this ?rst byte pulse is 
present, AND gates 112 and 114 are enabled. AND 
gate 112 will have an output if the ?rst, or zero, bit is a 
“ l ,” while AND gate 1 14 will have an output if the zero 
bit is a “0.” AND gate 114 has an output because the 
zero in the zero-bit position is inverted to a condition 
ing, or up level, signal by inverter 116. If AND gate 112 
has an output, it is indicative that the zero bit was a 
“l,” and that a left-edge space count is stored in the 
second byte. The output from AND gate 1 12 is used to 
set latch 118. The output of latch 118 is the left-edge 
space signal which conditions AND gate 54 in FIG. 3. 
The latch 118 is not reset until a prime-cycle pulse is 
received from the mode control. The mode control 
generates a prime cycle in response to a character-start 
signal. Therefore, if the latch 118 is set, by the zero bit 
in the ?rst byte, it will remain set until after the 
character-start signal, i.e., until after the serial data 
begins to contain scan items. 
The character-start signal is generated at the 

beginning of the ?rst byte to contain scan items. This 
may be either the second byte if there is no left-edge 
space, or it may be the third byte if there is a left-edge 
space. 
The character-start signal indicates the beginning of 

scan items. To generate the character-start signal, 
when there is left-edge space, the latch 118 enables 
AND gate 120. AND gate 120 will then pass a third 
byte signal pulse from the computer at the beginning of 
the third byte. This third byte pulse is passed by OR 
gate 122 as the character start signal. 
To generate a character-start signal when there is no 

left-edge space, latch 124 and AND gate 126 are pro 
vided. If there is no left-edge space, the ?rst, or zero, 
bit in the ?rst byte will be a “0,” and cause AND gate 
114 to have an output. AND gate 114 will then set latch 
124. Latch 124 remains set until after a prime-cycle 
signal is received to reset it. The prime-cycle signal is 
generated in mode control 60 (FIG. 3) as a result of the 
mode control receiving a character-start signal. Thus, 
the latch 124 will remain set until after the character 
start signal is generated. The output from latch 124 is 
used to enable AND gate 126. AND gate 126 will then 
pass the second byte pulse from the computer when the 
second byte is passed into input register 50 (FIG. 3). 
This second byte pulse passed by AND gate 126 is also 
passed by OR gate 122 and constitutes the character 
start signal when there is no left-edge space. 

FULL-COUNT SIZE DECODE 

In FIG. 7, the details of the full~count size decode are 
shown. The full-count size decode is operative to store 
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the l-bit and 2-bit out of the input register during the 
?rst byte. Thereafter, at character start, as signaled by 
prime cycle, the full-count-size decode logically deter 
mines the size of full-count items from the two-bit 
code, and passes the full-count size signal to the 
memory input gating 62 (FIG. 8). 
To store the l-bit and 2-bit, polarity holds 128 and 

130 are provided. The polarity hold circuits will be set 
to the polarity up or down of the one and two-bit re-. 
gister positions by the ?rst byte pulse. During ?rst byte, 
these bits are the two-bit code associated with full 
count size. - ' 

To decode the two bits into a full-count size signal, a 
logic circuit is used consisting of AND gates 132, 133, 
134, and 135 and inverters 136 and 137. Each AND 
gate is enabled by different two-bit code. If the two bits 
are “O0," inverters 136 and 137 will enable AND gate 
132. If the code is “01,” AND gate 134 is enabled by 
inverter 136 and polarity hold 130. If the code is “ 10,” 
AND gate 133 isenabled by polarity hold 128 and in 
verter 137. Finally, if the code is “l 1 " AND gate 135 is 
enabled by polarity holds 128 and 130. The AND gates 
will not have an output pulse until the prime-cycle 
pulse is generated at character start by the mode con 
trol. When the prime-cycle pulse occurs, and AND gate 
which has been enabled by the two-bit code will have 
an output pulse. Thus, the full-count size is indicated by 
the output line from the full-count size decode which 
has a pulse during prime cycle. 

MEMORY INPUT GATING 

In FIG. 8, the memory input gating 62 of FIG. 3 is 
shown in detail. Cable 140 carries the full-count size in 
formation from the full-count size decode 52 (FIG. 3). 
Cable 63A carries the eight bits from the buffer register 
68 (FIG. 3) into the memory input gating. Cable 64 
carries the incremented or decremented counts from 
increment/decrement circuit 70 (FIG. 3). The gating of 
information from the cables into the memory is con 
trolled by the linear array of AND gates 142. With the 
exception of the AND gate at the flag-bit position at the 
top of FIG. 8, the logic for each bit position zero 
through seven consists of three AND gates whose out 
puts are collected by a single OR gate. In each case, the 
topmost AND gate is gated on by a move-scan signal 
from the memory controls. The center AND gate in the 
group of three is gated on by a change-count mode 
signal from the mode control 60 (FIG. 3). The bottom 
AND gate in the group of three is gated on during full— 
count mode. 
As previously described, the memory is cyclically al 

ternated between a write time and a read time. During 
write time, if an AND gate in the array 142 of FIG. 8 is 
enabled, it will pass the binary bit it is receiving over 
one of the cables into the memory. That bit will be then 
written into a nine bit word in memory storage at an ad 
dress speci?ed by the memory controls or the scan-ad 
dress control 74 (FIG. 3). During read time of the 
memory, the memory cell which is addressed will read 
all eight bits plus the sign flag bit (nine bits) out into the 
buffer register 68 (FIG. 3). The contents of the buffer 
register are then recirculated back to the memory input 
gating over cable 63A or cable 64 if they are to be in 
cremented or decremented. 
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Examining ?rst the full-count mode of operation for 
memory input gating, the conditioning signals for the 
appropriate AND gates are the full-count mode signal 
and the not prime-cycle signal. These are applied to 
AND gate 144. The not prime-cycle signal is, of course, 
derived from the prime-cycle signal by inverting the 
latter signal with inverter 146. In effect, during full 
count-mode, the bottom AND gate of each of the set of 
three for each bit position is enabled except during the 
prime cycle. Prime cycle corresponds to the ?rst bit 
position in the serial flow of bits. This bit-position con 
tains the end-of-scan flag bit, and there is no necessity 
of applying that flag bit to the memory. Accordingly, 
the AND gates are inhibited during end-of-scan bit or 
prime cycle. The serial data flow is applied to the 
memory input gating at AND gate 148 which is the full 
count mode AND gate in the bottom-bit position (or 
bit seven). 
There is a signi?cant function during prime~cycle 

full-count mode in the memory input gating. This is the 
gating into memory of the prime-cycle bit over cable 
140. This prime-cycle bit, depending upon which line it 
comes in on over cable 140, indicates whether the full 
count size is ?ve bits, six bits, seven bits, or eight bits. 
When the prime-cycle pulse arrives'over one of the 
lines in cable 140, it is immediately passed to one of the 
OR gates in the bottom four bit positions. As will be 
described hereinafter, this pulse which is passed by one 
of the OR gates to memory and written in the ?rst ad 
dress will eventually serve as the sign flag bit for the 
full-count scan item. 
To assemble the full-count items during full-count 

mode, the serial data is applied to AND gate 148. As 
just described, during the ?rst bit position, the sign ?ag 
bit from the full count size decode circuit is a “ 1 ” bit 
and is inserted at one of the bit positions, four, ?ve, six 
or seven. Assuming that the full-count item is a ?ve-bit 
item, the sign flag bit would be inserted at bit position 
four and stored in memory cell having 9-bit positions 
all containing zeros except the bit four position which 
would then contain a “1” for the sign ?ag bit. When the 
second bit in the full-count item arrives, it is passed by 
AND gate 148 to the OR gate 150, which is the OR 
gate for the bit seven position. In the meantime, the ?ag 
bit during read time of the memory has been read out 
to the buffer register 68 (FIG. 3) and recirculated back 
over cable 63A and applied to AND gate 152. AND 
gate 152 is enabled in the same manner as AND gate 
148 so that the flag bit has been moved up to hit posi 
tion three OR gate as the second bit in the full-count 
item enters OR gate 150 at the seven bit position. 
The nine bits constituting the sign ?ag bit and bits 

zero through seven are then again loaded into the same 
address at memory during write time and read out 
again during read time into the bu?‘er register. The next 
time they are recirculated back to the memory input 
gating, they will have moved up another position as the 
third bit of the full-count item enters AND gate 148 
and OR gate 150. Thus, as the third bit enters, the sign 
?ag bit is at bit-position two and the second bit is at bit 
position six while the third bit is at bit-position seven. 
The assembly of the full-count item continues in this 
manner with recirculation back from the buffer register 
and moving up the bit positions in the memory input 
gating until the sign flag bit reaches the flag bit OR gate 
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154. At this time, the OR gates in the memory input 
gating will contain a sign ?ag bit “ l ” at the flag bit posi 
tion and the ?ve bits in the ?ve-bit count for the full 
count item will be at bit positions three, four, ?ve, six 
and seven. 
To change the address in scan storage of the 

memory, after a full-count item has been assembled, 
the buffer register position zero is monitored by the 
end-of-scan decode 78 (FIG. 3). The end-of-scan 
decode will then function to generate a full-count item 
end, but not end-of-scan signal. This signal is passed to 
the change-count decode 80 (FIG. 3), which in turn 
generates a change-scan-address signal. The change 
scan-address signal is passed to the scan-address con 
trols 74 (FIG. 3) to change the address in the scan 
storage section of memory in preparation for assem 
bling the next full-count item. The address is not, how 
ever, changed until after the contents of the buffer re 
gister are recirculated one more time back to the 
memory input gating and into the old scan storage ad 
dress. This one more recirculation back to the memory 
input gating is required to move the flag bit into the 
?ag-bit position and complete assembly of the full 
count item at that address. The timing of the read and 
write operations in the memory corresponds approxi 
mately to the B2 and B4 clock-time pulses: i.e., read 
occurs at B2, and write occurs at B4. In this way, the 
complete full-count item is read into the old address of 
scan storage before the address is changed in prepara 
tion for assembling the next full-count item. 
The middle AND gate in each group of three AND 

gates for each bit position is used during the change 
count mode. When a change-count mode signal is 
present, the middle AND gate is enabled to pass an 8 
bit byte from cable 64 into the memory. This 8-bit byte 
will be the incremented or decremented count from in 
crement/decrement circuit 70. Brie?y, in change-count 
mode operation, the full-count to be incremented or 
decremented is read into bu?‘er register at read time 
and then passed back to the increment/decrement cir 
cuit 70 via cable 638 (FIG. 3). The full-count is incre 
mented or decremented and then passed by cable 64 
back to the memory input gating where at write time of 
the memory it is again stored in the same place in scan 
storage. This will continue until a full-count item has 
been updated by a change count. When the updating is 
complete, the change-count decode 80 will generate a 
change-scan-address signal which is passed to the scan 
address controls 74. The scan-address controls then 
change the address being operated on in scan storage 
and effectively move the change-count mode of opera 
tion to the next count item to be updated. 

After an entire scan has been stored in scan storage, 
the scan address controls or the end~of-scan decode 
will send a set-move-scan signal to the memory con 
trols. The memory controls the then initiate a move 
scan operation and pass a move-scan conditioning 
signal to the memory input gating. The move-scan 
signal enables the top AND gate in each of the group of 
three AND gates for each bit position. During move 
scan, the memory controls operate to read out each 
scan item from the scan storage into the bu?‘er register. 
The scan items are then recirculated over cable 63A to 
the memory input gating where they are passed by the 
topmost AND gates in each bit position back into 
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memory and stored in print storage. The memory con 
trols control the addressing to read out the items from 
scan storage into the buffer register, and also the ad 
dressing to store these items into print storage during 
write time of the memory. Eventually, when all the scan 
items in a scan have been moved, the memory controls 
will generate an end-of-move scan signal, and the 
move-scan conditioning signal applied to memory input 
gating disappears. 

SCAN ADDRESS CONTROLS 

Address controls for memory are a welLknown, 
developed technology, and, by and large, have not been 
described for purposes of this invention; however, the 
scan address controls for scan storage perform some 
functions, such as assembly of the full-count items and 
detecting end-of-scan during change-count mode 
which are particularly useful in this invention. There 
fore, a rudimentary description of the scan-address 
controls to perform these functions is given and is illus 
trated in FIG. 9. 
The addresses used by the memory controls for scan 

storage are generated in the address register 170 in 
FIG. 9. Initially, register 170 starts, or is reset to zero, 
as follows: During the ?rst item of each scan, the not 
?rst-item signal is down. This signal comes from the 
end-of-character decode 84 (FIG. 3). The purpose of 
the not~?rst-item signal is to inhibit AND gate 172 dur 
ing the first scan item in each scan. In effect, with AND 
gate 172 inhibited, it has no signals to pass to register 
170, and, thus, at B1 clock-pulse time, the register 170 
is set to all'zeros. All zeros is the ?rst address for the 
?rst scan, or count item in scan storage. This address 
remains the same until the ?rst count item has been as 
sembled and a change-scan address signal is received 
by AND gate 174. The change-scan address signal is 
also received by the end of character decode 84 (FIG. 
3) and is used to turn on the not-?rst-item signal. With 
the not-?rst-item signal turned on, AND gate 172 is 
now enabled. The other condition at AND gate 172 is 
scan cycle, which merely means that if the memory is 
operating in a move-scan or use-cycle mode, AND gate 
172 is inhibited. However, when operating in an as 
sembly of full-count items or updating of change-count 
items, the scan cycle will be present at AND gate 172. 
To change the address in register 170, the contents 

of the register are fed in parallel over cable 176 to in 
crementer 178. Incrementer 178 adds one to the value 
received from register I70 and passes it to register 180. 
Register 180 is loaded at B3 time if the change-scan-ad 
dress signal is present. The change-scan-address signal 
is present at the end of each assembly of a count item 
or update of a count item. Register 180 will then con 
tain an address which is one higher in position than the 
address stored in 170. The incremented address is 
passed to address register 170 by AND gate 172. When 
a B1 clock pulse is applied to register 170, it is updated 
with the new address. The memory controls then direct 
the next count item to this new address. Thus, the 
count items are stored sequentially in scan storage of 
memory 56 (FIG. 3). 

After a complete scan has been stored in scan 
storage, a set~move scan will be generated either by the 
end'of-scan decode 78 (FIG. 3) or the AND gate 182 
in the scan address controls. This set-move scan signal 
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is applied to the end-of-character decode 84 (FIG. 3) 
and the end-of-character decode will cause the not 
first-item signal to drop. When this signal drops, then 
AND gate I72 is again inhibited, and at the next B1 
clock-pulse time, register 170 is reset to zero. In this 
way, at the end of each compilation of scan, the register 
170 is reset so hat as the next scan is built up in scan 
storage, the memory controls will address the same 
sequence of addresses as before. 
An additional function performed by the scan-ad‘ 

dress controls is the detection of end-of-scan during 
change-count mode. The end-of-scan ?ag bit only ex 
ists in the full-count items. During the full-count mode, 
the end-of-scan condition is detected by the end-of 
scan decode 78 (FIG. 3). To detect the end-of-scan in 
change-count mode, the scan address controls compare 
the current address being used for scan storage with the 
address of the last count item in a scan. The address of 
the last count item of the scan is stored in register 184. 
Register 184 is set during full count mode operation by 
the end-of-scan signal from the end-of-scan decode 78 
(FIG. 3). When this end-of-scan signal occurs, register 
184 will store the address presently being also stored in 
register 170; i.e., the address of the last count item in a 
scan. Thereafter, in change-count mode, as the address 
register 170 stores new addresses, its contents are com 
pared with the contents of register 184 by the compare 
equal circuit 186. When a compare-equal condition ex 
ists, the circuit 186 has an output signaL which enables 
AND gate 182. AND gate 182 must also be enabled by 
the change count mode signal. The change count mode 
condition prevents AND age 182 from generating a set 
move-scan signal during full count mode when register 
184 is being loaded. At B2 time, AND gate 182 will 
then generate a set-move scan signal. In this way, the 
end of scans can be detected in the change-count mode 
of operation. 

MODE CONTROL 

As previously discussed, the function of the mode 
control is to generate the full-count mode signal, the 
change-count mode signal, and the prime-cycle signal. 
The details of mode control are shown in FIG. 10. 
With regard to the prime-cycle signal, this signal 

represents the ?rst bit in each full count item. It is 
generated by character start, or during full-count 
mode, or also during change-count mode. Initially, 
prime-cycle signal is triggered by the character-start 
signal from the space decode 58 (FIG. 6). The 
character start signal is passed by OR gate 190 and ap 
plied to polarity hold 192. At 083 time, the polarity 
hold is set to the level of the output from the OR gate 
190. If the character start signal is present, the polarity 
hold 192 will be set to an up level. This up level is 
passed to polarity hold 194 so that at gated clock pulse 
OBI time, polarity hold 194 is set to an up level and 
produces the prime-cycle signal. The prime-cycle 
signal is a pulse since at the next gated OBI pulse time, 
the polarity hold 192 will be down, and, thus, polarity 
hold 194 will be set to a down level. Polarity hold H2 is 
set to a down level at 0133 pulse time because the 
character start is also a pulse signal and will no longer 
be present on the OR gate 190. In effect, the prime 
cycle is a pulse which is on during the first bit time of a 
full-count item, i.e., during the end-of-scan ?ag bit 
which is transmitted to the end-of-scan decode. 
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OR gate 190 is also collecting input pulses from two 
other sources so as to cause generation of a prime cy 
cle. One instance is the full-count-item-end-but-not 
end-of-scan pulse, from the end-of-scan decode. This 
pulse occurs at the end of each assembly of a full-count 
item in scan storage when that item did not contain an 
end-of-scan ?ag. The other input to OR gate 190 is 
from AND gate 196. AND gate 196 is enabled by a 
two-l ’s history signal from the change-count decode 80 
(FIG. 3). This signal exists every time the change-count 
decode detects two sequential ones in the serial data 
string. If the next bit in the serial data string is also a 
one, making a sequential series of three ones, AND 
gate 196 will have an output. Thus, a signal from AND 
gate 196 means three sequential ones have been 
received. A review of the data expansion code shows 
that this is the code for switching from change-count 
mode to full-count mode. Accordingly, there is a need 
for generation of a prime cycle and AND gate 196 
generates a pulse collected by the OR gate 190 for 
polarity hold 192 so that a prime cycle pulse will be 
generated. 
The remaining functions in the mode control are the 

generation of the full-count mode and the change. 
count mode signals. There signals are generated by the 
latch 198. If the latch is set, its “ l ” or set output will be 
up indicating full-count mode. If the latch is reset, its 
“0” output will be up indicating change-count mode. 
As previously pointed out, latch 198 is set by AND gate 
200 in response to a signal from polarity hold 192 and 
at the time of a gated clock pulse 031. Thus, each time 
a prime cycle is being generated, latch 198 is set; so 
that it indicates a full-count mode. 

Latch 198 is reset by one of two conditions so that it 
will indicate a change-count mode. Initially, the latch is 
reset by an initial reset pulse which will come from the 
computer. Normally, however, the latch is reset by the 
fact that a set-move scan signal has enabled AND gate 
202. With AND gate 202 enabled, the next Bl clock 
pulse will be passed by AND gate 202 and OR gate 201 
to reset latch 198 into change-count mode. In effect, 
this means that at the end of each scan, the mode con— 
trol automatically switches to change-count mode. 
The remaining hardware which has not been 

described in the mode control relates to inhibiting the 
change-count mode signal from reaching other ap~ 
paratus in the data expander between the time of initial 
reset and character start. Initial reset signal is passed by 
OR gate 204 to reset latch 206. When latch 206 is 
reset, AND gate 208 is inhibited. the change-count 
mode signal out of latch 198 cannot pass to the other 
hardware in the data expander. 
When the character-start signal comes up, then latch 

206 is set and AND gate 208 is enabled to pass the 
change-count mode signal. When the end-of-character 
condition is detected by end-of-character decode 84 
(FIG. 3), the end-of-character signal is passed by OR 
gate 204 and resets latch 206. This again inhibits the 
passage of the change-count mode signal by AND gate 
208. The time period between the initial reset and 
character start, permits the photocornposing system to 
perform other functions and prevents the change-count 
decode 80 (FIG. 3) from being operative between the 
time of end-of-character and character start, or initial 
reset and character start. Note that even though the 
character start signal will set latch 206 and thereby 
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enable AND gate 208, the change-count mode signal 
will rapidly disappear as the character-start signal also 
is responsible for setting latch 198 at 0131 clock-pulse 
time. Thus, the data expander will stait in full-count 
mode at the start of character data. 

END OF SCAN (EOS) DECODE 

The detail structure of the EOS decode is shown in 
FIG. 11. The end-of-scan signal is a pulse signal 
generated by AND gate 210. The AND gate is enabled 
by the prime-cycle signal from the mode control and by 
the gated 0B3 clock pulse. If the data bit during prime 
cycle is a “ l ," the AND gate 210 will have an output. 
The data bit which occurs during prime cycle is the 
end-of-scan flag bit. Accordingly, an output from AND 
gate 210 indicates end of scan in full-count mode 
operation. The end-of-scan signal is used by the scan 
address controls and the end-of-character (EOC) 
decode. In addition, it is passed to latch 212 inside the 
end-of-scan decode. 
The end-of-scan signal sets latch 212, and the set side 

of latch 212 then enables AND gate 214. AND gate 
214 must also be enabled by buffer register position 
zero containing a binary one. The binary one at buffer 
register position zero means that during asembly, the 
sign ?ag bit has reached the position zero (see previou 
discussion on memory input gating). ' 

Therefore, when the latch 212 has been set by an 
end-of-scan signal and when the buffer register position 
zero contains the sign ?ag bit, then the gated 0B3 
clock pulse will be passed by AND gate 214 to signal a 
set-move scan. In effect, this signal indicates that the 
last full-count item in a scan has been assembled in 
scan storage, and now, the entire scan may be moved to 
print storage. 
The latch 212 which effectively stores the fact that 

the count item contained end of scan will be reset as 
soon as the set-move scan signal causes the mode con 
trol to switch to change-count mode. When the change 
count mode signal comes on, the full-count mode signal 
disappears and inverter 216 resets latch 212. 
The remaining function performed by the end-of~ 

scan decode is the generation of a full-count-item-end 
signal when there is no end of scan. This signal in 
dicates that a full-count scan item has been assembled 
in scan storage, but the item is not the last item in a 
scan. The signal is generated by AND gate 218. AND 
gate 218 is enabled by the reset side of latch 212 and by 
the full-count mode signal from the mode control. Ac 
cordingly, when the sign ?ag bit reaches the buffer re 
gister position zero during assembly of the full-count 
item, a binary one will appear in buffer register position 
zero and be passed by AND gate 218 to generate the 
full-count-item-end-but-not-end-of-scan signal. 

CHANGE-COUNT DECODE 

The purpose of the change-count decode, as 
described earlier, is to decode the change counts 
received from the computer serially, bit by bit, to in 
dicate how a scan item must be updated, both as to 
direction and to magnitude. The change-count decode 
is activated by the change-count mode signal enabling 
AND gate 220. AND gate 220 is also enabled by the 
output signal of inverter 222. This signal indicates that 
the change-count decode in FIG. 12 has no previous 
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change-count history in it. With AND gate 220 ena 
bled, the ?rst binary one on the serial data line that ar 
rives, will be passed by the AND gate, and at 083 pulse 
time, polarity hold 224 will be set to an up level. Im 
mediately following thereafter at OBI pulse time, 
polarity hold 226 is set to an up level. The output from 
polarity hold 226 indicates one binary one has been 
received during change-count mode. This signal ena 
bles AND gate 228 to look for a second binary one and 
also is passed by OR gate 230 to enable AND gate 232 
to look for a binary zero on the data line. AND gate 
232 is looking for zeros on the data line since it receives 
its input of serial data through inverter 234. Also, this 
output from OR gate 230 is inverted by inverter 222 
and inhibits AND gate 220. 
When the next serial data bit arrives, if it is a zero, it 

will be indicative of a magnitude of one increment to be 
made on the previous count item which is now being 
updated. This binary zero is passed by AND gate 232, ' 
and at 0B3 time, causes polarity hold 235 to be set to 
an up level. Consequently, at 031 pulse time, polarity 
hold 236 is set to an up level. The fact that polarity hold 
236 is set, is indicative that a change-bit or a zero-bit in 
a change code has been received. 
To signal the increment or advance to the incre 

ment/decrement circuit 70 in FIG. 3, the zero bit as in~ 
dicated out of the inverter 234 is passed directly to 
AND gate 238. AND gate 238 will be enabled since 
polarity hold 226 was set by the preceding binary one. 
Therefore, AND gate 238 will pass a pulse signal which 
will cause the increment/decrement circuit to increase 
or decrease the count item by a single count. Whether 
it is an increase or decrease depends upon the signal 
received from the exclusive OR 82 (FIG. 3). This ad 
vancing of the increment circuit occurs immediately 
upon the receipt of the binary zero. At time 0B1 when 
the binary zero effectively causes polarity hold 236 to 
be set, polarity hold 226 is being reset effectively 
because polarity 224 has no up level output. With 
polarity hold 236 set to an up level, it will continue to 
enable AND gate 238 via OR gate 230 in the event the 
next serial bit received is also a zero. Thus, the zero bit 
next received will be treated just exactly as the ?rst 
zero bit received causing an increment or advance ac 
tion out of AND gate 238 and causing the polarity 
holds 235 and 236 to remain set at up levels. Even 
tually, the change-count code is completed because a 
binary one is received over the serial data input line. 
When this binary one arrives, it is passed directly to 
AND gate 240 which has been enabled by the previous 
zero bit having caused polarity hold 236 to be set. AND 
gate 240 then has output which is collected by OR gate 
242 and used to signal a change-scan address to the 
scan-address controls. Thereupon, the scan-address 
controls will cause the memory to address the next 
count item, and the update by change-count code of 
that count item can begin. 

Returning to the second bit in a change-count code, 
the code indicates that if the second bit is a binary one, 
the change-count decode should indicate a change in 
direction, from the change that occurred in the same 
count item in the previous scan. The ?rst binary one in 
the change-count code caused the polarity hold 226 to 
be set to an up level as previously described. The out 
put from 226 polarity hold enables AND gate 228. 
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Thus, when the second bit is a binary one, AND ‘gate 
228 will have an output, and at 0B3 pulse time, polari 
ty hold 244 will be set to an up level. Then at OBI pulse 
time, polarity hold 246 is set to an up level. An output 
from polarity hold 246 is indicative of a history of two 
binary ones just received from the serial data line. This 
history of two ones is passed to AND gate 248 which it 
enables. AND gate 248 will then pass the ?rst zero bit 
in the change-count code and that signal will be indica 
tive of a change in direction being required during the 
update of the current-count item. the change in 
direction signal, as previously described, is applied to 
exclusive OR 82 in FIG. 3 and, effectively, causes the 
sign ?ag bit fed back from buffer register 68 (FIG. 3), 
to change state. The changed ?ag bit is then read back 
into the memory via the input gating and also changes 
the state of the increment/decrement circuit from in 
crease to decrease or decrease to increase. 
The output of polarity hold 246 also is passed as a 

history of two ones to the mode control 60 (FIG. 3). 
The mode control 60 uses this signal as previously 
described to detect the command for reversion from 
change-count mode back to full-count mode. In addi 
tion, the output of polarity hold 246 holds AND gate 
238 enabled for the ?rst zero bit in the change-count 
code. Of course, thereafter, the zero bits will be causing 
polarity hold 236 to be set so that AND gate 238 will be 
held open for the succession of zero bits in the change 
count code that may be received. 
One other possibility in the change-count mode of 

operation is that the ?rst change-count code bit may be 
a zero indicating that that count item requires no 
change. If this occurs, AND gate 250 will have an out 
put. AND gate 250 is enabled by the change-count 
mode signal and by the no history signal out of inverter 
222. If a zero bit occurs as the ?rst change-count code 
bit, inverter 234 has an output which is passed by AND 
gate 250. OR gate 242 collects the output from AND 
gate 250 and generates the change-scan-address signal. 
The change-scan-address signal is passed to the scan 
address controls which then signal the memory controls 
to proceed to the next count item for updating. 

Finally, OR gate 242 is the change-count decode 
serves to collect one other signal which may cause a 
change-scan address signal to be generated. This signal 
is the full-count item end, but not end of scan, which is 
received from the end-of-scan decode 78 (FIG. 3) as 
previously described. 

END OF CHARACTER (EOC) DECODE 

The end-of-character decode 84 in FIG. 3 is shown in 
detail in HG. 13. The purpose of the end-of-character 
decode is to detect the end-of-character condition and 
indicate to the computer that new character informa 
tion (starting with ?rst and second bytes of a new 
character) may be sent to the input register 50 (FIG. 
3). A by-product of the end-of-character decode is a 
signal telling the scan-address controls when the count 
item being assembled is the ?rst count item in the scan. 
The ?rst item latch is latch 260, which is set by end 

of-move scan or initial reset. 'Ihe end-of-move scan 
signal, which corresponds to a signal at the start of the 
next scan, is normally used to set the ?rst-item latch 
260. With the ?rst-item latch set, AND gate 262 is ena 
bled. AND gate 262 remains enabled, so long as latch 




