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Fi el of the Invention 5 This invention rel ates generall to a
data entry method and apparatus, and nore particularly to Dseth@@
and apparatus for i nputting text, for exanple text nessages, from an
I nput devi ce such as a keypad, espegially a nunmeric keypad, where key
anbiguities exist and need to be resolved 10

Background of the Invention th_the |ncrea5|n e

carry snaller and SHEXTSNHIEF DIENICE ANDMEWQ éﬁlﬁlé%tr num
functionality such as pagers, 15 cel lul ar phones and ot her person

communi cat or devi ces, and the ﬁd sireto automate honmes t hrough

conbi nati ons of t el econmuni cat lglr‘illsog the do¥entioher e smart rooms wil |
have one or rmre smal | devices that operate a variety of appliances

trol f t t
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cvery tel ephone inputtin KAkl SRfle ek s “&bhiﬁlﬁﬁﬂ?ﬂé{r&e%h%ﬁ'aiyed

on the keys. Thu resenti ng e nurrera

letters A B andadkeypad, egp%qlbx,g@qmmg kSYR%@/: wherekeshambigy P&Fl '3"
has the letters Reel tdhe redbBred.ctc. It is conmon to represent a teI ephone
nunber by trj etters whi ch correspond to the di glts on t he. keypad.
Thus, for e Z]n‘p rail way conpany with the nanme "Antrack"” can
acqui re the tel ephone _ nunbeBackgoudfid Sofathe Irerendibrerti se to custoners
that the conpany's t el ephone nunber can be dialed by activating the
keys with the letters 30 A-MT-RA-CK D aling these letters wll
result in only one di-gNith the increasing desize to carnyramalles and smalles persendl be

represented by ”%Bﬁlﬂ\ﬁhi&'hrxg ﬁewcési3 Q\Hﬁi‘ mum functionality bﬁclt\% pagers,
t el ecommuni (i%t i ons_ f FS‘?O tﬁﬁg 3 l ection, are  de Wiqh
use a nuneril® keygH H REEa APHLO Heé' Jgommupieatar deyiceg,.a system
to sel ect a user'desitei tocautdimatexhdniek eiough combirations of
telecommunications and cable where smart rooms will have one or
more small devices that operate a variety of appliances or control a
variety of applications; the need and desire to enter alphanumeric text
20  through non-alpha or numeric keypad is ever increasing.
In the United States of America it is standard for every telephone
keypad to have letters as well as numerals-displayed on the keys. Thus,
the key representing the numeral "2" has the letters A, B and C
~ displayed and the key representing the numeral "3" has the letters D, E
25 and F etc. Itis common to represent a telephone number by the letters
which correspond to the digits on the keypad. Thus, for example, a
railway company with the name “"Amtrack” can acquire the telephone
number 268 7225 and can advertise to customers that the company's
telephone number can be dialed by activating the keys with the letters
30 A-M-T-R-A-C-K. Dialing these letters will result in only one digital
sequence, but one digital sequence can be represented by many letter
sequences. '
In the telecommunications field, methods of name selection are
known which use a numeric keypad. For example, it is known in a
35  voice mail system to select a user's voice mailbox by keying in from a
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2 £ renote tel ephone the first fewletters of a user's nane, as a

result of which a short digit streamis delivered to the voice mail
system The’ voice mail system conpares the input digit streamwith a
limted set of options in a |look-up table. Sufficient digits nust be
entered to uniquely 5 identify the desired user. Simlarly, autonmated
custoner service systens can use thi s2form of text entry. For exanple -
an airline i nformati on system can request the first three letters of
a destination ai rport and, notw thstanding anbiguities in the letters
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addi tion, t1@i cathry:etdlgltebecguse it hasraulimited Ydistionanye dofairpontarasmes from
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i nput. More spec ere1s a di correlation
specific input t@%eds ilook uk@vengwenhe%n@wsmmselege rem&mﬁe%r

exanple, if a UsRst Mﬁﬁ&ﬁleh%tdxﬂéﬂtihél’ae bie términal hRAGH Bfintber can bédixléd pha
keyboard, the user ha é eﬁ E a_s eé 8 conbi nati on of ‘nunber s
and/ or symbol s t BORAESME ﬁeml%éﬁ Prtedpy way of exanple for a
user to entkd the worVacmlds other approactsss fertenteting dlphhnuineyic Riput;
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descri bed net hodfewser geyeoehuttynacthmtm cartespondipg alphabet haverbeenes to -
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Qs e B s 68 eteb e, i, ot
20 the methods associated w1th the alphanumenc text through the keypad
are cumbersome and difficult to edit. In addition, typically the entry
must be restricted or entered in a specific manner such that there is only
one option per sequence of input. More specifically, there is a direct
correlation for a specific input to a specific letter of the alphabet or a
25  symbol. For example, if a user wants to input the word "call" through a
non-alpha keyboard, the user has to enter a specific combination of
numbers and/or symbols to indicate the word call. By way of example
for a user to enter the word call the user must enter the following: 2***;
2%, 5%, 5% #. Such a method of inputting is very restrictive, time
30  consuming, and editing is difficult and slow.

The above described methods of data entry do not readily apply
themselves to the Chinese language. There are several thousand
characters in the Chinese language. For example, there are nearly 7000
Chinese characters supported by the GB coding standard used in China,




3 and about 13000 Chi nese characters supported by the Bi g5 coding
stantlard used in Taiwan and Hong Kong. It is a major challenge to

build a device that can select characters fromsuch a large dictionary
using a small nunber of keys, for exanple just 12 keys of an electronic 5

keypad. Therefore a need exists to provide a user with a

sinpl e strai ghtforward nmet hod and appé}atus for inputting text

t hrough a keypad havi ng fewer keys than the desired al phabet; and the
need exi sts to provide such a systemw thout resort to nassive
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t he devi ce df0 FI Gower onmgroty demansdn i nformation is stored. 30

FIG 6 is a flow di agr ' ' . - 0CeSSOr
of FIG 2. ) Wpli:(?'é ﬁé&ﬂégng?\%al. BisA5f Bk Rivéritfon are noW

. | ow qi agramdetailing the subroytine
110 of FIG 6 fordesmbedﬁbmmaargoffﬁ@wlsiq _XtWEZ‘rﬁ gience to the accompanying
drawings.

15 Brief Description of the Drawings

FIG. 1 s a front view of an illustrative text entry device suitable
to receive input in accordance with the present invention.

FIG. 2 is a block diagram detailing internal circuitry of the device

20 of FIG. 1. '

FIG. 3 is a data structure diagram illustrating a first table stored in
the memory of the device of FIG. 2 in which address information is
stored. |

FIG. 4 is a data structure diagram ilIustrating a second table

25  stored in the memory of the device of FIG. 2 in which character
information is stored.

FIG. 5 is a data structure diagram illustrating a third table stored
in the memory of the device of FIG. 2, in which bi-gram information is
stored.

30 FIG. 6 is a flow diagram illustrating the operation of the
processor of FIG. 2. .

FIG. 7 is a flow diagram detailing the subroutine 110 of FIG. 6 for

finding the digit stream ID. ' |



[3

4 FIG 8 is a flow diagramdetailing the subroutine 400 of

FIG?" 6 for sel ecting a character. FIG 9 is a flow

di agram for finding Chinese characters that are comon to a uni-gram
list and a bi-gramlist. 5 Det ai | ed Description of
t he Draw ngs CGenerally, a nethod I S now described conprising
the steps of: mai ntai ning i n nmenory Bfirst table of digit streans or
sequences 10 representative of characters in a desired | anguage and
character addresses corresponding ta the digit streans; activating
keys of a data . @ﬁs@%&%ﬁ din detkifingathe subrowtihe 208 of FIGY6 dor
keyboard or a hunj-an- CP digitizer and stylus), where a key
represents a plﬁﬁgF g eharacte characters to provide an input digit

stream "searchi ng theFfIQ. 9sis a idwediagrdih for fimeling @hinedeocharaciers thattaream
corresponding tg u : [, € . bt ai ni ng a correspondi ng
g8 bR o biggpef

character addr es® generally to letters or
to pictographic or grapheme characters. Since the md 1950s, a

standard phonetic represent at pagyiplg Deacﬁb%%?%ﬁeﬁlﬁ ggrs has been

adopt ed known as "pinyin". The pinyin r each Ching€se character, |ike
each English word, is made up from conbi nations of the 26 letters of
the Ronan al phabet a-Gené‘Pﬁﬁ ?afiﬁethodlsﬂdfwu%&mbéﬁlcbﬁl thé stepsiafi ephone

or ot her keypad of, Ietters d| Iayed on
each key. Such a‘“ﬂ’é’?’%‘éﬁhﬁ ){’B%mﬁ"s%& mtﬁeyl?&f% %ﬂtﬁﬁgﬁ SFQW ing the
pi nyi n systlédm ofrepre&ntajwqaobnhaiadtemm a2£es1reddpngpagaandrd'amacter e provided
to resol ve anbi

Ref erri ng now t%ﬁ%‘é‘%‘s ur espﬂﬁ?ﬂfg?ﬂ}eld ies Qf‘aig%ggg kanﬁ of a data
preferred embodiend d gwca eg atkeypad, hut:aquaw@érebye eyheayst es ahunt-an-

i nvention. An e kﬂ?@fzeﬁaﬁﬂ' hi3), WRERDIREP réy es@ﬁt@%rgﬁﬁ'hﬁ tyeofry 3 0

or 't of ecomun c SERLEHR BEHA AR pilt%ﬁ% <hgvsepiiig bg tyef BhIS IS

general |y dépi ctthd rh fbﬂh&il eameottespondifipete the input digitestheam

i ough whi ch 1 A OPE : =3ﬁ%@&%s%%5§¥tfﬁﬁﬁ§9&5 MRS TR e
refers generally to letters or to pictographic or grapheme characters.

Since the mid 1950s, a standard phonetic representation of
Chinese characters has been adopted known as "pinyin". The pinyin

20  for each Chinese character, like each English word, is made up from
combinations of the 26 letters of the Roman alphabet a-z. These 26
letters can be mapped to a telephone or other keypad of only, say, 12
keys, with 3-4 letters displayed on each key. Such a keypad can be used
to enter Chinese text using the pinyin system of writing, provided that

25  appropriate means are provided to resolve ambiguities. Such means
are now described. _ _

Referring now to the figures, FIG. 1 illustrates a general and
preferred embodiment of apparatus in accordance with the present
invention. An example of a cellular telephone (or other data entry

30  device such as a wireline telephone, pager or personal digital assistant
or telecommunications device) having a keypad is illustrated as
generally depicted by the reference numeral 10. The cellular telephone
10 depicted comprises a housing 12, a display 14 and a keypad 16
through which input is received. The display 14 has a text display area




5 " 15 and an area 17 for di spl ayi ng character alternatives. The

keypad 16 has twel ve keys with digits 0-9 displayed thereon in a
standard | ayout. Al so displayed in a standard |ayout are pinyin

|l etters a-z. These letters can be arranged in other arrangenents, for
exanple for greater 5 ergonomc efficiency, but the illustrated |ayout
Is preferred on account of established use. The key bearing the digit
"1" has the punctuation marks ",", ".", "?" and "!" displayed

t hereon. The lower |eft hand key 18 has the synbols '<<" (meani ng

:gagzsf’gf:; ;)r _I_SlSraB{d ah@kéa lﬁfoﬂaéls playin, %hﬂia&téiﬁitse@ﬂigvéss aI‘lgtlegeypai @6r ed
(meani ng "enter’ qﬁrs t“\égi\'%i‘? HT&%é (?/'2 dolsplaye%%ergpﬂéﬂ %g? darﬂ}'(’%
g referr $d th 0 ash "Alsonriisplayed in a standard layoahard paqnnﬂeﬂaslaey.p&ﬂhebaiattﬂrs t he
igits 7 throug n SE <q z>
respecti vel y or 5286% arfanged lr?%ﬁﬁ u%agg%lﬁgﬁéf gfic;xle#rfé@re frég S%tgnt <p r s>,
<t uv> <w @ y> ergqnqmlqefﬁmencgs bgttthedh}strated yout is preferred @npaspunt ed
embodi ment 111 usig Féi)hsl\ga Eéf'ﬂ@?ﬁ digit "luhﬁﬁjthé“phﬁﬁﬂﬁtidfﬂ Y,
various other al pha ets, nay :.%e ccq fﬁce erred
enbodi ment s of t FBaBegent /i W@Qg ndisp, 2) qé%ﬁhﬁ%"g‘i
pRBonetlc al ggabetlsl(mlthené yrilboR ﬁd‘qln@efdmﬁ gb betoﬁescronrleﬁ‘:'hab |1§h
ssian or ian a e
resent | nvent | ofxPEiaSs paien phd i EErEA £Xas BER. ARG lowsr rihe fadft key
keypad havi A@ f eldrhasthevsymbblskps’ dmeamngé'enterber "sérolleright’sas is t he
al phabet. Theref %5( PQ& b}h&ﬁ?gﬁh iy (?éf?ﬂ‘%?tt%daé ?&r}@'ﬁ' ous sequences
0

where a single nu a series 0ls are, 25

represented on a si ngIAsS anpltesnative keypad layout, ﬂ'@fdlglfé 7ddypugh ) can her
i nput_devi ce. ' Pr qepidandkpa dsokt oV i 7o ks redbictivEly o igits RN

t f tt ha
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having a m diSopr qespetiv coupl ed to the input pad 16 and to the 30

di splay 14 using stan S

art. Also coupled to ﬁﬁe %é}%o r essor %ngrﬂell\igtﬁte?é#ﬂén&r@aﬁvgghahépﬁ
is preferably el asedi cAlt ragiousaethen alp Rsmi/ inaceorglance

menory and-.a 5ec%ﬂh%@%ﬂéf@t@e&"‘%&rﬁb&ﬁm&ft@&rtﬁblpfeééi‘ﬁCiﬁ%ﬁﬁSﬁsﬁmh as
another Chinese phonetic alphabet (Zhuyin) or a stroke-based alphabet
20  or Eﬁglish, Russian or Asian alphabets. In the preferred embodiment
of the present invention illustrated in the figures, the input device is a-
keypad having fewer individual keys than the number of letters in the
alphabet. Therefore, the alphabet is separated into various sequences
where a single numeral and a series of letters or symbols are
25 represented on a single key, or block of input, of the keypad or other
input device. Pressing of a key delivers a digit, but the digit can
represent one of a plurality of letters or characters.
Referring to FIG. 2, the cellular telephone 10 is illustrated as
having a microprocessor 30 coupled to the input pad 16 and to the
30  display 14 using standard input and output drivers as are known in the
' art. Also coupled to the microprocessor 30 are a first memory 31 which
is preferably electrically-erasable read-only memory (EEPROM) or flash
memory and a second memory 32 which is preferably random access
memory (RAM). In the EEPROM 'memory is stored at least three tables



menory (RAM. In the EEPROM nenory is stored at |east three tables

6 * - Table 1 (33), Table 2 (34) and Table 3 (35). The tables 33-35
are descri bed in greater detail with reference to FIGs. 3,4 and 5
respectively. An optional | oudspeaker 38 is shown coupled to the

m cr opr ocessor. Referring to FLG 3, the data of Table 1 of
FIG 2 is shown. The 5 tabl e conpri ses abfirst colum 101 storing digit
strings that correspond ' to all the possible pinyins of all the
possi bl e Chi nese characters. There are 219 possible digit streans

( tseq uences) cor rE’E‘EélgCij[ (33), Fable 2¢84) and Talﬂ@ﬂBB{).eThé M:iltéf] 33-36nge ]gl'egri:ribl:\?d

string may correspond,to,seyer L nyi ns cau ree. o ur Roman

al phaget syar e m afey detal t“&ﬁ%ﬁ%ﬁé“%m FiG8 5 ?.aﬁgrﬂchagfypoggi bl e

pi nyi ns cor r espooptional loadspegkert@8.isashizwn coupled tw bbe microprocddsers i r st

colum is 4 bytes in @ I ' y in

the figure i syan i den%%gg}gnﬁgﬁr?bgié ?%)6%belgt:lh°fﬁd§tlgfs&bt“ﬁgt?ﬁ% ,

Thi s nunber §s ntable comprisen 2 fiwst eelump 107 aboringdigit strings thatgesregponst or ed

Sl or 1 (5. 1 ndes e e Bl o e e ool STHoA?

e e o e ol el ?ﬁfﬁ;*n?“%ﬁ;?;nwﬁ;%ﬂfcm
avin e sane go . carte sefera

t hat %ave t he saﬂ g;('tlili eﬁ)ﬂ_ tri lpﬁné%él% g r l&lg g ftge&?eng

bet ween t he adj a%%‘ﬁ s? % 8&@‘2‘}5 8 ?g 5 cf?x?r P %’10 exar?%?%hcfthee 20

di f f erence {0@- 1=digibeTheararidus possible pidyinsceomtespancktn thermany thousands

there are 6 Chi ngﬁ?‘%‘la?‘fnﬁt %g noxb&&xﬁﬁi‘s § ﬂ:ﬂ%ﬁd&%ﬁ’{&&h@i t of thdre
Wimthe

right of the secq . stored in the nenory |si§)w?

t he pinyins that figyre iR eatin nymber {ID) of each
Table 1 is used, dgt virig, DEhEPRGARbE s hot Sroradl Gh tetméemopy) The digit 25

| ocating a start ,(and end) address in Tat%l 2 fqar al %he ﬁé:t uaIll Ch{snese
characters that iRz %B’Fe%g%@f?domré’ T Valpgs.that 15, Ahe smaller 1

Tabl e 2 i s ESownvalueftie sshallerd itsdnglex.s §hefszcond olumen 10is12 Bytes in width t he
first colum is . i e | acter
(2 bytes for eac%q‘?}[ggor#g%?%gég?ﬁ‘slﬁ g%rd gl\%eglsn@{\ﬁ%%?%a le)PPE‘)e(r)&g\j/i%ers& c?asﬁ&éfs

Chi nese char act ehaving the same digitsiring.o (The total musnbenef Chinese;chagacters gure

i's shown the act gglt Hivel @ saphé didih sHARE cah Ve¥oud £6ni the'\Biffételte
written or as Ity aRPeal thehdfacent fwo elemants of th sedond array; for Sxample te
20  difference (7-1=6) between the first and second elements means that
there are 6 Chinese characters having the same digit string 2.) To the
right of the second column 102 (not stored in the memory) is shown
the pinyins that are mapped to the corresponding digit strings.
Table 1 is used, as will be described in greater detail below, for
25  locating a start (and end) address in Table 2 for all the actual Chinese
characters that possibly correspond to a given digit stream
Table 2 is shown in FIG. 4 and comprises four columns 110-113.
In the first column is shown the hex GB coding representation of a
character (2 bytes for each item). There is a row in the table for every
30  Chinese character in the dictionary. To the left of the table in the figure
is shown the actual pictographic Chinese character as it would be
written or as it appears on the text display area 15 and the lower display
area 17 of the display 14. This form of representation need not be stored
in Table 2 (but could be stored in Table 2). The Chinese characters




areé 17iof the display 14. This form of 'represent ation need not be stored
in Table 2 (but could be stored in Table 2). The Chinese characters

7 having the sane digit string are stored sequentially in the

di ctionary and then sorted by the hex GB coding values, that is, the
smaller its value, the smaller its index. Shown on the |left hand side
of the figure (but not stored in the nory) are the indexes
representing the 5 rel ati ve addresses of the Chinese characters in each
group of Chi nese characters having the sane digit stream The second

colum 111 st or eshaving thé bamendigit stringcareestored sequentiallyrinstheddictionary
character that h | y r
is sorted by t he%Ts“dt J"g%ency }' theq{eQ éBS&%‘{%?’Sﬂ?Q &%rtrlgsthgﬁg&nérgﬁ nese

character. That |\@Jue,tﬂ\erﬁlgaiéer ithindex. the left héndrﬁéﬂl¢ of the figunelex.
T the nemory,  TIEIF Hbt sfort q“r*h%e%’y) are tH) tﬁéiseg‘Fg"r"é DG TR or o
the begi nni ng addFkdive ad Qfl'i\e éh’é‘eﬁ‘i’ gharactersdp;;ﬁgﬁtgqup ngEe same

fi [) Ist ghaL act ﬁr cﬁbﬁadt@tsflﬁét?ﬁgrthh safrie @igit Jsteelam TheweﬂmrdBcﬂlumn g1 hgtores
Tabl e 3 that av tesarre irs racter. . 0
illustration, § UpuigFag gort ?‘%é&g‘gﬁ %@as%gﬁsa% c}ﬁrécteEWKas gl?ea?ﬂ}n?or
the relative addrchgﬂ&rmg (1 byteforreach itelma). alctusasm'tédabyrtbelftequency (usiane
digit string "2

rel atlve address&‘g‘ﬂﬁi c%f'hlgseégr;eéébr&iﬁg lJiI?‘ers alélelnéll e sarre 3?1 h?i?the
string "3". 14y frequency, the smallen its indexis The qunsysrw showay i ght of
addr esses of the FIG. 4b@uﬁ@fsensmb?€d i the th . OTR& fhirll @lu@ndErR &

th f F the f 6
el T ey o e e N St Sy T 62
11574), Zof its ccgramspthadil'lage(ﬂ'tersm first chardoteracThe fowlthtarvay Meﬁh: 2"
[ t i rst T [ rt

col trm. 112 ang PRIREEOREbi-BanEdh iie 3 that Rave el Sand et Al "
t he nunber dfS bi - gr amSBy wayaof rélustmaonn!gnemb to 6 of thedefl hamdsﬁlde 0 FAGt &r
respectively. standéor the R246V¢ bddr @é bP td @h115e5 é&&gctérd Raving'th e' n

whi ch Chi nese ram i

racter 1S S
combi nat i on of ¢ #8mE gigit em&c%"egem & pc9n0f qmg.CP wHn 54 &ereﬂ@y of
occurrence of thatalatwe addresfisnéf the"Chihebb ¢hhaitgers Jtavifig qhe samendigiior

exanpl e the bi- gry ng ngn

20 Column 111 stands for the sorted relative addresses of the
Chinese characters in each group in an order of their frequencies. For
example, in the first group (Lines 1 to 6), the frequency in the second
line is the highest one (frequency = 11574), so its corresponding Chinese
character relative address "2" is stored first (see top line, column 111).

25  The third and fourth columns 112 and 113 stand for the beginning
address in Table 3 and the number of bi-grams in Table 3 having the
same first character respectively. :

| Referring now to FIG. 5, Table 3 is shown in which Chinese

character bi-gram data is stored. A bi-gram is a combination of two

30  characters with which is identified a frequency of occurrence of that
combination in the language in question. For example the bi-gram
"qu" is quite common in the English language whereas the bi-gram
“qa" is very rare. This information is used to identify likely and



qu is;quite common in the English | anguage whereas the bi-gram "ga"
is Very rare. This information is used to identify likely and

8 - unl i kely character conbinations, which in turn is used to resolve
anbiguities in data input. In FIG 5, the first and second

col ums show the list of the Chi nese character pairs of the bi-grans
(in Chinese and in 5 "hexadeci mal " GB co#fling form and separated by ":").
The third colum shows for the co-occurrence frequency of these two
Chi nese characters. The fourth colum shows the digit string of the
second cm ﬁﬁﬁl@el hetazadter comBiRatichs, Whithchiatlet Brusd to rdsodee four

col unms g %gored Ln. the menory. The fifth and sixth colums 160
and 161 10 table 35 in nmenory

Col uim 160 cont ai ns tIreFI@.rS,e&m)ﬁdstragldise;pmdsdzolung\sl dhm/hdlhe ligt of the t he

e The T D of ?hﬁ*eﬁ SHERR Battetind b S @i addin 015 1o (e
second Chi nee chexa mﬁ"ﬁiﬁa@dm&mw@ separateddy ridseThedhizdt er 15

dictionary in Taé&lﬁnﬁi shows for the co-o'Eé{itﬂ%ﬁcé ’lfécﬁie%? JIAheSItWBCRiNGBe
precedi ng char act.er | yrm ,160 f:ﬁ‘ssort by its

el ement val ues (ChajRE egq r]I'hSSfourth qubgt)n Sﬁg‘g’?ﬁ@eéﬁwﬁgpgé’ PERPRAi n t he
colum 160 have Chineserchagia@éet in the Clﬁhesmd\dx’actdr r.tTiedse foar rcotmngi ng

co- ocourrence 1 rEed 7 B hemdfh, The'dlel ﬁsn%%gﬁ{ oShplddZle and dst

that the dil@t sofrEKEnS ﬂestoméast&blaaﬂmsnemary can uni quely Iocate

t he Chi nese character &rﬂﬁlrg% ESFr [ HVH;
Tabl e 2. Cahﬁﬁ%g]f?orb roup av?ng ﬁfgogglr%g' @gggl nglg%r act of
the bi- 25 grathe lssafﬁorap the digit stream &y Tablesl. Fp rmmpwn thigd by

bi - gram PrkRéihel ID 6f the d1 it stri "22'1i3"liﬂb|'ﬂfe eolaftth 361 keh&ihs the

frequency data store ns 6 of st the un rans
rep?esen%/ed by t & é‘ar?ﬁ’d‘eﬁ Fggﬁpgers relahg éﬁgé'g%ss rbﬁ\eggﬁmqef?nf@qile gbl e 2
and t he bi biansdrc&pnas;ema‘dbteﬂthe 30 sorted digit streamID - relative

address pairs of col ufpg r%?@lcfé% forh?léft esarﬂ_i?k‘ggeﬁiﬁgghﬁ?atc?etl'%az' as

frequencies. This is an_e
an example, column 160 is sorted by its element values (digit string
IDs). If the successive elements in the column 160 have the same digit
. string ID, then their corresponding elements in the column 161 are
20  sorted in the order of their co-occurrence frequencies in column 160.
From this it can be seen that the digit stream ID - relative address pair
can uniquely locate the Chinese character stored in the Chinese
character dictionary in Table 2.

In each group having the same preceding character of the bi-

25  gram, both of them are sorted first by digit ID, second by bi-gram
probabilities.

In Tables 2 and 3 there is no frequency data stored. Instead the
order of storage of the uni-grams represented by the sorted relative
addresses of column 111 in Table 2 and the bi-grams represented by the

30  sorted digit stream ID - relative address pairs of columns 160 and 161 in
Table 3 indicate the frequencies. This is an efficient form of storing of
this extensive data.




this extensive data. 9
The structure of the data entry device has been expl ai ned and

including the structure of the tables in nmenory. The operation of the
device i s now descri bed. In standard data entry node,.a user
enters the pinyin of each 5 Chi nese character he wants to input by using
the tel ephone keys marked abcd etc., i%h the sane manner as descri bed
in US patent application no. 08/ 754,453, filed on 11/21/96, which is
assigned to the assignee of the present application and is

i ncorporated herein byrhe structtipé 8f 8¢ Bataléhtry device hag'bedeexslairidtand nyi n

ggtt%s into thedg ad ﬁegﬁgcnggkoefﬁe tables i in assed t@the mcro&) ezlsor
e mcropro e
IChﬁr ?ct er sdrgp{ esﬁ?whs?)ovtrh};rsmm n%fyn;}{l es and i denti fyél,ng th_el_hrmst
i kel'y candi aecargﬁsgéiq do@;tgé,‘ odeau@?%’i\ﬁ? tﬁFﬁﬁﬁ*ﬁ‘CFé |s
rocess is illustrate ’ I'n

ﬁser enters & di ¢thinese character heewantsotaningput by usxmethsug ephone; lWg’sentered
!sflofm:wriStn |S:|eg Cg)qubfkeatﬁB,@&?tct flhoﬂ'@a!;rah@nfdrrﬁﬁ} as describéb i Spét'éﬁble 1
digit strings ar@ Bglf}‘? Pﬁ@%fﬁf é%/zg?éaéﬂhl%ﬁﬁéggneg% tl}'I‘?;md
there are only 2kgsigheswiithe presentapplicyiion angleis inediputated: hereiry b0
requires 8 corrparlfoné This is a fast and efficient nethod of

i denti fying the &f &-di git stream Details of step 210 are descri bed
bel ow wi th Aé¥ erence tzb lﬁe&nﬁrs pinyin letters int@déhe kaypad) I6@ndetheseage FI G 6,

t f h 15
upon entry of a |g|t strea Sﬂﬂﬁrocessorg@ @I'H%rﬁ’ r&%ﬁécﬂtgﬁaé theStaSk of

whet her this new |ca Ive t a previously

entered digit std Qﬂﬁlf’}'éﬁﬁlat%éof@%ﬂb&@!ﬁfﬂﬂers repregended Pigyin engries
desired charact erarﬂ“ﬂien'ﬁﬁfyﬁig tHef'tﬁoﬂrHEél ?caﬁﬂﬂ&étud:?ﬁracters fromad sedept at i on

of the uni-gram and a | S_appropkd a consequence of
this user sel ect iRS§S gﬁ“&&% ﬁbﬁﬂ%ﬂ%g%’@rl@ﬁlﬁé tq in'FIG. 6.steps 211 and
212 and is déscribed I&amng)ﬁ'bmz\,stepmoo a user enter$ atdigitestringtin sbep 210 and
adaptat i on ©f . nink e Wing RS i BPUAEARS in step 210/ ¢HBGNER (L BBt 311

This is the case revi
stream was ent er & lﬁrﬁaoﬁab& lgshamwagl @éﬂpydém@g@ofaahhmary search metho

Since the digit strings are sorted in the order of their element values,
and there are only 219 ‘elements for the pinyin based method, it only

20  requires 8 comparisons. This is a fast and efficient method of
identifying the entered digit stream. Details of step 210 are described
below with reference to FIG. 7.

Continuing to refer to FIG. 6, upon entry of a new digit stream,
the process decides in step 215 whether this new 'digit stream entry is

25  indicative that a previously entered digit stream resulted in successful
user selection of a desired character and, if so, the process concludes
that adaptation of the uni-gram and bi-gram models is aPpropriate as a
consequence of this user selection. Such adaptation is performed in
steps 211 and 212 and is described later below.

30 If there is to be no adaptation of the language models, the process
skips to step 311. This is the case where, for example, a previously
entered digit stream was entered incorrectly and has been deleted and
should not be used for adaptation. For simplicity of exblanation, this
situation is described now.




shoul d not be used for adaptation. For sinplicity of explanation, this
situation is described now '

10 Using the digit strlngIDasthelndex t he

m croprocessor 30 finds t he begi nning address and the nunber of the
Chi nese characters that have t he samajngl git string fromthe second
table 34 (Table 2 shown in FIG 4) step 311, the initial list of
t he candi date Chi nese characters is 5 read from Table 2. By using the
address and the nunber obtained in step 210, all the candidate

Chi nese characters t hdsirigathee digtt steimg D g5 the index, the inmigraproceesor @Brinds om

t he Chi h ter .dict
form the. i ni t1 a 014 SeeiBpine 38t A the symbefl oF thé Ciflped (it abters gAY
Fol | owi ng step 3have ﬂteegmﬁﬂhgﬁmtgggefmmﬂ\ecﬂec@ndgabhﬂﬂ"abée Z@é@wn in

from Tabl e 3 of 34)2- In%é;?%li %eﬁhﬁ?(dl S‘Eﬁ&f Sél@iz% is
been sel ected by t he "user e rocessor a egl nni r.ess
and the nunb®r oreadnom Table d%s%\ﬁée? dress u’é!leF %me ABm

colums 112 and gt 210, ABthe candidite CHifiesy SuaacRis ﬂm&tm thel satdiedbglt 15

grans that have the sarreflrs har fromihe bi marra

described in Tabftmg can an be found?r gﬁﬁecéhlf‘ﬁ 5$a nfﬂg&e r?éayi n an

order of digit sdesanipedin Table 2. Theyfdrnyrthe initial listjof Hee camdidate Chinesg

character, the p &%?é can use the fast Binary Search method i.n
ar

step 313tof|ndap 'cul ar di I D 20 corresponding to the dig
string entet@d by theF Qﬂ%mﬁﬂgﬂtlhétemm&mesahStOfAbl'Er&fn%t%hﬁé'e%\dglt | D

are al so stored gog gﬁlﬁlg@of FIGI5ONifhg the PreibaB\characternft @b ab alichdy. | 1
y beeny o e miocsssar J0inds the Beginning 8dress

searchi ng the adP&&®
all the itens w andithe rﬁmbezdoﬁthe bigrams thathavepthecsane firs charnetérasommhe

25 rel ative ad S t from
he secongﬁl‘ilﬁi%ﬁ %&313'5@%5 R e fockser PRe ol fhelkd {10
list of thel3andgrans hasgethersame fisstscharacter fromdhedriegranBarmaysng t he
rel ative addressg g PiBsledt Ored by bi-gram probabilities)
obtained in step 313, _the rocessor 30 gets the ch racft 'S 30 { omt he
candi date Chi nese chaPHicedhebigramsaresoried inanp rﬂ Hhts

theminto the togadd giodp hahrfg?\ﬂﬂ! shahe pricatiifig chhficier, the prba:@tsor can use

the fast Binary Search method in step 313 to find a particular digit ID

20  corresponding to the digit string entered by the user. Since the bi-grams
with the same digit ID are also stored one by one in an order of bi-gram
prbbabilities, it is easy to find the other bi-grams with the same digit ID
by searching the adjacent items in the first array of bi-grams. As soon as
all the items with the same digit ID are found, processor 30 also has the

25  relative addresses of the characters that have the same digit ID from the
second array of the bi-grams.

In step 314 the final list of the candidate Chinese characters is
created. By using the relative addresses (which are stored by bi-gram
probabilities) obtained in step 313, the processor 30 gets the characters

30 from the candidate Chinese characters' list obtained in step 311 and
puts them into the top of a final candidate Chinese characters' list.
Since Table 2 stores the relative addresses of the characters sorted by
frequencies (uni-grams), it can be used to get the rest of the Chinese
characters from the initial candidate list and put them into the final

.-




Since Table 2 stores the relative addresses of the characters sorted by
frequencies (uni-grams), it can be used to get the rest of the Chinese
characters fromthe initial candidate list and put theminto the final

one. The processor then displays in display area 17 of display 14 the

Chi nese characters in an order of the final ,candidate |ist. So
far, there has been descri bed a nethod of t o entry into a devi ce
conprising the steps of: maintaining in nenory a first table of 5 digit
streans representative of characters in a desired | anguage and

charact er addr ess@se.COh¢ peocEssorthencdisplysiigidisplay aees 17 of displayildithg

In menory a seco rabl e, of characters,l o . at: addr

correspondi ng tonah@eéﬁgm cg?rséﬂmg% qﬁﬂﬁ\?&g%liqgglfa;tgﬁ%;t actjvating
keys of a data entry d%vfaretheshdas beenalescribed somethad of textentry iato a0
characters to proyi Iﬁ'g"‘t‘ % W[ t . i ' faﬁ% I n
the nmenory for a %‘{"g??@g‘tﬂ eam glr‘ér]g{sﬁnéffe%&?o th m%‘u_t 'g?tﬁ:r&s'ttre of
and obt ai ni ngd a cigitesipRATES FRPreRentative of sharacters inmyded gk

second table at |@avhcteraddi@sestoirespuiiting taithe gkt Reveanispr agtintaining

h b d i bed h t h f ' | f '
binary 15 SeardHMSMP|fsespnd %?%PMS%W@E@ESM?%EQ ol ural'i ty
of rank or deoreesponding tethe thavactereaddressed inthe first table; edttizating

dd . ! . e g
cooresses i Lo GHPUIE 0P W NP AR =
char act ers df0t hecharaeters to/provide apfinpwd digit stream; searching dhe fisstigbleiyuage

nmodel data (e.g. ¢pe- . i ) : ) BoW
follows a deser; pﬂt?j;g Igl@fﬁargg?f PACH %é&ﬁ%gég?mg to thesn}peuct digitedtfed

] war € and_a t ho I a -
character and recAREPPRENINgA F@WFPW‘&S?&?%’%%’ geldress; an rea‘i‘ﬁ&%&@?‘eﬂ? in
the menory dependgiebndiableatdédst dpiecthasadtecloedted it thielchabarter addregssItrhdzed

T oam ar e ot or ecben SERHERRAY) i s O RGR e rn ORE Perfrmict & blnary
rel ative addrfesseseaoth ahdrthe stapsof realding domgrtises lpcatirg 2 pleradity of rankd at
e onoTRCuL ) v, AR SaracSTRONG ol sRUEP R oSSR
the | anguage nodepregietermineddacations refative, i phercharaster gddsess; 1Algo ithas 6
perfornms adapt at i péerOdestfibed liéW ambiguities between the characters of the plurality
of characters are resolved using language model data (e.g. bi-gram and
20  uni-gram data).
There now follows a description of software and a method of
selecting a character and reordering the relative addresses of the
characters in the memory dependent on the character selected. It will be
described how character identifications which correspond to a common
25  digit stream are stored at a plurality of consecutive addresses and
relative addresses of characters rank ordered in preference are stored at
the consecutive addresses, independent of the consecutive addresses at
which the relative addresses are stored.
The adaptations of the language model are fast on-line
30  adaptations. Step 211 of FIG. 6 performs adaptation of uni-gram
' modeling by operation on the data stored in column 111 of Table 2 and
step 212 performs adaptation of bi-gram modeling by operation on the
data stored in column 161 of Table 3.



nodel i ng by operation on the data stored in colum 111 of Table 2 and

step 212 perforns adaptation of bi-gram nodeling by operation on the

data stored in colum 161 of Table 3

12 Referring to the first of these adaptation steps, it has
been descri bed above that the second_columm 111 of Table 2 stores the
rel ative address of each character that had % he same digit string. It is
sorted by the frequency (uni-gram of each Chinese character. Step 211 5
operates by placing in the uppernost position 114 in the colum 111

elat ve hddr oss. § fi Refebifs 1 The Hiet of hiese gahm Mg;'r‘“%ilw"t o
addresses (in pdi‘?SFF i’?@? %?t ﬂ'}fa?%&e{‘ r"§’ ‘Pﬁ-g n&eStHF‘F é}eream are
shifted downwar delativecaddiess of éacls characke thathasithecssme eigit atring 01t is

char act or a1 heOFR By oo Fenel®y fudrErbFof Gfk ChineSE sBittir. Step 211 o

the charact&s |opéfam|sd>y2p}mmg ins the nppermostipositionclidein thte ealumuyd1bf

the relative addg déacf&h%ﬁ%f‘th@éh&fb%?er labtSel &8& Yerh Vit 'tO”
I's lost, but the ut e arrangenent 1s_en ecause
i nformation is r@l%‘f@e swfmm@mwv&m%en IP ymgs o Re ‘{%l S

Eser | I(Wher ea)s t ra&mrééstet(ﬁﬂgmsﬁﬁir@ 115¢Pf@hafacber§tlﬁw& figlthé E@ﬂ&ﬂﬂtﬁ?h@énvﬁ%
a users e ere are
Chyl nese char act irdfted downwa.g?s %H@?ﬁgﬂﬂﬁgﬁ? 835 eg;rl ng.

Their val ud®Q and 20 Thisqrebéssiis aqxoheesmﬁdiwayslplmnggheﬁsasehnted B<A<C

and ProBUAY > charaEPh{ Bl o b bichor RRbAVEE, FREQGSE: GPBREEELP 2°

stored in the
B 2 . the c;haxaqtgrs in Table 2 regnging constant byt tthe ordempéstorage of r st

col um stands f%etﬂ&ﬂitfver &ddidsy& RAH S A88lich, true e?ﬁ?f'lﬂf&ﬁfahon

menory), the seco u [ um 110 e 2) stands
for these three IE:H‘P%BB %&%Pg tg?é?"@d‘&eﬁ‘%és enhanced becaysery  and t he
third col urdf i s inédrmmatidd is fdtairrd &5 & thih¢ledrastees avost récentlyhased byt thie

addresses of thega, t(u/hpé?‘ea hé{lg%ecfuen@yaaa&r Hficatls hilebdical frequency of use
by all users).
For example, assume that there are three Chinese characters A,
B, and C corresponding to one digit string. Their values and
20  probabilities have the following relations: B < A < C and Prob{A} >
' Prob{B} > Prob{C}. These three Chinese characters are stored in the
dictionary in the order of their values:
1 B 2
2 A1
25 3 C3
In this table, the first column stands for their relative addresses (not
stored in the memory), the second column (which is column 110 of
Table 2) stands for these three Chinese characters stored in the
dictionary, and the third column is column 111 of table 2, which stores
30 the relative addresses of these three character in an order of their
probabilities. When the user enters the digit string corresponding to
these three characters, the device will display them in an order of
ABC

1



probabilities. Wien the user enters the digit string corresponding to

these three characters, the device wll display themin an order of

ABC 13 because the
rel ati ve address of character Ais stored in font of B, and the

rel ati ve address of character B is stored Iﬂ font of C. If the user chooses
character C as the one he wants to input, 3y the third col unmm needs

to be updated 5 1B 3 2 A2 3C1

So next time, when the user enters the sane digit string, the system

\tf)vill di spl ay L he%@cﬁk%rm@txggahﬁechdc]!t@syhéﬁéhéﬁcﬁ% Aligistored i font of B, and tikAB
ecause now the r tiv r char er

and the relativef é&gyﬁé‘ﬁ? c?é‘ﬁ?f?gfe §1P§ Qred,t Jgpﬁof)gﬁd{f(gﬁe 58 thdbses

| nst ead of keepi nhatdceem@dsrthefomhe mts)touhput;lmﬂﬁthethrdrcohmm@ds
constant and cha ﬁ‘i&??‘ﬁrder of storage of the relative addresses, the
15 order of st age e characters can be rearranged, provided also

t hat t Be corresrlonﬂl My data in colums 112 and 113 is rearranged and
provided also that rebatjvepaddress data is retained for cross-referencing,

because Table 2 is a %ongl ete dictionary of characters and information
nmust be retained for Poc tl%g the actual characters 20 The

process of Adapt Sagndit-tithe)fWwhen thease? biitérs the shhray digit thﬁtg, the system t he

her 2 are! i oot ol g et PR eI 15 8 B EAIRRARLSE o ©

correspondi @ to one dCA B string and having the same preceding
b s erol AR e kot € ey oyt ora, 2%
the order of and the relatiye acbdress of character A i sto,;eg ont. B 4
3 C3 0 Lines 1 tfistéa@lofKeepirg tHe oreler B stovape of ithe eharatters 6A Tablel2bl e
3) stand constant and changing the order of storage of the relative addresses, the
15  order of storage of the characters can be rearranged, provided also that
the corresponding data in columns 112 and 113 is rearranged and
- provided also that relative address data is retained for cross-refeérencing,
because Table 2 is a complete dictionary of characters and information
must be retained for locating the actual characters. -
20 | The process of Adapting Bi-grams in step 212 is similar to that of
the uni-gram in step 211. Again, the example can be considered where
there are three Chinese characters A, B, C in the bi-grams
corresponding to one digit string and having the same preceding
character D. Their bi-gram probabilities have the following relations:
25 Prob{D,A} > Prob{D,B} > Prob{D,C}. -
They are stored in the bi-grams in the order of
4 2 A
4 1 B
4 3 C
30 Lines 1 to 3 of the first column (which is column 160 of Table 3) stand
for the digit string IDs of Chinese characters A, B, and C, respectively,
where we assume that the Chinese characters A, B, and C have the
same digit string ID "4". The second column (which is column 161 of
Table 3) stands for their relative addresses, respectively, in the order of




for the digit string IDs of Chinese characters A, B, and C, respectively,
wher’e we assume that the Chinese characters A B, and C have the same
digit string ID"4". The second colum (which is colum 161 of Tabl e
3) stands for their relative addresses, respect pr - of

14 their bi-gram probabilities. The el enefHI§ SHEES tHAS RF columm are
t he second Chinese characters in the lchinese bREBLAGER:har adter pairs
whi ch are represented by their corresponding digrt—TtDrelatlve address
pairs. V\hen the user enters the digit string "22" with its digit string ID

5 being "4", theth%ﬁebieaaw roBabilities. tTI6s elethaits Of ehé third! dslutaearé then

A s st eSe charagte i e i Beté b brat Airegieg pél "

Ais stored ahead¥c8Pd
relative addres samfreptesemeecbbthéﬁ dosrespondihgdigitiIdirelativeraddress pabredr ess

of character C. u@;g e H36 fh&n ts
to input, onI y t seco T enters th%%ns}é@%atzg B@Eh ﬁga@é ‘i\ge[ﬂ'ﬁeﬂ@
C 42, theisystem will display these chagactgesdto serinaan erder el
enters the same digit gB@¢ng, the system will di spI ay these

characters to the user n.ord e se ngw the
rel ati ve address qgaugﬁéﬁ%g@algpveaﬁgrgqsoqfe@agﬂggﬁ%}s sft:ﬂgc{am Porﬁ‘?f@t ‘?Fﬂa"e
addr ezs ﬁf gha][ atb%ﬂiv&addr&stdﬁfthafdaén B és sidded i1 foht ofh@r d€ the user chooses S
stored ahead of the._r car e
adapt ati on of th@q 3 %ﬁ%ggﬁt}%gﬁg @ t égﬁ’ the secRr\alhcg ugu+ gF&fg
over the uniOQ gr atobe apdatedChi nese character sel ected by 25 the user can be
found in its bi-gransy thgn ogty its bi-grans are updat ed. O herwi se,
its uni-grans are updat ed, By way of conpleteness, details are
now described for stefs 220 - A and 400 of FIG 6. Ref erring
to FIG 7, a flow diagramjis ghown describing in 30 greater detail the
process of finding the digit stream|ID perfornmed in step 210. The
process starts with digit input in step 700. When the

15 . So next time, when the user enters the same digit string, the system

will display these characters to the user in an order of

CAB
because now the relative address of character C is stored in font of A,
and the relative address of character A is stored in font of B.

20 In this adaptation of the language models, the bi-gram has
higher priority over the uni-gram. If the Chinese character selected by
the user can be found in its bi-grams, then only its bi-grams are
updated. Otherwise, its uni-grams are updated.

By way of completeness, details are now described for steps 210

25  and 400 of FIG. 6.

Referring to FIG. 7, a flow diagram is shown describing in greater
detail the process of finding the digit stream ID performed in step 210.
The process starts with digit input in step 700. When the digits of a
complete charactéer have been entered, the user presses key 19 (FIG. 1)

30 and step 701 recognizes entry of the key "#'. When a digit is to be
deleted the user presses key 18 and step 702 recognizes entry of the key
" and deletes the last digit in step 703. With each digit entry, the
process returns around loop 704, until key 19 is pressed.
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digits of a conplete character have been entered, the user presses key

19 (FIG 1) and step 701 recogni zes entry of the key "#". Wien a digit

is to be deleted the user presses key 18 and step 702 recogni zes entry 35
of the key "*" and delete the last digit in step 703. Wth each digit

entry, the process returns around Ioo 704, until key 19 is pressed.
15 Upon pressing key 19, the érocess proceeds to step 710
whi ch signifies the end of pinyin entry for a single character and
comences character identification. In step 711 the fast binary

search is performed Up ongﬂesﬁ&tgke)lmpthecpmt&smceé%mcstep Ad@rwhish. | f

t he search reveal s t,

causes the proces"'églil i o% c{f(;)ﬁ'&ull %ﬂ?ﬁ%ﬁ%ﬁéﬁﬁéﬂﬁa{% or oirrer error
signal is given tdhatagier identificatiens Iasstep 711 thefast bg)aryrseg;dmsmer ormed
indicator. If step fa}; i%%ééé%b&hhfa{&ér énteRdE NIf fHeSRarch reveaﬂs‘-in@imeﬁ

t he rocess to roc tO Ste ferrin
P ; igif sreak aerecstep 532 Grseien dhe pragess tpnreest Hotep

FIG 8, the subrdat
di splay area 17 giotdirl 8i"beéptyor dthdreert@psighal i3 gienthjough loudspedkend®

ey i ot ep 801, (TG or By bl aRHT ste?fﬁn%r&%%sﬁignéﬁaarﬂ%?@ e °

i ntended to enter’715rcauhesstheproceSsﬁotproheed:tmstppe&wdfé‘}Glé or key 18. and

steps 802 and 804 r eSR&S, %ﬁ% foliase )%l%ms
respectively to display g?(mdios the sﬁb 6f§e§l ous cha a
respectivel y.0 dlsplaymg in dlisplasi @lﬁérw(ﬁf theydisplay alﬁdhﬁgol’é fon fexger

(inmplying that a ddhaidatlé’%haracters d?hftthsﬁﬁtél{‘th‘é ﬁ@@@&éamsérﬂére%iloméliﬁ% the
character correspondin digit entered to be selected. For

exanple if the cmﬁgrquegﬁﬁtéﬂspg 20 displayed in position number 1 in
the list and the user Iémheusd dodes hbt see the charheteatiednteérslesketeented in This

sel ected charact

character is di sg{s&yli Pﬁ?gq{ego&@% afgﬁggesgepfssm?% 864 r%%%c@?éslgﬁg@fjm

and i s passdd to canse ateprsuseatam!nsqsﬁmgpamvelyépdmlamhe next 10 or theexanpi e to

a word processi ng,rgr,ggisam cﬂra%&@ﬂ‘?&ﬂ program 25 returns to step 200
3

of FIG 6. The progra ect aracter to
update the uni-grama n ggpﬁgssed (lmpgg ggxgyas

descri bed above. pressed in step 801\)‘; step 810 esvisesithie chridetst cfotirfespeﬁdh’(g twthene
bi -grans the digit entered to be selected. For example if the character desired is
20  displayed in position number 1 in the list and the user enters "1", this
character is selected. The selected character is the final output of the
device. The selected character is displayed in the text display area 15 of
the display 14 and is passed to any application program in operation, for
example to a word processing program. At step 812 the program
25  returns to step 200 of FIG. 6. The program is now ready to use the
selected character to update the uni-gram and bl-gram models in steps
211 and 212 as described above.
As an alternative method for searching the bi-grams the -
following is presented. To store the bi-grams requires a large amount
30  of memory. The bi-grams and the bi-gram searching methods described
above are specifically designed for one particular input method, i.e., the
“pinyin based method which is used in mainland China. However, if
other input methods, such as a Chinese character stroke based method,
are to share the bi-grams with the pinyin based method, more general



following is presented. To store the bi-grams requitres a |arge amunt 3 0
of menory. The bi-grans and the bi-gram searchi ng net hods descri bed

above are specifically designed for one particular input nmethod, i.e., the
pi nyi n based method which is used in mainland China. However, if

ot her input nethods, such as a Chinese charagcter stroke based nmet hod,

are to share the bi-grans with the pinyin HBed nmet hod, nore general

16 bi - granms and bi -gram searchi ng net hods need to be provided for
bot h of them at the expense of increasing the conputation power.

The al ternative bj-gfiméaill'Bifgraansearchivgemettivdsaeah b be providedt fortloth of
the bi-gram (2 b&,ﬁ" for ach |terrb The Cha;tﬁ(:t er s '5@0‘1??'2@0‘3 t he sane
precedi ng charac SR R g&?@%ﬁlﬁ}g § D their
val ues as done for th'é‘h@fﬂteenmmbl-gcamrmemaryednlymtomwﬂte Sﬁb(mdf

Table 2. Since t o F'&‘Eé% be
nodel ed by the b grrg‘zif%%‘gok ﬁébﬁ%gg%fﬁgﬁﬁp&%g Eﬁér%gaone qlgrytélq%
character. The othesa mepre@c%%cwam;r@re@t@ﬁedesuml velyand thesy sarted By of
10 the bi-gra 9911&@ dsh@orie Rir ﬂfef?@hﬁ{e@@%hhi-dcttéx‘ésstored in column 1165 n,

bi <grams cort QELfaﬁl@ "Bl bers e et MR A0 CRingSS shermEtera Fpauired to be
]pr Ielcedl ng ch?r aciriydeled Byethé bi-@rm 1:3 bits are pequiieéd ko store dnevChirlese

ol l owing rel ati
Prob{D, B} > Pr Obolgre}:tler The othgr 3 bﬁ% ‘T’ gﬁeq fe PE%erbﬁhegqggﬁﬁé Qnﬁiaﬁ:gerg QBer
of 10  thesbi-gram based on their Iaegram probabilifies. 6 The first

col um stands for thej ﬁ.{pgﬁ C’?uﬁ |ts
of the 2 bytes’ rrem)rygaﬁe secon g um stan r% Eellidrrﬁﬁte?s?A B, Clrp
probabi | i ty i ndi thesbkgrmias correspanding tozong digib string ap pRavng thﬁﬁamﬁ

So to store one Precedip ERAMICERDO MR vilties X 4 (prbbibilities ave the

The process of gg h nitial list of the candidate Chinese
characters and tiﬁﬁi%'@}g elabf’ N8t ams just described is the same as that

di scussed abPve. SincBhARQamxds are sorted in the order of their
Prob{D,A} > Prob{D,B} > Prob{D,C}.
They are stored in the bi-grams in the order of

C 5
A 7
20 B 6

The first column stands for the Chinese characters stored in the first 13
bits of the 2 bytes' memory. The second column stands for their bi-
gram probability indices stored in the last 3 bits of the 2 bytes' memory.
So to store one bi-gram requires only 2 bytes' memory (16bits).

25 The process of getting the initial list of the candidate Chinese
characters and the list of bi-grams just described is the same as that
discussed above. Since both lists are sorted in the order of their
element values, they can be compared with each other to find the
Chinese characters common to both lists.

30 FIG. 9 is a flow diagram for finding these Chinese characters that
are common to both lists. In this figure: u_listfM] and b_list [N] are the
arrays for storing the Chinese characters in the initial and bi-gram lists,
respectively; M and N are the numbers of the elements in these two



el enment val ues, they can be conpared with each other to find the

Chi nese characters common to both lists. 3 0 FIG 9is a flow

di agram for finding these Chinese characters that are common to both
lists. In this figure: u_list[M and b _list [N are the arrays for
storing the Chinese characters in the i nitlzl and bi-gramlists,
respectively; Mand N are the nunbers of the ‘elenents in these two

17 |ists, respectively; and chin lists[N is the array for storing
the Chinese characters common to both |ists. In FIG 9,
step 900 is an i rils:ts,eﬂespeatl\cahy;sumbchimdfets[h%mﬂw army fongtoring the Chinesen

are set to 1, 1 ﬁp@ﬁ}ﬂaﬁhgbowlﬁ{ ep 901, a corrparl son is 5

performed to determne e el enent of the uni-gramarra

u list[Kl] is the samdnaEIG.|9: stapPRhis an initali mtlgitmpa xl§°PF‘¥Qrﬁl&lj angl¢
the el ements are Kh@dsiare séthe Iprl%ﬁisﬁr @bl%@fﬂ@on is
X

foll ow ng i ncg enment ste%)%%l step 91 el enent of

r & r ne
the array chi®_| iR¢Tfoqm e W e‘ih§ ﬁ’En 5‘?03 B AP&Y[ k2] .
10 Then in stemQﬂs%LKIIhathebmrusthhdlémenhof dteabl-gramﬁrmj bdidtiK2]. i 1§ set

step ova (e TrAEbeCRs T g e $HERE o8 KLIHasRWRreY - 10

If, follow ng st eﬁollgmnghamegt séepﬁéhtstepr%zm Blwfarst (er next) edgment of
921 and 922 Causg TeI i t;ﬂéﬁ?ﬁ N9 Heoéqngél%'tﬁé%l’efm&fu 6f‘ﬁxetéﬁ‘i}a *beﬁﬁf[i@] 15

to be increng I's manner, able to perf
conpari son of0al %%%ﬁt@mth#%a% rtbemﬁa%%ay ig gelyto

930 the |ast el engib, ﬁ{eﬁeéthéleﬁﬁg thé%lé!ﬁé@trﬂ'@ﬁeﬂfe)ﬁﬁﬁgi‘mmrréylem step

t hi achi eved, e |yt ntheform alist

(clhlsnI |SI st[:\l];/ ofgliin@fédﬁﬂ%ﬁﬁg ﬁ%&féﬁg% SRl rr{the :J?ll gram 20
and the bi-gramlists.If, followmg step 90hé11emmmalemanbmreaiottd¢p1abca’¢ps 92hHns
required is M-N-Igpliey \5513& Pﬁﬁrﬁi&(r&dm@? fleés@f-‘o?ltﬁ selé ehfiese

t wo |IStS resp eCtI I nese C aracters In e resu tlng
list chin ||lsi[|\|]tobemcrelaee elnﬂusmesdsws%ulérabclﬁ@p THY &m

probabi l'ity indi c@mpasdttof 48 the dlementein Qﬂcx@ﬁsﬁ@&rélh@dﬂrd@ﬁ&ﬁ'tﬂ&ﬁ%tep
Chi nese char acter |s he, sane exanpl e as scussed

t
before, these thr gglement of m%ﬁg\aé YRARTgoRe ComyaziFon, St der -
of A, B, C, . becauhis ishachiewbd; ate931 gives a result in the form of a list

(chin_list[N]) of the Chinese characters common to both the uni-gram
:20  and the bi-gram lists.

The maximum number of the comparisons required is M+N-1,
where M and N are the numbers of the elements in these two lists,
respectively. The Chinese characters in the resulting list chin_list[N]
are then re-ordered based on their bi-gram probability indices and put

'25  into the top of the final candidate Chinese characters' list.

Take the same example as discussed before, these three Chinese
characters would be listed in an order of A, B, C, because the indices of
A (=7) is bigger than that of B (=6), and the indices of B (=6) is bigger
than that of C (=5).

30 Before adaptation, the bi-grams are listed as follows:
C 5
A 7

B 6



A (-:7) i's bi gger than that of B (=6), and the indices of B (=6) is bigger

tham that of C (=5). 3 0 Bef ore adaptation, the bi-grans are
listed as foll ows: - C b5 A 7 B
6 18 | f the user
chooses character C as the one he wants to 1ié\put, only the second
col um needs to be updated C7 A6 5 B5
After adaptation, the index of Cis changed to 7, and the index of A and

B are changed to 6 and 5, respectively. A new net hod i s now

descri bed for gelfahetiseg chbesescttairadter @ asrthe one r}]\prwdmalssitbibih'plals,.orilg the
The conventi onal 0d +f tq Lnese character bi- gram
probabilities |j ug{@bﬂ%o&y%r&%ﬁ%@h%%g%é&f of the co-occurrence of

two Chinese character€ inZa | arge Chinese text corpus. The bi-grams
are then sorted in thg orger of co-occurrence frequencies. Only the top

N bi - grans \(Ij%,th the hpghest co-occurrence frequencies are selected by 15
the system d¥e to theBlinPtation of menory | ocations used to store’

t Eem Afilef aﬂhpta_[tm‘lfa, thé index bHE iéLdbﬁﬁgéd @b 7gandrthe iindexbf ]g\e%?d
char acter i -qgr | AV | nto. 1 e steps: generation o I nese
word uni - gﬁ%ﬁﬁ”ﬁﬁe‘%tgaﬁﬁg’rggﬂ A ')g the in-word and cross word

bi -grams of 20  Chi ndsrewmaethrideissnowrdesgribed £or ggnetating charatter bi-gramof

Chi nese ch ‘ﬁgb% y nerging the in-word and the cross word bi-grans
of Chi neseﬁ% arac %gr?s. A Chinese word. is made of 1 to 6

Chi nese chat@ct ers. Hbhewenventional method for generAting Ehipesescharactes di- of
two Chinese char & srobhBilitis jusEBBAGlcoumS thEiMiaRBeMOf the B6-oRt@rrence

CPnt s L O D A8 ACt S icter s I Gl e e PRS-t
Chi nese sent enceard thenhsorfdd iretlee order of co-occurrence frequencies. Only the top
N bi-grams with the highest co-occurrence frequencies are selected by
15  the system due to the limitation of memory locations used to store
them. |
In the new method, the process of generating Chinese character
bi-grams is divided into three steps: generation of Chinese word uni-
grams and'bi-grams; generating the in-word and cross word bi-grams of
20  Chinese characters; and generating the final bi-grams of Chinese
characters by merging the in-word and the cross word bi-grams of
Chinese characters.
A Chinese word is made of 1 to 6 Chinese characters. However,
most of the Chinese words are made of two Chinese characters. For
25  example, the Chinese word "people" contains two Chinese characters,
"ren" and "min". A Chinese word dictionary is provided which .
contains 60,000 Chinese words. The Chinese sentences in the Chinese
text corpus used for generating language models are first segmented
into Chinese word sequences by using the Chinese word dictionary.
30  The word uni-grams (the number of the word occurrences) and word
bi-grams (the number of two word co-occurrences) are then calculated.
The Chinese word uni-grams are first segmented by the Chinese
characters in the Chinese character dictionary. The numbers of two
Chinese character co-occurrences are then counted and accumulated to



text corpus used for generating | anguage nodels are first segnented

I nt & Chi nese word sequences by using the Chinese word dictionary. 30 The
word uni-granms (the nunber of the word occurrences) and word bi - grans
(the nunmber of two word co-occurrences) are then cal cul at ed.

The Chi nese word uni-granms are first segnenh d by the Chinese

characters in the Chinese character diction ﬁ& The nunbers of two

Chi nese character co-occurrences are then counted and accunul ated to

19 formthe in-word bi-grans of Chinese characters. For a 60k word

?:ih ctionar % t hter efoaﬁggmoi@mi&dmtiﬁlran@% Chinese dhhiacﬂarrﬁ.rr;f"oﬁh Gdiewordt

i nese characte Vi o e_in-wor r.ans a s

i mportant infor na‘?'icgﬂnﬁ‘%&f‘e’é ?retqm’r@ﬂ%%éy %g&'WWfﬁbggﬁggéﬂg wor d
dictionary. Chinese chhraoterss Obwiotsly), the insvard bixgramne Conmmcthe maostr e
gener ated by d;mﬁ&#téln?ﬂgﬂhhﬁﬁgh%&ﬁ “AC HE CRiR&R ﬁrbr&é‘?n gééé‘Ct er

in the first wor rst character 1nt esecon
Experi nents cdnduWoed dictionar¥how t hat the number of cross word b| grans of

Chi nese characters 10 Th@@fb%&a&&@ bﬁgﬂam&bfcmémraa&slar&tgmeﬁtéawt ed
Che*hi ghest 1 r equeRly; Ganting the C-ocditataded Of s Jish Casaqien i the Bfstoyord

bi -granms of Chi neasl cﬂmﬁmttchasacté'hm the secondowerd\p Eotperingerdseonductedn t he
word arct Fonary. SRV Radtthe fiber %m%"ﬁ%rﬁigpéﬁf T
whi ch usual 140 corgernenatedriisy13¢Ak. HoweverHthediss is kmmcatast after rank-ordering, Boer e
are sone over| ap%@%&*@f@é?&&&gﬁ&&dﬂsﬂgﬁﬁ%ﬂ@% Bi%hestfr equihéies apé the

Chi nese characters ters

i s generated by nﬁﬁl‘%ﬁ% P erm g g?hé‘%@%@ C8ft Ch@@"terﬁr
the Chinese chara@bss word bi-grams contafh tié hedr@ationtboutfsomeé aehﬁWobden

descri bed which ws fast of data from.a |imt set of keys
o "ot her i nput  daPEALe no iapiyded ih e CHBnedwerq 'GliGhasy i he fitaes o
keypad, and Mhi ctsome rfretqmentlyeus’.aut furicéion wordswehuchm‘suallgommwaml only one

efficient. Anbi gubfi r%?e'dﬂak‘féfef nput are 25 resol ved by | anguage nodel i ng.
Uni -gram and bi-gram angua e npdel s are descri bed, but other npdels
can be used. For exanplheneare some overlaps between the in-word and cross word bi-

grams of the Chinese characters. So the final bi-grams of the Chinese
characters is generated by merging the in-word and the cross word bi-
20  grams of the Chinese characters. .

A method of input of data has been described which allows fast
input of data from a limited set of keys or other input devices, such as
the keys of a 12-key telephone keypad, and which is intuitive for the
user and ergonomically efficient. Ambiguities in key input are

25  resolved by language modeling. Uni-gram and bi-gram language
models are described, but other models can be used. For example tri-.
gram and n-gram models can be used if memory is available or if
greater efficiency is found to be achievable using such models. The
method is efficient in processing terms and has an efficient data

30  structure. These features make it fast in operation and low in cost, so
that it can be used in simple cheap consumer devices. Other
modifications of detail can be made by one skilled in the art without
departing from the scope and spirit of the invention.




gram and p-gram nodel s can be used if nenory is available or if
greater e _ m to be achi evabl e using such nodels. The

met hod is ﬂllmcﬁ"ﬂ?l"lﬁll[l H* essing terns and has an efficient data 3 0
structure. These 'fedtufes* make it fast in operation and lowin cost, so
that it can be used in sinple cheap consunger devices. O her
nodi fi cations of detail can be nade by one2&killed in the art without

departing fromthe s e, an( | gi.t. of the invention. 20
o 150 B o 1o VRS B HafRE i

5 1. A—TTET t of text
into a device ¢ {thsi N9 the steps of: Tﬁ\lé 5@5%&*%?3 n menory
first table of streans representative di é—ﬁ cle in a
desired | anguage and charact er addresses corresponding to the digit
streams; 1. A HRéthbdl 6 idgpuit of esbintoa device havimg keyfarsbiguiiesr s
| ocated at 10 addr.esset?l %?rres,ondi ng to the character addresses in the
first table; = comprsing thgSER3.P% ng keys of a keypad, where a key
represents & plural i tmairftaining in mémoay iachixst tablerofudigit stieamput digi t

stream ' | gne{r | : ' A%hard@er a digit
stream _ CSFPE%SSEQ}%S{%S(S?O | gtelilénﬁE% &(ﬁ%ﬁ{eta 13{1525% gﬁd obtrai nlf ng ag

cor rkespgndl gg h:ﬂddreﬁﬁarcvgaeépoadﬂ&%,he digit'streams; | ocating a plurality of
rank ordered charact gfchivhti He?@o‘f%c&ﬂﬁ devicepwher®a Kegtrepreserits @sses
in predeterm ned | ocatio {fel tive to I}netry . ch?racggel? Pdress, r ank
ordered in orderPIHFallfya‘b‘& agters, tQ prggide any input digit stréamy gl ', "¢ | ot he
3ﬁcondttabI1Q) at |easéseﬁfkﬁuﬁ§_l'_h ahedirst table tinthe Atemory foraa digit streammk or der ed
characters. ST t Of. | | :

sear chi ng conpr jcoztesponding g% ?E% Wﬁtgagﬂmﬂﬁgar@l %Kekgr[)gﬁ? %% %Bﬁ%_sﬁfmdrlhng

met hod of cl ai mcharheteraddrass. pl urality of rank ordered- characters
are rank ordered in order of historical frequency of use.

Q

2. The method of claim 1 wherein the step of searching comprises
15  performing a binary search.

3. A method of input of text into a device comprising the steps of:
maintaining in memory a first table of digit streams
representative of characters in a desired language and character

20  addresses corresponding to the digit streams;

maintaining in memory a second table of characters located at
addresses corresponding to the character addresses in the first table;

activating keys of a keypad, where a key represents a plurality of
characters to provide an input digit stream;

25 searching the first table in the memory for a digit stream
corresponding to the input digit stream and obtaining a corresponding
character address; and

reading from the second table at least one character located at the
character address.

30
4, The method of claim 3 wherein the step of searching comprises
performing a binary search.

—

This Sheet

N



4. Themf urther conprising resolving anbiguities

bet veen t he plurality of characters using | anguage 30
model dat T'm Iﬂum"i!!; L _ 21 5.
I Twi

A et hod of* | racters according to ir g1 st reans,
conprising the steps of: mai nt ai_ni ng %'WEV HASt BEg hf of
characters and rank ordered rel ative &ddresges ofRERmCEbarac pr's,
wher eby sel ection of a table entry 5 accordi ng to anm TTmptt—eigitd st ream
identifies a plurality of candidate characters rank ordered by

rel ative address;s,  The method%?'cﬁﬁiﬂ B wHereha the b&p Mﬁéadmgcainméesty of
candi dat e characters;

d
addr esses of t he 19Fating PtRluE??QXmJPHEPéd?@d cﬁgf&fg gog" tl;ﬂe ??Fém??:e%%
dependent on the lotuted cit aiddredses tin predeterminé ladayions relivento thel dharacter

I dentifies the pl g ty of candi date characters rank ordered in
order of histori & 6. The nmethod of claim5 wherein the step
of maintainifg 1 5 corrprlses storing at aplurality of _
consecutive addrgsses PlEhARhEd of claim 59¢@ithbt %8 gﬁfhgso a
comon digit str am when ere f om deV| e hav n
entry ambi guiti ePetwegn the characters of %Bli‘t‘l"g“éyo? d%?ﬂ‘l"g r!ﬁi%ﬂ&gsses
rel ati ve addressafiodél ddta. characters rank ordered in preference

i ndependent of the consecutive addresses at which the rel ative
addresses are stored. . A text entry device conprising: a keypad

havi ng a setl®f Keys, A methodacﬂmhamcteepdesimﬁ.'aﬁcg‘l comlpuising the steps of:
h
characters, a nemory Wifrﬂglﬁgxﬁé i ‘i’ngrﬁo# Q%Bl@oiaﬁﬂéfa?fe%é ?Hldera?& Siaidd

streanms representative of C cters anguage and
charact er addr esJelativeraddyessesi ofghe chapacterisyi streanms and a second
tabl e of characters |m cmq{:@gsgfd corresponding to the

charact er addresses |n th t ot out vice;.and a
processor coupled to tHK8 ‘i%gh Féﬁé? aﬁﬁ ggfgtthgghara(fgep&g the memory
15  dependent on the character selected.

8. The method of claim 7 wherein the step of maintaining
comprises:
storing at a plurality of consecutive addresses character

20  identifications which correspond to a common digit stream when
entered from a data entry device having entry ambiguities; and
' storing at the consecutive addresses relative addresses of
characters rank ordered in preference independent of the consecutive
addresses at which the relative addresses are stored.
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t he processor being progranmed to receive a digit streaminput
correspondi ng to Keys dC[1_Vat ed, to search the first table in the nenory
accordin tream to obtain at |east a base character

addr ess, ﬂ"mwﬂmm Fsecond table in the nenory a plurality of 35
candi date*charactevr Isdenti fications |located at th . -
address and rank ordered in order of frequeh@y of| TS SHEETEHAS BEEN
addresses indexed relative to the base character jaddr eREPBACED o

provi de to the out put devi ce a character correspondrn acter
I dentification.

trgl,ai flqggjgad
havi ng a set of ﬁ A toten é‘ﬁeycreﬁﬁ-‘eﬁ t pl urali setao

charact ers; ﬂ#%{kyk%‘i?msglt‘ﬁ'ﬂ&& Plurality; ﬂ'g% ggr?faﬁﬂ’@n&? h%Y‘HSt%PEedand
ragk or der ed rel thedréin @(ﬁtiétemth oﬁfdlgitestreamsr a&hﬁge,of@hamﬂt@nstmchew ce;
and a processor gou 0 the menory_an V.

t he processor beﬁ Pﬁm ngglﬁ)agégﬁe&gdgrﬁssﬂ: HEPR lfl%puii?tt?‘% d1§ec
correspondi n§ t ostregrs anti &/ second ﬂablseﬂ eharaeteps located gt axidressesi dat e

h t f t

Cnput. to recel vEOERefinklo HE oFB %9%“#'9%“5 B nShABRT

i nput, to receive keypa arac er se on i nput
one of the pl uradeweoan@armosaas&rm&p&dm ekeypad,raemesy ankleoninut i ve
addresses of thedggrdi date characters in the nenory dependent on the

character selection ipput where subse uent ut of the,.s di git
streamidentifies then% Brofessqr EPF@%W@: LeqeLysa rdéﬁﬁw
order of hib0Qori catrespending to keys dttivatedl, dorseatalr theﬁﬁahhlﬂermrﬂueynhnwryg

Lot on, 1l gy el ARG ol et digt sl BB 0

representative otowespendingschamacteriaddresd, taarepdafyom g second tabla:m theng an
i nput digit sequafigRo Qrcgf éxnﬂe?t cHEiBh16%ated at the chaRRIGEEdRss and to

searching at least o [ glt sequence correspon
the input digit Pé@]Y]Bﬁé@ the output %evme »ehay q{gfoéir%PPé% n}mgch%@gter
char act er aplfir esgderstifilcation.

10. A text entry device comprising: a keypad having a set of keys,
each key representing a plurality of characters; a memory having stored
therein a table of characters and rank ordered relative addresses of the
20  characters; an output device; and a processor coupled to the keypad,
memory and output device,
the processor being programmed to receive a digit stream input
corresponding to keys activated, to select from a plurality of characters
_ from the table in the memory dependent on the digit stream input; to
25  receive from the keypad a character selection input and to
reorder the relative addresses of the characters in the memory
dependent on the character selection input.

as Been Reiaced
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L4

urality of rank ordered candi date characters from

he ‘at t abl e Iocated at addresses in predeterm ned | ocations

reI atlve M @Hw " Iﬂﬂ,rcter address, wherein the rank ordered
candi dat e ank ordered according to usage in a

| anguage. 35 23 10.
A conput er-readabl e nenory havi ng i nstructi®3s and data stored
therein for: mai ntai ning a table of characters and rank
ordered rel ative addresses of the characters, whereby selection of a
table entry 5 m@ccorAicethpterteaddble Hesiory ihsteadtidnseand daltaral ity
of candi date %Qﬁégﬁterf rank ordered by rel ative address;

receiving a char S@ Bh i nput that selects a character from

the plurality of candimairtainiag adirst tableofl character addressesemdodigithg t he
rel ati ve address . .S dependent
on the character Sgﬁ&é%éléere%%ﬂ' g’tuﬁ‘%llﬁwg Clgﬂggéeggh?a]ﬁ%sggggn?gﬁégééct I on
identifies tie plural |rfe9e1@in&andnput dlg;haﬁwsrepresentmw phuaditeefi n
order. of histori ¢Hara&ers;

searching the first table for a digit sequence corresponding to the

input digit sequence; and
obtaining a corresponding character address.

10
12. A computer-readable memory having instructions and data
stored therein for:
maintaining a table of characters and rank ordered relative
addresses of the characters;
15 receiving a character selection input; and
reordering the relative addresses of the characters dependent on
the character selection input.
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