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2071018 MEANS FOR ENCODI NG | DEOGRAPHI C CHARACTERS FI ELD OF | NVENTI ON Thi s
i nvention relates to inprovenents in nethod and apparatus for information
pr-ocessing. It particularly relates 5 to inprovenents. in such DCh 4
and_appar-atus applicable for use in connection with Chinese type gﬁgggggglg
cuyreX |y used in Chinese, Japanese and Korean script, which are commonly
re d to as ideographs. BACKGROUND OF THE | NVENTI ON 10 The
Ch | anguage is reported to conprise about 30,000 characters. Sone <
8,000 are listed in a coommonly used Chinese-English dictionary, these being
sufficient for nodern Chinese prose. A vocabul ary of about 3,000 characters
accounts for 95% of the characters in every day use. Tel egraph code 15
books are limited to about 9,600 characters. The 30,000 characters that
conprise the witing systemof the Chinese | anguage are a heterogenous set,
and were created at different stages of the devel opment of the |anguage.
The pronunciation, in general, has been assigned arbitrarily to the 20
characters, and the strokes fromwhich the characters are conposed have no
syntactic nmeaning in thenselves. The -2- characters are not anenable to
classification in a well structured system The “itional Chinese
dictionary arrangenent nethod is in accordance with radicals and strokes
conprising the character. The system haslmany deficiences. There are 214
different radicals _ .
MEANS FOR ENCODING IDBOGRAPHIC CHARACTERS

FIELD OF INVENTION

Thﬂsimwzmiaxrelauasto improvements in method and
apparatus ﬁar.ﬁﬁ&nmamidn.pﬁxxssing. ;t:particuhmﬂy'nehmxs
5§ to ﬁmmxnmnemts:hxsmd1ue¢hmiaﬁd.quuz¢nsaq;ﬂiaﬂﬂe for use
incxxmectﬂxzwﬁﬂ:Chhnse1a@e<ﬂ£uacuas currently used in
Chﬁrme,-Ruﬁnmxaamiﬁnnﬁmlsmﬁpt,ﬁmﬂﬂ1énecxmmmﬂy'reﬁmzad
to as iﬁaxnz@hs.
BACKGROUND OF THE INVENTION .
10 - The Chinese language is reported to camprise about
30,000 characters. Same 8,000 are listed in a commonly used
Chinese-English dicticnary, these being sufficient for modern
Chinese'pmse. A vocabulary of about 3,000 characters accounts
for 95% of the characters in every day use. Telegraph code

15 . books are limited to about 9,600 characters.
| The 30,000 characters that camprise the writing system
of the Chinese meﬁzqh are a heterogenous set, and were created
atcﬁffenaﬁ:stmmx;of-ﬂxedemekmman:of'ﬂualam;mge.'Ihe
pnmnnmﬁat#xh in.gaunzuﬂ'hhs been assigned arbitrarily to the
20 characters, and the strokes from which the characters are

canposed have no syntactic meaning in themselves. The



5° . listedin the Kang Hsi dictionary, and it is sonetimes difficult te '
determ ne the radical group to which a character is related, especiall '
whep it is not a phonetic conpound or a conplex ideograph. Looking up "
character is’tedious and invol ves sone six steps. Also, there is
consi-der abl e degeneracy, with up to 10 30 characters having the sane
rad&d | -stre n er characisic A second systemthat is sonetimes used.is one
mheLéln the four corners of the character_are assigned a nunber in
accordance with the stroke types and con??guratlon of the strokes in that
corner. The rules are relatlvely conplicated, and m s-coding 15

éSg?%ébysgﬁfFL SEEREE e phf alethgp. & el RheR TR Bt At
. Di ot |

Th:anEisﬁ-yi nC%?RgM1 assi ]&%%ﬁgﬁaf%%ﬁ oguceé ’ﬂ%@ a EEIJ I ng 5 gﬂ% ng)
i 1950' s gg&ﬁﬁgTég ?%?ﬂxﬁk 8apReki

Lgpﬁegentatlon usi ng the atlnhyet ers-an tone |nd|catd%§! The assi gnnent

of phonetic val usfehgpfani faa ALPRWeRLSS, - Othdracard Ri4idlfcateiitefddicals

(Mandarin), and also subtle differences in the sound and tone nust be

di scerned i ngmanyligbed inCHi¥ RaheHBi biiary, and if iy sahstiines @iffiomlel ves
consi der abl e degeneracy. Ot her systens of c aSS|f|cat|on ‘are al so known,

serving - 3- f ato detirmine tthp Wraddeal grote tockitirhay lchavaleteri i3 selaied, 9, 600
characters nunerically, thus avoi ding degeneracy entirely. However, the |ist
i s accessed by opmspetiallyediephit ds lniIrarpmmtidne:arpwrxd or a canplex -

ideograph. ILooking up a character is tedious and involves some
six steps. Also, there is considerable degeneracy, with up to
10 30<ﬂﬁuacte5512ndng the same radical-stroke mumber characteristic. .

A.saxmd.swﬁzmlthatns s:mﬂumesrmﬁd:usonevmenau1the
ﬂmn:canmms«ﬁfthecmanmﬂxn'anaassunmﬁ.armmberJn.mxnninma
with the stroke types and configuration of the:ﬁnx*es:u1that
corner. The ruha;are nehmumeiy'oumgtuxmed,amtinus«xﬁhng

15 ﬁmquaﬂﬂytxxmrs Demamzaqy:seﬂsoaapniﬂem for exanple,
in the 2000-2999 section of the four corner code table in the
Xinhua zidian (New Chinese Dict:ionat:y) 1971, there are 1599
chmzmiersckﬁhneitw'885txﬂes

| The!hnynanexhuicf dkmslfnxnnnnvms uﬁzo&xxﬂ in

20  Beijing (PEklng) in the 1950°s. The method 1nvolves a standardized
phonetlc:aﬁﬁzmlof representatuxxuslng the Latln.haﬂzns and
tome indicators. The assigrmment of phanetmcwnﬂuesxrx2531tates
a.hmmﬂedgecﬁfthetﬁﬁhc1a1<tuﬂect @Emdanun. andaﬂso sﬂxﬂe
differences n:the smntiandixme:mmt.beéhsca:mﬂ:u1naqy

25 'chanmﬂxrs. Pnnun q;ﬂl;ngcﬁtﬂumacuus nnxﬂxes<xxsu&azble
degeneracy. ' _ _

" Other systems of classification.ére also known, serving



$

‘care¢ ‘of commony used characters, hence the systemis slow and 5 requires
fnsit der abl e training. Mre recently Cal dwel |, US Patent 2,950, 800, ’

) ﬂgosed a system based upon the type of stroke fromwhich the characters

ar e’ constructed , and the sequence thereof. Some 21 "basic" stroKes were

i'dentified. Some degeneracy was observed, but this was relatively small in

conparison to the 10 nore traditional systens. Mreover, the nethod dld‘)

not necessitate a fine know edge of tThd <Chinese witten Ianguage or a e
particul ar dialectic mar of pr .ation, hence it could be open for '
w despread us Ch| nese charact I S:con erted |nto a code signal,

15  such si Fle]: 6?%5?&6 w$0Qy st em such

3;323{”;:9 Sﬁt%%a%%v”s'% Yo Baeg: Coﬁmﬂgmml The code
aceumil ator wEravk: **‘%dﬂﬁelﬂ%s%%ﬁ% i S T Pé%rx t%ﬁsel ect
gﬂgr gg{ltG:gl vvetdragegl{(s)r ed, fhﬁ%@%éec?&ﬁ%ﬁgﬁ&act er cou d be

optical l'yg pr Iret:eﬁresl\@@elaeﬁaﬂ@ Yrdingh®: PMOAE $RB8ENtAGY Wg %eadi ly

permt the construction of electronic analogues 25 " s

system such 23956,/800n prypSEas Bospstein Bised Updia i ityBe 330stidike Bidd | NOre
recently in accordance with well. known procedures, witing instructions .
converted frechicodbe charadterss'agma:bnsmt& and @Tsedtﬁﬁc@rth"ei:edml d
crystal" display, or for- prl nting such as inpact printing, matrix wire
printing, hots%m-t ic” strokeswereldmtn_fled Same degeneracy was

obse::ved,butthlswasrelatlvelysnallmcmparlsmtothe

1o'mretrad1t1ona1systm Moreover, the method did not

| .necessitateafmelmowledgeoftheChmesewnttenlanguage
oraparta.culardlalecucmmerofprmunclatlon,he:mxt,
'cmﬂ.dbeopenforw:.despreaduse

Chcea&zmesecharacterlsconvertedmtoacodesmnal,

15 ':suchsmalnayheexployedmanmfomatlmpmcessmgsystan
such as commmication, printing, translation and machine control.
'mus,Caldwendescnbedanelectm-mchamcalkeyboarddence
forn‘.nputtingthecodeelanentsim:oanaccmmlator. The -

| concatenatedcodeelementsmtheacczm:latorwerettm

20 "cmwectedmtox-Ycoordmatessoastoselectandcontrolune'
.pos:.t:l.cn of a film matrix uponwhz.ch the preformed characters
.werestored,w}xerebytheselectedcodedcharactercouldbe
opl::.cally prmted M)re recently m:.cro—processor developments
would readn.ly permit the construct:.on of electronic analogues

25 eubodymgCaldweu'ssysten,suchasshmmbysmshouaetal,
US Patent 3, 325 785. StJ.llmore recently in accordamew:.th
wellknovmprocedures, wr:.t:.ng:.nstruct:.onscorwertedfmncode



ptinting qr jet printing, for exanple. Also, whilst such instructions my )
relate to witing pre-forned character, they may 5 relate to instructions_ =+
f or synt hesi sing such characters. A si rrpl e.synthesi s was proposed by Li,
Pat ent 3,950,734 wherein a "prefix" and "suffix" were combined to form
character.. Mre conplex systens of synthesis in accordance with the st
typ\e{and spatial configuration of the strokes are 10 al so known, for
exagple.as in the el ectronic system designped by Wakamat su, US Pat ent _
4,144,405, or in the various nechanical systens that have heretofore been
proposed. It is inportant to note here that the kinds of strokes for

synthesis of the character for witing pur poses are not 15 well-defined.
Most strokes are signakeaway b%'fnfarﬁﬂbol@l@ra\ﬂéﬂﬁ-ﬁw%ed%ﬁﬂlﬁﬁr OXafRF t he
classification of such strokes into types.is qU| te arbitrar Whi | st

Cal dwel | def i ned BFkRt&ngISygla RS2 IMBAGEHPIIRLLRT w MRET HyWits BK ed0tgpoint

encodi ng purposes, jt . has been recqgniz d here ofo t ha smal .l nunber of
stroke types woul BFS¥ng oFf et pr hi* ﬁmﬁs Fudt f ferent

stroke types for ¢oding s stems |ch hav

given by Stalli ng : %%@%WB%@Y%
(1976). Cheun 9]5%3 ih ! S@E‘HHE g{,gﬁ) es
characters" Proc. r&f Yy posi um on 5%g‘nputers an | nege 3

| nput / Qut put Syst ‘._g%s( %M by 15 05 padertl B 405784 St T Oke
types. Liu, in" Rea 5% | nese nd Witlng Recognition Machi ne" M T
Canbr i dge E. E. Tm al 9feriste nindl MogEEix" k6! dclotndd/ BOSEonoahi da and
Eden, "Handwitten Chi nese Character Recognition by an. :

Anal ySI s by- Synt hﬁﬁr&cﬁ&i hatdre Biflex systems of synthes:.s in accordance with

thes_tmketypearﬁspat;a.loonflguratlmofthestrokesare

10 also known, for example as in the electronic system designed
byWakaniatsu, US Patent 4,144,405, or in the various mechanical
systems that have heretofore been proposed

Itlsmlportanttomteherethatthekmdsofstrokes '
| for syntl'xesxsofthecharacl:erforwrlmxgpurposesaremt

15 well-defined. Nbststrokesaremthmnbynametotheaverage
Chinese wr:l.ter, and the class:.f:.cat:.on of such strokes into types
.J.S quite arbitrary. Whilst Caldwell defined and erployed 21
suchbas:.cwr:.t:.ngstroketypes forer:codugpurposes, J.thasbeen
reoogm.zed heretofore that a small nurber of stroke types would

20 | suffice for this purpose. 'Asmmryofdlfferem:stroketypes

| for coding systems which have heretofore bem proposed is g:.ven
by Stallings, "Pattern Reoogm.t:.on" Pe.rgalmn Press, Vol 8

.pp 87-98 (1976). Chemxg and Chan, :.n Oc_:mputer-mded instruction
.indﬁnesecharacters Proc. lst Int. SynposiunonCanputersazﬂ

25. Chinese Input/Output Systems, 599—616 (1973) J.dent:.fy same 31
different stroke types. Liu, in "Rea.l Time Chinese Hand Writing
Reoogm.ta.on Machine" MIT Cambr:.dge, E.E. Thesis, 1966 identifies



JAst L.nt. Conference on Pattern Recognition, 197-204 (1973) identify 7
'Y oke types, and Groner et al, "On-line conputer 5 classification of
‘f‘dbrinted Chi nese characters as a translation aid" ‘|l EEE Trans El ect.
pput . 16, pp 856-860 (1967) propose 5 types. The 7 stroke types and the
’stroke types coding nethods are referred to ‘grater detail e ;
herein. A keyboard for encoding characters in accordance mnth 10 stroke:f_
type and sequence may pernit touch ty@ing of the characters.” Using his x4 .
definition of 21 stroke types, Caldwell designed a keyboard with 21 " '

apparent L hat 19 GRS GuBRE1 o FRate 99 it I qUEPUT AR HBS5 har act or 1 or
onguage on acktrEst ReGhESEIoh dy oS AR ipatcyy a‘ﬁ@@ﬁﬁ?' R R g
_gbog;!éaelﬁndeﬁﬁgggvt %ﬂ%%gqggFgégéggg%%géiper chara@%ﬁg;gybfhgg about
?hgegcggtaordﬂ%?%h?§lsg%?ﬂégs énce 0 cod%se engnt§&§§#?§§3%%§|Lgngghtﬁg

stroke tyges)g i&fﬁﬁ&hﬁbﬁ £ bt i htdd eRliibeSenAuctérd BSta trhéitubgh the

character from ot her characters conprrsrng the vocabulary list, whilst 25
avoi di ng r eduggfnC YEEE QX RIBHE. c&gﬁt rﬁmsb@&sdn rprbia@secode wor d
BGD- EGV BDP BDP BGE GE, . the keyboar mouTﬁ ck after the seventh key had
been hit, as §hepeslt The 7 wteckeitypes &nd the 5Gstmé typgsicoddngo i the
character fromthe remaining = .

: methods aﬁareﬂmzzd'u:1nngm5¢er¢ma2ul mﬂqumaﬂﬂy'hamun

Atkqw:xuﬂ ﬁm:enouiux;chanmﬂzrs:u1aoamxhnoevnth :
10 stnﬂﬁstypeamd.samnmcenay;xmmu:tbuﬂxtypunroftme
chanmﬂxms tkunglusc&ﬂhnxtux1of 21=ﬂzdhetqpes Chbﬁﬁﬂl
'aazgneaakeyboardmthzl strokekeys" each assigned to one
stroke type. Hbmamz'rtvas attxme qument-ﬂﬁn:the speed
amtauummevnih.mmﬂidesunlwodklbe,chanxﬂnr for word, low
15 Jn.cuqxuusun-u:the awaage-ﬁnxng=qxed:u1£hg1n§11an;x@m
lonaaomaﬁq'hqﬂxand theanera;astnﬂms pm:chamxmerlxung
.about.lo,'mmithe amaﬁgﬁemuﬂxx'of]mﬂstrﬂM§;pem'Englldh
.vxmd.belugiinut 5.
| Caldwellreducedthemmberofkeystrokesper
20 chammﬁxn:by'Um>empahents. The fu&ﬂ:wast:uned.ﬁmnunmm
sgﬂl;ng WMaEbythe]engﬂtoftme<xﬂevxmd ﬂhat:s,t&e
seguence ofcxﬂe eLamzus cornaqxxﬁhng to~ﬂx;strdhetqmﬁs) for
| a character'was truncated so as to Just dlstlngulsh the character
| frunotherctnracters canpu::.smgthevocabula:.y 1J.st, th.lst |
.25 | avomdlng redundanqy Ebm examp&e,'when an operator keyed in the
. codewordammvmpmpmcm,&zekeyboardwouldlockafter
.the sewaﬂﬂzkey had.been hlt, as the further 1nfanmﬁ:ux1was



Eharacters conpr|5|ng the vocabulary list. In an expanded vocabul ary |i st
cont di ning the code word BDG EGV BDP BDP BGE GF, which-differs fromthe ‘
above exanple in.,the | ast code elmt only, all of the code 5 el enents ar,
fequired to avoi d degeneracy. It is apparent that the applicability of
“mini mum spel ling" in reducing the length of code words is very nuch

debehdent upon vocabul ary size. The second expedi ent was the addition of
"eQiity keys", which keys generate a signal correspondi ng to a sequence of
strokes as opposed 10 'to one stroke. Sae 20 different "entities" were

descri bed, each representing several strokes in specific spatial

arrangenent, often_that f a_.[adical .or. haying, ot synt acti.cal

si gni fi cance. m%&%‘%%@% R cters,
Cal dwel | report n .of he n.y Jﬂl% ?1; Sbfk aﬁ
character to 6.7 USI ng t %ﬁfﬁ()i‘%’t hfé‘d ﬁlgléng a anaf|

sanpl e drawn fr; tﬂfﬁ&?@% Ubx@f d&ﬁibﬁ'eﬁlhhﬁ
aver age nunber kéeE;/lstro S necessary E%Eent erﬁm’%har actef makl ng ?é%e use

of the "entity ﬂiﬁdsthé"%é &aﬂﬁiécih @8k Nt edoagUblefent GnEYY 412 &fehd\@aaYe
word length in the English 20 | anguage. However, after a suitable period

~of trainings tRaehsfisgrspeadia 66/eRoid W&@éﬂyéﬂ/&&rﬁ)wy&ﬁﬂw| |

to be only 14 characters per mnute. Such typing speed is, of course, mnuch
| ess than is capplitbiliitay of dteininum spellingTna reducing dhe léngthraf der t hat
stroke coding systems for Chinese type 25 characters which enploy highly

di scri m nat i ng coBesisdssis veey much alepahdantupai vecsbubaryystzevhi Te tend to

limt the attai nment of good typl ng speeds. For exa Ie, certain strokes
have a close secor;imcpeg,en addition of "entity » which keys

-'genera;teasignaloorrespmﬂmg-tpasequemeofstrdcésasopposei
10 to one stroke. Same 20 different "entities® were described,
eachrepresentmgsemalstrolu%sinspécific spatialan:angat@t,
oftenthatofaradicalorhavipgoﬂaersyntacticallsignificance.
From his relatively small vocabulary of 2,333 characters, Caldwell
reported a reduction of the median value of 10.2 strokes per
15 character to 6.7 using the "minimm spelling” method. When using
a small sample drawn from the aforementioned vocabulary, Caldvell
estinatedtheaveragemmberofkeystroke'snmessaryto'mtera
character making full use of the "entity keys" was 4.7, which
cohk:ida;s_quiteéloselytotheaveragemrdlmgthinthemglish
20 language. w.afl:erasuitable period of tra:.m.ng,thetypmg
speed on such a keyboard was reported by Caldwell to be only 14
charactersperm:‘.mte.. Such typing speed is, of course, much less
thanlsconsa,deredaveragefortypmgﬂxghshwm:ﬂs
Weconsmerthatstmkecodmgsystansford:mesetype
25 characters which employ highly discriminating “basic® strokes have
inherent disadvantages which tend to limit the attaimment of good
. typing speeds. For example, certain strokes have a close



’ 3
resenbl ance to other strokes; this nay be conducive to error in codi.ng, and

Xisiderabl e effort must be expended on the part of the typist to

4t i ngui sh between the types. Further, whilst there'is no -.etic linit to
2 nunber of word encoding keys which may 5 locate on a keyboard, there
woul d appear to be a practical . limt beyond whi ch touch typing becones )

increasingly-difficult. As a first approximation it is not believed to bes~
desirable to exceed the 26 letter keys of a Qeerty keyboard. Thus, whilst>*

Cal dwel | identified some 20 different Tentities", only 6 were assigned a 10
key position, together with the 21 "basic" stroke keys. This restriction on
the nunber of keys severely Iimts the a cabl i of the enti ty keys,

since the pe (,‘?%'FE tﬁhé)gﬂﬁ Lﬁoa & which may

-'?Ertelﬂgo:ed usi Eg Ssi gaed "enttﬁ ‘F’-}?@hﬁs neci%sgB lll% ngoél d ?;Is:tl

equal nbf%mv# %W%&g@t evﬁﬁﬁ%?@%ﬁﬁfiidé

g?tng;nel \?VI’I ?f’?\g%m for "Eéq‘é’ﬁ%é"t% Wﬁ ba5| C st rokes"
jipe

(op. cit.g ThSatROEM @Skeytitakd] r&ie.eegbh.ubl HoUBé s priticaD ulifli® _
assigned to each of these stroke types would be 5 bits, and woul d be highly
redundant . vtk visduchetyping csbcbinéd rmorasmgmﬁfmust Asct i ng

m ni mum r edundancy codes of non-uniformlengths (D. A Huffrman, "A nmethod

for 25 the aaﬁ&ktwﬁp:mmﬁuﬂ:mﬁmmr&dwdme&ﬁoﬂesiéﬂﬁhhtdeﬁc&d 40,

pp. 1098-1101, 1952). Such non-uniformlength signals for code elenments are-.

used in seri the R6aletteyskays of a muyakeyhoaréndmus‘em Caldwell
identified same 20 different "entities", only 6 were assigned a
10  key position, together with the 21 "basic® stroke keys. This
restriction on the mmber of keys severely limits the
-. a;plibabilityofﬂ:eentitykeys, since the percentage of
characters of an expanded vocabulary list which may be encoded using
the ass:.gned "entity" keys is necessarily limited. Still further
15  in accordance with Information Theory, an optimal coding system.
 should have a set of code elenents each of which is used an
approximately equal number of times when coding an average text.
_'Azlbasicstmkecéaesystanis'far from optimal since, as stated
by Caldwell, "90% of all Chinese writing is accounted for by enly
20 - 9 of the 21 bas:x.c strokes". (op. cit.) The shortest uniform
length binary signals that could be assigned to each of these
stroke types would be 5 bits, and would be highly redundant. Hence,
Caldwell employed Ruffman's method of comstructing minimm
redundancy codes of non-uniform lengths (D.A. Huffman, "A method for
25 the construction of Minimum-Redundancy Codes", Proc. I.R.E., 40,
" pp. 1098-1101, 1952). 'Such non-uniform length signals for code

elements are used in serial transmission of information, and pose

&



-8-. no problems for |arge conmputers with [arge accunulators. However in
smal l er .information processing systens where the accunul ators conmmonly
8 to 16 bits, additional circuits and ponents are reuired before such
code signals can be processed. 5 OBJECT OF INVENTION It is an object of
tRe present invention to provide an efficient systemof coding to
facilitate the irnputting of information representing Chinese type

chef acters into a information process.lgg.system 10 It is an
obj ect of our invention to provide an | npr oved i nformati on processing
system for witing Chinese -type characters. S a further object of our

~I-nvention to pI’OVI de i roved keéboard apsparé;t s fo use I p the gbove
system SUMVARY ne
enbodi ment of the inwenti paratus for encod nese t
characters in acd® %}-Pﬂ'ﬂr]:ﬂ@g %ﬁéﬁq&e %ﬁ’lﬁ“é"ﬂjé%%
conprises a key@%QHWANEQ Gcgbﬁﬁéﬂt% Qr%
plurality of "dlgrap eys /&"m)nbgrap IC" key IS d:‘?'ﬂe eret

representative Os‘}chb&gecs e?d}ygg pméwskéar aphic" key is .

defined to be representatlve a sequence of two basic strokes, which may
be identical sor opiixer oFSHveENERRS | S provided responsive to the actuation of

each "nonographi T Rey Tor genefating a code signal representative of the
basi c stroke associ at ed theiswin bjest 6f thdiresent [iIAvattioh\Ve pbovideo t he
actuation of each digraphic" key for generating a code signal
representati ve eh éfficienpspsten ob aeding ttoofardlisatec the dapaticingvof h.

mfonnat:.onrepresmtnxgdmmesetypecharacters into a information

process:.ng systenm,

10 - It:.sancbjectofour:.mnent:.mtoprovﬁeanmproved
information processing system for writing Chinese type characters.
It is a further cbject of our invention to provide
: inpmvedkeyboardapparatus forusemtheabowesystan
SUMMARY OF INVENTIVE ASPECTS

15 'In-accordancewithoneenbbdﬁmtofth_eimmtion,an
apparatus for encoding Chinese type characters in accordance with
not more than eight "monograph” keys and a plurality of -_"digraphic”
keys. A "monographic” key is defined here to be representative of a single

20 basic stroke type. A "digraphic” key is defined to be representative
of a sequence of two basic strokes, which may be identical or

 otherwise. Means is provided responsive to the actuation of
- . each "monographic" key for generating a code signal representative
of the basic stroke associated therewith, which means is responsive

25  to the actuation of each "digraphic" key for generating a code
. signal representative of the sequent:.al basic strbkes associated
therewith.



Iln a preferred aspect. of the invention, the nunber of basic keys,
' basic stroke types is linited to five, and the stroke types are
d by sinple ge tric properties, as is described herein. 5
dane with anot her aspect of the invention, the keyboard |ncludes in

; to the monogr aphi ¢ and di graphic keys a plurality of keys haV|ngh’
a graphicity of nore than two, e.g. three, four or five. In a preferred '
farm the selection of the pol ygr aphi ¢~ lgeys (which expression includes E«L
di graphic) for 10 inclusion on the keyboard is made prinrily in accordance
with their stroke saving function, as defined herein.- In wth a stil

further aspect. of the ipve kﬁ¥§ gpﬁg p I tions
on the keyboard so as t%é q%%&sgm%pgg%%g %ﬂ? goo erdonone rrc e?f|0|ency
15 ﬁggy X ? %@aae 11851801 8ed AP ehve Of  OUT
-invention and n

obt a n|ng then1mn econme apparent and t he

|nvent|on,|ts§h§ nﬁhgﬁﬂbﬁﬁkﬁ Q%!hgtf 5&%&@&&9
description of an enbodi e the |nvent|on taken Together "with the

acconpanyi ng gdgami Aesi®edikredd. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
- shows the stroke types of a first prior art code arrangenent; Fig. 2 -

shows thesstroke types mf adocrdandsl with ianotiaxt aspsit of thagirentid, the
- Fig. 3 - shows the stroke types which we preferably enploy herein for
" character codkeyhardoieddes in addition to the monographic and digraphic keys
a plurality of keys having a graphicity of more than two, e.g.
three, four or: frme. :hna.pnﬁﬁnzaﬂ ﬂmmu the:selectnx1of the
polygraphic keys (which expression includes dlgraphlc) for
10 Jndhnnantxathe]mqhqulLsnade;mﬁmnmly:nxacumthcevnxh.
with a still further aspect of the invention, the selected keys
anaasﬂkmedsbsﬁﬁnns<mxtheluybumﬂps>asi::pnmdde:nkqﬂinmd
cf gu:i<axxnrnE¢riceﬁﬂﬁsﬁemqy.
15 . The above mentioned and other features and cbjects of

-our:hnmntﬂxxamithenanmm:of<ﬂnzinﬁg;thenwdlllx:nmexmme-
apparent and the invention itself will be best understood by
: reiérenceix:the ﬁolhmdng'desanMunm.ofanxembodnnaﬂ:of the

1nwzuncn‘bﬂuaxtngaﬂmm'wiuxthe'axxmpmuung<hﬁmnngvdmumnn
20'BRIEFDESCRIPI‘IQ~IOFTHEDRAWDGS

E&g; 1 - shows the stroke types of a ﬂuﬂﬂ:pnun:art
code arrangement;
Fig. 2 =~ shows the stroke types of a second prior art
- code arrangement; |
25 + Fig. 3 ~ shows the stroke types which we preferably
| employ herein for character coding |

purposes;



- 10 - Fig. 4 - shows certain strokes which are treated exceptionally for~ -

character codi ng purposes; Fig. 5a, 5b and Sc - show exanpl es of Chinese 7,
characters 5, < ' encoded in accordance with the code ‘
systemillustrated in Fig. 3; Fig. 6 : shows a keyboard ara ent
accordance with this invention, and Fig. 7 - shows in schematic forma word
pracessing 10 _ _ system enbodyi ng the
pregent invention. DESCRIPTION OF A PREF_EIfFE_D EMBODI MENT Referring to Fig.

.1, there is shown therein the five basic Stroke types proposed by G oner et

al, loc. cit. for the purpose of encoding Chinese type characters. In Fig.

2 there is 15 shown the seven el mts proposed by Yoshida et al, lqgc. cit.

for this purpose. It is tFd9pe 4 emarghens hdres tesgRedyed a

[
tabl et inputting neans necessitatin attern recognition techni ques by the
conputer to identify the stroke ty;fé@gpﬁ’ﬁ@aj;]d’o lf’g'?‘F?:dﬁrr_ are not
necessarily suitable for 20 wuse in connection with the present invention,
.but they are illustrative of odes \B’FFE‘PF%y be repented by three

b i dentify for coding piidoo ShEL T, ARy Gerple of ireee hteads
invention i sss_hown in Fig. 3. Thgsmiﬁtw%ﬁ{ Ehé‘%o&é"éy@iﬁén
illustrated in Fig. 3; | |
. Fig. 6 - showsakeyboérdarrangemt_inéocordame-
. with this invention, and ‘
Fig. 7 - shows in schematic form a word processing
10 R system embodying the present invention.
" DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to Fig. 1,--thereisshdmthereinthefive‘
' pasic stroke types proposed by Gromer et al, loc. cit. for the
purpose of encoding Chinese type characters. In Fig. 2 there is
15 shown the seven elements proposed by Yoshida et al, loc. cit.
for this purpose. It is to be remarked that ‘the above authors
employed a tablet inputting means necessitating pattern -
 recognition techniques by the computer to identify the stroke
types. 'Iheabove' basic strokes are not necessarily suitable for
20 use in connection with the present invention, but they are
illustrative of codes which may be represented by three characteristic
bits. | |
The particular classification of basic stroke types that
25 inventionisshovminFig. 3. nxesebasicsttoi]ietypesareas
follows:



1l - "TYPE STRCKE(S) 1 hori zontal 2 vertical, .
fotonal |y with left hook 3 | eft or right obliques and curves 5

3 dot 5 - angul ated strokes sustaining an acute.or right

sng¥e Three strokes are illustrated in Fig. 4 that are treated as an
exception. These strokes are conventionally 10 considered as one-stroke v
executions; however, in accordance our preferred nmethod of coding, these =
are cired as bei ng conposed of two basiIlstrokes of the types indicated. WA
Exanpl es of characters encoded in accordance with our basic stroke types .

are shown-in Fig. 5 1T¥PEig. 5aSTREKE(P) cal|; code sequence 25152 Fig. 5b:

bi rd; code sequence 354251 Fig. 5c: (to) bolt; code sequence 4251 The
above described five bakic st r okboxrigestakr e defined.in such manner as to
facilitate easy recognition, and al so.such 20 that the frequenci es of
occurrence for each of 2he five ¥eriggaly wpbionaldy pitholeftabX, equal so as
to optinmize the efficiency of th odi ng, system and al l ow for the efficient
use of uniformlength sfgnals foﬁeﬁé é%§ﬁ¥ g BF P8 nents. An

anal ysi s of Chinese typ characters coded in 25 accordance with the code

el enents dfined in F|g 3 |nd|c§?%s that certain code sequences of two or

nore el enents are recurgent_ Theaﬁaﬁglbg& W%fg;l n&,ym S were

excerpted fromrecently
o right angle

-ﬁhmee strokes are illustrated in Fig. 4 that are
 treated as an exception. These strokes are conventicnally
10 considered as cne-stroke executions; however, in accordance our
' preferred method of coding, thesearecms:.deredasbemgcmposed
of two basic strokes of the types indicated.
Examples of characters encoded in accordance with ocur
basic stroke types are shown in Fig. 5: |
15 Fig. 5a: (to) call; cc_:desequenceZSlSZ-
Fig. 5b: bird; = code sequence 354251
Fig. 5c: (to) bolt; code sequence 4251
o The above described five basic stroke types are defined
in such mammer as to ﬁmﬁliumzaeasy‘na:xnﬁxién,emd.ahu:such
20 that the frequencies of occurrence for each of the five stroke
typesai:eappmﬁmatelyequa;soasto'opﬁmzeme'efficimcyof
thecndﬁx;sysumxanieﬂdnw:&n:theeﬁfﬂﬁsmﬁ1xxaof1nﬁibnmj£mgﬂh
su;uﬂs for representation of code elements.
“ Anamwﬂysusof(Iunesatypeciarmﬂxmscxﬂeﬂ:n
25 accordance with the code elements defined in Fig. 3 indicates that
certain code seqxamxs of-umaortmnx!elenans are recurrent. . The
samﬂﬁs tmm:we:emﬂnyaiforemuﬂy51SVNze.em:u$¢ed'ﬁmnlreuauﬂy



- 712 -, published materials of diverse contents from books, newspapers and
magazi nes. Separate sanples of 5,250 characters were anal ysed as descri bed
bel ow, and we found that all the frequencies pertinent to our design arg
st’abi | i zed at ‘this sanple size; that 5 is, these sanpl-es of about 5,000
characters are statistically represent ative of nodern Chinese prose. Fou
such _sanpl es totalling 21,000 characters were analysed in detail. A value
we afer to as the Stroke Saving Function (S$‘2 i n accordance with the
foll owi ng-definition was calculated 10 for €ach code sequence of .
significance that was identified in the above anal y5|s SSF = f (n-1) where

f is the frequen%ﬁfs#@g%% 8t éﬁ}%& WEhtehE s USRNEhAKS rhé",,gf,;l;& snawgper
of code elenments™in the sequence. In calculating 15 the S8F varl ue any

character with dipggadinks| eidepaittte’ saiphed T 5,250 cRaYAcHEIS et ahQIFEadSe t WO
di sconnect ed code sequences rather than one continuous code sequence For

exanpl e, the chamacdeseribéd below,cond eFf@indSthdtasinghe fredeerrdegence 25152
is treated for the pur pose of caI cul ating the SSF as conpri si ng separate 20
sequences 251 angebRinehbito oartdes:.gmiamedtabﬂmed athahissample size: what d
tend to treat such character, and is anal ogous to the preference to spell
nglish words $n s.yl.l'delsemmes lefnabautt 5000ocharectensaLm ispatisticakly code
sequences identified in the above anal ysis were investigated and

prelimnary SSF Fepkrsentativel of ofroseR e Fouyg aishesaBIeRg t he
hi ghest SSF val ue was then "sel ect ed" and |dent|f|ed bx a speC|f|c

AvaluewerefertoastheStrokeSavingchticn
(SSF)ma:cozﬂancemththefollmnngdefmtmnwascalculated
10 for each code sequence of significance that was identified in the
above analysis | |
| SSF = £ (n-1)
wmfefiqﬂ:efreqt:erxcyofoccur:enceofﬂwegivalsequmcemﬂ
n is the mumber of code elements in the sequence. In calculating
|15 the SSF value, any character with distinct left and right parts is
tkanonecmti:m:scddesequmee.IMexanple,thecharacter
ulustrated in F:Lg. 5a having a code sequence 25152 is treated
_forthepu::poseofcalculatmgtheSSFascmpnsmgseparate
20 seq\mmszslaxﬂSZ. 'nusisthenaturalmamerthatancperator
' would tend to treat such character, and is analogous to the
preferencetospelimgiish-mrdsinsyllables. '1‘hehundredor
somstcmumﬂyoccurmgcodesequencesﬁentlﬁedmtheabove
_ analysis were investigated and prelnm.nary SSF values calculated
.25 therefor. Thesequencehav:.ngttwhlghestSSFvaluemsthen
selected“arxd identified by a specific designation whereby in
subsequent calculation shorter code sequences camprised in the
"selected" seguence would not be encountered, and whereby in longer



>

,'Atence woul d not be encountered, and whereby in | onger -13- code
Fnces whi ch incl ude the selected sequence, the selected squence woul d
nsi dered as canprising a single code element. To illustrate the
ept assume that in a hypothetical sanple of 40 characters, the-
character with code word "251 5 occurs 20 tines, the character w th codg
word "2511' occurs 10 tines, and the character with code word "4125" OCCUKSL
10 times. Prelimnary SSF val ues are deteigtned as follows: CODE SEQ '
S.S.F. VALUE "25" 20 fran code wd 51" _
(20+10+10) x(2-1)=40 10- - -~ . 10 from code word "2511" 10 from

code word "4%8e deljuences which ciiBRhe cge'qg' éf]c"e

(20+10)x(2 1) =30. 10 from code §g$%£§2511" 251" Zot?$on1co§e wor d

" 251" sequence $A1H153 XoAsider8q dé comprising a s 8odd @feigie Wor d

_"2511"_"2511" 10 from code word "2511" ing lnglel(IO)x(4 1) =30

" 4125" 10 form croldlwstadatd A" concept, assume théé))m(é &Eo%ﬂieap the

above it is seemthat the greatest SSF value is 60, being that attaching to

the code sample Of A0 chaiantarswma:tﬁﬁactaswiﬂedodémbrdmzsnequence i's
"sel ected" and represented- by the synbol "*", the sequencegs of the above
exanpl e fay PECUKRB0|times, the' csaractay with code word "25128"occine 1GF val ues

- ‘attaching to . the- newly defined s s are deternined as follows:
times, and charac!:erwithcodemrd“4125"occur310tmes

Prelmumryssr‘valuaaredete.mu.nedasfollows

CODE SEQ FREX_JJENCY ' ' . S.S.F. VALUE
"25" 20 from code word "251" | (20+10+10)x(2-1)=40
10 10 from code word "2511" |

10 from code word "4125" |
."5]_." ' 20 fraom code word "251" _ (20+10)x(2-1)=30
10 fram code word "2511"

s 20 £rom code word "251"  (20+10)x(3-1)=60
15 | 10 £rom code ward *2511° o | |
‘m2511m 10 :frc:m code word "2511" (10)x(4-1)=30

"4125" 10 form code word "4125" | (10)x (4-1)=30

1 : ' Frantheabove,ltlsseaxthatthegreatestSSFvaluels
| bemgthatattachmgtotheoodesequeme“ZSl" If:.tnowbe
20 assmedthatth:.sseqtmxcels"selected a.rﬁrepr&entedbythe
symbol "*"'thesequencesoftheaboveacamplemaybe |
J.dentJ.fJ.ed as "25%, "51%, "xm, malv, "41050,

_ 'meSSFvaluesattachmgtothenewlydefmedsequawes
aredetemunedasfollms

25 COODE SPO.  _ FREQURNCY OF OCCURENCE §.S.F. VALLE
"25" 0 fran code word "® - | o
o '0 fran cai .e" word .n*ln



25 CODE .SEQ - FREQUENCY OF OCCURENCE S.S.F. VALUE "25"
0 fran code word "*" O fromcode word "*1" - 14 - CODE SEQ
FREQUENCY OF OCCURENCE -~ - S.S.F. VALUE 10 from code word "4325"

(10) x(2-1) =10 "51" 0 fromcode word "*" O fromcode word "*1" |
(0)x(2-1)-0 5 "*"(previously "251") 20 from code word "*"

(200 %(1-1)=0 "*"(previously "2511") 10 from code word "*1" '
(16yX%(2-1)=10 "4125" 10 fromcode word_"4125" - (10) x(4-1)=30"

10 _ In accordance with the new y-cﬁl cul ated SSF val ues.'t he code
.sequence "4125" woul d be next "sel ected" as having the highest SSF val ue,

and the process LRPRI Ni Ng seguel %Pﬁ
shoul d be undersm%m —t+-Re—above 5 S equegu@ric F
val ues cal cul ated therefromigr&dd &l Jadid Wagds» only of (i@qespens, and
that they do not bear any quantitative significance. In practice the SSF
val ue of the codasggequence ‘phéxn cbde Wekdivsrel y | ow, and the sequence is
not observed anongst the code sequences havig the top 30 SSF values. It may
al so "be noted that in pract iocerdaheodeSword|™*@rof "sel ect ed” (8kg2ebs woul d
not be 20 recal cul ated in the manner shown, since a sequence, once

sel ected, i ssdef i"#8pdeviousiyal’251"ht i n pur poses as conprising a single code
el ent (n=1) for which the SSF val ue has no significance. As will be

reci ated fromthe above, t he 28efromcode word Sf*" - (20)x(1-1)=0
- "s* (previcusly "2511%) | |
10 £rom code vord na (10)x(2-1)=10
"4125" 10 from code word "4125" - (10)x(4-1)=30
10 Inaccordancewi_ththenewlyca_lculatedssrvaluesthe

code sequence "4125" would be next "selected” as having the highest
SSFvalue,andthepzfocessofcalmﬂationrepeatedfcrtherenaining
sequences. It should be understood that in the above example the
15  only of the concept, and that they o not bear any quantitative
significance. In practice the SSF value of the code sequence "4125"
isrelativelylow,a:ﬂtheseqlmmceismtobservedanmxgstﬂle
code sequences having the top 30 SSF values. It may also be noted
 that in practice the SSF value of "selected” sequences vould not be
20 recalculated'inthenamersl'bm, sii:ceasequei:qe_,orxceselected,
isdefined‘for_recalculationpurposesascmprisingasinglecode
element (n=1) for which the SSF value has no significance. |
| _;Aswiubgappreciateafzmtnem,ﬂedetemﬁmtionof
ﬂ_:e Stroke-saving Function values is a non-linear process heavily
25  dependent on which code sequences have already been selected, and
for test purposes the number of sequences investigated is desirably
greater than the mmber to be selected.
A list of 28 code sequences in generally descending order



&St roke-savi ng Function values is a non-linear process heavily 25
dent on wi ch code sequences have al ready been sel ected, and for test
‘]‘,m t he nunber of sequences investigated is desirably greater than the _
‘nUkbeér to be selected. A list of 28 code sequences in generally descendi ng
or der -15- of SF values is as determned in accordance with'the
foregoing principles is given in Table 1 bel ow 251 33. 121 12 44\, 4
35 53 11 = 52 32 2511 41 51 21 354 - 32511 1233 o~
31 45 5 54 132 123 331 293 = 533 111 551 = 25 TABLE
1: Code sequences having highest SSF values It should be noted that there
are relatively _small differences only |n the SSF val ues associated with the

| ast several SEGHENVRWSS i3 &8 Wity the foregrings| ues 10
associ at ed W|th t he.se ences wi | e ndent upon the "sel ected"” .
sequences, %“%18&%5 "%EE% %I’tl lly towards the lower end,

may be found qhyar que £ of ,ecod | e ts h are given
'in Table 1 are ﬂ tengﬁg efl n the 3ségat |esa apfjg'nge t I of the _
strokes, and S|gn if e thgreof y Vv fro aractyghst o charact Th|s '
S |Ilustrat egg% the4 codegﬁof thj(g:acha?’gctersgré | ned ?2 Fi gsgfl go an _
5c where %n eagh i nggance jdwe trifraphiggzcodesgpquengq of 5’451 o%urs In

Fig. 5a this sequence represents the radi cal [err] “nout h"” In Fig. 5b
this sane 20 TASEE|1eNCDAESEREHH AR na KRB SE ggl@t_,,rokes havi ng no
syntactical signrficance. : |g : e sane sequenct represents a still

It should be noted that there are relatively small
differences only in the SSF values associatedwiﬂ'tthelastseveral
sequences listed, and it is again stressed that the values

10 associated with the sequences will be dependent upon the “selected”
sequences, hmcesanechangemt‘neou:der, part:.cularlytowards
the lower end, nay be fourd.

The polygraphic sequences of code elements such as are
‘given in Table 1 are not intended to define the spatial arrangement

15  of the strokes, and the significance thereof may vary from character
' to character. This is illustrated by the codes of the characters
defined in Figs. 5a, 5b and S5c where in each instance the
* trigraphic code sequence of 251 occurs. inFig. 5a this
sequence repcr:esentsthe radical @ "mouth". In Fig. 5b this same
20 - sequence represents an arrangement of strokes having no syntactical
significance. In Fig. 5c the same sequence represents a still "
further arrangement of strokes dJ.fferJ.ng fram those of Fig. 5a
" and 5b and again having no syntactical significance. In this
" ‘respect, then, the sequences do not carrespond to the "entities"
25  of strokes defined by Caldwell, such "entities®, it being recalled,
" being representative of a def:.ned and specific spatial errangetmt
of strokes normally having a syntactical significance. Thus whilst



further arrangemmt of strokes differing fromthose of Fig. 5a and 5b and
-agai n having no syntactical significance. In this respect, then, the L
sequences do not correspond to the "entities" 25 of strokes defined b )
Cal dwel |, such "entities"” it being recalled, being representative of a '
defi ned and specific spatial arrangenent of strokes normally having a

syn}abtical significance. Thus whil st - 16 - Caldwel | proposed an entity
key™epresentative of the radical "nouth", and such key woul d be of utility

i n"encodi ng the character of Fig. 5a, such util6ity woul d not extend to
~encodi ng the strokes conprising the characters of Figs. 5b and Sc. 5

Wi | st thelim'taé'Hgg@f ;glg AYnher ' roke_type ed_fQr _code
pur poses has consi dera gnrfi ancet}ij%%s%%ﬁ%%o fe%prea‘ﬁ;af '
identification aqug Wi ahg Aish Sou1st ' P;f. i Eﬁéﬁgﬂﬁt '
significance in re_a?édn to an ergononet§?5¥% ICF%%?‘ eyboa dﬁﬂ%iven a
standard Querty kewbastes 8E Blgd%aiCuich bei1ith (u1ktnot aREaEP o dibaify such

keys.are assigned to input nunmeral's and 4 to i nput special iInstructions and

punctuations; theathe stddkes hefprisihgntia) cliassttbts ofPigact S5 adddbarachi ne
function codi ng purposes. |If 21 such keys are required for encoding basic

stroke, theré w || be avaWhidistethenlimidakigs of otheh natbearodf dasid istroksl ¢ypes
sequences 15 may be assigned. In a 21 basic stroke coding systemthere is

‘a total of 441 diugedpidrccodr) purpases| das) caniaiderablet sigpificapae|in pssistlihg,
hence it will be apparaent that only a relatively small proportion of the

di graphi ¢ sequend&3oks fvee Hideptificn ag sarpiey diseusseflc Such limitationst em
t he stroke saving fupctjons ,of,_ 20 x hgel\é%)lg gﬁ)de sequences %Jr.c%.eut
generally |ow du O‘L']‘lzﬁ'be'é sHgniticapes yn :
| keyboard. Given a standard Qwerty keyboard with 44 keys, let it be
10  assumed that 10 such keys are assigned to input mumerals and 4 to
renain30kéysforcharacterahdmchjneftmctionccdﬁ1gpurposes.
If'zisx:chkeysargrequsxeaforanoaingbasic stroke, there will
beévailabliemﬂySkeYstowhichpolygzaphiccddésequernes
15 ~may be assigned. In a 21 basic stroke coding system there is
a total of 441 digraphic sequences (212) that are theoretically
possible, hence it will be apparaent that anly a relatively small
proportimofthedigraphicsequemesdouldbeassighedakey
position. Also, in such system the strcke saving functions of
20 the varJ.ous code sequences are generaliy low due to the canparatiyely
| _lwvalﬁeoff,thefrequéacywithwhichase;qﬂencerecurs. |
In cctrpanson, in our preferred 5 basic stroke qrs{:en, there may
be up to 25 keys. available for assignment to polygraphic sequences,
whereby all of the 25 possible digraphic code sequences might be
25 assigned key positions. However we prefér a more efficilent'
| keyboard where those polygraphic sequences 'generally having the
highest strokeé-saving function values are assigned to the



-

| preferred 5 basic stroke system there may be up to 25 keys

a ‘,,able for assignnment to pol ygraphi c sequences, whereby aldl of the 25
p033|ble di graphi ¢ code sequences m ght  be 25 assi gned key positions.
However we prefer a nore efficient keyboard where those pol ygraphic’
sequences general ly having the highest stroke-saving function values are \ J

I,oal ue of f' the frequency with which a sequence recurs. In corrpar.'i son,
0,

.

assigned to the -17- avail abl e keys. Twenty-ei ght of .these sequences areé
listed in Table 1. Referring to Fig. 6, a “$tandard" keyboard is identified.
- therein by the nunmeral 10. As used herein, "standard" refers 5 . to a key.

arrangenment  \aitable kegs.c 'Rmty-reﬂg‘tﬁedft&lese sequerrest atd Listadained ranks

- of keys identified as upper rank 12, middle rank 14 and | ower rank 16,

"~ wherein all cFaelecter codi ng keys are |located. CGenerally there are sone ten
keys in each rank. In_a Querty key arrangenent, the twenty six letters of
the Latin al phabet arm E{B-sﬁarﬁlalsﬂamflwm igeidentified r anks,

the four renajni s bei ng aﬁs ned ctuat,ion functions. O her keys to
;Ihgol g;t ?Iastent ese ke S are L nérazt‘ﬁ%g;sm ne:' : r:? RS my
punct uat ?’on ?p%%’ﬁ'f‘rw ééfhaee%fgvﬁ%d{h‘?ﬁo e 1‘9333&6 not
B?LSELL%EZ%%%%% QAR %{%iﬁﬁ&sp@& Rt S0
.gﬁg\?mf \C/)mrt Ihggt sp%?‘g&ém gnation appearl ng th%ﬁ k%\;gaér%gl&geg%ddkgi I_S

Generallytherearesmletmkeysmeachra:ﬂc - In a Qwerty key

arrangement, the twenty six letters of the Latin alphabet are assigned
10 _standardposztmsmﬂxeseﬂ:reeraxﬂcs,ﬂ:efourretmnmgkeys |
bemgass:.gnedplmmatmnfmcuons Other keys to the left of
the left hand keys and to the right of the right hand keys may
. also be present; these keys are generally assigned machine
‘operation, ptmctuationor special symbol functions. There
15 addltlonalkeysarenotmmallyusedforcharactercodangpurposes
Stlllfurtl'zerkeysmaybepresentandareheresermasarankls
supenortouppe.rra:ﬂ;lz,ardareusedformputtnxgme
mumerals 0 - 9 and/or symbols. This rank of keys is shown without
- specific designation appearing thereon so as to avo_id_any |
20 confusion in the ensuing description. Such mmerical value inputting
" keys may _cmumlybefontedasa_.separate an:'ayina_tganputer input
. keyboard. There is no fixed limit to the mumber of keys on a
*standard" keyboard, but the meximm mmber is usually about 50.
- For touch typing of words (which expression here inclﬁdes
25 Chinese type characters) the word writing keys are to be considered
| as preferab_ly. cons:.st:.ng of a left hand and a right hand sphere

. of operation, the keys being d:.v:.ded accordingly by an imaginary



20 confusion in the ensuing description. Such nunerical value inputting =
keys may commonly be formed as a separate array in a conputer iput e
keyboard. There is no fixed limt to the nunber of keys on a "standard" :
keyboard, but the maxi mum nunber is usuyally about 50. For touch typing of

words (whi ch expression here includes 25 Chi nese type characters) the
wopd/writing keys are to be.considered as preferably consisting of a |left
hahe* and a right hand sphere. of operation, thg keys being divided
accordingly by an imaginary - 18 - line 19. "Home" finger positions are
- located on middle rank 14 and conprise the four keys of each hand

comrenci ng one RAfye NGUDVERME' @ingér Posdtichs dreclégated york myddler farks 34 gnnment
such ei-ght hone keys are identified as "A ' S,D,F' and "J,K L,;". CQur
standard 5 = @hdnreepride the tfour deysnof leayh dand camknclieg oenkey aphi c keys
for entering basic strokes, and pol ygraphic keys for entering sequences of
basi ¢ strokes, sghaﬁﬂlﬁnmbﬂﬂmhé9sedbehb%§hﬁxm7 AS

bei ng dete ned fron1the ran ing of their SSF values _as earlier discussed.

The .assi gnnent 1eq 8 a1ASrD/ESr amh CH Beleifle QPesEandand oed
fﬁ%zb_g??i'gpnOﬂEaghlc angFE?kggE Ehlc“ ISE§S%$ n d <€§§u udj es of the
Key, 15 the. frcqREREySLH ReviEEreceRr o Wﬁ%}c be Uofigitd " ©
orove. The  coaPlseRE e/ baRLERLEieR T q'gf%@%&%&&“&g o A
sequence of tmﬁw B Wamhﬁ tePRingd’ ARIM %IM BE! ar

sanple as descn
their SSExEﬂnes‘as4§nﬂ4er<tuxmssed The assu;nentcﬁfthe

1o exaﬂ:lomnnnn:&m'amﬂanthezﬁhmammtnxed}mqs,boﬂx
monographic and polygraphic, is determined by studies
of the "mono-strike" and. "dual-strike" frequencies of these
- keys. The "mono-strike" frequency of a key, whether a monographic or a
pohmuaphﬁc]mqy is the frequency of that key being hit in coding
15 Chinese characters from a properly selected sample reflecting
the average Chinese prose. The "dual-strike” frequency is the
frequency of occurrence of a samyaxxzof-umzke&s,vﬁmﬁmer
monographic or pohmpz@hic in a similar sample as described.
~ To ach1eme1mnunum<en;xxnuc efficiency in the keyboard
20 . design, the work loads of both hands are dlstrzbuted.appmcm:mately
equally, that is, the sum total_of the "mono-strike” frequencies
of all the keys fx the left hand is about the same as the right.
Also, the vork load, i.e. the sum of "mono-strike" frequencies, for
" each finger is distributed.directhy;moporticnally to the strength
25 and tapping speed of that finger.‘ Furthermore; the keys with the
' ~ highest "mono-strike"frequency, which in our studies. include all
five basic keys, are assigned to the most accessible keys, namely
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Tb achi eve

Sa

s abo

maxi mum ergonom c efficiency in the keyboard 20 desi gn,

t he

Ioads of both hands are distributed approximtely equally, that is,
mtotal of the "nono-strike" frequencies of all the keys for the left

ut the sane as the right. Also, the work load, i.e. the sun of

ri ke" frequencies, for each finger is distributed directly

proportionally to the strength 25 and t appi ng speed of that finger.

Furt her nore,

our studies
accessi bl e

successi ve

include all five basic keys, assigned to the nost

W,

the keys with the highest nDno strike" frequency, which in

keys, nanely -19- the hone keys Lastly, pairs of keys that

to the basic @»&: pposite SAOKRS RpesatddRlof Bubbessious,
B ra?g e|ng preterred for t I's purpose in view of their easy
ahdd 86 hbamikdE Si ngl e digit nunber used to

basit 1 stroke IS arbltrary The various code el enments assi gned

arabi ¢ nune
récognition.
identify a

to the chagacter codi n&bﬁefemﬁo

above

SSF val ue;
operator to

10

20

25

gg\éﬁ Blalglr:| ;Eg%% frg%& C{I €es, arg) gﬁé{-hggv%qg&o:)era 9. O:; o
e¥§?¥¥?§3%§c d%ﬁ%@a%?fﬁ a co e or-gggg sequenéﬁanﬁmPfe er to

I dentify the

tﬂ@kbgsgﬂneaahﬂhnmmmdﬁhamcmﬁeh t he

may be seen in Fig. 6. It may be observed froma conparison
of. this Figurervidde Seencé ddraespdﬂnsp@eﬁaebasnsmm segpgricehgfe been
assi gned keyboard positions in preference to others of nomnally superior

i nbpsixr stookes: assioned el the leysu Grakis superalspbeing peaf
O%ggzmggiihggge:uxvmavcf-ﬂunx'emazream;uinan It will be
appreciated that the single digit mumber used to identify a basic
=ﬁznkeis'adﬁﬁzzty." | | o

The various code elements assigned to the character

coding keys of kewmnud:io:htgmnerallauxnﬂanqevdihtthe
dxwezuinmuﬂestmq'bééxan:hiFig.6; Tt may be observed from

'acmparismdftmsriguewithrébielthafmem nagn
and "123" have been assigned keyboard positions in preference to
others of ﬁahhﬁﬂjy'superﬁx:SSthﬂne::hismactice it was found
that such keys were pﬁﬁkzted.hyan:cpeﬁﬁxnﬂto?ﬁﬂmm'possﬂbha-
keyscﬁfa@ptoxﬁhnxﬂy'eiﬁﬂ.SSF\mﬂne. Als:in.haﬁnaniln'aﬁ

" "end of code" dbsn;atnmxlsassu;md'u:thesqmcelxm'oftme
kayboani thboand 10 used 1naavxmﬂ.processmng swﬂzntfor the
qnpngcﬁEChumse-Qmecﬂuuacuﬂs'u:beckmcrﬂxﬂtﬁm:sﬂnect
to a perﬂanmnxx;test.by'an.operator A text medﬁﬂ to 350
characters was selected, such characters belng'of varyzng

'degnaasof<xn§ﬂexuyfsgﬂ1éstmnﬂd.belﬂxmd:hta'umd:of '
wider scope. After several seséioné”tqtailing'only_20 hours

of practice, the bpeiétot attained a speed of 50 characters per

minute. This is almost 41ﬁhg$ faster than the oniy':eported
speed for the operation of a'Chihese keyboard device of 14

n



desi gnation is-assigned to the space bar of the 20 keyboard. Keyboard 10
ysed in a word processing systemfor the typing of Chinese type characte
to be described was subject to a performance test by an operator. A text
limted to 350 characters.was sel ected, such characters being of varying
debpees of conplexity such as would be found in a text of 25 wider scope.
Afser several sessions totalling only 20 hours of practice, the operator
attained a speed of 50 characters per minut®.20This is alnost 4 times faster
. than the only reported speed for the operation of a Chinese keyboard device

Izey,s of approximately equal SSF value. Also in keyboard 10 an "end of code'l'

of 14 -20- ¢ /i £ . ﬂ:?i&&:hg'& the (cORirep Feqiirel BH Ok

average of 3.76 coding key-strikes/character plus 1 strike for théggpace
bar, to denote tdfe3e7dl codirighRepstr iitisfehadeer p2asd sheikecfomnghspeed
conpares very favourably to typing an English 5 | anguage text after an
ext.ended trai ni repapebangd.td tenate the endt df the lehatfacisrconde, oiengcecthel t he
polygraphlc keys by the trained operator was quite close to that of the
optinmal result deypeg sheed icomparesavrryh favarably $ortping @maFagkieh in t he
selected text was about 7.29, hence each key strike re resented about 1.94

strokes 10 o3 a lengwrgectertaafeaan
gro%ﬁzsgggtzﬁfgﬁgklgﬁﬁgglng keg%%ard 1 r?@ﬁ gg|cated schﬁgqégfgﬁ%¥?én Fi g.
PRt o1 D ok S4B Lok 450" U8 g rosd Bkt 2
‘ The average mumber of strokes/character in the selected text was
aboiat 7.29, hence each key strike represented about 1.94 strokes
10 of a Chinese character. o
_ Anwaﬁnphnq'Chnzse<ﬂﬁmacunrwanipmuxssﬁg;amﬂzm
including keyboard 10 is indicated schanat:.cally in Fig. 7. The
system:ﬁnxhercxm;mzsesaacnnmanzr 20 which generates a bit
pattern corresponding to the code or code sequences represented
15 by a key struck on keyboard 10. Such bit pattern is preferably
generated in simple binary code.
The bit pattern generated by the actuaﬁhx1of a
" monographic key can be assigned o 3 significant bits in our
preferred arrangement wherein there are 5 stroke types plus one
20 "stop” code to designate the end of a code word, and there will |
be 2 bit patterns left undefined in the 8 possible bit patterns.
Alternately, the code elements can be concatenated in an |
accumalator, and three sxﬂicu&aelemaﬁs can be assigned to one
byte, taking up 216 (i.e. 6) of the 256 possible bit patterns,
25 leaving 40 bit patterns for alphabets, numerals, or other coded
' ﬁxﬁrmﬂﬁnms..cmha:alumzﬁtiﬁasanegnssuﬂe.smcham
stm:ﬁng each Chinese code word at the beginning of a hyte,



geuerated in sinple binary ¢ The bit pattern generated by the actuati.on of

; key can be assigned to 3 significant bits i n our preferred arrangenen
pegjei n there are 5 stroke types plus one 20 "stop" code t'o designate the

+d of a code word, and there will be 2 bit patterns left undefined in the

8 possible bit patterns. Alternately, the code el enents can be concat enat ed- .
in an accunul ator, and three such code el enents can be assigned to one N7
byte, taking up 216 (i.e. [err]) of the 2562 passi ble bit patterns, 25 -’
| eaving 40 bit patterns for al phabets, nurreral s, or other coded . '
instructions. Qther alternatives are possible, such as starting each

Chinese code whd GhesBlighiify BosidRnelment td AlhRe, thsludii 3 code
elmt to a byte, thus using up only 180 of the 256 posmE?e pr't patterns,

| eaving 76 foafomerzss@ssMreanﬂe@at&ms W% BSr \vehé® &oassl one
general ly known in the art. To take full advantage of the

i ncreasi ngl ypAprangemantss asm\nmm b&-airtiediadponws genaraily laeni i egr at ed
menory circuits, uniformlength code signals of not than 8 bits are

required. All t'lf#n@r&bove I'i sted possi ble binary code signal patterns are of
uniformlengths. In a codi ng i:stem of 6 code 10 el ements (5 stroke

types pPus a stop coddP the increasingly mpuddenent is
2.25 (6 bit patierns 3b|ts) 8p055|ble bit patterns In the prior
art system ofa?’imé’?l Q'lli’é' JUSTRFOceRtNS #nd Hintearted JWPeTY| enent i s

3-437.5 (22 bLI R3LLETDS form la'é:hScoéetss}.gnals of not longer than 8 bits

are required. A]J.theabovehstedpossxblebnﬁrycodeslgnal
pattemsareoft_nufonnlaagths. In a coding system of 6 code
10 ~ elements (5 stroketypesplﬁsastopcode).-ﬂieaverage_mnw

ofb:.tspercodeelenentiszzs(sbitgattems x 3 bits).
8poss:1bleb:|.tpattems

Inﬂxeprmrartsystenonlstrd:es,theaveragemmberofblts

pe.rcodeeleleutls3.4375 (22_ bit patterns x 5 bits).
- AR : _32poss:.b1eb1tpatterns

15 nms,mmmentimpmvidesa-_l.ss (3.4375 + 2.25) times
uniform length code signals are used. This significant improvement
in efficiency is achieved by a well designed stroke type

20 of the strokes in Chinese characters. Also, this efficiency is

| achieved by a relatively miforn distribution of stroke type
frequencies, wh:.chzscms:.deredamreoptmalcodesysteu
according to information theory.

- The gaxerateﬁ-'bit.patterns are routed via bus 22 to an

‘25  input buffer 24wh1chpmvn.destenporarystorage for editing
purposes, and in the case of several keyboards sharing the same



32 possil- bit patterns 15 Mus, our invention provides a 1.53 (3.4375 . \
[err] 2.25) tinmes inprovenent in nenory space requirenent and proceSS|ng
~speed when unifom | ength code signals are.used. This significant =

i nprovenent in efficiency is achieved by a well designed stroke type _
classification which extracts the nost disti shirti 20 of the strokes

i i @hi nese caracts. Also, this efficiency is achieved by a relatively

uform ‘distribution of stke type frequenC|es whi ch is considered a nore
optimal code systemaccording to |nfornat|032tﬁeory The generated bit

patterns are routed via bus 22 to an 25 I nput buffer 24 which prOV|des

tenporary storag e EHEBQ?&? n?::dnﬁﬂ%g'
keyboar ds sharlngg%%e sane out put™ I'nfor mat1 on %@nerator 30, prOV|des

storage until theadabbEia s anailable. The keyboard 10 also pernits
keyboard i nput "of control instructions via the central control unit 28 to

the various 5 processifg keéjicar@/10 Absd\pesnitisOkéHbard) ifpet off cotitgoLontrol
I'ines 26 for functions such as deletion or addition of certain bit patterns

during editing instretices viartheoterteal ravntrél univ28ato dhe fvarioss and from
various units. The binary machine words representing the code words for 10

Chi nese chir aprocassing wutscft tbe word lprocessing systemndria oonteeledines 30
into the appropriate form of information. The natchhg% of the b|nary code
word to the out2éufon B#cunent ed

al gorithms, such as the "hashjng" nethod, .
o patterns during editing and correction, or control of

information flow to and from various units. |
The binary machine words representing the code words for
10 Chinese characters are converted in the output information generator
| 30 imuithe=apgnqpﬁhue forms of information. The matching of the
bﬁmny’codevxnd'uathetmﬂ;mtﬁhdkumatﬂx1maylxahq'one<ﬁ5the
many well documented algorithms, such as the “hashing™ method,
for example. The output information will also vary accarding to
15 the purpose of information process system, aninayi:mﬁmise for
example X-Y coordinates of the location of a character stored in
tangible form on film,disc or tape, or may be writing instructions
for producing hardcopies, such as instructions to matrix printers
ard ink jet printers, fbr example. In the case of keyboard
20 - controlled movable type printing system, thée output information
" can be the control signals to select the type of a particular Chinese
charact'er.;orinthecaséoftelecam'umication,ﬂme'output_ |
information can be the corresponding signals in minimm redundancy
codes for telegraphic transmission. Combinations of the various
25  information types may of course be utilized iﬁ'the same Chinese

infermation processing system.



exarrpl e. The output information wll also vary according to 15 .the,
P u‘s of . i nfoprocess systes, and may conprise for exanple X-Y

i nates of the location of a character stored in tangible-formon
M di sc or tape, or may be witing inst n for producing hardcopi'es, such
as instructions to matrix printers and ink jet printers, for exanple. In ,
t he case of keyboard 20 controll ed novabl e type printing system the - \ 4
out put information can be the control signals to select the type of a el
particul ar Chinese character; or in the ca$3 of tel ecomunication, the '
out put - i nfor mati on can be the corresponding si gnal s in mninmm redundancy

codes for telegraphic n:ﬁ{foﬁr% &Hp H‘Bﬁt .Qbhfl:azér ' o
i nformation ypes nay oT&ﬁéourse e ut zgl?l n e sane ngse I nformation

processi ng - sysigheceived?sn ‘anl Scput! BasFaki 94, Lhas bﬁ&éutwtmfaﬁﬁﬁ:ﬂ&i' on

~generator is received in an output buffer 34 whi ch” stores the information
tenmporarily, peémgotar ﬂg J@tﬁ,grraﬁﬁabgé matebialy ibo VIS vi@eed &h G20 NnoNi t or
36, or light emttin i ode array, - liquid crystal 5 di splay, for

exanpl e. This vﬁedemuabkaa,noqndumxttmﬁ.gtﬂﬂgsdm atray,t or ebiguid erysial
outputted material before any permanently printed copy is nade, or the

i nformati of trdisplayi dor exmpie: o This s mabl;ﬂtlnngermtmmonmtor
- sel ection between characters having identical codes. CQutput buffer 34
further pernitto ExaBing She eytewttedomatyrial befor a0y RevRPRddYAGiBRed! a

hardcopy by a printer 37. Storage _neans 38 is connected tg bo in
buf fer 24 and hi® MeERE ST %HQPEW"'PH ‘?"—ﬁgmﬁ"h%? %Bﬁ%ﬂof‘%“? orm or
in output inforoAti on formthataxga Begn eqr! ier ggner at e ed i.n. accgrgaw

W th

codes. 0utpul:buffer34furﬂ:erpenn1tstmestormgofstcrage
10 means, and production of a hardcopy by a printer 37. Storage -

neans38-jscmhectedtobdthiriputhszerz4andoutput-buffer

34 whereby information in either code word form or in output

information form that had been earlier generated in accordance with

the foregoing may be stored and later examined and/or printed or
15 transmitted. | |



the foregoi ng may be stored and | ater exam ned and/or printed or 15 R
transm tted. - 24 - CLAI MS & Appar at us_for encodi ng Chi nese ;
type characters i.n accordance with their basic stroke type an @

conprising a keyboard having a plurality of up to el m u

nonographi ¢ keys, and a plurality of dgeaphic keys, ,ME m”ymgmeans
re}spOnS| ve 5 'to .the actuation of each said m)nographl & kky ¥ors  »
gerer ating a code si gnal representat g\ pof @ ghbasic stroke and to the

actuation of each said digraphic key=for—gemerating a code si gnal
. representative of a sequence of-said basic strokes of two. 2. Appar at us

in accordance w ) ClagpiRskus WiRr SAddaiAe CRINENRS tife RbractBYMOUA HebrdABYS | S
five. 3. Apparatus in accordance with Glaim1 or 2, wherein the nunber of

di graphi c keys i sdtbahbid ithbteRtrdke tﬁ&mtmumeam&ﬂﬁi@eaWeyboﬁwl m 1,
~further including a plurality of trigraphic keys, and wherein said key
responsi ve neans haing aiplurebitynef wp to dibiet dotlimive vfohoregripldai keys,.
trigraphic key for generating a code signal representative of a sequence of
sai d basic strokesdd# riwraddty »f digrpakia Byssnkm@@mﬁe\mem (;Ieapcms;vez or

4, wherein the nuynb of said trigraphic keys is about -five,
Appar atus in? acc&Pdﬁ??c%"Waf"ﬁ“CPgl ?ﬁ°1‘ s@'doﬁm eraprdecksy £rR @Pméqﬁﬁ‘?ﬂce

oS ONed L o2 Bl B R i L S S Uk 1 B0
V?' ucs. ' - said digraphic key for generating a code signal representat:.ve of a
sequence of said basic strokes of two. _
2., Apparstus in accordance with Cla.:.m 1, vherein the number of

10 mcnog:apﬁic keys is five. ~ | | |
3+ Apparatus in accordance _irith Claim 1 or 2_; wherein the number
of digraphic keys is about fifteen.

4. Apparatus in accordance with Claim 1, further including a
plurality of trigraphic keys, and wherein said key responsive means

15 is responsive to the actuation of each said trigraphic key for
generating a ccde signal reprcsentative of a sequence of said basic
strokes of tf:ree. | _ |
5. Apperatus in sccordance with Claim 1, 2 or 4, vherein the mumber
of said trigraph:l.c keys is about five.

20 6. Apparatus in accordance with Claim 1, 2 or 4, wherein the stroke
sequence assigned to said digraphic and trigraphic keys are selected
from two a.nd three stroke sequences generally having the higﬁest
stroke-saving function va.lues.

7« Apparatus in accordance with Claim 1, 2 or 4, further mclud.ing

25 at least one tetragranh:.c key and at least one pentagraphic key, and



ast one tetragraphic key and at |east one pentﬁ?raﬂai c key, and -

. ! . . Y
erein said key responsive neans respectlveU Ht lﬂllﬁmﬂl gg el

SiNg representative of a sequence of said basic ’
8. Apparatus as defined in daiml, 2 %& 4, wherein said k@ySSS * are

assigned to positions locating in three<forizontal ranks, each rank A
consi sting of about 10 said keys. 9. Apparatus as defined in Caiml, 2

o o )ROSRy TRy Ry eSO i) o B

~horizontal ranks; and nonogr ap _ ome finger

positions. 10 o318 reARRahfitive 4 HidoaBhod B QeBiMebic2sonds el N each

sai d character encodi ng key has an indiciumthereon in the formof an
arabi c nuner al gng@a@lesai d nonogr aphic keys having a.single digit nuneral

I ndicative of the basic stroke type represented by said key, and each said
key having a gmBaphisppayatnt g8 dafixtedt aClaire 1152 or Bawihegein seifli&aye of
single digit nunerals in accordance with the sequence of basic strokes
represent ed by arbatssikegyed 19 posppianst Locadingidhi thoei roxdizontall rarksereath

i ncl uding a space bar, and therein said key responsive neans is responsive
to tHe actuati @anlpfcosaistingffcapoyt 19 s9dAdiFBe an end of code signal. 20

12 hpparalus s qeliisty [y AR Ce L, bl heteelnaal s
Chinese 1YBe. Chghahskied To IREROMCR e L SRR
about ten keys wﬁ’gﬂiﬁi E'a.ﬁl onnog:'a_.phic keys' l'oéa.te in home finger positions. '
| 10 ' 10.' Apparatus as defined in Claim 1, 2 or 4, vherein each said
character encoding key has an ind,iciuh- thereon in the form of an
arabic mmera;l, each said monogrephic keys' having a single digit
mmeral indicative of the basic stroke type represented by seid
key, and each said key having a graphicity of greater than one
15 having a sequence of single digit numerals in accordance with the
sequence of ba.-s:ic strokes represented by that key.
11. Apparatus as defined in Claim 1, 2 or 4, including a space bar,
and therein said key responsive means is responsive to the actuation
of said space bar to generate an end of code signal. |
20 12, lppavatus as defined in any ome of Claims 1 to 11, vherein said
| generated.code signals are binary code signals.. |
13, A. keyboard for encoding Chinese type characters in accordance
with five basic strokes and tﬁe sequence thereof cdmprising three
horizontal ranks, each rank comprising about ten keys wherein all
25 character coding keys locate, wherein five _said.'keys locating in

home  finger posgitions are monogl_'a.phj.c and revresentative of a basic



55 .Chatacter coding keys-locate, wherein five said keys |ocating in hope
finger- positions are nonographi c and'representati veof a basic =26

stroke, and about- twenty ‘three said keys are polygr ' tivd 3
a sequence of basic strokes of two or nore, at | easm ﬂ!ﬂiﬂjﬂ@ﬂm& d :
pol ygraphi c keys being digraphic. 14.« A2&keyboard ap L _ sdance

w th C aim 13, wherein 5 t he pol ygraphi ¢ code sequences represented by
saig pol ygraphi c keys are sel ected fromthose code sequences generally
havi ng the hi ghettoke} raxideabeati tepnitpnidiree rsaldl kays. axeé polydreplicar d i n
accordance wth C aim 13, .wherei.n said poly- graphic keys include about
fifteen di gr aphrerzaspatative af ajspguenqe of Pasic Htapkasc ok e CmPOFBsE one.

eppar o s | 1 acABRHRAGROTER of PRE IR E e ths EER ey of 1 ¢ he
keys are assign t ositipons on.the keyboard as.determ ned generally in
accordance with he%gﬁﬁﬁfmg%W%dﬂeﬁ% ’?&‘g—?e gﬁ% ﬁ%}m g?f i‘%&r?lrnequency.
17. A keyboard | r i | 14 or 15,
wherein sa 8 mouabdesyfiepls 658 AREReY drh-aledd dylhed Bhifirliior )
keyboard appar akggs iabe afel56ANERn ithdke? BYd L B8qinces ?heﬁl&raﬁﬁy &Q’iti%%zor 15,

I ncludi ng a space bar representative of an "end of aracter".

keyboar d appar ahtighds® suroRéRARESE Buhdtichardsludd. Wherein the character
codi ng keys are arranged substantially as illustrated in Figure 6, or the
mrror image thafeofd keyboard in accordance with Claim 13, wherein said poly-

graphic keys _include about fifteen digraphic iceys, about five +tri-
10 graphic keys, at least one tetragraphic ke_y and at lea.st. one ﬁenta—
| graphic key. ' |
16. A keyboard apparatus in accordance with any one of Claims 13,
14 or 15, wher_eiﬁ the keys are assigned to positions on the keyboard
as determined genersally in a.céorda.nce with their monostrike frequency
15 and dual strike ﬁmu@y. _ _ B
17. A keybq_ard‘aﬁpaia.tus in accordance with any one of Claims 13,
14 or 15, vherein said monographic keys are assigned home finger
positions. |
18. A keyboard appara.fus in acéorda.ncé with any one of Claims 13,
20 14 or 15, including a space bar representative 'o_f an "end of
character™.. | ' |
19. A keyboard .appa;‘atus in accordance with Cla.m 13, wherein the
character coding keys are arranged substantially as illustrated in
Figure 6, or the mirror image thereof. _
25 20,  Apperatus as defined in Claim 1, 2 or 4, further including

output information means responsive to the input of said code signals,



25 20. Apparatus as defined in Caim1l, 2 or 4, ' ' t put
tion nmeans responsive to the input of said co ' 27 . -
g means responsive to said output information Igm'l '"WHHI tus as
© _

de ¢d in aim1l, 13 or 14, further including neans responsi ve t he
actuation of said keys to generate a_co&i;e signal representative thereof, _
out put information neans responsive 5 "to said code signals, witing NS

" means responsive to said output information nmeans. 22. Apparatus as cl ai metkd

in Caim2l, wholgsds $@hslk FRBAIREFE o088 65 biflRMSifendi Al Nessdde Signals.
23.. In a nethod for witing i#leographic characters using a key- 10 board
- Wherein said chal,ackfeSatisS a8 NeTEREH 1A CIRERAITIANTE of LY, FuShitdreimdlindinz t 0 8
basi ¢ stroke el enents and the sequence thereof, the inprovement wherein key
- neans i s provi deshngaresipoyuiiviei try thetadtestichhaf sabd MeyadStpgemerateof calé
~ possi bl e di graphi c sequences of said characters with a single key stroke. -
15 24. The nsighall rsbr@egtatd®, thdrecti wudpiid inJermeid oo mpatss pes®nsins ¢
stroke el ements and wherein said key nmeans is provided for_inputting not
‘| ess than about*S@eikceds sigrala,| wisdise Reang i ipsapriive sy sett o8ttt said
char acters. 25..%he thod of Caim23 or 24, wherein- said key neans is
provi ded 20 ¥ Pr’f’%ﬁf‘t’?‘*ﬁa’épolygraphi c sequences of said characters

12109 3, L2 S4Bl 1D BuThpOLS, Lot oLfenelh o ICSRSIER e 01
m-ni mum redundw%efﬁw%ag .gim.ssi on. _
= 23, In a.methbd foﬁ writing ideographic characters using a key-
10 board wherein said'chargcters are encoded in accordance with 8
systen of_up to 8 basic stroke elements and the éequénce-thereof,
the impéovement'wherein key'means'is pro&idéd for inputting not
less than about 25 percént of all possible digraphic sequences of
'séid.charécters with a single key stroke.
15 24. The method of Claim 23; wherein said syttem'compriéés 5 besic
' stroke elements and wherein said key'means is provided for inputting
not less than gbbut 50 percent of 211 possible digraphic sequences
of said characters.
25. The method of Claim 23 or 24, wherein said key meens is provided
20 fbi inputting polygraphic sequences.of'said'characteré heving a
grephicity of 3 Qith a.single key stroke.
26. Tae nmethod of Claim 23, 24 or 25, including the step of out-
putting said encoded characters in minimum'redﬁndancy code for signel
transnission.
25 . 27. Apparg}ué es claimad in Claim 1, substantially es hereinbefore

described with reference to the accompenying drawings.

3
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25 .27. - Apparatus as clainmed in Caim1l, substantially as hereinbefore
described wi'th reference to the acconpanyi ng draw Mard
as clainmed in daimb5, substantially as hergei nbefore
reference to the acconpanying draw ngs. 29. A net ho myn
|dqogr aphi c characters using a keyboard %lbstantl ally o here

esctlibed with reference to the 5 .acconpanyi ng draw ngs. The text of the
spes:ffl cation has been reproduced by photocopying the applicants original
typescript. It gBY QOKéyolr® abCMYa3HB AR 2 V¥ %Gbs%ﬁtﬂl&&»'&yhbré%béfa@
The original typescript containing these anmendments may be I nspecte ,e
prem ses of the Paésorti béd fti €6 reference to the accompanying drawings.

29._ A method of wr:.t:.ns ideographic characters using a keyboa.rd,
substantially as here:.nbefore described with reference to the

5 . accompanying drawings.

The text of the specification has been re
produced by photoce ,ﬂng th
typeseript. It pay contain a few amendments which are d..fﬁ.gult %o r;:.?plicsix:: ggg&irnﬁ

typese:ipt containing these amendments msy be inspected on the premises of the Patent Office



