IV S S S

A DATA | NPUT DEVI CE FOR A DATA PROCESSI NG DEVI CE 5 : The present
invention relates generally to an apparatus for inputting data to a data
proce53|ng device, i.e. an-on-line apparatus, and, nore particularly, to
one using an eval uation tree scan control apparatus. 10 In owder

understand the present invention nore clearly, let us first égp@hth;bﬂé\\tg
general principles of stroke order of hand-witten Japanese 15

characters. Though there are inevitably a nunber of exceptions, nost
Japanese characters are witten accordrﬁﬁ'to t he established principles of

stroke order. Generally, hgn tf r rg recognized in the
following two steps. 20 iijié%d—— f éf of

ract various
characteristics fron1strokes-( 15 gﬁﬁﬁé@%ltten character datg
obtained froma data tablet by a tablet pen. 2nd step: To evaluate the
characteristics extracted in the Ist step by conparing themw th the 25 '
characteristics of each character described in a recognition dictionary
data base, thereby detecting the character having the best eval uated
result. The recognition dictionary data base used in the 2nd step descri bes
therein characteri |cs of Eg res ective charactg{f gg foll ows. For
exanp e, the Japan 3 PREFEBE.ANVRR%IP ebfﬁ’frfegﬁn RA*tbes a
characteristispmhrsbueeaaﬁ anbocttznpt datat toke datéa Eumbh@ﬂngthevlapanese

-2- character "Ler A d§§g£:Qg?ﬁgagngragkgrlﬁ%gg g?ggquqggi tmo strokes

but in the cubsfve® 3ty cursive hi's
descri bes a cﬁ%r%@?e?ﬁ%ﬂScabfeVPéPF}i°n tTe&nGCQPeFPP¢r°ﬂnaPWP§aG&§e

10

In order to understand the present invention
more clearly, let us first explain the general
principles of stroke order of hand-written Japanese

15 characters. Though there are inevitably a number of
exceptions, most Japanese characters are written
according to the established principles of stroke
order. Generally, han¢-written characters are
recognized in the following two steps.

20 ist step: To extract various characteristics
from strokes (dot data) of a hand-written character
data obtained from a data tablet by a tablet pen. e

2nd step: To evaluate the characteristics
extracted in the 1st step by coﬁparing them with the

25 characteristics of each character described in a
recognition dictionary data base, thereby detecting
the character having the best evaluated result.

The recognition dictionary data base used in the
2nd step describes therein characteristics of

30 respective characters as follows.

For example, the Japanese character (KANJI in
Japanese) "~ " gdescribes a characteristic which
means a horizontal stroke "—5"' Further, the Japanese



5" " *the broken arrow characteristic " [err] " indicates the novenent of
a pen‘between the two hand-witten strokes. Furthernore, a character

"[err] " is witten by two strokes but it really describes characteristics:-
of "[err],” " [err]. " and "[err]" Also in this 10 exanpl e, the _
broken arrow characteristic represents the novenent of the pen between two*
hand-witten sub- strokes. In this case, £he description of "[err]" is

i ncluded in the above- nentloned two KanjT characters " Jerr] and " [err]"

égrt I on. Thoughr}lf%élcg% Z'ergn??b &)ercfcll?inm]éls ?ar ac er S ﬂ?ﬁ@‘}_}? n%pm)[ err]" |

are siwpl er andueans cbeerstzokes dorts i irerthe toursivgafidle|ansgin Beir acters,
nost Kanji comudsf-dyPs & @E\&lél er?ﬁg ol desdrivddmst all cases,
there is one key el enent ino as

K |caI whi ch i nd| Cﬁ%es t he general
nature of the tharreteriskic ofdi-udl cﬂnb r?é!dva'h ond? (R her

elherrentss Wm[ ch ¥he/ bPEKEN SREEW lalafﬁdfﬁéﬁsﬁb " Ern e}mﬁﬁaeimﬂﬁg i
character er or ' ) t he conbi nati on
of the radical "l‘f%?'f‘?“t ?T’reélrﬁ h%"’é e,netﬁ'be %o E.aqﬁ] esrh) and t he

KanJ i char act ersﬂrc[a]ees] " l‘ms\shangpfé,r ee"chardetgy shHt J' pﬁswmtm meani ng
of "forest™ h c&]g% "[err] Is the 30
conbi nati on of A:ﬁg\hg%l st é#%%eg“t and lal%go{jf% ement "[err]" (meanl ng
"public," "faircharacterdstics ofy 1) 't o ot Andie" ke rPe"eﬁﬁn’gPo# i$ine" in
Englisfy As desc&iaﬂﬁﬂeabeué bR ki l@ﬁ&fa&&vfféﬁﬁ& séigk£] " have

the conmmon r adi cal are ar at e scribed in the
i.ctionary. FUFR®eP gglnt °P3€/h? r%?’é%%ﬁ‘é"?@h %ﬁéﬁréé mc‘ﬁ Tlow a
pI\UfaI ity of ststkekesdernwtieis heage yrthe edescltzpti:m b st-deris

included in the above-mentioned two Kanji characters
w_— u and " .» .

15 This is also true for Kanji characters having a
common portion. Though the above-mentioned Kanji
characters "= " and " -+ " are simpler and are
essentially considered to be: single element
characters, most Kanji comprise two or more elements.

20 In almost all cases, there is one key element, known
as the radical, which indicates the general nature of
the character. This radical combines with one or
more other elements which give more specific
information. For exanple, the Kanji character "* 1’"

25  (meaning "forest" in English) is the combination of
the radical "I " (meaning "tree"” and "wood" in
English) and ‘the Kanji character “T " {(meaning
“tree" in English) to provide the meaning of “"forest™
in English. Further, the Kanji character "I{i" is the

30 combination of radical " T " and another element
" 20 " (meaning "public," "fair" or "lord" in
English) to provide the meaning of "pine" in English.

As described above, though the Kanji characters
"f*" and " ! have the common radical "*‘ " they are
35 separately descr1bed in the dictionary. Furthermore,



Kanj i *when hand-witten. For exanple, |let us consi der the Kanji character,

"[err]" (nmeaning "right" 5 in English).” The Kanji character "[err]"
is the conmbination of the elenent "[err] " and the elenment of " [err]
("mouth™ in English) to provide the neaning of "right" in English. In this
case, in order to wite the Kanji "[err]" there are two stroke orders. One
10 descri bes characteristics of "[err]" "[err]""[err]" and the

ot her describes characteristics [err] I addition, the characteristics of

the Kanji chagacter d erein crihed above,
t hough the ch %\’6?@* ?égj&ghgggcgﬂggcﬁmgg a?'flifaﬂ'e Pl&ragﬁt Y3i% i onayy

have t he commpbetondershuhpm bandrwrdt&emnalytduscnde.dd:e whol e \Jt

characteri Stlﬁén g‘ag;.eﬁgﬁa.{@ H:eﬁhar %E‘eﬁia lgar qlételu As a result,

since the prior- I Ct |onar%§‘ or recognition donstruct ed as 20

descri bed abd%nsmerdtbsu Ban ﬁasrﬁsﬁyrovgmé'pdmrﬁm "sHattdt Kanj i
charagters anﬂntﬁﬁgl_igﬁ; di thogahgil ghh&g&wmmmq% I@{ge in size.

Further, during eyal uation nmon_chapacteristic pQrtion is scanned in
a multipl exed® {n Ei‘°Fa9ﬁ| gﬂ ngepg n?le %‘1 e§1 of times,

whi ch increastsgy ht U'mbuthquﬁ.neangmﬁ.shectgnm:l.Ae théne‘trdmgilm to the
present i ”Ve”“'i-i’ght"hfﬁezhéﬂgﬁv' diﬂ th_gt %a%et‘lpo :htae dat a

processing devicC b&i'ng operat| respo and-witten
script on a thbeeKanﬁipf'ﬁut'etbFQGt rTe Evoasiroke oxdensi.ng Qltethe 5

textyml cont eaésébsaeef caaéaeeseageaaa ot tmablnetn And i W, 30la5q AL f OF
generating sequenti ggﬁcrggact e I St from st rokehdat a of a

hand-written SHaPEC 82 FRRTAL &F e #or" ARy said
sequenti al In addition, the characteristics of the Kanji

character " " are again described therein.
As described above, though the characteristics
15 described in the prior art dictionary have the common
portion, the prior-art dictionary describes the whole
characteristics of different Kanji characters in
parallel. As a result, since the prior-art
dictionary for recognition is constructed as
20 described above, the dictionary has many overlapping
portions for Kanji characters and thus, the
dictionary is inevitably made large in size.
Further, during evaluation, the common
characteristic portion is scanned in a multiplexed
25 fashion, i.e. is scanned a multiple number of times,
which increases the time required for recognition.



10 characteristic data; a recognition dictionary nenory organized in a tree
and branch structure for electronically storing character data descri bing
characteristics of characters, the tree structure of the dictionary neans

i ncludi ng at | east C|tat|on branchlng, 154parallel branching and tree
branchi ng, the parall branc{gng belqﬁ cla55|f ed into parallel t{ree
branchi ng and | AEFP i%ﬁé?? ¢ rREFRER RYSPEAPN o ntheE éEnPFBYlﬁﬁﬂn§ for

SEanm ?g tdetd rﬁﬁp\aﬂchﬂim‘gﬁﬁ ﬁértheddﬁit%ﬁﬁﬁéﬂsmtﬁviee$eﬁ?éh for
n e an I NT Or on
Gt ang ARl o550 006 Ve £8 FEPPoRAL A RaRB Rt i raR 8FF b On

cont p@ nemrsablekr o rproduceselettrenidi datascotrrespondingi g thesti ng at
the begj 1 686t NEhle S gye means upon branching in
or der to ar#% recur &%geuse %& ﬁ%?%%ﬂ%{éggo fhe character data stored
in the dictionar® FRkiet and2 tablet Heen ofpr cgenerating cseguentididdnt ages
of the pr&aﬁh&wmtw data PePomPPEreké aataherf &l hanaterietanl ed
descripti of qggre .erred enbodi mrent when read in conjunction 30 with the
acconpanyléhf in which |ike reference nunerals are used to
identify the sans swawl¢bﬂtrolwwéﬁtrintﬁnﬁSEﬁGrateaefv&ngthidlseQuenbiamk

di agr scC a functional block arrangenent illustrating
49 é}? g*ié{'ﬁf@ %&{.‘g{

t he opera . according to an enbodi nent of
the present i nvmtrmgmftmgdd:tmmm mmwsqmﬁzeaaintaetnperandons

are act ualpyageh st uéfiré %Puﬁlbdtfoﬂiéﬁifg“ﬁ UtRArabter aatﬁ
schemati c dlagra OW Nng area used t he apparat us and od of
the pr eserfles 'i“!) rehax §°t3r$-§th°§ cPEnghrragtegfantifobreg &truehkurg of

v the dictionary means including at least citation branching,

15 parallel branching and tree branching, the parallel branching
being classified into parallel tree branching and locally
parallel branching; |

evaluation'scan control means for scanning the tree and
branches of the dictionary memory to search for character data

20 corresponding to the hand-written pattern information data; and

save means for storing the'conditions of the evaluation
scan control means, wherein at least the conditions of the
scanning existing at the beginning of each branch are saved in
the save means upon branching in order to allow recursive use

25 of branches of the character data stored in the'dictionary
‘means. |

These and 6ther'objects, features and advantages of the
present invention will be apparent in the following detailed
description of a preferred embodiment when read in conjunction

30 with the accompanying drawings, in which like reference
numerals are used to identify the same or similar parts in the
several views. | | '

Fig. 1 is a block diagram schematically showing a
functional block arrangement illustrating the



10 parallel stack used in the apparatus and nmethod of the present
invention; Fig. 4 is a schematic diagram showing a save area used in the
apparatus and net hod of the present invention; 15 Fig. 5is a
schematic representation used to explain the outline of the eval uation
applied to incom ng strokes of a hand-witten character by using a
dictionary; Figs. 6A and 6B are, respqulvely schematic 20
representatlons of a logic structure of-a dictionary used in.the present
i nvention, ﬁ Wgtiﬁn? uggful for explaining the citing description of
t he present venti on; | gs. 7A and 7B are, respectively, schematic 25,
representati ons used to GPPIQ&' BYUS ce br anchi nRGFFRBRNG kP ANt he presen,L»

lnvgnzlon ::Eﬁl‘éold&ﬁelﬁitd oiBt¥eep ﬂeﬁ?ﬁﬁb tﬂnﬂrﬁiﬁbmhwgmm'ess?t atlons -

used to explain.loca ar r,anc e prese ention;

Fi gs.. 9A and QBbgr 4€§§§£§3\ﬁ§if €§ﬁ1 é#% r%ﬂF?%Yexplaln

par asl el treeabraledhlolmj; oy tm@rmgramMed rcmputnr Fig. 10 is a schematic

di agram to which [ é%?kﬁ# ching of 35
t he present |nven?@%e ((Jf £ ﬂé\%% and % ﬁe%tlc

represent at i anea: WSRQ ciﬁl MT%W%@W MP'@)@# a&ﬁ.%et%eﬁegtc

structure of ihRRniREANt i nvention, respectlvely 5 An
enbodi ment of an par%%%ﬁé accpordin t e pre entlinvention
will now be descrifddt ih Hischemaries (horing:a, Y

10 parallel stack used in the apparatus and method of

the present invention;

Fig. 4 is a schematic diagram showing a save
area used in the apparatus and method of the present
invention; |

15 Fig. 5 is a schematic representation used to
explain the outline of the evaluation applied to
incoming strokes of a hand-written character by using
a dictionary.

Figs. 6A and GB are, respectively, schematic

20 representations of a logic structure of a dictionary
used in the present invention, and which are useful
for explaining the citing description of the present

~invention; _

Figs. 7A and 7B are, respectively, schematic

25 representations used to explain tree branching
processing of the present invention;

Figs; 8A and 8B are, respectively, schematic
representations used to explain locally parallel
branching of the present invention;

30 Figs. 9A and 9B are, respectively, schematic
diagrams used to explain parallel tree branching of
the present invention:

Fig. 10 is a schematic diagram to which
reference is made in explaining parallel branching of

35 the present invention; and



Fig. 1 shows an overall functional bl.ock 10 arrangenent of an

appar at us according to an enbodi nent of the present invention.
It will be understood that, for the nost part, the apparatus is a conputer
programmed to carry out the functions now 15 't'0 be di scussed.

Referring to Fig. 1, it will be seen that the hand-witten, on-line
character recognition apparatus and net k@e of the present invention is
conprised of a scan control central unit 100, a scan condition save 20
menory unit 102 andFﬁgsecbyhiandnlﬂBcarenacyemat&cbaepreSERtﬁhéovsan

trol t I whi ch
oxir deged 1rom NbLeH YeFEEChUEr1EAdg LA, ekBRaTALAY EhpCapaud vl ch A€

obt ai ned fron1%$¥%@¢%¥ep@ﬁ Fhetp§ﬁ§ﬁh$ inYﬁEﬁ fhe Seﬁﬁe§§§VP3Y-central uni t
eval uates the thus obtained handwitten character data on the basis of the
characteristics of each character derived fromthe recognition dictionary
data base 103. 30 In order to execute the above-nentioned
processi ng, the scamncembodimenttogl amit 100 includes a dictionary scan

poi nt pointer [err], an evaluation s poi nter A2 rea A3 and -
a stack area A4 for locally paraIIeIgB$328§aﬁg -7-. Ingfﬁggh odi nent ,
t he d|ct|onaryt@chhepprﬂsepblﬁnvenhéohnuﬁ&&tngabﬁrésénripeélﬁMOn at whi ch

the dictionar ydé@&ﬁlbﬁiéhlgafb:?eEEebﬁorﬁﬁd a%wﬂiaa pOI nter [err] mght be,
for exanple, an ss re éva ug& command i s
t

derived fromthe d| gonérghBHFaaBaggeEBé1aF“Pﬁ§iBBPH ated by the
poi ntE0 [err].arbangenkntt odn emave area pointer [err]

xﬁ, | apparatus according to an
embodiment of the present invention. It will be
understood that, for the most part, the apparatus is
a computer programmed to carry out the functions now

15 to be discussed.

Referring to Fig. 1, it will be seen that the
handéwritten, on-line character recognition apparatus
and method of the present invention is comprised of a
scan control central unit 100, a scan condition save

20 memory unit 102 and a recognition dictionary data
base 103.

The scan control central unit 100 receives
seguential characteristic data which are extracted

(% from the stroke data of a hand-written character

25 obtained from a tablet pen (not shown). Then the
scan control central unit evaluates the thus obtained
handwritten character data on the basis of the
characteristics of each character derived from the
recognition dictionary data base 103.

30 In order to execute the above-mentioned
processing, the scan control central unit 100
includes a dictionary scan point pointer A,, an
evaluation save area pointer 2A;, a work area Az and a
stack area A; for locally parallel branching.



» indjcates an area for saving the various conditions of the central unit 100
» when* branchi ng occurs during 10 t he eval uation-process, for exanple,
when the content of the dictionary at the point indicated by the dictionary
scan point pointer [err] neans a tree branch on a parallel tree branch.
Each tinme branching occurs, the evaluation save area pointer [err]
i ndi cates 15 one save area wWithin _the scan condition save nenory unit
102. Fig. 2 shows the contents of the Wik ar ea [err] in the nmenmory of the

ul-| ill be, h h
fork 50 M o eatpothis EnpRasRabl othe BiCEIPRaEY.HCRm RO ng poi nt
poi nter [err] pbdntere Ajaindicatesna sprekentrmszslsm ab \shiqchnthel ly a
execute the raﬁ.@@l'otn g\éngug%%%elpg g.% 282 gggar gﬁltl y- %% uat ed restit

menory (partial COINCi dence or
conti nuati on Ppaéilltem&fnighhebq!ecf@mmelﬁctamr\%@@rw argqietena I'n

or der st o al | oyng h?xc%Wlﬁ%t&bhabb%atnhhﬁssH@Q‘ivé&e?réﬁ?’tthoi provi ded with a

stack area savi n urality of ont i,nuat i

[err] for ind &%&@Wedgﬁécga% 103" at; the PPdRtsdnfiga BYumber of . |
scan conti nuathen ppdintier #3VedThe éﬁlﬁaﬁt&nmm%(ﬁbmﬁeﬁi& on of the

133 gener al | y RAEATEE Ay cph, 3BE"RalIok SnB' FRFABE coffipions ° °1 7

The arrangenerf &het centradk und tf 300 wben prpaching ocmhmlg;ing | be

[y

descgpbed i n EHee Halidlel 1on-irlodebe, CEERC exhiipTed: when @f" et Fi 0. 3
the stack A4 | S I’OVI C[e st ack condi ti, on pointer |err]

i ndi cating a Rl t§l°6’|“rlyoé§l they peinte ingigateds pI uraI ity of .
eval uation r eadbu:mwzq Bcan poifthpoititeddA? i&@inst@rtﬂeetbeanch o

tenmporarily- e\é?ll léa%%q:'allel tree branch. Each time branching
occﬁrs, the evaluation save area pointer A; indicates
15 one save area within the scan condition save memory
unit 1o02.

Fig. 2 shows the contents of the work area A; in
the memory of the central unit 100 more fully.
Referring to Fig. 2, it will be seen that the work

20 area Ay is provided with an extracted data reading
point pointer 2A;; for the hand-written strokes
necessary to sequentially execute the recOghition
evaluation process, a temporarily-evaluated result
memory (partial coincidence or the like) Az, and a ,
25 scan continuation stack Az; for the recognition /
dictionary data base 103. In order to allow a
recursive citation, the stack area Az is provided
w1th ‘a stack area A3, for saving a plurality of scan
continuat:.on points and 2z for indicat:.ng the stack
30 condition such as the number of scan continuation
points saved in the stack area Ay, (the position of
the latest scan continuation point saved in the stack
area Asz3;). The stack Az generally operates in a
first-in-last-out (FILO) fashion.
35 The arrangement of thé stack A, for locally
parallel branching will be described in more detail



sresul f's of parallel branching. Referring back to Fig. 1, the scan condition
save nenory unit 102 is conprised of Wsave areas [err], [err], ...[err]
where Wis a value larger than the maxi nal 10 stages of the branches
in the recognition dictionary data base 103. In this enbodinent, the i-th
save area [err] (i = any one of 1 to W is a nmenory which stores the
various conditions of the central unit 100 at a tine point when the
branchi ng occurs in the 15 :.;. evaluatF@ﬁ-procegsiof t he recognition

dictionary data base 103 and the starting position pf the next pranch. The
outline of the %aPruke 8ﬁePF§ngc§ﬁgpréCes ?nﬁhﬁﬁ?cﬁniéﬂgke Utggeon t he

i ncomheg hand- £€ack A, is ipreridedthnaiditera ltack rpridid irarr @piiritean

di ctionary dat a, bas 0] ' | ' i g. 5.
nFig 5 rof dahconundicte Py FIRISHIEY N ASEAF KO |
the eval uation Branchagnandsaspturadityfofhevaluatiopsresultcstere2s
Suspensg on pol nﬁ%m%ﬁié]s ﬂl,gegcgf r‘é’éof%rg%‘tﬁé‘ £ Sifp sy LBy NdvaTigobeq St ency

becones worse an en exc a pre rmne I mt val ue when executing
the sequential ES8RLESi 0F BREALLELSPFRREBIRG-{ he hand-written charact er

fLon1the roog or St?RéféﬁﬁQng3ﬁack ?olfﬁqnslhe?ﬁdﬁédaﬁic@n&fﬁm?ﬁeachgs thﬁ
character code [err n_ = any,gn 1 to of .t erninal _of the branc
wi t hout bei ng s%%%%nﬁé ?thEX}gcgagi}ﬁdc?gg%F§e8f°fH@ ER0Fe2ERdPatter code
[err] is generaBad as. BycwhereaWe ishar yelue leygererhant khehmaxinkdat i on
result3p35  gefuELhg bPEnthbUSLhoLAd £eeOBheeibhCatutlBhally

branches is selectg% tofbghgour | e sequentia scan, 1.e
. $2kn save
nqgg, and node $8FAtB2age }8An LTANERES pRPodimendy the]izkl £3Ye and [ 3]
and~[ 4] . Sequenatréh Bfa(i = any one of 1 to W) is a memory which
) stores the various conditions of the central unit 100
at a time point when the branching occurs in the
15 evaluation-process of the recognition dictionary data
base 103 and the starting position of the next
branch. | '
The outline of the evaluation tree scan
processing which is executed on the incoming hand-~
20 written character by using the recognition dictionary
data base 103 will be described next with reference
to Fig. 5. In Fig. 5, reference numerals [1] to [13)]
denote the sequential order of the evaluation scan
qu "when a suspension of the scan does not occur.’

' 25 Suspension points S, to S; are points at which the
degree of inconsistency becomes worse and then
exceeds a predetermined limit value when executing
the sequential evaluation scan of strokes of the
hand-written character from the root or start ncde.

30 When the evaluation scan reaches the character code C,
(n = any one of 1 to 8) of the terminal of the branch
without being suspended, the recognized result of the
above character code C, is geherated as a candidate
character together with the evaluation result.

35 Further, in the illustrated example, the number of
branches is selected to be four in the sequential



The.sequentlal scan wll now be described. In 5 t he sequenti al scan,

*an eval uation command is sequentially derived fromthe character dlctlonary

data base 103 in accordance with the branch of the content (eval uation

tree) of the character dictionary data base 103. Thereafter,

data of 10

described in each branch. Branching sca

reaches the

sequenti al scan

characteristic

the input hand-witten stroke (this is extracted fromthe
hand-written stroke) is evaluated on thg basis of the evaluation conmmand

“Each time when the eval uation scan

fh% ggﬁﬁﬁ?:gﬁ°§?9§ ng%H§ ﬁ?&iﬁgﬁtﬁgﬁ?h ?tP?ne poi nt

is saved in thﬁ?@%hesa[éi ?@@rIaand[?heﬂn@hé3keq%@ﬂt[&ﬂ Qbénlﬁi-contlnugﬂ

along with t
[3] and [4],

result exceeds a ﬁTEﬁe efApeAtia

ﬁg (in the case of Fig. 5, branch [2], 20

etc. enS|o i scan %Yfﬂ t he valae of ,1 he evaluated
|

i APRD; ene¥hen

eval uati on pFEEeSGéquéhtiaQaéchﬁ,thﬁ eusneeﬁiaﬁ 2bmmand i8ranch is
suspended and_t he ey

tla e%urnegli eceg br anchi ng node.
Then, the coﬂﬁ???%ﬂ ? SEHYFé ER gr? ﬁrn Ecgé OPREY condi ti on
presented Jusdabefhaseth93bnan§h¢oaéaseeedith the branchrof ther],

sequential s

[6] in the case
Gatacbaggnlp

poi nt at whi

ol nt e near es
°s u%éﬁﬂéﬁtﬁfhec'HEHEcBEHEEﬁc[ datanef[ 3]

Qﬁ&nt?née é&ggﬁﬁgﬁgﬂ tree) 3&099embﬁgr%E€e9tEf&t?ﬁﬂg

esFribed. *(d&Ring the

and the
(branch
to the
in Fig.

5.).10erm nal tigadifputchandswritten strokbe(this $808sBrhctedC2pPomeaches

the term na

15

20

25

30

35

18 RindDGriteln LERoREF §5' SVatlifed on ehe’ B8S18" of
the evaluation command described in each branch.
Branching scan

Each time when the evaluation scan reaches the
branching node of the evaluation tree in the
sequential scan, the condition of the central unit
100 at that time point is saved in the save area B;
and then the sequential scan is continued along with
the first branch (in the case of Fig. 5, branch (2],
[3] and [4], etc.)
Suspension og'sgan _

When the value of the evaluated result exceeds
a predetermined limit in the sequential scan (during
the evaluation process), the scan to the succeéeding
branch is suspended and the evaluation is returned to
the preceding branching node. Then, the condition of
the central unit 100 is returned to the condition
presented just before the branch, as saved in the
save area B;, and the sequential scan is re-started
along with the other branch (branch [6] in the case
of Fig. 5). ‘The re-start point is the node nearest
to the point at which the scan is suspended (the node
between (2] and [3] in Fig. 5.).
erminal d n _

When the sequential scan reaches the terminal
end of the tree,'the character code Cn described at

-10-

S

™~



+the termnal end is used as the output character and the candi date
charatter code is generated together with the evaluation point. After the
candi date character code is generated, the sequential scan is 5

re-started in accordance with another branch fromthe nearest branch node
simlarly to the suspension’of scan. For exanple," if the scan is terninated
at the branch [6], the scan is restartedlbron1the branch [7]. 10

The scan of the evaluatlon tree shown in"Fig. 5 mnll nom/be expl ai ned. It

will be seen Iehn %hx%ﬁ‘geit 33 1'1% % %gr ta%' %ﬁ'e Y at il x%%%eﬁe scan

I.s carried out i &g et al [ 2]

and [3). If th&heegae@id‘atﬁcharaChmM%tlawefnqr#eq tegethen to which

the hand- witgyg %\?(%m%%ﬂ% ?Mk t ha riledd Wl catitiRatensi deration
f;rom t he recognltlon ctlonary da base, | ncr eas ol ait t he eval uati on
53’51 [

branch [3], thEhagaster eds dg generatedy, 8531 %d then 20
the scan is ex gestA ritead dh %diﬁa!m bflaimhx{o&heﬂfﬁx@ndlh&ﬁdmr‘tﬂm er code

C3 is generated togeth h t eval.yat i.on t n of

eval uation br aRERTEHT %@é} t”é’%e "\#@ @\Yalq?? {15 S35 }r%‘r‘?aj[ owever

the scan is suspamdedmaﬁmdmmmm Istca2b is ternﬁ:haﬂz:edm thee scan of
the eval uati ony| Q%_r I , of an

eval uati on bran?ﬁq‘%ﬂ]déﬁ suspended “at "t eagl?sépaenfg:lrdoﬂn %%%12:{ err] and this
ti me, an eval udffiJen branch [13] is scanned. Then, a character code [err] is
obtai ggd toget her wiie Hban of mmdﬁmm t¥dd lshovn iMiBigase, the

cval Uat i on_ Scaitiid SHH (B DRI | 1 aa th SR o AHET dogni t | on
di‘s¥i onary and tanarmarsacﬁcera (nniﬂ:dmmayd-lmriuﬂan statalx, dhecedn ikss 35
finally select elyridg t Sﬂ%wé'éawﬁtaﬂ Prded o Und ' Qdfiggkidh Fi 0- 5.
then the character codes
branches [1], [2] and [3].  If the degree of
15 inconsistency, i.e. the extent to which the hand-
written stroke does not match the character under
consideration from the recognition dictionary data
base, is increased at the evaluation branch {3}, the
scan is suspended at the suspension point S; and then
20 the scan is executed for an evaluation branch {6].
After the character code C3 is Qenerated.together
with the evaluation point, the scan of the evaluation
branch (7] is started. In the evaluation branch (7},
( | however, the scan is suspended at a suspension point
S, so that the scan of the evaluation branch [12] is
started next. Similarly, the scan of an evaluation
branch [12] is suspended at the suspension point S;
and this time, an evaluation branch [13] is scanned.
Then, a character code Cg is obtained together with
30 the evaluation point. 1In this case, the character
codes C; and Cg are obtained as candidate characters.
Such an evaluation scan is carried out for all the
‘characters of the recognition dictionary and a
character code having the best evaluation point is
35 finally selected. If the suspension point S; is not
provided in Fig. 5, then the character codes C; and C;




~are,;/al so to be obtained together with the eval uation point,

respectively.

+ The togic structure of the recognition dictionary and the scan thereof,

whi ch are the nost 5 specific features of the present invention, wll
next. Citation branching A portion of the stokes of the Kanji

character includes a portion which has a common characteristic 10
relative to various Kanji characters such as radicals "Hen," "Tsukuri" or

ons thereof. Therefore, tTitd® commonl y usabl e characteristic

eval uati on command rep naf ferred.to a ng_des crlptlons) are

ext ract ed andaE?oPgﬁg §° h égaines PEEkhEL ¥ §gr%bggﬁ BAtd°® i onary 3.
Then, the citpajntigseespectivedycal |l ed from a nunber of character

eval uat i on descr'p&h@”igg&k?st?ﬁﬁéﬁggsgi Qﬁ%Ar%EO ggtkggyc structure ofhfhe

be descri bed

partial porti

recogni tion dictionar

precedi ng branch

ais foll omeddsytionam oA ther scanr féhesesﬁd wbichi aredkhe @astndi cating

eélfhb'ﬁﬁa@ﬁ§ﬁ§'8§'€ﬁeb ent! iaveAtibn)eedalabe to the
e urn,code QR indicating the end of the citation is assi gned

t he 995|t|0n
citation. Ar
at the end of
position data

FﬁEréPF n@e§§ description branch [err] s .The form of the.
Dl pehilhg address of the citing description m ght be

an absol ute addres T e d r | SChi_RLI unber
whi ch produces an gdgggg roﬁltﬂg bEaked F&bﬁgg 3%eﬂqt e Q%Fﬁ%éhlstart
mark QS is deiseikindes auporgioncvbighcheisaa common mamuenitstd@ta at the

stariyng port

scan continuation stack A33

Fenathiveeos %ﬁ%ﬁgn&ahgan Q:'iha'i-a'c%e%%v ShchOas 1l Hall

unit 100. Thenten," "Tsukuri® or partial port ons thereof.

15

20

25

30

Therefore, these commonly usable characteristic
evaluation commands (hereinafter, referred to as
citing descriptions) are extracted and stored at one
Place in the recognition dictionary 3. Then, the
citing description is called from a number of
character evaluation descriptions.
Fig. 6A shows a part of the logic structure of

the recognition dictionary 3. As shown in Fig. 6A, a
preceding branch a is followed by a citation start
mark QS and position data QA indicating the position
of a citing description branch at a point necessary
to the citation. A return code QR indicating the end
of the citation is assigned at the end of the citlng
description branch Q;. : :

- The form of the position data QA indlcatlng the

address of the citing description might be an

absolute address, a relative address or a citing
description number which produces an address from a
table.

When the citation start mark QS is determined
during the sequential scan, the position data at the
starting portion of the succeeding branch b is saved

(or pushed) in the scan continuation stack 2z of the

35

work area A; of the central unit 100. Then, a
position information address of the citing

d the

area |err] of the centra

"

N



position information address of the ¢iting -12- description branch [err]
i*'s obtained fromthe position data QA and is set in the dictionary scan
point pointer [err] of the central unit 100, whereby the sequential scan is
continued along the citing 5 . description branch [err]. Wen the
return code QR is obtained ‘at the end of the citihg description branch
[err] while the sequential scan is execut,ed along the citing description
branch Ql, the position information of t succeedi ng branch b

10
[ | . ' ' ' s f th
Pentral uni ¢ 1 Gp I sl 1 16°BE4Thed 2ol ehpophatfibh O (10
poi nt{ poi nter [Aatd QATHANG s et tine theytintianaxshf9an ®RIMhued al ong the

succeedi ng 15 pojntd¥ AICBEOLthENBentrd? Gndk 100} hivhegaby bheONES
effectively as"shown In Fig. 6B, wherepy the scan ., s executed in the
sequent.i al ordée%eﬂwlpr%&éﬂi% ‘Ef?’h‘h’éﬁ" : qm%imer\d:%tqi ption branch
[err] a&nd the VAEIPETOD ek ®;. b. Tree branching In various kinds
of characters, there,are Ssone ose sub- okes Vs
characteristic such H&% %ﬁi%%?uf%%ﬁgﬁﬁ%isﬁfooé&ﬁgdorger ’io ?%dcogni ze 25 -
the hand-witt &f ditee acieing tdescriptiomrbranch nwbidlek&hes conpared and
evaluated with éﬁlﬁéﬁfii séé\# af %Lécﬁtt:@d% .ﬁ:t[ﬁ{é éj_ﬁﬁ:ﬁfl in the

ose

di ctionary and a Character characteristi¢g is, sufficiently jdentical
with the strokd/fCTiatiemdbaneh & .3Fhe positign,dniP "é@"eafe%%e

t herefyjoom \Whaiudd@eding -birdndch & FHév teh€ly | savadippore pushédyraiy ki nds of
characters, if éﬂE’é@QRQQORQ{A&Q iggcgtgékQAéagkcéﬁe central unit
\,/ 100 is derived (or popped) and is set in the
dictionary scan point pointer aA,. Thereafter, the
sequential scan is continued along the succeeding
15 branch b.

Thus, the scan in this case becomes effectively
as shown in Fig. 6B, whereby the scan is executed in
the sequential order of the preceding branch a, the
citing description branch @, and the succeeding branch

20 | b.
Tree branching

In various kinds of characters, there are some
whose sub-strokes have a common characteristic such

. -as a radical [Hen] and so on. In order to recognize
— 25 the hand-written character, the input hand-written
stroke is compared and evaluated with characteristics
of all the characters stored in the dictionary and a
character whose characteristic is sufficiently
identical with the stroke of the hand-written
30 character is selected therefrom. When the hand-
written character is compared with many kinds of
characters, if the common portion such as a radical
~ is compared and evaluated only one time and the
compared result is stored in the memory, the
35 comparison of the common portion of the succeeding
characters having the same common portion becomes



i-s conpared and eval uated only one tinme and the conpared result is stored
»in the nenory, the 35 conpari son of the common portion of the
succeedi ng characters having the same common portion becones - 13-
unnecessary and hence can be omtted. Thus, only the different portion need
be eval uated. Tree branching processing is based on the above- nentioned

i dea. Using tree branching processing, the 5 save areas [err] are
provided in the unit 2 so as to save tﬁ§3part|al eval uated results fromthe

eval uation start to the nod ere an eyal ua n.of npon co rtion of a
cxar;ctgr ogcﬂﬁgecgﬁﬁﬂFX ap rggﬁéetﬁén &ugﬂkﬁgF SCaﬂﬁBF'tHE Hfgg@hes [2] ‘

[3] 10 diffptpnthportionFngedSbet bwatuatiei.on of the unit 100

i medi ately bef N~
boint branthes (st AFEEBEARERIRG, ptERAsR1Ag! 3%?%%8?7?“”?8? ahe F—‘s]s a0
each saved asmentdopeghddery r Using tyee brancbing prbcessihg, the
brancgi ng scagavbi 4redd %hoﬁﬁ %%ﬂé’?&oﬁwtd;]e'dcti#e p%fec & rzeg}gry hon

R

dictionary 3. As shown_ in % I ng branch a, a tree
br anchi ng st aFP Fave FbefEPr ﬂé#c&ﬂ?i&aéeﬁrESsHiﬁﬁcﬁFﬁ@ is 20

| ocated at a gedeuakion Etﬁtht&nthbnﬁoBeCﬂﬁﬁ&enﬁﬁeéﬁanhatlb&ﬂoprS't'0”
data TA indicatin the star% n of .t he next tre§e% ranch [err](j=1
to 3in Fig. RRP" H@°Pr88 F& c ﬁ§a8ﬁ8r0888“fg andeHP¥ S har act er

code ¢ are pstarﬁedgathe_seQuenﬁzalzscan of gher biranghes ([l295e [39ts are
P07, EobeS  HBSHITA £l o8, Sthp, Lepiifion B Bhy L 0100 1
address of tha0 9ué@@6§ﬁﬁ§eﬂwah@ﬁ°F@rFPeaﬁGQE§n§ﬁalA§°§noﬂmﬁ the
succeeding scan re-start point branches (starting (.
positions of the branches [7], [6) and [5]) are each
saved as a set, thereby realizing a recursive multi-
15 branching scan. '
Fig. 7A shows the logic structure of the
recognition dictionary 3. As shown in Fig. 73,
following thefprecedihg branch a, a tree branching
start mark TS for indicating a tree branching node is
20 located at a node where tree branching becomes
necessary. Then, position data TA indicating the
starting position of the next tree branch Tj, (3= 1
to 3 in Fig. 7A), the tree branch T;, the end code TE
and the character code C; are provided as a set and a

25 plurality of these sets are provided. (In this A

embodiment three sets in Figs. 7A-7B).

The expression form of the position data TA is
the length of the branch T;, the absolute address of
the succeeding branch T;,, and so on. As shown in

30 Fig. 7A, the character code C; of the last tree branch
T3 is followed by the end code ET which indicates the
end of a tree branch group, and the position data Tag
of the tree branch T3 is data indicating the p051t10n
of the end code ET.

35 The end code ET indicates the completion of all
evaluations about.one character, and the character



30 Fig. 7A, the character code_[err] of the last tree branch T3 is
fol | owed by the end code ET which i ndi cates the end of a tree branch group,
and the position data TA3 of the tree branch T3 is data indicating the
position of the end code ET. 35 The end code ET indicates the
conpl etion of all eval uations‘'about one character, “and the character

-14- code (G is a type of code which caglgorrespond to the evaluated result
up to the tree branch ¢, for exanple, | S (Japanese Industrla

St andar ds) codg dghen {hes tEfse A ﬁiéﬁtcéﬁmﬁbQFEé ™ to the

di scovered in tﬁe sefuenti al” scan, ormati on of t area [err]
(eval yat ed resﬁVP%“éFe@hEeéﬂﬂﬁaBPeH°d§F§ trar BEQPFhoﬁlponEer A31, the

Zﬁl ue oftthe e&?hid@léQ megykt (&agaﬁadet hﬂdﬁsﬁmamnStauahraa)sbaalh A|33% gnd
e position infor I on ccee rapching cal cul ate
fromthe position d §“T§g§r§rfﬁa EFEFgéﬂg 8gaﬁ5 Sﬁgﬁdgg he save area
[err] Pointed diiscbyerked dnathatsequeatéamrseapolal&ribﬁprhatnonhefcentraI
unit 100, and e The save
{:ﬂgegsgﬁ ? a4 ﬂ ﬁé\{éﬁ?aﬂ:éé if&' [ertl;lj'actfe? h )

area [err], poln € eva I'on save area p0|nter e unit-
100, proceeds @étﬂhécaQ|n9§ﬁtlgavp°&n§arehnh tthee vedaecfl #8¥eed results are

transferred anevaﬁvas@ehh%%uit eanahehsca;&ahem&nuau@mm TE in the

20 sequential scan, val ue Qf th uat ed sult in the
save area [errfsan@nghéd hﬁumtéro%?}a& % %X‘ﬁg Node TE are

providled as a Behncuﬂhghch&cnnhpua ggon nhu'posdtdahedaharmmteme Further,
e B 5 Eeph S eRLE R ol WiGRa%1Aorne, saloRERS! 9] Bhuscg | =
| dtest cont ent gut by the evaluatlon save area pointer A, in the
central unit 100, and then the sequential scan is
continued.

15 The save area B;, pointed by the evaluation save
area pointer A, of the unit 100, proceeds to the
adjacent save area each time the evaluated results
are transferred and saved therein.

When the scan reaches the end code TE in the

20 | sequential scan, all of the value of the evaluated
result in the save area B; and the character code C;
following the end code TE are provided as a set,
vwhich is output as a new candidate character.

. Further, wvhen a character is evaluated or when a

o 25 suspension of scan is carried out due to the degraded
value of the evaluated result, of the latest contents
saved in the save area B;, the corresponding
information in the work area A; is returned to the
work area A; of the unit 100 and the re-start branch

30 position information is returned to the dictionary
scan point péinter A; of the unit 100. By this
processing, the condition of the work area As of the
unit 100 is returned to the condition presented just
before the branching starts, and the scan point is

35 brought about at the beginning of the succeeding
branch. .



-sawég in the save area [err], the corresponding information in the work
"area [err] is returned to the work area [err] of the unit 100 and the
re-start branch 30 position information is returned to the dictionary
scan point pointer [err] of the unit 100. By this processing, the condition
of the work area [err] of the unit 100 is returned to the condition
presented just before the branching stafds, and the scan point is 35
brought about at the begi nning of the sticceedi ng branch. -15- Wen the
save area [err] |suhehUeRElsife! fednbl W Getdihert o AR iy od OUt by
y e

t he save areavﬁginter A2 1s sinultaneous shi by one node to the root.

5 n the SRYA pEedAPeiAtedsovhcbYcihe Pa¥enRRBanode, one {fj

the fol | owi ngpdivieer PAP das smultarethRalye GHIT i Biadfe dloddieagode of the
dictionary 3 Jj.,ndicatgd by the dictionary scan point. pointer A : i. The ¢
code inm<xne§P$d§??€bn i nformati on of the 10 succeedi ng branch (such
as TAR2, TA3): Undewhehi theoscani pointereachesrtiiessexy bhrahthihganchi ng

scan i s exec _ I 1] asprovi ded j ust

before the bﬁ%ﬁgﬁfn§ﬁ§ﬁ5¥t%ﬁgngg?f%%%ﬁgh?%ﬁégg?ggééféégségron i nformation

are 15 seleatedjonhthet hasie@Enthe| caderof sthecdictionary Bata
i ndi cates thejgflcated Byt tRE &180£ENEFPUBCAN Apoifit) polhder hlese

[ t th t ed h t f th -start
Cean. 20 1+ pcchhg Rdeotnafeshes caee o, haFaghetion, oF ERB by one

stedl0iii. Theuceeedingi baansht (suehdasfTajie B3pke tree of the dictionary 3
(in the case of Figngay Eﬂfsbégﬂﬁftion the same processing as the
branching scan is executed. Namely the condition of <

the work area provided just before the branching and
the next branching re-start position information are

15 saved and then the segquential scan is executed.
ii. Data indicates the end of the tree branch group
(TA = ET): '

Under these circumstances the processing is
executed from the start of the re-start scan.
20 : According to this processing, the node is returned by
one step. .- ) : _
iii. The data indicates the end of the whole tree of
the dictionary 3 (in the case of Fig. 5, the branch
[13] is ended): : L
25 The evaluation dictionary scan is finished. -/
Of the evaluated characters outputted, only the
character having, for example, the best evaluated
result is used. That is, Fig. 7A becohes
substantially as shown in Fig. 7B, wherein respective
30 tree branches T;, T,;, T; are scanned after the
preceding branch a.
ara 1 a _
When a characteristic of one portion of one
character is described in any one of the branches b,,
35 bz, ..., b, as shown in Fig. 10, the characteristic
description becomes a preceding common part, a



[13]-|s ended): 25 The eval uation dictionary scan is finished.

Of the eval uated characters outputted only the character having, for
exanpl e, the best evaluated result is used. That is, Fig. 7A becones
substantially as shown in Fig. 7B, wherein respective 30 tree
branches [err] are scanned after the preceding branch A Parallel branching
When a characteristic of one portion of_ character is described in any
one of the branches [err], 35 [errfags shown.in Fig. 10, the

characteristicpgdpagiept bQEtbSﬁQ”ESsac@ééafﬂ néoxﬁﬂaﬁl)ﬁaiaﬁrt , PArallelb-
paral |l el part gnd a ucc edlng annniﬁgsig sa al | el ancﬁlng I's roughly
classified to FBVFH nghdst BRI HgC ig pRRAY 192 o ®het her the

st rok€ po&tion50mloWHFgchabacasesddepenbtdgbqntw&ethemchhe Stroke Il[err]
correspond to ¢ val uati a

parallgl brancﬁoﬁgifgfggtf gﬁ? Lgﬁgﬁggﬁgggégﬁgﬁdq£¥ggéf bran°h?§rr]yrelate
to theSsanme pobii dme,0f. -t-hebhatmlrmsp@nﬁu torthe ewaluation9f then 10

the extracted ﬁgﬁg (=1} gglggsngfe i nvariabl e such as [err] ..., [err] in

the start of t cee ranch, this js referred to as “locally
paral | el branching. Lo?ﬁélvoEBFF}lﬁarHFFEthPSn&ﬁ%ﬁﬁ n8Y~88) i ncl uded in a

desired branch. Thughenhotak! uraﬁénélseb, pr.an.cmmgraut%to the lamencl uded
in one parallel branch EeE%% gh é’ gne 8& ﬂe ocal | ¥1§ iatle br anches,
and may be subP8ZE3E™ 8 s 8??5 PBhS PR pa PSP PEF PP 2L b ERBNI ng
( Fi gs109A- 9B) : ther etdtracked data sbenbpeidvhesater ihyariabler shchOas :
describe diffepent amdupl g PlneXkiazkedrddhd stideBe@ing branch,
- this is referred to as "locally parallel branching."
The locally parallel branching may be included in a
desired branch. Thus, locally parallel branching may
15 be included in one parallel branch b; which is one of
the locally'parallel brahches, and may be subjected
to recursive citation.
ii. Parallel tree branching (Figs. 9a-9B):
For the case when the branches by, ..., b,
20 describe different amounts of extracted data, such as
when the branch by describes the portion of two sub-
strokes of the square style forming the real
prototype of the Japanese character (this square
style is known in Japanese as Kaisho) and b, describes
\_ 25 the above two-strokes in the cursive or semi-cursive
style, the extracted data scan point upon the start
of the succeeding part is changed. This branching is
referred to as "parallel tree branching," wherein the
starting point of the parallel branching has to be
30 processed as the tacit branching starting point.
The branch, which can include parallel tree
branch, is restricted by a certain condition. This
restriction is to be undefstood such that the
"parallel branch of the locally parallel branch must
35 not include a parallel tree branch from a semantics
standpoint.® This restricts the dictionary



when the branch [err] describes the portion of two sub- strokes of the
.square style forming the real prototype of the Japanese character (this
square style is known in Japanese as Kai sho) and b2 descri bes 25 t he
above two-strokes in the cursive or sem -cursive style, the extracted data
scan point upon the start of the succeeding part is changed. This branching
Is referred to as "parallel tree branching," wherein the starting point of
the parallel branching has to be 30 =17=processed as the tacit branching
starting point. The branch, which can include parallel tree branch, is
restricted byleseeiptiondeyideteertainndegreas riasiwhllsPeo be under st oed

such that theged@rfbé@! 18RS Pf thECalOERbhArPas 2665 REBNEALIH # 35 W)

not incl ude anggr llel tree rgnch fr$£1g semantics s%anﬂg0|nt." his ~
restricts theif APRRGr§estrigbiongs it ptf ASEFS2EE 12 R2UBgRee. As will
be descri bed funetionftohdetiecti thatytBeddistionasytd ssatisfiabove

restrd ctions, 4{ i C Y. ; UNCged. t the

di ct iéonary 3 %%%iés??gg §§§3ﬁ régﬁgfé?%%;hof& e%&rqeél??idgéle%%gwﬂwon t he

det ecti on t hethereof hethecdiohiepagyi3d iacineerrectindandetbeascdn ended.

The | ocal |y ppsagh&eabranching and parallel ‘tree branching will now be
described in detail. 10 Locarlé paral |l e branghing @i, fgr exanpl e,
shown by the | ogi cTRer 4eERILY PAFRLLIEL PFBASRING aRdPgraglel; Ere6uwi ng t he
precedi ng br ameénéhingl widl| gopabel eschibadhingdetail.mark PS is | ocated

at a point (t t] g rti : 15 | ocal ly paralle

branchi ng) i | branchi ng becones necessary. Then,
simlarly to the dasa for esampleadshewnnbyhthealegde structure of o

the dictionary 3 in Fig.'sa,'following the preceding
branch a, a locally parallel branching start mark PS
is located at a point (the starting portion of the

15 locally parallel branChing) in which the ldcally
parallel branching becomes necessary. Then,
similarly to the data TA, T; and TE in the case of
tree branching, position data PA, parallel branch P;
and end code PE are grouped as a set and, in this

20 case, there are provided a plurality of the above
sets (three sets in Fig. 8A).

The end code PE succeeding to the last parallel
branch P; is followed by the end code EP which
-indicates the end of the'parallel_branching group, Q-J

25 and the position data PA; of the parallel branch P; is
employed as data indicative of the pésition of the
end code EP. Further, the end code EP is followed by
the succeeding branch b. |

Since the length of the parallel branch P; is

30 known from the position data Pa, it may be possible
that without providing the end code PE, the scan
position pointer A, checks that the scan reaches the
starting portion of the succeeding parallel branch.

When the locally parallel branching code PS is

35 discovered in the sequential scan, the stack
condition proceeds to the next stack condition



tr-ee,'branching, position data PA, parallel branch [err] and end code PE are
groupéd as a set and, in this 20’ case, there are provided a plurality
of the above sets (three sets in Fig. 8A). The end code PE succeeding to
the last parallel branch [err] is followed by the end code EP which

I ndicates the end of the parallel branching group, 25 and the
position data PA3 of the parallel branch P3 is enployed as data indicative
of the position of the end.code EP. FurtBar, the end code EP is foll owed

by the succeedi br anc ..Since the Leng of e rallel hranch Pj is
2 " S nown (LiGRERREteGL PY. BReqstaRba Fheftn, thE BBaEK,FendiZRon « hou
provi gl.i/nght he Bpd oﬁdthEElobhnycpa?abﬁéli stacki &j drs [sitirﬂtelzmg\:d(a:lthdwab% t he
scan reaches t t i u i ng.Ra el branch. en
t,he locally pa?§¥?e§5§r3%8%9%§5§§ g Bg ??%3%E8§?' gaﬁség&éred in the
sequenti al scakndipstingckheomesulsnofr Sedduret ist hempoxarddycwavedditi on

(incr nted by,0 S Ty t ongat ] ocal ly
paral?gF stackigAeﬁg.EEF?Egdgsgrfhgsﬁ§§?cgﬁg ?ﬁ%%igﬁgﬁiggaggéo%gsg¥ep), and

dat a i ndi cati n§oRAdtieBuPs11ef ThEFERELEX. { BRPERSFING S to thej the
result store ngsmhyifdtRel tieeabanbliinge (sheekanandet-starkepoblint

Thereafter, procgssi,ng_sinmlbar, to.t SC in_t “branching (save and
re-start pointsggs)1Fse§$€8&?8da&ﬂdQSﬁ@n%Sﬁes§8§§8%ﬁ$§|g?%gngfs conti nued.
10 veptinnedhe sequential scan of the parallel branch the

localjy parallel bragpehigg Egﬁrgﬁggh QiQQ”QEEBOBfiEh@SbQQhFigﬁd or the scan

suspension condition 1S esta ue to_the degraded val ue of the
eval uat ed r esuPFanche therdocadilyy Paratdsdcprapching tegmipatdnged in the
requ t store neshaitA¢h? ianéstablished or the scan suspension

condition is established due to the degraded value of
the evaluated result, the temporarily-evaluated

15 result saved in the result store memory A, and the

better evaluated result of the present result store
memory As; of the unit 100 are again saved in the
result store memory A;;. Then, the save area B; is
copied to the unit 100 and recovered and the

20 processing proceeds to the next parallel branch.

In this case, the processing is branched into
the following two processes depending upon the code
pointed out by the dictionary scan point pointer a,
vhich was determined by the preceding process:

i. In the case of the succeeding parallel branch

(in the case of PA, and P23):

The sequential scan is continued immediately
after the position data PA.

ii. In the case of the completion of the parallel

30 branch (in the case of PA = EP):

. The cpnﬁent stored in the result store memory
A, is shifted to the extracted data scan point
pointer A;;. Then, the condition of the stack
condition pointer A;y; is returned by one step and the

35 following completion processing of the local parallel
branch which will be described next is carried out.



better eval uated result of the present result store memory [err] of the
. uni‘ts 100 are again saved in the result store 'nenory [err]. Then, the save
area [err] is copied to the unit 100 and recovered and the 20

processi ng proceeds to the next parallel branch. In this case, the
processing is branched into the follow ng two processes dependi ng upon the
code pointed out by the dictionary scan point pointer [err] which was
determined by the precedi ng process: 239- i In the case of the
succeedi ng parallel branch (in the case of PA2 and PA3): The sequenti al
scan is continued Thiscrempletion Hragrssing tisbranched toi. | n the case

of the conpl grcidd €he Mmﬁﬂg Ko procéHs?éEhié éndiwg canermé PA - EP):
The content sto in the res t stor g' s, shifted to the ™~
extract ed datrfi"{‘,]g"n %%?Fﬁ'dp’o? 'GI'P%"?P ¢ e 'E‘%J‘ﬁ'ﬁ‘l‘?bn of the stack
condi ti on poiint er Suspénsﬁomeﬁfwsuahby one step and the 35 ' fol | owi ng

corrpl etion pr ocess# nﬁu@éen&%f IH_O&€|SM ai% eéx@éﬂ@i‘ Méﬁ:rhﬂlé)gb@h%escri bed

next |s carried od conple rocessing 1S br dto
provi de the fraradlied) byanches have f:midem dthe revaluwatedstored in the

result store J@ipie/ ¥2%né. fesﬁ'@p@tﬂﬂ- éﬁoﬁgraﬁczﬁndlcates thFA suspensi on

of scan is executed when_al t he parall hes have falled and the
eval uat ed rediRdlyRe; kﬁ“@e‘%@ﬁtl’%‘?‘iﬂ%s#w mhe BEansuspensien| yre, and

the processi %ﬂﬁﬁﬁéﬁei§06@tmm{§d%%ﬁ§&ﬁtém is established is
exeg ted 10, I on of scan. This processing i s executed

t here e>?i’s'ts %%i%?a{'% %#a??%‘? branches which reach the

This processing is executed when there exists
some of the parallel branches which reach the v/
successful level and the evaluated result in the
result store memory A; indicates the successful

15 result, and the sequential scan is continued just
after the position data PA (= EP).

Accordingly, the evaluation scan in this case
substantially becomes as shown in Fig. 8B, wherein
after the preceding branch a, the parallel branches

20 Py, P, P3 are scanned and the succeeding branch b is
then scanned. With respect to the evaluated result,
one of the best evaluated results of the branches Py,
P, and P; is saved.

a b S c! _ :

25 Fig. 9A shows the structure of the dictionary 3.
As shown in Fig. 9A, next to the preceding branch a,
a parallel tree branching mark BS indicating parallel
tree branch and the position data BN indicating the
starting position of the succeeding branch b are

30 located at the points in which parallel tree
branching occurs. Then, similarly to the locally
parallel branching, the position data Ba, the
parallel branch B; and the end code BE are provided as
one set, and in this case, there are provided a °

35 plurality of (three sets in Fig. 9A) these sets.
Then, the end code EB of parallel tree branch group



sucgéssful level and the evaluated result in the result store nenmory [err]
hndi cates the successful 15 " result, and the sequential scan is
continued just after the position data PA (= EP). Accordingly, the

eval uation scan-in this case substantially becomes as shown in Fig. 8B,
wherein after the preceding branch a, the parallel branches 20 [err]
are scanned and the succeeding branch b is then scanned. Wth respect to
the evaluated result, one of -t he best 28 at ed results of the branches

err], [err] is saved, Parai]lel tree branching 25 . Fig. 9A shows
E_he ]su Lcture Eoil ‘H‘éa{a?gt?gn{??? %‘?‘?,@"é?\%@#i%"iiﬁdﬁﬁl; %t to the
preceq%ng br an®dll bowed pey athel sheceeeding drawcheds k BS i ndi cati ng parall$
tree B¥anch and th i3] iyl ' r{glng position o
t.-he succeedi ng br aﬁ‘gﬁ&g é%ggﬁggiatg&l%%ﬁ‘gyé? @%@c;%s?n és i n which

parall el tree diseeviengdotnuthe Seqwential |scay, tthe ipositionydataal | el
branchy ng, themposkttAl dableéling NordfcR|bols NAVEd B A Lbgnond code BE

are provided as one set, and In this case, ere are provided a 3
plurality of (F9Reinuatiop.stagk Agm)ofnthe wBit 18fenan@he end code EB of

paral l el tree tH@P6a£8EeP) Pprocedding SsiniraLdtaithiae endewed this end code
mark BS |5 di RAVEPBERTHOBRY L AT g PORRAh BTt dn e 5 BN
of the succeedi ng bhaoohdinglysaimdthis ttasecadthe gres itbon oiata aek A33 of
the wyt 100, Gid éﬂﬁéé&&%ﬂg’bﬁﬂéﬁ. {9 §LIB1F"sdPed tlFfi.ﬁ.hﬁxe .
af orenenti oned tree branchi scan i S executed. Accordingly, in this case,
the position dé@@nofontinuation stack Az of the unit 100 and the
o continuation stack saved in the save area B;.
In order to understand that the scan point
reaches the end of the save area B; of parallel tree
15 branching in the sequential scan, it is proposed to
prepare the end code BE in the dictionary description
or to check whether the scan point pointer A; reaches
the position of the position information of the re-
start tree branching saved in the save area B; or not.
20 When the end condition of parallel tree
branching B; is established in the sequential scan of
parallei tree branching Bj, the same processing as the
citation return scan is executed. In this case,
however, since only the scan continuation stack A;; of
the unit 100 is derived and the continuation point
stack saved in the save area B; is not changed, the
position information of the succeeding branch b
remains. |
Therefore, the evaluation scan in this case
30 substantially becomes as shown in Fig. 9B.
> Fig. 112 shows an example of a logic structure
of the dictionary 3 to which the present invention is
applied, and Fig. 11B shows the substantial scan
order thereof. In Figs. 11A and 11B, reference
35 letters a to k designate branches.



10 t he succeeding branch b is doubly saved both in the scan
continuation stack A33 of the unit 100 and the continuation stack saved in
the save area Bj. In order to understand that the scan point reaches the
end of the save area Bj of parallel tree 15 “branching in the
sequential scan, it is proposed to prepare the end code BE in the
dictionary description or to check whetdet the scan poi nt pointer [err]
reaches the position of .t he position |nfo tion f the re. start tree
branchi ng saved i & ébeﬁ??eﬁ??s%ﬁ ve 5 on, as ShowpudR (he end

condi tion of Figsal IJﬂJA tare®e Mpc&ﬁmﬂpmmmwbhgsm be bhansaqdent i al

scan of parall ree S tati Qs

ooan of DA ar e A Whiafing |6 U REORER hMnBRhN® Tl ot

cont i nuat i on oxideak t{cemqalcifZQB:he abovmemt;oneé struetuved &he t he

cont gnuat | Onswmtcoﬁ%@gé&ca@v%ém die f@Vﬁr@Gfée&erﬁixeféiﬂohsCha”QEd the
n o e

position informatio succee branch remai ns. Therefore, the
eval uati on s&heWm (fA% exaple, in th %u%@?%n[f&l?i Bégonéigaseyﬁawn in

Fig. 9B. Flgaﬂ lthes Péthar@fecpéaaibﬂgbﬁaﬁénﬂﬁgwehef scla disctionary 3

to which the ent V, | lie and Fig. 11B shows the

subst anti al W tf‘?f’% d’P.L‘A Jand 118, reference 35

letters a to k dedAsgynai ¥l tharujment fﬁdn Rigs: dLlhay andt DaBpr &hent

i nverti on, ﬁaEEM% %#{# tho raRC can be
bra'rif?hed and al’so tlf#h{r anchﬁpugé;gd %%g 5b§3RC 4 ﬂhaIgn order to
realize the mthhﬁi@P!étiF%t%*%t enary 3 can beaﬂaéGnG’P!ﬂP@ﬁtsave uni t
i s provided, pheyigid Afa Sy redd§nEXPOR| ani Bet B&reEed bhk ak Fig. 11B,

even at the (i_‘o.rggll etloendof C|tat|on branching, the scan is o
As described above, according to the present

15 invention, the size of the recognition dictionary 3
can be considerablyicompfess'éd. That is, the
recursive use of the citation description is made
possible with the result that the dictionary 3 can be
compressed. in'the citation description, parallel

20 "~ tree branching can be used, thus allowing compression
of the dictionary 3. Further, since parallel tree
branching can be used again in other parallel tree
branching, the dictionary 3 can be further
compressed. '

25 Furthermore, since common portions such as a "

radical (Hen) and the like in which the hand-writing

is started is evaluated once, the time for

recognition can be reduced. In other words, since

locally parallel branching is used and the succeeding
30 branch is evaluated once, the dictionary can be

compressed in size and also the time for recognition
can be reduced. '

»



re-started in citation branching. As will be apparent fromFigs. 11A and

11B, the 10 | ogi ¢ structuré of the di cti onary -3 Tam be made ctonpl ex,

whereby the dictionary 3 can be nmade conpact in size i on
can be carried out at high speed. As desgei bed above mwmﬁﬂﬁﬁmn!ﬂ
present 15 i nvention, the size of the recognit sy can be
consi derably conpressed. That is, the CBAIMBi ve use of the citation
description is nmade possible. mnth the result that the dictionary 3 can be

conpressed. In the citation descrlptlon parallel 20 tree branching
can be_used, thus allo rggﬁfggpre55|on of the dictionary 3. Further, since
parali gl tree b@arﬂaﬂ% RAAFuUR) £9F 4 At P §iN9 [dewien o ng

the dict h furth d. F h

Since commbbaRAA e ing PRaraL ”%oiffs-fmndsafrfa nena TRt e

hand- t b

Feduced :%nq‘&‘??ﬁ%\%ﬁ’%@ﬁ%?#%%‘iﬁd?@néﬁﬁ SO R B e
di dicti b

conpr esseqeitual, ot tiir e i for%g lo'nCCA‘n’”SéyréﬁﬂceS. L

A data input apRaRaiBiet Und f AabRt Gatif sRRpMRLR bei ng

operative to respond to hand-witten scri pt on 5 a tablet to produce

el ectroni GHiYatted TS HHtH from Eerckd Wits O i thd ibawef t el

conprising: a tablet and a tablet pen for generating sequenti al

char act er icHaractadxy f rom stroke data of a hand-witten character; 10

a scan control central unit for receiving said sequential characteristic

data; 10 a scan control central unit for receiving said sequential
characteristic data;

a recognition dictionary memory organized in a tree and
branch structure for electronically storing character data
describing characteristics of characters, the tree structure of

15 the dictionary means including at least citation branching,
parallel branching and tree branching, the parallel branching
being classified into parallel tree branching and locally
parallel branching;

evaluation scan control means for scanning the tree and

\_ 20 branches of the dictionary memory to search for character data
corresponding to the hand-written pattern information data; and
save means for storing the condifions of the evaluation
scan control means, wherein at least the conditions of the
scanning existing at the beginning of each branch are saved in
25 the save means upon branching in order to allow recursive use

of branches of the character data stored in the dictionary

means.

2. A data input apparatus according to claim 1, wherein the



a recognition dictionary nenory organized in at ture
for electronically storing character data describing charac | stics of
characters, the tree structure of 15 the dicti ona{”lim l“hﬁmm‘Hg at

| east citation branching, parallel branc8mg and ti% , sl he
paral |l el branching being classified into parallel tree branching and

| ocal |y pevaluatienaseanngontvolumenrds isapdapkedotonsgan hosuccessive t he

tree and 20 branches of the di ctionary meno ¥ to search for character data
cor r esporRFABCR ALRET hEAY ﬂﬂlFPSnbﬁﬁFtSVﬂlpﬁ 4PRaFPSH 1% When, Seanning eans

for storin con i ORS O evalua an ntrol means, wherein_at
| east the® gﬁhﬁP??Bﬁg é ripg eﬁﬁ XgpéfPéhFEg PnFﬁgnEéglnnlng of eachj
branch are saved in 25 the save nmeans upon branching in order to allow —
recursive use of branches of the character data stored in the dictionary
means. g 2. A LN p C clal e t he

T 8% 3. AR BipufPRRbEEHEYRTCNEt B BO R raiBRATRE T
scan a s e \Y u

scanni ng Eerap¥CelpBEaNtsITY 25 hUGURpoERTh BBMAHLAL It Hertithce | |
appar at Usg§ORAd " ast smaadrateansadthe aReb Pﬁnﬂh&t a&h'wahb& as hereinbefore

described with reference to and as illustrated i nthe acconpanyi ng
dr awi ngs.




