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Keyboard Method for  Composing Chinese Characters 

Abstract: A  keyboard  method is described that allows a user  to form Chinese  characters.  The user’s keystrokes  activate internal logic, 
which performs the necessary scaling and positioning of the  character  components.  An initial design using a 40-key keyboard is de- 
scribed, together with approximations of the  character  shapes produced by given keying sequences. Rough estimates of speed  range 
from eight to 33 characters per  minute. 

Introduction 
This paper  describes  an initial design for  a  method of 
keying Chinese  characters [ I ] .  The keyboard  is  ex- 
pected to  have about  40  to  50 keys. In contrast, today’s 
commercial Chinese typewriters  have up to four 
plates with 2,000 character slugs on  each plate. The 
work was motivated by the  desire to provide a keyboard 
approach to forming Chinese  characters, which could 
be used without extensive training by anyone who can 
read and  write Chinese characters. 

Our method can be characterized as a composition 
approach, in the  sense that we compose  a character from 
component parts.  Moreover, we  term  our approach 
generic composition, as opposed  to other composition 
methods, which we term nongeneric [2, 31.  The dif- 
ference is that we store only one set of normalized repre- 
sentations of Chinese radicals (78 in our initial design). 
(Radicals  are elementary characters used in many 
Chinese dictionaries as indices to more  complex  charac- 
ters  that contain  one or more of the  radicals.)  Any scaling 
or positioning is  then done by logic circuits. We can  then 
construct  any  character from the  keyboard. We provide 
a  one-character display of the  (partially)  constructed 
character  as a visual aid for training and correction 
purposes. Despite this  feedback to the  user,  the com- 
plexity of some Chinese  characters raises a natural con- 
cern  about  the difficulty of their  construction. Actually 
in modern Chinese complex characters  that  occur fre- 
quently  either  have been or probably will be simplified. 
Thus infrequent  occasions are expected when additional 
time is required to form correctly those complex  charac- 
ters that  have  not  been simplified. 

Two  other general approaches  to forming Chinese 
characters now exist,  and these  do not resort  to compo- 
sition: 
I .  The large keyboard, which may contain  2,000 to 

60 8,000  keys or slugs. 

2. Keyboard entry of an index code, which causes ac- 
cess  to a  stored  dictionary of characters  [4-71. In 
case the  code  does not  select a unique character, then 
a set of possible characters is displayed for  the typist 
to  choose from. 

As opposed to storing  a large dictionary, our generic 
composition  approach should reduce  the  amount of stor- 
age required by two or three orders of magnitude. (We 
require  storage  for  less  than  100 characters, compared 
to dictionary approaches  that may require  storage  for 
10,000  to  50,000 characters.) 

In this paper we first describe how the  user  applies his 
knowledge of Chinese  to strike  keys on the  keyboard 
corresponding  to the natural strokes and pattern  forma- 
tions he uses when manually writing Chinese  characters. 
We then  consider  the  internal logic, which translates the 
user’s  keystrokes  into logical sequences to  construct the 
desired character. Keying sequences  for  some  examples 
are then given, together with the approximate character 
shapes they produce.  Although the set of symbols  chosen 
for  the keys is not  optimal,  the set  does produce  reason- 
able shapes  as shown by the  examples. Moreover, they 
are capable of producing the 214  radicals listed in Ap- 
pendix A from which the Chinese  characters  are con- 
structed. The keying sequences  for these radicals are 
included. Also  given, in Appendix B,  are corresponding 
keying sequences and shapes for some  frequently  occur- 
ring characters.  Appendix  C  gives  some gross estimates 
of speed. 

User  interface 
The keyboard  shown in Fig. 1 represents a  possible  dis- 
tribution of symbol keys  on  the keyboard; the  propor- 
tioning and  relative positions of the symbols are repre- 
sented as accurately as possible. Table I lists  these 
assignments in alphanumeric  order. 
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Figure 1 Chinese symbol keys. 

In addition to  the  Chinese symbol keys, scaling and 
positioning keys are included; Fig. 2 shows their posi- 
tion with respect  to  the  Chinese symbol  keys. 

To  elucidate the  use of the  symbol  and scaling-posi- 
tioning keys in composing  a character, we give two  sets 
of examples.  Because the second set involves the use of 
subblocking, we defer its  presentation until we explain 
the subblocking  procedure. 

Examples of the first set  are shown in Table 2. The 
keying sequence is given by the English letter,  number,  or 
symbol (usually) found in English typewriters in the key 
position to which the  Chinese symbol is assigned. The 
keystroke A indicates end of character.  Depression of the 
U or R bar  shown in Fig. 2 indicates that a symbol is to 
be  moved about 25% upwards  or  to  the right,  respective- 
ly. In operation,  therefore, either the U or  the R bar may 
be depressed by the  thumb, while another finger simulta- 
neously strikes a  symbol  key. If neither the U nor  the R 
bar is depressed, then by default the normal positioning 
of the symbol is used. In  the  examples, depression of the 
U or R bar is indicated by a  subscript U or R (e.g., g,  in 

Example 1 ). The following trace shows in detail the  com- 
position sequence  for  the first example: 

Keystroke  Partial  character  Comments 

gu 0 The position is raised. 
1 0 
V %) 

2, D The position is raised. 
A The  character is fully 

composed. 

Similar traces can  be  worked out by the  reader  for  the 
other  three  examples. 

The  four examples in the first set involve  composing 
symbols in only one block, in the  sense  that  we  do not 
have  to  compose  the  character  out of recognizable  sub- 
characters  or radicals that occupy subportions of the 
character  space.  However, a character  space can  be 
broken up into  subspaces horizontally or vertically  and 
in various proportions,  as shown in Fig. 3. We call any 61 
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Table 1 Symbol key position  assignments. 
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Figure 2 Scaling  and  positioning  keys. one of these  subspaces a  subblock. By outside block we 
- mean the block that includes the  entire  character  space, 

Figures  3(b) and 3(c)  show how the various  sub- 
blocks are labeled with a  numerically  subscripted H or 

%, or f of the horizontal or vertical  dimension of the @ outside block. The  outside block is then an enveloping 
block with respect  to  the  depicted subblocks. In  turn, 
any  subblock  can  become an enveloping block by con- 

loping block, we mean the immediate  enveloping block 
that  has  the  same length in one of its dimensions as  its 

In  the  examples to follow, we  show how appropriately 
subscripted H or V symbols  and  semicolons are used to 
bracket  the symbols that  are  to occupy the  subblocks. 

@ as in Fig. 3(a).  

Chinese symbol keys @ V, which indicates that  the  subblocks  are  to  occupy 8, 

Shift Shift taining subblocks of its own.  When we refer to  an enve- 

Figure 3 Outside block ( a ) ,  vertical  subblocks (b) , and hori- immediate  subblocks. 
zontal  subblocks ( c ) ,  

n 

"3 

E. F. Y H A P  

Table 2 Keying sequence for four characters. 

Exumple  Churucter  Keying  sequence  Number of key  strobes 

H3 H3 H3 
1 .  0 gUiv2,A 5 

2. It_ @qBA 

3. 

4 

m,3V&A 5 

4. 03VA 4 
5 

(C) 

IBM J. RES. DEVELOP. 



Table 3 Character  construction  using  subblocking. 

5 .  

6. 

7 .  

8. 

_ _ _ _ _ _ ~  .~. 
Keying sequence Number of keystrokes 

V,dm:  V,o: A 

GV,: V,o: A 

H,A2: H,y$; A 

V,e: V,H,M:  H,y2:: A 

~ 

8 

7 

9 

13 

We refer to a numerically subscripted  H or V symbol as 
a heuder and to a  semicolon as a tail. Thus,  for example, 

H,IV; 

means that  the symbols  given by IV will occupy a hori- 
zontal space 4 as large as its  enveloping block. This 
header and tail bracketing is used for all subblocks. The 
outside  block,  however, needs  no  header, so none is 
used;  as already noted,  the tail for  the outside block has 
its  own special symbol A. 

The relative scaling information for  each subblock is 
thus given by the  header.  For  the positioning of each 
subblock, we take  advantage of the natural directions 
inherent in writing Chinese  characters: from left to right 
and/or from top  to bottom. Hence,  whenever  subblocks 
occur  either horizontally or vertically,  their  ordering 
implies their position: left to right for horizontal  sub- 
blocks  and top  to bottom for vertical subblocks. See Fig. 
4. Figure 4(b) is an  example of the nesting of subblocks, 
in that  the  two horizontal  blocks are nested within the 
second  vertical  block.  What  about  symbols that  straddle 
subblocks? In Fig. 4(a) let us assume  there is a  symbol 
(c)  that  straddles  Hz and H,; this symbol can be  keyed 
in any  one of the following three ways: 

Note  that it is the  outside block that  envelops  the H, 
and the H,  subblocks. (See example 6 below.)  Exam- 
ples using subblocking are shown in Table 3. 

In example 5 ,  as already  mentioned, the numerically 
subscripted V, indicates that  the symbols between V, 
and;  are  to be  assembled,  scaled,  and  positioned to  occu- 
py 4 of the vertical block space. The  next  set of sym- 
bols enclosed within the  V, and ; then occupy  the re- 
maining + of the vertical block (V, indicates occupancy 

of ;Z of a vertical block; V, indicates occupancy of + of 
a  vertical  block; the same  subscripting is used for hori- 
zontal block occupancy in H,, H,, and H,) . 

Example 6 shows  a symbol in the outside block (as in 
examples 1-4)  combined with symbols in subblocks. 
The following sequences would also result in the  same 
construction. 

V,; GV,o; A 

VI;  V,o; GA 

Note  that  the  outermost block has no bracketing  symbol 
on  the left but has its A on  the right. Example 6 also 
shows  the use of an empty block V,; which allows the 
positioning of V,o; in the desired  location. 

Example 7 is like example 5 except  that we have hori- 
zontal  instead of vertical  subblocking. 

Example 8 shows how nesting of subblocks  takes 
place. In the example the  outside block is partitioned 
vertically in half. The lower half, in turn, is constructed 
by partitioning it into  two horizontal subblocks.  This 
example also  demonstrates a  situation in which the  user 
can omit  some  semicolons; the  two semicolons  preced- 
ing the end of character, A, can  be  omitted. Thus only 
1 1 keystrokes  are really needed: 

V,e; V,H,M; Hly2A 

Each of the 39 lower  case symbols and each of the 39 
upper  case symbols can be shifted one-fourth space up- 
wards  or one-fourth space  towards the right. Part of the 
symbol may thus be  lost,  and  this is intentionally  used for 
two of the symbols 

; and c2-. . ./ 

Figure 4 Implied  positioning of subblocks. 

63 
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TC: prep IMA 

TA: scale 1 

SET r---- 7 
OR e-1 I 

I 
IMA I I 

L""J 

I I 

TB:  position 

I 1 1 
I I I 

I I I I 

+ t t t 

Figure 5 Data flow in construction of characters. 

which shifted upward  become 

; and 3 ,  

respectively. 
In the examples  given in this  paper,  the  sequences of 

strokes  that pertain to  each subblock are indicated by 
giving the  letter,  number,  or symbol that  corresponds  to 
each required key position on  the  keyboard.  Movements 
upward or  towards  the right are indicated by U and R 
subscripts, which indicate  simultaneous  depression of the 
U or R bar, respectively. 

In summary,  then,  the following rules  apply to use of 
the keyboard. 

When no subblocking is required, only the  outside 

The outside block needs  no  header and is terminated 
block is needed to  construct a character. 

by the key A 
Subblocks are  created and  bracketed by striking one 
of the keys {HI,  H,, H,, VI, V,, V,} first, then striking 
whatever symbol keys  are needed to  construct  the 
pattern in the defined subblock, and finally closing the 
subblock by striking the key ; . 
Subblocks can be  nested to  any number of levels. 
(Our initial design allows  up to  four levels of nesting, 
not counting the outside block). 
Subblocks at  the  same level of nesting follow an im- 
plicit positional order rule  associated with how a 
Chinese  character is manually written: from top  to 
bottom and/or left to right. (Empty  subblocks can 
thus be used for positioning subsequent  subblocks.) 

Simultaneous depression of the U or R bar at  the time 
that a symbol key is struck results in upwards or right- 
wards  movement, respectively, of the symbol. 
Within each subblock,  the  order of striking  symbol 
keys is immaterial. 
In cases such as example 8, in which the end of char- 
acter symbol A is preceded by a  number of semico- 
lons, the semicolons  can  be omitted. 

Internal logic 
The internal logic for implementing the  present  approach 
can be readily designed [ I ] .  We  summarize  here some 
preliminary  design  considerations. 

Figure 5 shows  a data flow for internal logic that is 
activated by sequences of keystrokes  to  produce the 
desired character  patterns from the  component symbols. 
Each of the basic  symbols  assigned to a key (lower  case 
or  upper  case) can  be  stored as a dot matrix in bit  storage, 
one bit per  matrix  element. The logic applies to  any size 
matrix; typical sizes are 24 X 24 or 36 X 36 dots.  The 
dotted  square with an arrow pointing to  the  square 
labeled IMA is intended to  represent any one of the  78 
dot matrix symbol representations. Location I M A  is 
then a matrix storage  area with the  same dimensions as 
any one of the  78 symbol dot matrices. Patterns from 
among 78 stored  symbols are gated  into I M A  so as  to 
be logically oRed with whatever  patterns already  exist 
in IMA. If either  the up  bar (U)  or the right bar ( R )  is 
depressed while a symbol is being keyed, the logic 
performs  either at  25% upward or 25% rightward move- 
ment of the  pattern before oRing the symbol pattern 
into the  contents of IMA. If the  contents of I M A  need 
to be scaled,  the scaling logic, using the contents of IMA 
as input, sets the  scaled output back  into IMA. 

The scale  function compresses  the  contents of IMA 
either in the  horizontal or in the vertical dimension 
based on whether the  subblock header is H I ,  Hz, H,, V,, 
V,, or V,. A s  noted,  the scaling information given by the 
header is relative to  the dimensions of its  enveloping 
block. Therefore,  the pattern  information that is loaded 
into IMA for compression is always in a sequence  such 
that  the  correct relative  compression  takes place. 

Header  H,  causes only horizontal  compression by + 
via omission of every  other horizontal pattern bit. Head- 
er H, causes  an  apparent horizontal  compression of 3 
by the expedient of compressing by and  then  recen- 
tering the  results. Header H, causes a  horizontal  com- 
pression by taking  only every third horizontal point. 
Headers V,, V,, and V, cause similar compressions but 
in the vertical dimension  only. 

Finally the scaled or compressed pattern is returned 
to IMA such  that  the upper  left-hand corner of IMA is 
the origin or registration point for  the upper left-hand 
corner of the  compressed pattern. 
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As with IMA,  the IM[I] ( I  = 1, 2, 3, 4) are matrix 
storage areas,  each with the  same dimensions as IMA. 
They  are used to  assemble subblocks at various levels of 
nesting. Thus,  subblocks  that have  the outside block as 
their enveloping block are assembled in IM[ 1 1  ; IM[ 21 
is used to  assemble  the next level of subblocks,  and so 
on.  (How this occurs  for some of the  examples is given 
later.) 

Scaled subblocks  are transferred from IMA  to  the 
appropriate IM[I], and in the  process  the subblock is 
properly positioned for oRing into the 1M [ I ] .  

Associated with each IM[I] there  are  two position 
parameters,  one for the horizontal  and one  for  the verti- 
cal dimension of IM[I] . Together  these  two  parameters 
provide the positioning function with the x - y position 
that  serves  as a  registration point for  the  upper left-hand 
corner of the scaled image being transferred from IMA. 
The positioning parameters  are kept  updated after  each 
transfer from IMA.  The information  needed to  update 
the positioning  information comes from the subblock 
header. 

Traces for examples 3 and 8 are  shown in Tables 4 
and 5, respectively. The  trace  for  example 8 shows how 
the relative scaling and positioning taking  place in IMA 
and IM[I] are recursively  coordinated to  produce  the 
correct  absolute scaling and positioning. Note how this 
is accomplished by completing the processing of the 
subblocks from the inside out.  Note  also  the working of 
the implied ordering for  the subblocks: top  to  bottom 
and/or left to right. The example also  shows how IM[ 21 
is cleared (and  its position  control parameters reini- 
tialized)  ready for reuse. This need for  reuse  can be 
readily seen by the  reader if he visualizes an  example in 
which,  instead of having the enveloping block (assem- 
bled in IM[  I])  partitioned  into  two  vertical  subblocks, 
he visualizes  a  partitioning  into three vertical  subblocks. 
It will then be clear that 1M[2] is ready  for  reuse  to  as- 
semble  what is to eventually go into  the third vertical 
subblock, all appropriately scaled  and  positioned. 

Character  shapes,  keying sequences 
Even though the choice of symbols listed in Table 1 is 
preliminary, it represents  an example of what might be 
an adequate  set. To  test  its  adequacy,  the  set of 214 
Chinese radicals out of which all Chinese  characters  are 
composable  was  “keyed,” i.e., formed manually follow- 
ing the rules. 

Appendix A gives the keying sequences  for  these radi- 
cals. Approximations of the  shapes resulting from the 
typing sequences  are given in [ 11. 

Appendix B gives the keying sequences  for  some of 
the more  frequently  occurring characters [6] and also  the 
approximations of the  shapes resulting from these 
sequences. 
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V ’7 
B 3. 
A + 

Table 5 Logic trace for example 8 

e 
& 
ib ie 

B iB 

t e  IfEJ 
X I  

X I  
dfJ 

X I  
A 

Table 6 gives the keying sequences and the approxi- 
mate  resulting shapes  for  the following sentence relating 
to  acupuncture:  “Acupuncture is a  curing  technique 
developed  from out of the  midst of our peoples’ strug- 
gles and  battles with sickness and disease.”  Table 7 ‘is 
the adage: “Unless  there is some  reason,  one simply 
does not approach  the temple of the  three precious 
ones.” (Loosely translated  this  means: “Here  comes a 
man with an  axe  to  grind.”)  Table 8 shows  the keying 
sequence for: “With courage  and  determination,  success 
is attainable.” 

Conclusions 
An  approach  to keyboard  composition of Chinese  charac- 
ters  has been  described that  does not  impose  upon the 65 
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Table 6 A sentence  on  acupuncture Table 7 A Chinese  saying. 

Churacter Keying  sequence  Number of keystrokes 

HI$; H,iVA 

V,m,qr,V,QA 

V,Oi$; V,+,m,cA 

H,.i,i H,AA 

Oi,iv2;$A 

7 rA 

V,P;  hV,I,, A 

I,H,R; H,iv$A 

Oi,oA 

s,I,qH,S,; H,V,; V,m,35A 

s,I,qH,S,;  H,iq5A 

H,R; H,R3,iRA 

SUBUVP 

V,m,u; V,pI; tA 

g,2,VA 

a,7 (R: A 

H,oi; H,y,A 

H,m,oi; H,m,diA 

IA 

HI@; H,gU2,VQ 

H,S; H,V,ar; V,g,2,A 

S,I,qH,S,;  HJA 

s,I,m,DA 

H,S;  H,V,iv$; V,a,,r,A 

7 

8 

10 

7 

8 

3 

8 

9 

4 

14 

1 1  

8 

4 

I O  

4 

5 

7 

10 

2 

9 

12 

9 

5 

13 

Average  number of keystrokes:  187 + 24 = 7.8 

user  the need to learn an unnatural system  to  describe  the 
character he is trying to type. Instead  the  user  has only 
t6 strike  keys  corresponding to symbols  with which he is 
thoroughly  familiar, since  he uses  them constantly in the 
manual writing of Chinese. 

He only needs  to learn the position of a reasonable 
number (39, with  lower  and upper  cases) of key posi- 

66 tions,  and we believe that  the subblocking approach  can 
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Number of 
Charucter  Keying  sequence  keystrokes 

5 

1 1  

4 

6 

4 

.?- KV,; V,i,iv$.A I O  

pl H,V,p; qV,#,3; V,rn,,r,;; H,V,qf;  V,(A  21 

+ I  

Average  number of keystrokes:  62 + 7 = 8.9 

Table 8 Another  Chinese  saying. 

Number o f  
Churucter  Keying  sequence  keystrokes 

I,7yRA 4 

T 
t u  

V,IV2; V,qbs,: A 1 1  

V,si/$; V,o,i,mb,A 12 

H,qI,d; H,AA 8 
k 
Fjg 

Average  number of keystrokes:  35 + 4 = 8.8 

also be readily learned,  since  the  user subconsciously 
follows  a similar approach in manually writing Chinese. 

The  user  can  also  construct new or unfamiliar char- 
acters. Because there is no internal character dictionary 
as  such,  he  does  not  have  to worry about choosing 
among  a subset of dictionary characters in the  event  that 
a dictionary index  does not access a unique character. 
Also he  does not have  to  worry  about  what  to  do if the 
character is not in the dictionary. 

Of course, much work remains to be done.  Further 
work is needed  particularly in the  areas of standardiza- 
tion  and simplification of frequently  used characters.  This 
is, of course, a  function of the  area of usage, e.g., techni- 
cal,  commercial, governmental, with many  varying pref- 
erences  that  can be  resolved  only after  adequate study. 
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Appendix A: Chinese radicals 
This  appendix provides the keying sequences  for  the 2 14 
Chinese radicals. These radicals are numbered in their 
standard numerical order. 

1. I 3. s 

2. v 4. 7 
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5. P 

6. t 

7. 3 

8. SI 

9.  5 

10. mbR 

11. m, 

12. mr 

13. 0 

14. K, 

15. S, 

16. gf 

17. qBVR 

18. dm 

‘19. d7 

20. mudR 

21. bj 

22. 6 

23. 6 

24. IV 

25. VsR 

26. d,V 

27. 1,q 

28. ar 

29. ( 

30. o 

31. O$ 

32. ivg 

33. Iv2 

34. mu( 

35. mu( 

36. m,9s 

37. 17r 

38. N 

39. 11 

40. K 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

3 

T 

67 
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77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

+sB 113. 

iUm,9s 114. 

V,qf; v, (; 115. 

OIV 116. 

H,vj;  H,bj; 117. 

j3b, 118. 

j,hx 119. 

V,m3,;  V,f; 120. 

S 121. 

W 122. 

Juu 123. 

murux 124. 

v,x; v,x;  125. 

V,a; V,9; V, 126. 

qV,V; V,3; V,V; 127. 

92.  V,6; tm 

93. m,3V 

94. I7r: 

95. s,I,A 

96. iuiv$. 

97. j,qar,, 

98. I,F2 

99. ) 

100. m,3V$ 

101. 03V 

102. g,iv2, 

103. k,+m,C 

104. s,I,qH,S,; 

105. X 

106. m,g2,2 

107. kqv,( 

108. g#$ 

109. y2 

110. V,9; s,ktm 

1 1 1. m,i,I7r 

112. Ium,o 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

s,9Vr 

gar 

j,m 

Kmr 

sui, I cc 
Z 

1 

A2 

m,i,iv$r 

gH,x; H,x: 

/,i,3v 

H,DS,;  H,DS,; 

V,iVg; j V,bj; 

I,m,g# 

3"M 

1Uq3vR$ 

V,pI; vll,l: v 
OV,5; V,5: 

v,9;  qv,p;  V,Vk 

m,Y 2 

V,I,ar; V,iVg; 

E 

j,V,IV; V,o; 

H1m,9s; H,m,i,IV: 

Y 

Hr 

V,j,9;  V,B; 

Z 

& 

ovg.  

mug## 

H,j,R; H13,t: 

s,I,H,R; H,x; 

I,g#,#C 

V,Y; V37b,; 

V,m,9; V,03V; 

149. 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

176. 

177. 

178. 

179. 

180. 

181. 

182. 

183. 

184. 

@ 
muru5V,: V,O; 

V,i,o; V,/B; 

1,Q:r 

Vljuu;  V,Q; 

V,y2; v,5,; 

V,iVg; V,#,#mr; 

V,iVg; V,+m,c; 

V,O ; V,+m,c ; 

Vlj,q3t;  Dj 

i"g"Q,$V 

V1suiu/$; V,I,V; 

i,3m,V1;  V,hx,: 

C 

L 

V,I#; V,O#,i$; 

j, 1 

V,giv2; V,iv$; 

$ 

V,i,q3$;  V,hx,; 

G 

L 

V,piV; V,T/;  
* 

e 

V13Vcc; V,y; 

H,7,iu3; H,qi,3; 

V31j;  V,Oo$; 

zi,o$V 

V3pV; V,o;  V,m,i,IV; 

H,V,i,3; H,qi,3; $ 

V1s,i,/$; v,g2,2; 

V31i; V,Y,;  V,5,; 

qfx 

fs,. 

S,s,Hr 
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185. V,/Ij; V,y2; 

186. V,j,M; V,g2,2; 

187. 8 

188. V,gx; V,K,y; 

189. V,s,i,o;  V,Oo; 

190. H,V,qi,3$; V,ar;; H,V,j; V,j:  V,j;: 

191. % 

192. V,xq$V,; V,bj; 

193. V,i,o;  V,O/,i,v; 

194. V,m,g,iv2,;  Vlm,b,a,r,; 

195. V,m,9; V,OIV$; V,w; 

196. V,s,H; V,dI; 

197. V&; V,Ox$; 

198. s,I,qV,;  V,p#,; V,H,bj; H,bj;; 

199. Vl3V4; V,m,); 

200. s,I,qH,M; H,M; 

20 1. zV,; V,I,g,iv2,; V,mr; 

202. V,j,M: V15,T/: 

203. V1g2,v2; V,i,v,Iw; 

204. V,#/$; V,/,gT; 

205. V3u; V,gui2,b,; 

206. V,y,2,q$VR; V,H,9VR;  H&; 

207. H,V,iV2: V,o; V,/2;;  Hliuvu(; 

208.  V,E; V,hh,3,,: 

209. V,j,y2; V,g,iv2,:  V,I,#,#: 

2 10. V,s,I,x; V,#& 

21 1. v , m ;  V,Sq$V,; 

212.  Ium,pRjR: 

213. V,m,9;  V,OiV$;  V,b,; 

214. V,5i; V,H,o; H,o; H,o;; V,OI#,#: 

The symbol 

9Q 

is a  suggested  symbol for both 

9% and 3% . 

Modem  representations  are used where it results in 
very  desirable  simplication. Some examples are: 

Appendix B: Typical  sequences 
Here we provide the keying sequences  for some fre- 
quently  occurring characters,  as determined by Hsieh. 
The  average number of key strokes  for  these twenty-five 
characters is 9.0 strokes per character. 

Number oj  
Character  Keying  sequence  keystrokes 

H,m,oi; H,m,disA 

V,oi$; V,@n,cA 

1,7YRA 

H,R; H,d,V,bA 

@&A 

Oi,iv2,$.A 

H,R; H,GA 

H,@; H,V,/ ; oV,mbRA 

5,VA 

H,s,,l,,oV,;  V,T;;  H,17bR: A 

V1I,g#,#2:  V,NA 

5,i,iv$A 

H,l,aIV,; V,iV$;; H,vt,Q 

H,R; H,V,m,d;TA 

H,oi; H,?A 

H,ar: H17rA 

H,D3V; H,LA 

H,sUI,R3,; H,V,g2,2; 2,VBA 

H,j,M; H,oA 

CV,/; I,jUV,y2A 

H,j,R; H,V,oi$: V,?A 

KiV,; V,QH,; H,j,, A 

m,arA 

V,m,;  qi,oA 

H,M;  H,V,/; i,i$,VA 

10 

10 

4 

8 

3 

8 

6 

12 

3 

16 

I O  

6 

16 

I O  

7 

8 

8 

17 

7 

10 

13 

12 

4 

6 
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Appendix C: Gross estimates of keying speed figure of 15 keystrokes/character. I f  we  then pessimis- 
From  the  number of keystrokes given in Appendices A tically assume  that a user  can only strike two  keys  per 
and B we  can  make  some very gross  estimates of keying second, then we obtain 
speed. 

Optimistic  estimates 
From Appendix B we can use  the  average figure of 9 
keystrokes  per  character. If we optimistically assume 
that a user  can  attain a proficiency level of five strokes/ 
second, then we obtain 

( stroEes 
X 60- f 9- char 

strokes 
mm 

X 60- + 15- strokes 
char mm 

= 8 characters/minute. 

Received February 22,  1974 

= 33 characters/minute 

Pessimistic estimate 
From Appendix A,  one can  calculate an  average of 5 
keystrokes  per radical. If we assume a worst  case of 3 The author is located at the Thomas J .  Watson  Re- 
radicals per  character, we can  use a worst  case  average search  Center,  Yorktown  Heights,  New  York, 10598. 
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