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1
COMPACT SPELLING-CHECK DICTIONARY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to text pro-
cessing systems and more particularly to apparatus and
a method in a text processing system for automatically
making a spelling check upon each entry of a character.

2. Description of the Prior Art

In written communications, generating documents
free of spelling errors is a major goal. Improper spelling,
whether due to misspelling or typographical error, de-
tracts from the document and may result in misinterpre-
tation. Moreover, improper spelling unfavorably im-
presses the reader. In an effort to eliminate any spelling
errors, much time and effort is spent in proofreading
documents.

SUMMARY OF THE INVENTION

A dictionary storage apparatus for use with a source
of characters, the apparatus containing a word list for
verifying the spelling order of character inputs, com-
prising input means for receiving characters from the
source, a first storage means for storing character infor-
mation structured to sequentially check the spelling
order of a first predetermined series of received charac-
ter inputs; a second storage means extending from the
first storage means and containing further character
information structured to check the spelling order of a
variable string of character inputs stemming from the
predetermined series to validate spelling of words; and
comparison means connected to the input means and to
the first and second storage means, and being operative
in response to receipt of a character input to seek a
match with a character in proper speiling order accord-
ing to the character information stored in the first and
second storage means.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1is a block diagram of the spelling check dictio-
nary according to the invention.

FIG. 2 is a schematic diagram showing the organiza-
tion of the dictionary of FIG. 1 into two storage areas:
three look-up tables for the first three characters in a
word, together with a tree structure extending the third
table into as many characters as needed on a shared
basis for complete coverage of the word list in the dic-
tionary of FIG. 1.

FIG. 3 is a schematic diagram of the first two of the
three look-up tables of FIG. 2, these two forming the
storage region for the first two characters of words
listed in the dictionary of FIG. 1.

FIG. 4 is a schematic diagram of a third look-up table,
this last forming the storage region for third characters
of words listed in the dictionary of FIG. 1.

FIG. 5 is a schematic diagram showing a typical
branch in the tree-structured look-up table extension or
second storage area of F]G. 2, each branch containing a
number of words with a common root, i.e.—sharing at
least a particular three characters from the look-up
tables, though some words may share additional charac-
ters in the branch.

FIG. 6 is a schematic diagram showing the order in
which characters of the word list portion of FIG. 5 are
stored.

20

25

30

35

55

65

2

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention will now be described as embodied in
an interactive word information processing system,
such as the kind shown in block diagram form in FIG.
1. The word information system of FIG. 1 has three
principal units comprising a keyboard 10, an electronic
control circuit 12 (encircled by dashed lines), and a
printer unit 14.

Keyboard 10 includes a normal set of symbol keys 18,
relating to printable characters, numbers and punctua-
tion marks. In addition, keyboard 10 includes type-
writer function keys 20 for issuing special function com-
mands in the system. Some of the special function keys
20 are labelled in FIG. 1 and include: carriage return
(R), backspace (BS), index (IN), tab (TAB), pitch
(PITCH), correct (CR), and space (SPACE). A “code”
function key 21 (always operated in conjunction with
one of the special function keys 20 or one of the symbol
keys 18) serves to select an operative mode of the sys-
tem, such as a known correction sequence or the “dic-
tionary” mode according to the invention as discussed
below. A *keyboard enable” switch 22 has an ON and
an OFF position for selectively enabling and disabling
operation of keyboard 10. Depression of any one of the
various keys 18, 20 on keyboard 10 operates a respec-
tive switch matrix (not shown, but a known 8X8 or
10X 6 unit or other desired arrangement of rows and
columns) which is scanned periodically by electronic
circuit 12 in a known manner to generate a respective
keyboard output signal provided the “keyboard enable™
switch 22 is in the ON position. Each keyboard output
signal is uniquely related to the key commands of key-
board 10. The three principal units 10, 12 and 14 of FIG.
1 interact in the usual fashion in that manual selection of
a desired typewriter function is made at keyboard 10.
Printer unit 14 is operated—in turn—under control of
the electronic circuit 12 for accomplishing the function
selected by a keyboard input—such as, for example,
printing a character corresponding to a selected charac-
ter key 18. The three principal units 10, 12 and 14 are
preferably embodied in an electronic typewriter unit.
Alternatively, the units 10, 12 and 14 may comprise
individual components combined in a manner common
to many word processing systems.

For scanning purposes keyboard 10 is connected to
bus lines 26 operated by a master microprocessor 24
located within the electronic control circuit 12. Master
microprocessor 24 is a known electronic component,
e.g., the 8031 processor made by Intel Corporation of
Santa Clara, Calif. Master microprocessor 24 typically
has output ports 28, input ports 30 and various elec-
tronic control elements including a number of storage
registers. Some operative elements in the master micro-
processor 24 include (A) TIMER, (B) COUNTER, (C)
INTERRUPT, and (D) STATUS RAM (a “Random
Access Memory”). TIMER 24A is a conventional unit
for providing predetermined time delays, as required in
the system. COUNTER 24B functions to continually
update the system’s operation during interruption in the
system. INTERRUPT 24C periodically initiates an
electronic scan of keyboard 10 to determine whether a
new key selection has been made since the prior scan.
STATUS RAM 24D provides temporary storage of
current keyboard information for reference and recall
purposes as will be seen. Storage registers in the master
microprocessor 24 include, as just one example (others
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being identified subsequently), a Current Character
Position register 32 which keeps track of the current
character position in relation to a previous reference
position along a type line 1§ of printer 14 as the charac-
ter information is printed. In addition, the storage regis-
ters include provision for a plurality of FLAGS includ-
ing a “Dictionary” flag 33, “word terminator” flag 34,
an *“end-of-word” flag 35, a “spelling error” flag 36, a
numeral flag 37, a “printable character” flag 38 and a
“Hoffman code” flag 41. These flags 33-38 and 41 are
single bit memories periodically interrogated as part of
the machine’s program routine. As is known, a flag can
have two states, namely set (true) or clear (false). The
current state of each flag 33-38 is stored in an associated
single cell of STATUS RAM 24D. Only flags relevant
to the invention are discussed herein and other flags
such as those for repeat mode, backspace mode, etc.
may also exist, as is known in connection with word
information processing systems. RAM 24D also in-
cludes a byte 39 which functions as a Character Counter
(software), being incremented by unit as each character
is entered.

Master microprocessor 24 communicates with key-
board 10 through a known interrupt technmique. IN-
TERRUPT 24C in master microprocessor 24 is oper-
ated over line 26 periodically (e.g. every 7 milliseconds)
under control of the TIMER 24A for scanning the
keyboard 10 to detect any key depressions. In response
to detection of a key depression, a unique signal repre-
sentative of the selected key (18,20,21), is issued on lines
42 to a Buffer Chip 4.

Buffer Chip 44 (an “1/0 Expander” multi-purpose
LSI chip, such as the 8156 also available from Intel)
transfers the signal set to a decoder section 46 and a
FIFO storage section 48. Keyboard signals are tempo-
rarily held in FIFO storage section 48 for sequential
release in the order of input, each being fetched under
program control (see below) for known decoding by
Microprocessor 24 in response to completion of pro-
cessing a previous keyboard input. Microprocessor 24,
as a result of this decoding provides a daisy position
code signal on a bus line 50 when the signal in FIFO
section 48 is a character signal that originated from
depressing just a printable symbol key 18. Non-printa-
ble special function signals arising from depressing keys
20 (or keys 18, 20 in combination with the code key 21)
are also decoded into Printer Format or other control
data for subsequent processing. The capacity of FIFO
storage section 48 is sufficient to hold a multiplicity of
keyboard signals temporarily so as to allow enough time
for typewriter functioning without sacrifice of typing
speed. As seen in FIG. 1, the printer code signals from
FIFO section 48 appear on a bi-directional bus line 50,
connected to a ROM 52 (Read-Only Memory—e.g., the
256K bit 23256), a RAM 54 (included as part of an Intel
8156) and to input ports 30 of master microprocessor 24.
In this instance, the printer code signals are sent to
RAM area 54 for storage.

ROM 52 includes the Program Control section 40
and a Dictionary storage section 56 according to the
present invention. The Program Control section 40 of
ROM 52 contains as a main program 40g, the necessary
instructions to operate master microprocessor 24 in a
prescribed manner (e.g. one similar to those known for
control of “daisy-wheel” typewriters), together with a
secondary set 405 of program instructions for a Spelling
Check type of operation according to the invention.
The Dictionary storage section 56 of ROM 52 contains

-
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4

a multiplicity of addressable codes assembled to form
words of a word list used to verify the spelling order of
characters upon release of printer decode signals from
RAM area 54 as described in more detail below. RAM
54 primarily functions as a correction buffer for keeping
track of the last plurality of printable character inputs
for orderly recall but is also used for purposes of the
invention, as will be described. Character inputs are
stored in a particular RAM area 54 of Input Buffer Chip
44, in the form in which they are processed for printing
and/or display under control of master microprocessor
24, this storage area 54 retaining the characters for
correction purposes and therefore being referred to
hereinafter as “Correction Buffer” 54.

Codes from internal or external memories (e.g. STA-
TUS RAM 24D of master microprocessor 24, RAM 54)
are communicated along the serial output channels 8 of
master microprocessor 24 to a further microprocessor
60 which is slaved with respect to microprocessor 24 as
master. Slave microprocessor 60 (e.g. the 8049 also
made by Intel and similar to the 8031 except for pres-
ence of 2K bytes of program memory using a less pow-
erful instruction set, as is known) has input ports 62 and
output ports 64. Additionally, slave microprocessor 60
has its program stored internally in a ROM (Read-Only
Memory) 66 and the current code data stored internally
in a RAM 68, these code data being read from RAM 68
as necessary for the program in ROM 66 to develop in
known fashion the control and drive signals communi-
cated to Printer Drivers 72 over lines 70. Printer Driv-
ers 72 receive the code data read from RAM 68 and
decode these to send appropriate signals to operate the
printing components of printer 14, including a daisy-
type printwheel 17 supporting the printable characters.
Furthermore, Display Drivers 76 connected to Master
Microprocessor 24 by lines 74a serve to operate (via
lines 74b) display 16 (e.g. a known liquid crystal 5x8
dot matrix) for visually presenting the last plurality (16,
say) of character inputs in known fashion. The display
16 is an optional feature and, if present, may be operated
in conjunction with or independently of printer 14.

A general description relating to the basic operation
of character input in the word information processing
system of FIG. 1 will now be given. Operator depres-
sion of a keyboard key (18, 20, 21) is detected in known
fashion by a scan of keyboard 10 initiated by the known
INTERRUPT 24C and issued on bus 26 to keyboard 10.
A unique signal representative of the selected key is
then generated on lines 42 and sent through Input
Buffer Chip 44 and then to FIFO section 48 where the
signal is stored until decoded by Microprocessor 24 in
known fashion. If determined that the selected key is
one of the printable character symbol keys 18, flag 38 is
set. If the key selected is one of the special function keys
20 (as possibly modified by simultaneous depression
with CODE key 21) another flag such as Dictionary
Flag 33 may be set. Each key input enters through
temporary storage 48 for first in-first out release in
response to processing of all preceding key inputs, as is
known. Each decoded signal released on bus line 50 is
applied essentially simultaneously to ROM 52 and
RAM 54 by master microprocessor 24. In ROM 52,
Program Control 40 is interrogated or read for appro-
priately operating master microprocessor 24 according
to desired program routines in known fashion. The
decoded signal from line 50 may also be applied—ac-
cording to the invention—to Dictionary section 56 for
spelling check purposes as described later. It will be
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remembered, though, that the decoded signal is sequen-
tially stored as Daisy Position or Printer Format Codes
suitable for recall purposes during correction sequen-
ces. The just-mentioned printer codes are too unwieldly
for spelling check purposes, hence a further code con-
version is needed. The preferred code is a simple 5-bit
binary expression of the alphabetic order from 1 to 26
for A to Z. This conversion may be readily performed
in known fashion by using the printer codes as argu-
ments in a look-up table 46 having the desired codes
associated therewith. Table 46 is likewise stored in
ROM 52. Master microprocessor 24 under direction of
main Program Control 40a operates slave microproces-
sor 60 for ultimately processing the selected key func-
tion at printer 14 (if a printable character or printer
format function).

A dictionary storage apparatus according to the
teachings of the present invention is described in detail
below in view of FIGS. 2-5. In FIG. 2, the major stor-
age areas comprising the Dictionary storage section 56
in ROM 52 are shown. The Dictionary section 56 con-
tains a multiplicity of character address codes relating
to particular characters and arranged to provide an
alphabetical listing of words. The words are stored
using a first storage area 77 in the form of three look-up
tables 78-82 (where each character is generally present
as a five-bit binary code) and a second storage area 84 in
the form of a character tree structure (where each char-
acter is generally present in a compressed or “Huffman”
code). The three look-up tables 78-82 are connected in
series to verify the spelling order of the first three char-
acter inputs. The tree structure 84 (as it will be termed
hereinafter) extends from the third table 82 and pro-
vides the information for verifying the spelling order of
characters beyond the third character of the longer
words.

Each one of the three tables 78-82 in the first storage
area 77 has a multitude of addressable memory locations
and each memory location contains a unique output
address or “pointer” that relates to a particular charac-
ter in conjunction with the previous characters of the
word. The first table 78 has addresses relating to first
character input and establishes the identity of the char-
acter (first) beginning the spelling of a word. The sec-
ond table 80 has addresses arranged in groups, to con-
firm the spelling order of the second character input in
conjunction with the first entered character. The third
table 82 has addresses arranged in further groups to
verify the spelling order of the first three character
inputs. As will be recalled, the order of entry of the
characters of a given word upon sequential depression
of the desired keys 18 is tracked in the one-byte soft-
ware counter 39 in Status Ram 24D, the value in the
byte being incremented by unity as each entry occurs.

The tree structure (second storage area) 84 has
branches 85 individually comprising a string of charac-
ter memory locations 108 corresponding to additional
characters in one or more words having the same three-
character root. Each branch 85 is therefore chosen by
one address location in the third table 82 for checking
the spelling order of the fourth and all subsequent char-
acter inputs.

FIGS. 3 and 4 illustrate the unique structural arrange-
ment of connecting character address codes (referred to
hereinafter by the stylized “¢”, for convenience)
stacked in each one of the look-up tables 78-82. Each
character address code stored in the three tables 78-82
is uniquely identified in the drawing by a numerical
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prefix signifying the character’s position in the word
and a character subscript identifying the particular
character (or combination of characters). For example,
the numerical prefix “one” (1) in the first table 78 signi-
fies the first character input, the prefix “two” (2) in the
second table 80 signifies the second character of the
input “string™ (as the sequence will be termed hereinaf-
ter) and the prefix “three” (3) in the third table 82 (FIG.
4) signifies the third character of that string. The sub-
script character attached to each code is used in the
drawing to identify the character at that address easily.
Therefore, the address code labeled 1€, in the first
table 78 identifies the first character as being the let-
ter“A” and in the second table 80 the top address 2C4p
represents the letter “B” as having necessarily been
preceded by the letter “A”. The illustrated labeling
technique provides an easy character-identifying system
for keeping track of the various addresses. The actual
address value stored in the respective memory locations
depends on the memory arrangement and may be in any
logically acceptable form, such as hexadecimal num-
bers.

In FIG. 3, the first table 78 comprises a stack of
twenty-six (26) locations 86 for data storage. Each loca-
tion 86-n stores a unique output address code that re-
lates directly to one particular character of the alpha-
bet. The labels for these twenty-six address codes in the
first table 78 range from 1€ 4 to 1¢z to match the letters
A to Z. Each address at location 86-n in the first table 78
acts an a pointer 88 extending to the next table 80.
Pointers (addresses) 88-n are therefore shown symboli-
cally as connecting lines and labeled “A” to “Z” in
FIG. 3 to indicate the source location 86.

In operation, assume the Dictionary mode has been
selected (by depression—for example—or Code Key 21
together with a character key 18 such as the “D” key to
set the Dictionary Flag 33, the set state of which enables
Dictionary Program 406 to initiate the Spelling-check
routine). The first character input signal (from line 50)
beginning a word is applied to the first table 78. As
stated previously, the signal is expressed as a five-bit
binary code (e.g., binary-coded “1” to binary-coded
“26") after conversion from the printer code obtained
from Correction Buffer 54, as explained earlier. The
proper location 86 is determined under direction of the
Dictionary program control 406 by simply adding twice
the first character’s code value to the starting address
(arbitrary) of table 78. The value is doubled because the
output address code occupies two bytes. The modified
code locates the two-byte pointer address code corre-
sponding to the entered character. The pointer code for
that character is then saved in the RAM area of Micro-
processor 24 but in a two-byte area 55 separate from
Correction Buffer 54 where the Daisy Position code
corresponding to the first alphabetic character was
stored in known fashion immediately upon appearing on
bus 50 from FIFO section 48. No error signals are gen-
erated upon entry of a first alphabetic character.

The second table 80 in FIG. 3 comprises twenty-six
(26) letter groups 90-n (where “n” is a number depend-
ing on the identity of the first character of the word
entered in keyboard 10) having data storage locations
92 for identifying the second character input. Each
group 90 in table 80 is chosen by the value of a respec-
tive pointer 88-n extending from the first table 78 (actu-
ally that pointer value stored in RAM area 55 upon
identifying the first character), such that each group 90
relates to the letter designation of the connected pointer
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88. For example, the top group 90-1 in table 80 is chosen
by the “A” pointer 88-1 extending from the letter “A”
location 86-1 in the first table 78. Therefore, the top
group 90-1 is labeled the “A group” and the remaining
twenty-five groups (90-2 to 90-26) labeled in corre-
sponding fashion to indicate choice of a unique group
for each letter that may have been selected as the first
character input.

Each data storage location 92 is a given letter group
90-n contains an eight-bit “argument” byte and two
bytes for a unique output address identifying a particu-
lar second character in combination with the previously
chosen first character. Note that second-character out-
put addresses are provided only for combinations (e.g.,
92-4, 92-5 of group 90-2) appearing in those words se-
lected for storage in the present dictionary. The exact
number of second-character data storage loations 92-m
provided in each group 90-n thus varies according to
whether the second character input combines with the
first character input to form part (or all) of a word
stored in Dictionary section 56, such word being re-
ferred to hereinafter as a “valid” word. In this regard,
then, first pairs of letter combinations not used to form
a valid dictionary word are disregarded so as to mini-
mize the number of storage locations 92 in table 80—i.e.
generally much less than 26 for each group 90-n. Entry
of an omitted combination is interpreted as an error, as
described below.

The two following bytes at each location 92 in table
80 act, in turn, as pointers 94-m for accessing a particu-
lar character group in the third table 82 (FIG. 4), the
byte valves replacing the pointer data in RAM area §85.
These pointers 94-m are aiso shown symbolically as a
connecting line and labeled alphabetically in FIG. 3, but
now with a paired combination of letters corresponding
to the two characters verified at the connected storage
location 92-m. Here again, combinations not present in
any of the stored words are omitted and their entry into
keyboard 10 likewise interpreted as an error.

In operation therefore, after beginning a word, the
next (second) character input signal (from bus 50) is
applied to the second table (80) at the top location in the
selected one of the groups 90-n (e.g., 2Cc4 of group 90-3
at location 92-7). The succesive locations 92-m are then
progressively scanned under direction of Dictionary
program control 404 to locate an argument code (first
byte of three) that matches this second character. This
scanning comprises stepping along the table by a three
unit incrementation of the pointer value in RAM area
S5 after each unsuccessful comparison. Matching may
be performed, for example, by use of a standard 8031
“compare” instruction available in the set for Program
Control of Master Microprocessor 24. This standard
instruction (“CJNE”-Compare, jump if unequal) causes
a comparison between the value just entered via bus 50
and the character codes stored at successive locations in
the appropriate one of the tables 80, 82 (the character
codes being arguments where a look-up table is con-
cerned, as just mentioned) and branches 85 of extension
84. The comparison occurs through a known accumula-
tor forming part of Arithmetic Logic Unit (or “ALU")
29 of Microprocessor 24. When a match is found, there-
fore, the scan is stopped, and the pointer value (follow-
ing two bytes) associated with that next character is
then saved in RAM 8§55, replacing the value from table
78 currently stored. The end result is a return to the
main program 40a and the awaiting of a further entry in
the string at keyboard 10.
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A byte termed “end-of-group” (i.e., a “stop” as it may
also be termed) designates the lowermost or last storage
location 93 of each group 90-n in table 80. Location 93
contains a special code 96 (e.g., 1D in hexadecimal or
11101 binary) common to each “‘end-of-group” byte 93.
As will be explained, the code 96 in “End-of-Group”
byte 93 functions to set the Spelling Error flag 36 in the
event the second character input is not matched as a
result of a scan of all previous locations 92-m in the
selected group 90-n. “End-of-Group” byte 93 is reached
when the second character input does not combine with
the first character input to form the spelling of all (or
part) of a valid word (i.e,, one stored in Dictionary
section 56).

If none of the comparisons in the selected group 90-n
of table 80 yield a match, then the byte 93 holding an
“End-of-Group”, or stop code 96 is attained and that
code supplied from ROM 52 to Input Ports 30 via bus
50. At this point, however, it should be mentioned that
before performing the above-described comparison
with the entered character, the Dictionary Program 406
tests each argument code to determine whether it is the
“end-of-group” byte 93 (the test may be a known com-
parison in ALU 29 between the argument code and the
special code 96). When the test shows the argument
code to be the “End-of-group” code 96, Program Con-
trol 404 directs Microprocessor 24 to set Spelling Error
Flag 36 in known fashion. In response to the set state of
Flag 36, a signal is sent over serial communication line
58 to microprocessor 60 to activate Drivers 72, in turn,
s0 as to operate the error alarm—namely, the buzzer or
“beeper” 19. Because this same device 19 is also used for
indicating the approach of the right margin, the alarm
output (line 75) for a spelling error emanates from a
modulator 73 (which may be a conventional chopper)
to thus provide a distinctive warble as the output of
beeper 19 when a spelling error occurs.

FIG. 4 illustrates the third table 82 used for verifying
the third character input. Table 82 comprises a multi-
plicity of three-letter groups 98-p. Each group 98-p is
chosen by a related one of the pointers 94-m extending
from the second look-up table 80 of FIG. 3 and likewise
stored in the 16-bit pointer location (area 55 in RAM
24E). The paired letters used to identify each group
98-p correspond to the two letters of the connected
pointer 94-m,—i.e., the “AB” group 98-1 is chosen by
“AB” pointer 94-1.

Groups 98-p each contain a stack of data storage
locations 100 likewise three bytes long, each location
100 thus storing an argumet byte plus two bytes for a
unique output address that relates, in this instance, to
the third characer input. For example, the first or top
storage location 100 in the “AB” group 98-1 contains an
address labeled 3(l4p4. This address or pointer 102-1
selected by the match is used solely for verification
when the third character input is the letter “A” pre-
ceded by the letters “A” (first character) and “B"” (sec-
ond character). The space-saving storage technique
used in the second table 80 is again applied here, a third-
character address being provided only for characters
present in valid words—i.e., those incorporated in the
particular dictionary. The exact number of third-
character address locations 100 stacked in each group
98-p thus varies according to whether the third charac-
ter input is one used in forming just one or many valid
words in the dictionary.

A pointer 102-q extends from each address location
100 in the third table 82. Each pointer 102-q connects
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the third-character address location 100 to a related
branch 85 in the extended tree structure 84. In FIG. 4,
each pointer 102-q is again correspondingly labeled
according to the three-letter combination verified at the
location 100. For example, the pointer 102-7 labeled
“CAP” extends from the location 100 containing the
argument byte 3Cc4p associated with the address
(pointer 102-7) selected by the “p” match verified pres-
ence of the sequence CAP in Dictionary section 56.

As in the groups 90-n of the second table 80, an “‘end-
of-group” byte is stored in the bottom or last storage
location 101 of each three-letter group 98-p in the third
table 82. The same output code 96 is sent from the “end-
of-group” locations 101 to the Master Microprocessor
24 and thus also sets Spelling Error flag 36 in the event
the third character input fails to produce a match.

As stated earlier, tree structure 84 (FIG. 2) includes a
multiplicity of memory locations 108 arranged in dis-
crete branches 85 for verifying the spelling order of
valid words beyond the third character. Each branch 85
is chosen by a related one of the pointers 102-q extend-
ing from the third table 82 and likewise stored in pointer
RAM area 55. A typical branch 85 consisting of a num-
ber of memory locations 108 strung together is illus-
trated in FIG. §. As seen there, memory locations 108
forming each branch 85 contain pre-programmed infor-
mation including one or more characters 110 of particu-
lar words, related word terminators (WT) 112, one or
more numerals 114 denoting nodal points at which prior
characters are shared by two or more words and, lastly,
a “stop” or “End-Of Table” i.e., the end of branch 85
command 116.

At this point it should be recalled that for reasons of
word compaction, the characters 110 forming the word
parts stored successively in each branch 85 of the tree
structure 84 are preferably present in the form of a
variable number of bits corresponding to a Huffman
code, as will be discussed in more detail shortly. Such
known codes are of a type in which the most frequently
used characters have the shortest bit-length codes (e.g.
three ZERO bits for E, a “2” in three bits of binary code
for S, a “2” in four bits of binary code for D, etc.; a
complete listing of the preferred codes being appended
at the end hereof as appendix A), and the least fre-
quently used characters have the longest bit-length
codes (e.g. thirteen binary bits for J, eleven binary bits
for X, etc.). As known, each code is nonetheless unique
even when packed in memory without regard to byte
boundaries, the bit combinations chosen being such that
no short length code can be an initial part of a longer
code.

The characters 110 at locations 108 are arranged in
the branches 85 to spell the remaining characters of
successive valid words that share at least the first three
characters verified by the tables 78, 80 and 82. The
successive words are separated by the word terminator
codes WT 112, each WT code 112 being arranged to
follow immediately after the last of a string of charac-
ters that correctly spell a valid word in Dictionary
section 56. Each WT code 112 functions to set the word
terminator flag (WTF) 34 in STATUS RAM 24D in
response to Dictionary section 56 verifying the accurcy
of the character entry at the immediately preceding
location 108.

The numeral byte at each location 114 signifies, on
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the other hand, a “node”—an ordinal position in a word .

where preceding characters are shared in forming at-
least two different words, thus minimizing the requisite

10

storage space by avoiding character duplication. As
evident from FIG. 5, each branch 85 stores all charac-
ters in a linear succession from start {e.g. 102-7 in FIG.
5) to end (e.g. 116), the various nodes being demarked
by the numeral bytes at locations 114, and alternate
sub-branches of these nodes being discernible only by
those bytes 114 which contain the same number. It may
be remarked at this point that as a result of this sharing
of preceding characters in FIG. 5, the word remnants
beyond the first may not be found as instantly recogniz-
able units, inasmuch as they occur as random length
portions hierarchically interspersed in Branch 85. This
is evident from FIG. 6 where the stacked arrangement
displayed takes the nodes (numeral codes 114) into con-
sideration to illustrate the efficeint storage achievable.
If the next character input does not match the character
code 110 stored at the succeeding location 108 of
branch 85, the remaining information stored in the
branch is (as described in more detail subsequently)
scanned location-by-location for a location 114 storing
the identical numeral and comparison with the code 110
in the succeeding character location 108 at this new
point again attempted. If a match is not found at this
new point also, the process is repeated. Lastly, the stop
or “End-Of-Table” command is stored in the terminal
or last location 116 of each branch 85, and —the output
code being identical with that (96) in “end-of-group”
locations 93, 101—also sets Spelling error flag 36 in
STATUS RAM 24D. The stop command location 116
is attained only when a character input fails to locate a
matching character at a like ordinal position in any of
the words in the particular branch 85 scanned—i.e., in
any of the word remnants having the same root as was
established through use of tables 78-82.

While the foregoing description has perhaps implied
a minimum of three characters for each word, it should
be remarked that even one character may suffice to
identify a distinct word stored in Dictionary 56. As
indicated previously with respect to FIG. §, the last
character of each valid word is separated from the suc-
ceeding character of a further word (which shared at
least some characters) by the “Word Terminator” code
112 (binary 111—i.e., decimal 15, when the preferred
Huffman code is being used). Though not shown in
Tables 80, 82 of FIGS. 2 or 3, the Word Terminator
Codes 112 are present in these tables too, being in-
cluded—where appropriate—as part of the eight-bit
coded data stored at locations 92, 100. This is made
possible by the fact that ROM 52 uses an eight-bit byte
structure, the printer code normally used when con-
verting the switch matrix output of keyboard 10 requir-
ing all eight bits, but only five bits being needed to
distinguish all alphabetic characters present in the
words stored in Dictionary 56, inasmuch as distinction
need not be made between upper and lower case. Ac-
cordingly, the unused high-order bits of each byte are
available for other purposes: one bit order being as-
signed in the data of Tables 80-82 as a Word Termina-
tor indicator and another (arbitrarily chosen to be the
most significant bit) as an indicator that all subsequent
characters are stored in the form of Huffman codes and
therefore must first be converted to the above-noted
five bit code. In this conversion, proper attention must
be given, as detailed below, to the position of the initial
bit within the code (if other than the first Huffman code,
where the first bit always occurs immediately after a
byte boundary).
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To signal introduction of Huffman coding, the binary
value at the most significant position (bit 7, the eighth
bit) in each stored code of table 82 is always checked
and presence of a ONE bit sets a Huffman code flag 41
and initiates operation of two counters 118, 119 (prefer-
ably in software and incremented under control of
clock 27 in kown fashion), the counting beginning with
the next byte and determining, respectively, the number
of bits and bytes (every eighth bit) thereafter which
define the unique Huffman code. Each Huffman code is
serially converted to the corresponding 5-bit code usin-
g—in fashion similar to that described in *“Introduction
to Data Compression” by Harold Corbin, BYTE, April
1981 pp. 218-250—a tree structure 120 forming part of
ROM 52 and involving a succession of binary pair
nodes, each member of the pair addressing a respective
incremental value to be added to the current table ad-
dress. Each Huffman code thus defines a path through
tree 120, the path ending when a discrete table entry
(byte) storing a ONE in the most significant position (bit
7T) is encountered along with the usual increment. This
event signal that the value located at the next address
(sum of current address and the increment just speci-
fied) is the corresponding 5-bit code which is stored in
the less significant five bits of the byte. Accordingly, as
each bit of Huffman code is read, the eighth bit of the
corresponding table entry is tested and upon finding a
ONE in that position, counting is stopped and the cur-
rent byte count and bit count in counters 118, 119 stored
in a respective one of the two bytes at pointer area 55
(overwriting the previous contents) for reference, and
the 5-bit code for the character just read in branch 85
supplied to the accumulator in ALU 29 for comparison
with the entered character. Upon occurrence of the
next character entry, the values stored in pointer area 55
are read, bit counter 118 incremented by unity (with a
carry if a binary “7”, and resultant incrementing of the
byte counter 119); the respective counter 118, 119 set to
its new value, if any, and counting operation again en-
abled for conversion of the next variable-length charac-
ter read from branch 85 in the manner just described.

This next character may be a word terminator code
112, as above described, but may also be a node indica-
tor that is, the numeral code 114 which designates not
only the existence of a node, but also the ordinal posi-
tion at which each valid word sharing the previously
entered and checked characters begins to differ. At this
point, then, a mismatch does not indicate an error, it
merely indicates that the character at the corresponding
position in yet another of the valid words sharing the
same characters in the lower ordinal positions must be
checked. The word remnants in branch 85 are stored in
alphabetical sequence with each remnant (which may
include further nodes) preceded by a numeral code 114,
hence checking of an entered character is not complete
until all remnants preceded by the identical numeral
code have had the succeeding character code compared
in the known manner previously mentioned. Accord-
ingly, after the first mismatch, the ordinal position from
character counter 39 is stored in another Temporary
Register 31a, the pointer 55 is incremented by unity and
the counters 118,119 enabled to read successive Huff-
man codes in branch 85 until a numeral code is detected.
This detection occurs during the pre-scan described
subsequently with respect to detection of a word termi-
nator code 112. For the present purpose, bit 6 (next
most significant bit in the unused portion of the eight-bit
byte) will be a “ONE" if the next data byte is a numera-
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1—114. In such case, the pointer 55 is likewise incremen-
tedd by unity and a numeral flag 37 in Status RAM 24D
set, the set state of numeral flag 37 causing Dictionary
Program 40b to compare the newly designated data
byte with the value in Temporary Register 31a. The
comparison involves subtraction rather than matching
for identity. The reason for this is that all remnants in
branch 85 being presented in alphabetical order as seen
in FIG. 6, characters (e.g. 122,124) immediately follow-
ing the shared characters in different words are at a
given ordinal position (e.g. the sixth level for “I” 122
and “L” 124) and further characters in the relevant
words can only be at higher ordinal positions. In that
case, if a mismatch occurs at a higher level (e.g. the
seventh level for the “E” 126 and the “Y” 128 in FIGS.
5 and 6), then scanning of branch 85 (FIG. 5) will pro-
duce a borrow when the value in Temporary Register
31a (e.g., a seven, read from character counter 39 as
previously described) is subtracted from the 4 say, in the
numeral code 114 preceeding the “E” 130 which is the
next alphabetic character in exemplary branch 85 (WT
112 and numeral code 114 being sensed as controls, not
characters). The borrow indicates the impossibility of
finding a match, so the Error flag 36 is set immediately
to make unnecessary any further scanning to find a
numeral code which would contain the same ordinal
numeral as in Register 31 and demark a remnant shar-
ing still the same set of preceding characters (which is
no longer the case if a lower numeral code 114 is found).

Characters entered at keyboard 10 may end at any
point in several words of variable length, all of these
words sharing some of the succession of characters in
the entered string. Completion of any given one of the
words is signaled generally by the typist's entry of
punctuation marks (e.g. comma, period, parentheses) or
format keys 20 (e.g. space, carriage return, line feed,
pitch change). Accordingly, depression of any of these
particular “End of word” keys is detected in known
fashion and, when detected, causes setting of the End-
of-word flag 35 in RAM 24D. A set state of flag 35
coinciding with the set state of word terminator flag 34
indicates that the entered character string is identical
with a word stored in dictionary 56 and thus correct. At
this point, then, the spelling check is over and the sys-
tem is returned to its initial condition. To this end,
counters 39, 118 and 119; flags 33-38 and 41; and 16-bit
pointer area 55 are all cleared in preparation for entry of
the initial character of the next word.

Because word terminator symbol 112 follows the last
character of each word in the selected branch 85 and
the Huffman code must first be converted to 5-bit code
as previously described the timing of and response to
detection of WT code 112 proved unreliable, if per-
formed when depression of an End-of-word key oc-
curred. To avoid this problem, after each successful
comparison of an entered character with a character
110 in the selected branch 88, a pre-scan of the follow-
ing Huffman code is performed with the appropriate
conversion and then compared in ALU 29, as before,
with the WT 5-bit code. If the pre-scan gives an “equal”
output, then WT flag 34 is set immediately—i.e. prior to
entry of the next character at keyboard 10.

Should the next key depressed at keyboard 10 prove
to be an alphabetic key 18, then WT flag 34 will be
immediately reset and 16-bit pointer 55 incremented by
unity to point to the first bit of the next Huffman code
(character) in branch 85. This next code may be an
alphabetic character 110 or the numeral code 114 indic-
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ative of a nodal point. If the former, the Huffman con-
version is performed and the resultant 5-bit code com-
pared with the entered character, both as described
before. If the latter, however, the resultant 5-bit code is
merely saved in another byte 31a of temporary storage
and pointer 55 again incremented by unity to point to
the start of the next Huffman code in branch 85 (which
code will be alphabetic, there being no more than two
control codes between successive characters in any
branch 85).

To summarize the operation of the Dictionary ac-
cording to the embodiment of the invention, after the
printer code for each character of a desired word en-
tered at keyboard 18 is released from FIFO storage
section 48 onto line 50, it passes to Correction Buffer 54
where it is stored for access during the usual “Correc-
tion Routine”, and also converted to a 5-bit code, as
described earlier, and sent to temporary storage in an
area 31 of STATUS RAM 24D for direct utilization in
the comparisons of the “Dictionary Routine” if this last
has been enabled (flag 33 set by dual depression of code
key 21 and the “D” character key 18). This storage is
necessary so that more than one comparison may be
performed since characters in the same ordinal position
of successive words listed in Dictionary 56 and sharing
all previously-entered characters must be checked to
determine whether a match can be found. The initial
character of a word will always be found, if alphabetic
(numbers in a string exclude it from Spelling Check),
because the 35,000 word listing of the present dictio-
nary includes words beginning with every letter of the
alphabet.

As an example, assume a word was just completed
and Program Control 405 has initialized the counters,
pointers and flags (either by resetting to ZERO or to
some appropriate value—e.g. Character Counter 39 set
to ONE), and that the new word to be entered is “capa-
ble”. Upon entry of the “c” as the first character of the
new word, search for a match is made in Table 78 be-
cause the program recognizes that entry as being the
first character of a new word, Character Counter 39
being at ONE. A test is made in known fashion to en-
sure the character converted fromthe printer code of
Correction Buffer 54 is alphabetic (that is, has a 5-bit
code value between 1 and 26). If not, Error Flag 36 is
set and beeper 19 sounded. Otherwise, the code value is
multiplied by two and added to the arbitrary start ad-
dress (X, say) of Table 78 in ROM 52 to locate the
proper data byte area in memory—X 46 in this exam-
ple, since “C” is the third character of the alphabet-
—and the corresponding address 88-3 (FIG. 3) is saved
in the 16-bit pointer area 55. The Character Counter 39
is incremented to indicate that the next character en-
tered will be the second in the string. The desired ad-
dress having been found, the program returns to the
idling routine of main program control 40a. When the
second character (the first “a”) is entered, the corre-
sponding Daisy position code will be stored in Correc-
tion Buffer 54 and, as it is a printable character, the
Dictionary Program 405 will be called and the Daisy
position code first converted to 5-bit code using the
look-up table 46, then stored in Temporary Storage 31.
The value stored in 16-bit pointer area 55 is retrieved to
indicate the start 2Cc4 of group 90-3 in look-up table 80.
The argumets in this table are made up of successively
higher character codes, which are followed by two
bytes (16 bits) of address that point to Table 82. The
entered character “a” is found to be a match on compar-
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ison with the first argumet in Table 80, so the associated
16-bit address 94-3 is put into pointer area 55 for finding
the proper location in Table 82 upon the next character
entry, Character Counter 39 set to a three, and the
program returns control to Main Program 40a.

When the third character “p” is entered at keyboard
10, the process is essentially the same, address 94-3
pointing to group 98-3 which begins with the letter B as
the third character—i.e. 3Cc45, but this will not yield a
match. Accordingly, pointer 55 is incremented and the
comparison repeated until the “p” is found. The address
corresponding to the “p” is 102-7 and points to the first
memory location 108 of the related branch 85 of tree 84.
The third entered character having been found in table
82, a pre-scan takes place (as described) to determine
the nature of the first symbol in tree structure 84 which
is in Huffman Code as signaled by the set state of HCF
flag 41 (a ONE in bit 7 in the unused portion of the byte
holding each 5-bit argument code in Table 82). Since
this first symbol is a word terminator WT 112 (also
indicated by a ONE in bit 7 of a byte—but with differ-
ent significance in view of the set state of flag 41—that
byte being the one defined by the 1111 code WT 112
and decoded in Huffman converter 120), then WT flag
34 is set.

On entry of the fourth character at keyboard 10 (an-
other “a”), pointer §5 designates the WT code 112, so
pointer 85 is merely incremented and now designates
the second symbol in branch 85 which, also being the
character “a’” results in a match on the usual compari-
son. WT flag 34 is cleared (EOW flag 35 not being set)
and pointer 55 again incremented. The pre-scan for WT
112 which follows has a negative result, the next symbol
being the character B. Program control is therefore
returned to Main Program 40a. Upon entry of the char-
acter “b” at keyboard 10, Dictionary Program 404 will
again find a match in the manner described. On entry of
the sixth character “1”, however, a match will not be
found because the next character in branch 85 is the “I”
122. Because of the mismatch, Program Control 40b
increments pointer 55 and transfers the ““6” in Character
Counter 39 to Temporary Storage 31a. It will then look
for the number 6 in the numeral symbols (nodal points)
114 of branch 85. When a numeral symbol 114 is found
(a ONE in bit 6 of a byte found on progressing through
Huffman converter 120), the content of Temporary
Storage 31a is compared subtractively with the 3-bit
code (a “6” as numeral symbol 132) obtained from the
next byte in Converter 120. Because they agree in this
case, pointer 55 is incremented and the succeeding char-
acter (“L” 124) of branch 85 compared with the entered
character. In the present example, the “L” 124 is a
match, so the program again increments pointer 55, etc.
and waits for entry of the last character, the “E” 126.
Upon that entry and subsequent matching, the pre-scan
finds WT code 133, thus setting WT flag 34. The typ-
ist’s entry of a space or period, say, indicates completion
of the exemplary word “capable”, and sets EOW flag 35
which, being coincident with the set state of flag 34,
causes dictionary program 406 to return to its initial
conditions.

As stated previously, when a match is found, the
result is a return to the main program 40g and the await-
ing of a further entry in the string. On the other hand if
none of the comparisons in tables 78-82 or along branch
85 yield a match, then the location (93, 101) holding an
“End-of-Group”or “End-of-Table” or stop signal 116 is
attained and the corresponding code 96 supplied from



4,782,464

15

ROM 52 to Input Ports 30 via bus 50 and processed by
Microprocessor 24 to set Spelling Error Flag 36. In
response to the set state of Flag 36, a signal is sent over
serial communication line 58 to microprocessor 60 to
activate Drivers 72, in turn, so as to operate the error
alarm-—namely, the “beeper” 19. Thus a distinctive
warble is heard immediately when a spelling error oc-
curs.

APPENDIX A
DATA CHARACTER HUFFMAN CODE
E 000
5 010
D 0010
S 0011
N 1000
I 1001
WORD TERMINATOR 1111
Y 01101
7 ot
4 10100
R 10111
A 11000
G 11001
L 11010
6 11011
T Lot
M 011000
9 011001
u 011100
END OF TABLE 101010
C 101011
8 111000
B 1011010
P 0111011
10 1011000
H 1110010
o 01110100
w 01110101
v 10110011
1 10110110
F 10110111
K 11100111
12 101100100
z 101100101
3 111001101
Q 11100110000
13 11100110010
X 11100110011
14 111001100010
J 1110011000111
15 11100£10001100
APOSTROPHE 111001100011011
18 11100110001101000
17 11100110001101001
16 11100110001101010
20 111001100011010110

19 111001100011010111

What is claimed is:

1. An electronic dictionary storage apparatus for use
in an electronic typewriter or handheld dictionary, the
apparatus containing an electronic processor and a
memory storing a list of correctly spelled words for
verifying the spelling order of character inputs compris-
ing:

(a) input means for receiving characters from a key-

board;

(b) a first storage means for storing character infor-
mation structured to sequentially check the spel-
ling order of a first predetermined series of charac-
ters received from said input means, wherein said
character information comprises a plurality of
character sequences, each said sequence having a
predetermined series N of characters therein and
being combinable with a first character to form a
sequence as a preliminary portion of one word in
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said list and wherein said characters are stored in
ordered sets consisting of groups so that each
group of set is located by a respective address asso-
ciated with a particular one of said first characters;

(c) a second storage means extending from said first
storage means and containing further character
information structured to check the spelling order
of a variable string of character inputs stemming
from said predetermined series to validate spelling
of words, wherein character information in said
second storage comprises a tree structure with a
plurality of branches, each branch having a unique
address in said second storage means and each
branch holding a least one word remnant associ-
ated with said character sequence;

(d) processing comparison means connected to said
input means and to said first and second storage
means, and being operative in response to receipt
of a character from said keyboard to ascertain oc-
currence of a match upon comparing the received
character and a corresponding stored character in
proper spelling order according to said character
information stored in the first and second storage
means.

2. The dictionary stoage apparatus of claim 1,
wherein character information in said first storage
means is in a first code format and held in a plurality of
bytes, one character per byte, each character associated
with a respective address; and comprises a plurality of
character sequences, each said sequence having a prede-
termined series n of characters therein, a first of said n
characters selected from all characters of the alphabet
and further alphabetic characters up to an n-th charac-
ter, said further characters being combinable with said
first character to form a said sequence present as at least
a preliminary portion of one word in said list; said fur-
ther characters are stored in ordered sets, each set con-
sisting of at least one group of ordinally-identical higher
order characters, said higher order characters in at least
some of said groups being less in number than the entire
alphabet; each said group of a first said set is located by
a said respective address associated with a particular
one said first character, and groups in higher ordered
ones of said sets are located, in turn, by the respective
addresses of said further alphabetic characters selected
in response to said occurrence of a match upon compar-
ing a said further alphabetic character with a said re-
ceived character; and wherein character information in
said second storage means comprises a tree structure
with a plurality of branches, each branch having a
unique address in said second storage means and stem-
ming from a discrete one of said sequences by virtue of
said n-th character of said discrete one sequence having
said unique address associted therewith as said respec-
tive address, and each branch holding at least one word
remnant associated with said discrete one sequence, said
word remnant being held in a second, byte-independent
code format; and further including means converting
codes in said second code format to codes in said first
code format prior to ascertaining occurrence of said
match.

3. The dictonary storage apparatus of claim 2, further
including word terminators indicating completion of a
word in said character information stored therein, and
wherein at least one said sequence includes a said word
terminator in a code in said first format, said second
format is a compressed code format having variable
numbers of bits for the different characters, some char-
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acters with bit-length in excess of a byte, said word
remnant is followed by a said word terminator, and the
word terminator following said word remnant has a
discrete code in said second format relative to the word
terminator in said first format.

4. The dictionary storage apparatus of claim 3,
wherein said first code format requires less than all bits
of said byte to distinguish said characters, at least one
bit being in excess, and said means converting codes in
said second format is normally disabled, but enabled in
response to a predetermined binary state of said excess
one bit of the byte storing said n-th character.

5. The dictionary storage apparatus of claim 1, fur-
ther including a starting address for said word list and
word terminator codes marking the end of each word in
said character information stored therein, means indi-
cating detection of a word terminator code in said char-
acter information, and an end-of-word code among said
character inputs; and wherein character information in
said first storage means is held in groups by alphabetic
order of association in particular sets of character com-
binations having a predetermined number of characters,
whereas character information in said second storage
means comprises a tree structure with a plurality of
branches, each branch stemming from a discrete one of
said sets and holding a plurality of character-containing
word remnants associated with said discrete one set,
each said remnant followed by a word terminator code,
and still further including signal emitting means respon-
sive to input of said end-of-word code in ordinal corre-
spondence with a said word terminator code, and means
to return to said starting address for comparing charac-
ters of a next word, said means to return being operable
in response to a signal from said emtting means.

6. The dictionary storage apparatus of claim 5, fur-
ther including an end-of-table code together with means
detecting said end-of-table code and means responsive
to detection thereof to emit a signal indicating impossi-
bility of a match, and wherein said characters of some of
said word remnants occur as separate, random-length
portions hierarchically interspersed in said branch in
accordance with said alphabetic order and said word
terminator code following a last word remnant in each
branch is followed in turn by said end-of-table code.

7. The dictionary storage apparatus of claim 1,
wherein said predetermined series consists of n received
characters, said character information in said first stor-
age means comprises a succession of n ordinally-
arranged look-up tables, each table containing a plural-
ity of addresses, a particular alphabetic character pres-
ent at a corresponding order in the spelling of at least
one word in said list being associated with a given ad-
dress of said plurality, and each address in the n-th order
table pointing to location of still higher order characters
stored in said second storage means, said still higher
order characters forming a remnant portion of a said at
least one word; and further including access means
operative to select a given one of said associated ad-
dresses in the n-th order table in response to ascertan-
ment by said comparison means of said occurence of a
match between an n-th received character and said
particular alphabetic character present at said corre-
sponding order, said given one address locating the still
higher order characters in said remnant portion for
comparing with further ones of said received charac-
ters.

8. The dictionary storage apparatus of claim 1,
wherein said predetermined series consists of n received
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characters, said character information in said first stor-
age means is in a first code format and held in a plurality
of bytes, one code per byte, and comprises a succession
of ordinally arranged look-up tables equal in number to
said predetermined series, each said table storing a plu-
rality of address groups, each said address group con-
taining addresses related to a particular prior alphabetic
character present in the spelling of a word in said list
and each said address in a given address group pointing
to the location of a group of next higher order charac-
ters stored in a next one of said tables; each said next
higher order character is associated with a respective
further address and combinable with each lower order
character associated with a prior said address pointing
to the location of the group containing said next higher
order character, character combinations form a plural-
ity of n-character sequences, each sequence present in
the initial characters of at least one properly-spelled
word of the list, and the ordinally-identical characters
in at least some of said groups are less in number than
the entire alphabet; and wherein said n-th table stores
groups of n-th order alphabetic characters, each n-th
order alphabetic character of a said group being associ-
ated with a respective output address, said output ad-
dress locating in said second storage means the start of
character information including a given one of said
n-character sequences in forming words of the list;
character information in the second storage means is in
a second, byte-independent code format and comprises
a tree structure with a plurality of branches, each
branch stemming from a discrete one said sequence and
holding at least one word remnant associated with said
discrete one sequence, and further including means
converting codes in said second format to codes in said
first format prior to ascertaining occurrence of said
match.

9. The dictionary storage apparatus of claim 7,
wherein n is equal to three, said first storage means
comprises three look-up tables for defining a path to
said second storage means, a first one of said three tables
containing a stack of addresses, each address relating to
a character of the alphabet as a first character of a se-
quence spelling at least one word of said list and point-
ing to a next one of said tables storing secondary ad-
dresses in discrete groups; each said secondary address
in a said group is associated with a respective second
alphabetic character combinable with said first charac-
ter to form a unique bi-character sequence present in the
spelling of different words of said list having said first
character in common; said second alphabetic characters
serve as arguments in said next one table to select a
respective one of said secondary addresses, each said
secondary address pointing to the third said table, said
third tablle storing tertiary addresses in discrete further
groups, each said tertiary address in a said further group
likewise associated with respective third alphabetic
characters combinable with said first and second char-
acters to form a unique tri-character sequence spelling a
preliminary portion of particular ones of said different
words of the list; said third alphabetic characters serve
as arguments in said third table to select a respective
tertiary address locating pertinent character informa-
tion in said second storage means, said pertinent infor-
mation containing a plurality of characters, at least two
characters of said plurality each completing a distinct
word of said particular ones of the different words of
the list and sharing said unique tri-character sequence as
precedent characters; and wherein selections of said
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respective secondary and tertiary addresses occur in
response to said occurrence of a match between a said
corresponding character and a second and third of said
received characters, in turn, whereby said pertinent
information in said second storage means stems from
said unique tri-character sequence in said first storage
means in response to selection of said respective tertiary
address.

10. The dictionary storage apparatus of claim 7,
wherein numerals are associated with a plurality of said
word terminator codes in said second storage means
and signify in said word list the nodal points where next
higher-order characters of a like plurality of others of
said remnants each follow a said numeral and share
precedingly matched characters, and further including
detecting means for said numerals, a register, and a
counter defining the ordinal position of each received
character and initially at a unit value, said counter being
incremented to a new value in response to receipt of
each said character input; control means operative in
response to non-occurrence of a said match between a
received character and said corresponding stored char-
acter, said control means storing the new value in said
register and initiating a scan of subsequent character
information for said numerals; means supplying said
comparison means with the new value and a detected
numeral in response to detection of a numeral by said
detecting means, means responsive to identity between
the new value and the detected numeral upon compar-
ing same, said last-mentioned means being operable to
compare said received character and said next higher
order character following said detected numeral, and
means repeating said scan in response to further non-
occurrence of said match upon comparing the received
and next higher order characters.

11. The dictionary storage apparatus of claim 10,
further including a subtractor having a borrow indica-
tor and wherein said subtractor performs a subtraction
of said new value stored in said register from each said
numeral detected by said detecting ineans, said subtrac-
tion occurring prior to supplying said comparison
mearns with the new value and said detected numeral,
and further including control means for halting said
scan in response to said borrow indicator.

12. The dictionary storage apparatus of claim 7, fur-
ther including word terminators indicating completion
of a word in said character information stored therein,
and wherein at least one said sequence includes a said
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word terminator as a code in said first format, said sec-
ond format is a compressed code format having variable
numbers of bits for the different characters, some char-
acters with bit-length in excess of a byte; said word
remnant is followed by a word terminator, and said
word terminator following said word remnant has a
discrete code in said second format relative to said word
terminator code in said first format.

13. The dictionary storage apparatus of claim 12,
wherein said first code format requires less than all bits
of said byte to distinguish said characters, at least one
bit being in excess, and said means converting codes in
said second format is normally disabled, but enabled in
response to a predetermined binary state of said excess
one bit of the byte storing said n-th character.

14. The dictionary storage apparatus of claim 7, fur-
ther including word terminator codes marking the end
of each word in said character information stored
therein, means indicating detection of a word termina-
tor code in said character information, and an end-of-
word code among said character inputs; and wherein
character information in said first storage means is held
in groups by alphabetic order of association in particu-
lar sets of n-character combinations, and character in-
formnation in said second storage means comprises a tree
structure with a plurality of branches, each branch
stemming from a discrete one of said sets and holding a
plurality of character-containing word remnants associ-
ated with said discrete one set, each said word remnant
followed by a word terminator code, and still further
including signal emitting means responsive to input of
said end-of-word code in ordinal correspondence with a
said word terminator code, and means to cease said
comparing in response to a signal from said emitting
means.

15. The dictionary storage apparatus of claim 14,
wherein an end-of-table code is present in said branch,
said characters of some of said word remnants occur as
separate, random-length portions hierarchically inter-
spersed in said branch in accordance with said alpha-
betic order and said word terminator code following a
last word remnant in each branch is followed in turn by
said end-of-table code; and further including means
detecting said end-of-table code and means responsive
to detection thereof to emit a signal indicating impossi-

bility of occurrence of a match.
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