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FIELD OF INVENTION 

This invention relates to text-input technology as used in keyboards in 

which a plurality of symbols may be associated to each of a plurality of input 

means. More particularly, it relates to an improved multi-tap method of 

utility for text inpu~ on communication equipment in which the number of 

5 input means devoted to symbol input is less than the number of symbols 

potentially input, such as a standard telephone keypad. 

BACKGROUND OF THE INVENTION 

On the standard telephone keypad letters of the alphabet are associated 

in groups to keys, and presented in alphabetic order. The key associated to 

the number 2 is also associated to the letters a,b, and c, the key associated to 

10 the number 3 is also associated to the letters d,e, and f, and so on. On cellular 

telephones, designed to be used in any of a variety of languages, the same 

keys may be selectably associated to a group of letters and accented letters 

appropriate to the language. For example, for a phone designed to be used in 

French, the key associated to the number 2 maybe also be associated to the 

15 letters a,b, and c, as well as the accented letters a and a, and also the letter ~· 

The standard method for accessing these letters is to tap the key a number 
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of times equal to the position of the· desired letter in some standard ordering. 

For example, if the ordering in the example above is a,b,c,a,a,~, then the 

user must tap the corresponding key 6 times to access the letter ~· Thus the 

method is referred to as a multi-tap method. This method has the advantage 

5 of being simple to learn, of predictable behavior, and requiring software and 

hardware of minimal complexity to implement, and these advantages have 

lead to wide-spread acceptance of this method. However, the method has 

the disadvantage of requiring more than one keystroke on average to type 

most texts, and for certain symbols at least, may require a large number 

10 of taps per symbol. ·Most users find these large numbers of keystrokes a 

burden to perform, and any method which reduces the number of keystrokes 

is thus of great utility. The present invention teaches such a method, which 

preserves the· advantages of the prior-art multi-tap method of being simple 

to learn, and requiring minimal software and hardware. It has slightly less 

15 predictable behavior than the standard multi-tap method, but this drawback 

is largely compensated for by the vastly reduced number of keystrokes. This 

method is generally applicable to any language in which strings of symbols in 

the language are not typically random, this includes for instance all written 

natural languages, as well as computer languages, and most synthetic, man-
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made languages, such as Esperanto and Klingon~ 

The essential aspect of the invention is to present the letters associated 

to each input means in the order in which they are most likely to be selected 

by the user. This order can be determined by analysis· of the probability of 

5 symbols and sequences of symbols in the language. Indeed, a hierarchy of 

probabilistic data can be collected, permittin'g increasingly refined estimates 

of the likelihood of an ordering. 

Prior-art methods to reduce the number of keystrokes using word-· or 

block~based predictive text input, such as the methods described in US 

10 patent number US5818437 or _US provisional application number 60/111,665, 

inevitably result in unstable displays where the letter \Vhich should be dis­

played at the moment a key is pressed can sometimes not be fully and cor­

rectly determined. In these cases, a letter is chosen for provisional display, 

and further information collected from later keystrokes is used to change .the 

15 provisionally displayed letter. This effect can be disturbing to users and is a 

departure from the behavior of the well-known multi-tap method. In order 

to retain the display stability of the multi-tap method, the present invention 

does not allow information from subsequent keystrokes to result in changes 

to symbols displayed as the result of previous keystrokes. 
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OBJECTS OF THE INVENTION 

It· is one of the essential objects of this invention to reduce the average 

number of keystrokes required to input symbols using a multi-tap method or 

an apparatus embodying this method. 

It is a further object of this invention to provide a method and apparatus 

5 which can be used for any written natural language. 

It is a further object of this invention to provide a display which is stable in 

the sense that a displayed symbol does not change unless explicit instructions 

to change are entered by the user. 

It is a further object of this im·ention to accomplish the object of reduc-

10 ing the number of keystrokes required to input symbols using a multi-tap 

method using hierarchically organized probability information, whereby the . 

data storage requirements of the method can be scaled to match the data 

storage capacity of the device i~plementing the method, making the method 

and apparatus applicable to with small amounts of data storage capability, 

15 such as smart cards. 

It is a further object of this invention to provide and store positionally 
. . 

dependent orderings information to reduce the number of keystrokes require 

on average to input a symbol. 
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It is a further object of this invention to provide a: positional differen-

tial method to store orderings information, and thus reduce data storage 

requirements. 

It is a further object of this invention to provide a hierarchical differential 

5 method to store orderings information and thus further reduce data storage 

requirements. 

It is a further object of this invention to provide a method to allow a given 

an:iount of storage allocated to a database of orderings to be used optimally. 

It is a further object of this invention to provide a means to synergis-

. 
10 tically combine the present improved multi-tap method of text entry with 

ambiguous-code methods for text entry. 

It is a further object of this invention to provide an auxiliary input means 

for advancing symbols in an ordering, thus removing the need for timing 

information or a symbol-ending input means used in prior-art methods. 

15 Further objects of this invention will be disclosed in the detailed specifi-

cation to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following specification will be presented in relationship to a sequence 
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of drawings. 

Figure 1: A schematic drawing of a telephone showing the standard as­

signment of letters and numbers to keys. 

Figure 2: A flowchart for using the invention. 

5 Figure 3: An overYiew of the invention. 

Figure 4: The e..x-cess number of keystrokes required to input an exam­

ple sentence using the prior-art multi-tap method, and two variants .of this 

invention's improved method. 

Figure 5: A graph showing the average riumber of keystrokes required 

10 for 1-4 block position-dependent and position-independent probabilities, for 

a standard database of probabilities of English words .. 

Figure 6: A graph equivalent to that of Figure 5, for several other lan­

guages using a character set which includes the Roman alphabet. 

Figure 7: position dependence of the number of keystrokes, in the prior-

15 art vs. improved multi-tap method. 

Figure 8: Flow chart for using the best-mode storage method. 

Figure 9: Flow chart for construction a database of orderings as used in 

the best-mode storage method. 

Figure 10: The overview as in figure 3, further comprising an auxiliary . 

7 



W000/34880 PCT/US99/29346 

input means for advancing symbols in ari ordering. 

Figure 11: The overview as in figure 10, _further comprising a predictive 

text input means, and an auxiliary input means for use in conjunction with 

the predictive text input means. 

SUMivIARY OF THE INVENTION 

5 It is well known that in a natural language different letters occur with 

different frequencies. For instance, in the first sentence of this paragraph, 

the letter "e" appeared 11 times, while the letter "z" did not appear at all. 

This is also true of pairs of letters, triples of letters, and so on. In particular, 

the probability that a given letter occurs may be conditional on which letter 

10 or blocks of letters precede the given letter. For instance, in English, if the 

letter "q" ·appears in a word, it is much more likely to be followed by the 

letter "u" than by the letters "v" or "t", even though "t" is a priori more 

probable than "u" or "v". This information can be exploited to improve· 

the multi-tap method as follows. In the prior-art multi-tap method, one 

15 press of the "8" ·key on the telephone keypad is used to input a "t", two 

presses of the "8" key used to input a "u" , and three presses of the "8" key 

used to input· a "v". That is, the three letters corresponding to the key are 
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presented in alphabetic order. In the present method, when 2- or greater 

block probabilities are used, an immediately previous selection of the letter 

"q" in a word will cause the letter "u" to be presented first, before "t" or 

"v", so that only one keystroke is required to input "u", while two would be 

5 required for the prior-art method. 

That observatio~ supplies one essence of the invention. Another key ob­

servation is that the relative probabilities of letters may depend also on the 

position within a word. For instance, while, in English, the letter "a" is 

generally more probable than the letter "b", it is more probable that a word 

10 begins with the letter "b" than with the letter" a". Thus, in most positions in 

a word, "a" should be ordered before "b" in an improved multi-tap method, 

however, in the first position of a word, "b" s_hould be ordered before "a", 

in order to reduce, on average, the number of keystrokes required to enter 

a '\·ord. It should b.e noted here, as will be evident to one skilled in the 

15 art, that "average number of keystrokes" could be replaced by another con­

venient statistic, such as "median number of keystrokes", without changing 

the essential features of this invention. Thus, throughout this specification, 

average ~r expected number of keystrokes could be read as average or ex­

pected number of keystrokes or other appropriate statistic on the number of 
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keystrokes. 

To make use of block probabilities to predict which letter the user will in­

put next, and thus reduce the number of keystrokes required, a large amount 

of information concerning blocks and their probabilities may need to be 

5 stored. However, there is a great deal of consistency across positions in which 

ordering of letters is optimal. We have noted that while'' a" is generally more 

probable than "b'', in the first position "b" is more probable than "a".· In a 

simple approach, one would store, for each possible position, an ordering of 

"a" with respect to "b" .. In this simple approach the information stored is 

10 highly redundant. Since the ordering at a given position is typically similar 

to the ordering at an adjacent position, that is, there is significant continuity 

across positions, a "differential" approach to storage or ordering information 

is appropriate. That is, rather than store the ordering at each position, one 

can store an initial ordering, and then encode changes to this ordering as 

15 they occur. This reduces the amount of storage required. If a still greater 

reduction in storage is required, one can choose to limit the amount of change 

information stored, and only store the most important changes, where the 

impor.tance of a change is measured by how much the change impacts the 

average number of keystrokes used. to input text. 
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A ·final observation is similar to the observation of positional continuity 

in that large-block probability information can be expressed as corrections 

to small-block information. That is, while "t" is generally more probable 

than "u", and thus should be ordered before "u" in order to reduce the 

5 average number of keystrokes, in certain circumstances, such as when "q" 

appears in the immediately previous position, "u" is more probable than 

"t". Thus, rather than store the ordering of "u" with respect to "t" for every 

possible immediately previous letter, one can choose to store information 

concerning only those exceptional cases in which "u" should be ordered before 

10 "t". Depending on exactly how the regular ordering and the exceptions are 

stored, storing just the exceptions can result in reduced storage requirement. 

This process will be referred to here as "hierarchical differentiation" and will 

be explained in more detail in the detailed specification below. 

DETAILED SPECIFICATION 

Figure 1 shows a schematic diagram of a telephone 100 showing the 

15 standard assignment of letters to keys 101. There are no letters assigned to 

the key labeled 1, and 3 to 4 letters are assigned to each key labeled 2 to 9, in 

alphabetic order. In the prior-art multi-tap method, to type the word "car", 
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for instance, one would press the 2 key three times to select the letter "c", 

and then the 2 key once again to select the letter "a" , and finally the 7 key 

three times to select the letter "r'' .. Thus, to type the word·" car'' requires a 

total of 7 keystrokes, 4 more than would be required to type the same word 

5 on a standard typewriter keyboard. The number of keystrokes required to 

type a word on· a tel~phone keypad over and above the number of keystrokes 

required to type the same word on a typewriter keyboard will be referred to 

as the excess number of keystrokes. The essential object of this invention is 

to reduce the excess number-of keystrokes to as close to zero as possible. 

. 10 Consider entering the word "car" on a telephone keypad on which 2 is 

associated withthe letters a,b,c, butthese letters are presented in the order 

c,a,b, and 7 is associated with the letters p,q,r,s but presented in the order 

r,s,p,q. In. this case it would require only 1 excess keystroke to type the word 

"car", rather than 4 e.~cess keystrokes in the standard multi-tap method. 

15 Thus, reordering the letters associated to a key can change the number of 

excess keystrokes required to enter a word. The number of excess keystrokes 

can be further reduced if the ordering of letters changes dynamically as words 

are typed. ·For instance, if initially the ordering of·letters associated to the 

2 ke}' were c,a,b, and then, once "c" had been entered, the order changed 
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to a,b,c, while the ordering on the 7 key ·remained as r,s,p,q, then it would 

require no excess keystrokes to type the word "car". If the order were always 

changed so that the first letter in the ordering is the letter the user desired 

to type, then no excess keystrokes would ever be required. 

5 This ideal situation cannot be obtained in practice, however this inven-

tion teaches a method and apparatus by which the ideal situation can be 

approached quite closely. The method requires the selection of an ordering 

for each key at each moment in such a way that the expected number of excess 

keystrokes is minimized, and the apparatus is a device which functions by 

10 this method. 

The way the apparatus is used is e.xplained in reference to Figure· 2. Ini­

tially, at step 1000, the user selects the input means corresponding to the 

symbol that he or she wishes to type. Then, at step 1001 the apparatus 

invokes means to select an order for the symbols associated to that input 

15 means, based on the prefix, that is, based the symbols which have been pre­

viously entered by the user. Then, at step 1003, the apparatus presents via 

a visual or auditory display means, the first symbol in the ordering selected. 

The user then perceives the symbol, and if the user finds the presented sym­

bol to be the desired symbol(step 1005), this symbol is allowed to be output 
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by the apparatus at step 1007. If, .however, the presented symbol is not the 

correct symbol, then (step 1009) the user will activate an input means to 

present the next symbol in the ordering. In the prior-art multi-tap method, 

the input means used to present the next symbol in the ordering in step 1009 

5 is the same input means used to present the initial symbol in step 1000. In 

the improved method taught by this invention, the input means used to ad­

vance in the ordering in step 1009 could be the same input means as used 

in step 1000, or, preferably, it is an auxiliary input means devoted to this 

purpose, as explained further belo,v. 

10 Steps 1005 and 1009 are repeated alternately until the desired symbol 

is presented to the user and output. 

Referring now to figure 3, we examine in overview some of the essen­

tial features of the apparatus of this invention. Entry of symbols is via a 

plurality of input means 5000, typically embodied as a keyboard to be op-

15 erated by the fingers and thumbs of the user, though the input means could 

also be embodied in many different ways, such as a voice-recognition . sys­

tem, a breath-velocity detector, and so on. Signals from the input means 

, are transmitted to an ordering selector 5001 which selects an ordering for 

the display of symbols based· on the current input means activation, and, 
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preferably, the recent history of input means activations. When history in­

for1Dation is used in an embodiment, said history information is stored in a 

situation memory means 5003. The orderings selector selects an ordering 

from the database of orderings 5002 in an appropriate way depending on 

5 the current situation, that is, the current input means manipulation, and, 

preferably, the recent history of input means manipulations. The ordering 

selected is communicated to the coupler of orderings to symbols for display 

5004 which is effective to select a symbol to display on the display means 

5005, depending on 1) the set of symbols associated to the relevant input 

10 means, and 2) the ordering communicated from the ordering selector 5001. 

· The display means will typically be a visual display means, but could also 

be an auditory display means which, for instance, speaks the symbol to the 

user via a voice-synthesis means, or a tactile communication means whereby 

the symbol is communicated to the user by a vibration, etc. 

15 Prefixes and Positions For the purposes of this disclosure, the prefix of a 

symbol is the set of symbols typed immediately preceding the symbol which 

is to be typed. The terms symbol and letter may be used interchangeably in 

this disclosure. For instance, in the word "car" the 1-letter prefix of the letter 
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"r'' is the letter "a", the 2-letter prefix of~' r" is "ca", and the 3-letter context 

of"r" is'' _ca" where"_,, is used to denote a space or other punctuation mark. 

The term position will be used to refer to the number of symbols before a 

given symbol, up to and including the last punctuation mark. Thus, "r" is 

5 in position 3 in the word "car". 

It has been discQvered that the best ordering for the symbols associated 

to a giYen input means is a function of the· prefix and of the position of the 

symbol to be typed using the input means. Thus, in.essence, this invention 

concerns using prefix and/or position information to choose an ordering of 

10 the symbols associated to an input means. 

Choosing an ordering as a function of a prefix. To simplify the dis­

cussion, let us consider a language consisting of three words aba, cca and 

cac, with probabilities of occurrence of 0.1 0.3 and 0.6. respectively. All of 

these words can be typed with the 2 key of the standard telephone keypad. 

15 In the standard ordering of letters, a,b,c, these words will require 1, 4, and 

4 excess keystrokes respectively. The expected number of excess keystrokes 

per letter is thus (0.1 *l+0.3*4+0.6*4)/3 = 1.23. To reduce the number of 

excess keystrokes, we would prefer to choose the order c,a,b, since"c'' is the 
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most probable first letter, "a" is the second most probable first letter, and 

"b11 never occurs as a first letter. Similarly, at the second position, we find 

that "a'' is the most probable second letter, "c" is the next most probable 

second letter, and "b" is the least probable second letter, suggesting that the 

5 ordering c,a,b be used again at the second position. Finally, at the third posi­

tion, we would choose the ordering c,a,b again since "c" is the most probable 

letter in the third position, and "b" never occurs in the third position. By 

reordering the letters to c,a,b, we reduce the expected number of keystrokes 

to (0.1*4+0.3*1+0.6*1)/3 = 0.433, a very significant improvement. 

10 We can do better, however, by using prefix information. The following 2'-

letter sequences occur in these words: ab, ba, cc, ca, and ac, with probabilities 

0.05, 0.05,0.15, 0.45, and 0.3 respectively, ignoring the position in which 

these prefixes occur. Thus, given that the letter at some position is "a", the 

probability that the next letter is also "a" is 0, the probability that the next 

15 letter is "b" is 0.05/(0.05+0.3) = 0.14, and the probability that the next 

letter is "c" is 0.3/0.35= 0.86. We should choose the order c,b,a in order in 

minimize the number of keystrokes, whenever an "a" has been entered just 

before th~ letter which is to be entered next. Similarly, if the previous letter is 

"b", we should choose the orders a,b,c or a,c,b, and if the previous letter is,, c" 
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we should choose the order a,c,b. Using I-letter, position-independent prefix 

information, Consider now typing the word "cca". For the first position, 

there is no.letter prefix, and so we use the default ordering c,a,b. Then, since 

"c" is entered, we use the order a,c,b, and finally, since c is entered again, we 

5 again use the order a,b,c. We will enter the word with one extra keystroke. 

Computing the number of keystrokes for the other words in the same way, 

we find that the e."'Cpected number of excess keystrokes for this language is 

0.17. 

Combining prefix and position information. In the above calculation, 

10 we chose an order based on prefix information, ignoring position information. 

Howeyer, by examining these words, we find that if"a" is in the first position, 

then "b" should be offered as the first choice in the second position, since 

11 a" is only in the first position in the word "aba". However, if "a,, is in the 

second position, then "c" shouid be offered as the first choice, since "a" only 

15 occurs in the second position in the word "cac". In this way, the ordering to 

choose can depend not only on the prefix, but al~ on the position in which 

that prefix occurs. Now we find that we need one extra keystroke to enter the 

word aba, 1 e."'Ctra keystroke to enter the word cca, and no excess keystrokes 
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to enter the word cac, giving an expected number of excess keystrokes for 

the language of (1*0.l+l*0.3)/3 = 0.13. The expected number of excess 

keystrokes has been reduced to nearly 1/10 of the expected number of excess 

keystrokes in the prior-art method. 

5 Given these teachings, it should now be evident to one skilled in the art 

that one can use prefixes of more than one letter, and languages composed of 

an arbitrary number of words composed of an arbitrary number of symbols 

and of arbitrary lengths. 

An example sentence. To see the result of applying these teachings to an 

10 e.xample sentence, we refer to Figure 4a. Here, a sentence is shown with the 

e.xcess number of keystrokes required to enter each letter shown below the let­

ter. For clarity, a blank is used to indicate 0 excess keystrokes. Similarly, the 

number of excess keystrokes required to input the same sentence when order­

ings are chosen according to position-dependent prefixes of length 1 (Figure 

15 4b) and position-dependent prefixes of length 4 (Figure 4c) are shown. To 

compute the number of excess keystrokes, a set of reference statistics of the 

probability of words in English was used. As long as the statistics used to 

chose orderings are sufficiently representative of a language, results similar 
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to these should be obtained. It is clear that the nuniber of excess keystrokes 

needed decreases as the size of the prefix used increases. 

Dependence of the excess number of keystrokes on prefix size and 

position In order to appreciate the utility of the database compression 

5 techniques which will be explained below, and for which patent rights are 

hereby claimed, it is important to understand the· effects of prefix size and 

position dependence on the expected number of keystrokes. It will be shown 

that the longer the prefixes that can be used, the greater the improvement of 

the present invention over the prior-art muJti-tap method, However, as the 

10 length of the prefixes increases, the amount of storage which is required may 

increase dramatically, making efficient storage of information a priority. 

Referring now to Figure 5, we find data plotted which helps to under­

stand the relative impact of positional information and prefix size on the 

expected number of keystrokes. Shown on the horizontal axis is the size of 

15 prefixes used in a prior-art multi-tap method (size 0 prefix, alphabetic or­

dering), and prefbces of size 1through4 for the improved multi-tap method. 

Plotted on the vertical axis is the expected number of keystrokes. These 

data were obtained relative to a reference dictionary of English words, to-
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gether with their probabilities .. The curve 200 shows the expected number 

of keystrokes when position-dependent prefix information is used, and the 

curve 201 shows the expected number of keystrokes when positionally infor­

mation is ignored, and only prefix hiformation is used. It is seen that as the 

5 length of the prefixes used increases, the expected number of keystrokes de­

creases rapidly, for both position-dependent and position-independent data. 

No increase in prefix length can compensate fully for neglect of positional 

information, however. ~\Tith increasing prefix size, both position-dependent 

and position-independent curves approach an asymptote (curves 202 and 

10 203 respectively), and the position-independent. asymptote is higher than 

the position-dependent asymptote. · Nonetheless it is clear that increasing 

prefix size has a stronger effect than inclusion of positional information, at 

least up to prefix sizes of .3 or 4. 

Referring now to figure 6, we see that the effect of decreasing expected 

15 number of keystrokes with increasing prefix size is not limited to the English 

language. Here, the same position-dependent curve 200 from figure 5 is 

shown in relationship with a variety of curves 204 based on data from a 

variety of other Romance and Germanic languages. While each of these 

curves follows the same general course, the asymptotic values are higher for 
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the other langUages, due to the fact that· these languages are written with a 

larger number of symbols than English, owing to the use of accented letters. 

Similar curves can be expected for any natural language. · 

Another way to grasp the degree to which the·present invention improves 

5 over the prior-art multi-tap method is by reference to the data presented 

in figure 7. · Here, the expected excess number of keystrokes is plotted as a 

function of position in a word, using the prior-art multi~tap method 300, and 

the improved multi-tap method· taught ·by the present invention, and·. using 

position-dependent information and prefixes of length 4, curve 301. It is seen 

10 that for the the prior-art method the expected number of excess keystrokes 

remains fairly constant or even increases with the position in the word. In 

the improved method, however, the e::-..-pected number of keystrokes decreases 

rapidly wfth position in the word. Most of the excess keystrokes required to 

enter a word using the improved method are required to enter the first letter 

15 of a word~ Once this first letter has been correctly entered, a prefix has been 

established which allows the desired· 1etter to be presented first in order with 

an increased reliability. 
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BEST MODE STORAGE METHOD 

To understand the best mode storage method, consider a topographic 

map, with large, flat regions such as lakes, and various more rugged features 

such as mountain ranges. Your task is to make as accurate a model as 

possible of the map, using as tools a collection of disks of various diameters 

5 and heights, which you can stack one upon the other. To succeed, you must 

not only make an accurate model, but one which uses a minimum number of 

disks. In regions in which the terrain changes slo\vly, you can produce a good 

representation with a small number oflarge disks. However, when the terrain 

changes rapidly, you will need a large number of smaller disks to track the 

10 changes. If you are only allowed a ii.iced number of disks to construct your 

model1 there will always be some optimal way to choose the disks so as to · 

produce a high-quality model. 

To make the link with the present case, consider the height and width of 

the disks as corresponding to prefixes and positions within a word. The larger 

15 the disk, the smaller the prefi."C. You can think of the prefix as giving the 

location of a place on the map to be covered, and the smaller the area is, the 

longer and more detailed the address needed to specify the area. Finally, the 

topography of the map corresponds to the variability of the excess number 
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of keystrokes as a function of prefbc and position-within-a-word. 

More formally, define a pset (permutation set) to be a quadruple 

(key,prefix,position,permutation). A pset bas the following interpreta­

tion: If key is pressed, when prefix has been· entered at position in a word, 

5 then present to the user the symbols associated to key in the order given by 

permutation.A database of orderings is a collection of psets. 

To use a database of orderings to control the presentation of symbols ~o a 

user, we need a function MATCH(situation,pset), which determines if a 

pset corresponds to the current situation, \~here a "situation" compri~es the 

10 current prefix to the key just pressed at some moment during text entry, the 

current position within the word when that keypress occurs, and the key that 

has just been pressed, that is, a "situation" is a pset with no permutation 

specified. · 

Vile also need a function COMPARE(psetl,pset2) which rates psets 

15 relative to each other for their applicability to the current situation. 

The use of MATCH and COMP ARE can be understood by reference to 

figure 8. In the first step 3000, and for each pset in the database, MATCH 

determines if the current prefix corresponds to the input pset, if the current 

position is compatible with the position in the pset, and if the key of the 
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pset corresponds to the key which has just been pressed. It is obvious how 

to determine correspondence in terms of key. To correspond in terms of 

position, the position of the pset. must be less than or equal to the current 

position. To correspond in terms of prefix, the prefix of the current situation 

5 must contain the prefix of the pset. Containment is determined by comparing 

the prefix of the pset to the current prefix letter by letter, beginning with 

the letter just before the current position, and working backward toward the 

beginning of the word. For instance, if the current prefix is _ga, then psets 

with either the prefix a or the prefix ga match the current situation, any 

. 10 other prefi.ic, such as f ga does not match the current situation, except the 

NULL prefix, \Vhich matches all prefixes. 

After the completion of step 3000 all psets have been identified as match­

ing or not· matching the current situation. In step 3001, all those psets which 

match are ordered with respect to each other using the function COM-

15 PARE. 

In constructing the database, a process to be discussed further on, a 

decision was made to rate positional correspondence above prefix correspon­

dence, or vice ''ersa. Without loss of generality, let us assume that positional 

correspondence is rated above prefix correspondence. Then, given two psets, 
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psetl and pset2, COMPARE will return psetl if the position of psetl is· 

closer to the current position, and pset2 otherwise. The pset retumed will 

be placed higher in the ordering than the other pset. If the positions of psetl 

and pset2 are the same, then COMP ARE will return the pset with the 

5 longest prefix. 

Once all the matching psets have been sorted relative to each other using 

COMPARE, there is one highest.;.rated pset. In step 3002 the permutation 

of this pset is chosen for use in ordering the· symbols to be presented to the 

user. 

CONSTRUCTION OF A DATABASE OF ORDERINGS 

10 The best-mode method for constructing a database of orderings will be 

described ·in reference to figure 9. In the first step of database construction 

4000, all possibly relevant psets are constructed from a database of words (a 

dictionary) along with their probabilities. The probability to assign to the 

pset is the probability that it will match the current situation: at· any given 

15 time. The probabilities will be used to give a rating to the psets. All possible 

psets "includes all possible choices for key, prefix (including the null prefix) 

and position which occur in words in the dictionary, each of these choices 
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of key, prefix, and position associated to· each possible permutation of the 

. symbols associated to the key. The number of such psets is finite since the 

number of keys is fixed, no prefix can be longer than the largest word in the 

dictionary, and no position can be larger than the length of the longest word. 

5 Still, the number of possible psets could be quite large, and one may decide to 

limit the number of psets a priori by fixing a longest prefix to be considered, 

binning the positions into a small number of bins so that positions within a 

bin are considered equivalent, etc. 

Next, in step 4001, an initial rating is assigned to each of the psets. This 

10 rating is based on the reduction in the expected number of keystrokes required 

to enter the words in the dictionary, if the given pset were to be included 

in the database of orderings, relative to the e>.."Pected number of keystrokes 

required \\'hen the symbols are presented in some initial default ordering, 

such· as alphabetic ordering. T~is reduction can be calculated rapidly, since, 

15 for each pset, one only need consider the words to which the pset matches, 

and count the number of excess keystrokes required if the pset were to be 

used. For instance, if the dictionary consists only of the word "the" 1 then 

only those psets with (position,prefix) pairs: (l 1NULL) 1 (2,NULL), (2,t), 

(3,NULL),(3,h), and (3,th) need to be considered (NULL represents the null 
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prefix, that is, no prefix at· all). For each of these psets, and for each possible 

permutation, the reduction in the number of excess keystrokes is computed. 

Once all psets have thus been rated, that pset with the largest rating, 

that is, the pset which produces the maximal reduction in expected number 

5 of keystrokes, is entered into the database of orderings (step 4002). If there 

is more than one maximally rated pset, the one with the lowest position is 

chosen, if all have· the same position, then the one with the smallest prefix is 

chosen, and if all have the same size prefix and same position, one of them 

is chosen at random. 

10 Now; to find the next pset to be included in the database 4003, the 

ratings of all the psets has to be recalculated. The rating of a pset is now 

based on the reduction in the number of keystrokes relative to the default 

orderings· and the database of orderings thus far constructed~ Consider, for . 

example, the case giYen above in which the only word in the dictionary is 

15 "the". Assume that the pset (4,2,NULL,hig) (meaning: for key 4, pressed at 

the second position, regardless of prefix, present the letters in the order h,i,g) 

has been selected at step 4002 for inclusion in the database. Now the pset 

( 4,2, t;hig) will have a 0 rating: any effect it might have has already been ac­

counted for by the pset included in the database. Note that initially the psets 
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{4,2,NULL,hig) and {4,2,t,hig) have the same rating, and, given the rule that 

if two psets have the same rating, the one with the smallest prefix is chosen, 

{4,2,NULL,hig) would be inserted in the database rather than (4,2,t,hig). 

This preference accomplishes hierarchical differentiation. Similarly, the psets 

5 (a) {3,1,NULL,edf), (b) (3,2,NULL,edf) and (c) {3,3,NULL,edf), which mean 

respectively (a) if key 3 is pressed, at any position 1 or greater, and regard­

less of prefix, use the order e,d,f, (b) if key 3 is pressed, at any position 2 or 

greater, and regardless of prefix, use the order e,d,f, ( c) if key 3 is pressed, at 

any position 3 or g:reater, and regardless of prefix, use the order e,d,f, each 

10 have the same effect on the excess number of keystrokes required to enter the 

word "the". Given the rule that if psets have the same prefix and the same 

rating, the one with the lowest position is preferred, pset (a) will be chosen. 

This. rule accomplishes positional differentiation. 

Steps 4002 and 4003 can now be repeated as many times are required 

15 to find additional psets to include in the database. At each iteration, ratings 

will have ·to be recalculated for certain psets, those which could be affected by 

the last added pset to the database. Only those psets which have a position 

greater than or equal to the last added pset, and have a prefix which includes 

or is included by the prefix of the last added pset, and apply to the same key 
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as the last added pset.need have. their ratings recalculated, and only these 

psets need to be resorted in relationship to the other psets. · 

This process describes the construction of a database of orderings essen­

tially ab initio. In practice one might lVish to begin the process by first 

5 including some larger subset of orderings known to be useful, such as all or­

derings with prefixe~ up to length 1. Regardless of the initial set ofpsets, 

addition of psets can.proceed as described above. 

This best mode method is but one of an infinite number of embodiments 

of the general principles taught by this invention for reducing storage re-

10 quirements. These principles are two: 1) positional differentiation, in-which 

advantage.is taken of the fact that typically positions nearby eatji other will 

require similar orderings, and 2) hierarchical differentiation, in which ad .. 

''8.ntage is taken of fact that longer prefixes will typically require orderings 

similar to the orderings consistent with shorter prefixes. The best mode stor-

15 age method combines these principles in a v.-ay which is particularly useful 

when an amount of storage to be allocated to the database of orderings is 

fixed in advance. Using the best mode method, whatever storage is available 

for the. database can be filled in a way which is optimal for reducing the 

expected number of.keystrokes. 
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AUXILIARY INPUT MEANS FOR MULTI-TAP INPUT 

In the prior-art multi-tap method, some method must be used to distin­

guish multiple taps which are meant to advance in the ordering of symbols 

and multiple taps which are meant to input new letters. For instance, the 

word "cab" is typed entirely using the 2 key, with three taps, one tap and 

5 two taps for the lett.ers c,a and b respectively. Grouping these taps to rep­

resent letters is usually done in one of two ways, 1) a timing mechanism is 

used: closely spaced taps are interpreted as being in the same group, while 

a longer space between taps encodes the beginning of a new group, or 2) 

an auxiliary key, typically the # key on the telephone key pad, is used as 

10 a letter-ending symbol, so that "cab" is entered as 222#2#22#. The first 

of this methods has the drawback of limiting the speed at which a user can 

type. Such a keyboard requires the user to type neither too quickly, nor too 

slowly. It is particularly unsuited for the improved multi-tap method taught 

by this invention. The second method has the drawback of added an extra 

15 keystroke for each letter, further slowing input. 

This invention thus provides for an auxiliary key to be used to advance 

symbols in a given ordering. Referring to figure 10, we see how this aux­

iliary input means can be integrated into the apparatus of this invention. 
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The auxiliary input means 5007 communicates with the coupler of order­

ings to symbols for display 5005 in such a way that each manipulation of 

the auxiliary input means 5007 causes the symbol displayed to be advanced 

one in the ordering. This auxiliary key could be applied as well to improve 

5 the standard multi-tap method. In this case the order does not depend on 

context, still the au~liary input means apparatus can be applied to advance 

symbols in the given, fi.xed ordering. 

INTEGRATION OF MULTI-TAP l\'IETHODS 'WITH AMBIGUOUS CODE METHODS 

Following the teachings of this invention, the improved or prior-art multi­

tap method can be use in integrated combination with ambiguous code meth-

10 ads, such as those taught in US provisional applicatiOn number 60/111,66~. 

(GUTO\VITZ '98), which is hereby incorporated by reference. For definite­

ness, we will describe a combination with the embodiment of GUTOWITZ 

'98 in which several selected letters are input by substantially simultaneous 

manipulation of two input means. The worker skilled in the art will be able 

15 to e.xtend these teachings to combination with any other ambiguous code 

method .. However, if this combination is not done properly, then the ben­

efits of the ambiguous code method can be compromised by the ambiguity 
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introduced by the combination with the multi-tap method. A particularly 

effective method for combining multi-tap and ambiguous-code methods, for 

which patent rights are hereby claimed will now be described. 

It was shown in GUTOWITZ '98 that operation of an auxiliary input 

5 means with one of the letter keys of the standard telephone keypad can 

serve to encode a selected letter, and that, further, if the letters encoded in 

this way are selected to be c,e,h,l,n,s, t,y then the ambiguity, as measured 

by lookup error and query error, is substantially reduced as compared to 

the standard ambiguous code. We will therefore adopt this code for the 

10 present discussion. One way to combine those teachings with the teachings 

of the present inYention is to combine evidence from both multi-tap input 

and ambiguous code input to select a most-likely word or letter from a set of 

possible words or letters. 

Referring now to figure 11, we find a schematic overview of an apparatus 

15 in which both a multi-tap and a predictive text input means are integrated. 

The multi-tap components of this figure have been already presented in de­

tail. Component 5009 is a predictive text input component, which could 

be for instance, one of the predictive text input embodiments described in 

GUTO\VITZ '98. For the embodiment to be discussed in more detail be-
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low, that embodiment in which selec.ted letters from each input means which 

encodes letters are selected by manipqlating an auxiliary input means in 

conjunction with one of the lett~r-e~coding input means, an auxiliary in­

put means for predictive text input is required. This ;:i.uxiliary input means 

5 is shown in figure 11 5008, and is preferably distinct from the other input 

means of the apparatus, in particular, the auxiliary input means for multi-tap 

input 5007, when said auxiliary input means for multi-tap input is present 

in the apparatus. 

Consider an extreme case in which a user may at any moment choose to 

10 use either the ambiguous code method or the improved multi-tap method. 

Most words could be entered in a Yariety of ways. For instance, consider 

entering the word "bed". 'Ve will assume for this example that the order c,a,b 

is always chosen by the improved multi-tap method for the letters associated 

to the 2 key, and the order d,e,f is always chosen by the improved multi-tap 

15 method for the letters associat~d to the 3 key. We will use a space to denote 

operation of a letter ending means, such as a timeout. For the ambiguous 

code method, we will write 2 to indicate operation of the auxiliary key in 

combination with the 2 key, 3 to indicate operation of the auxiliary key with 

the 3 key. Using only the improved multi-tap method, the word "bed" would 
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be entered as 222 33 3, and using the ambiguous code method as 233. Now 

imagine that the user types 233, and we allow interpretation by both the 

ambiguous code and improved multi-tap methods. When the sequence 233 

-
is received, we do not know if the user intended only the second letter to 

5 be typed using the ambiguous code method, or all of the letters, or only 

the first and second_ letters, or only the second and third letters. Thus, this 

sequence could be interpreted as :i bed" (pure ambiguous-code interpretation) 

or "ced" (first and/or third letters are multi-tap). However, assuming that 

"ced" is not a word in the dictionary, this hypothesis can be rejected, and 

10 the sequence rendered as "bed'~. 

Consider now the sequence 22 3 3, in improved multi-tap this is "add", 

and in the ambiguous-code interpretation "aadr', "abdf', "badf', "bbdf', 

"aafi'.l" "abfi'.l" "bafd" "bbfd" "aadd" "abdd" "badd" "bbdd" "aa:ft" u, u, , ' , , ·' ' , 

"ab:ff', "bafi" ,"bbff". Let us assume that one of these, for instance, "baff" 

15 is a word. Now there are two possible interpretations of the input sequence, 

"add" or "ha.ff" and a query would need to be presented to the user, to allow 

the user to select the interpretation which is meant. · 

These examples show that both multi-tap methods and ambiguous code 

methods can be operational at the same time. In the case of conflicts or 
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ambiguities, queries can be presented to. the user to allow the user to resolve 

the conflict or ambiguity~ ·· 

BEST MODE OF INTEGRATION WITH AMBIGUOUS CODES 

Many variant methods for integrating ambiguous-code and multi-tap meth-

ads may be designed_. For instance, based on the data presented previously; 

5 one good method could .. be to use multi-tap systematically for the first letter 

of a word, and then the ambiguous-code method systematically for . all the 

other letters of the word. 

The best mode for synergistic integration of ambiguous-code and multi-

tap methods emerges from several im-·entive insights: 1) multi-tap methods 

10 will be of most use for words not likely to correctly rendered by an ambigu-

ous code method, such as proper names, 2) users are unlikely to want to 
/ 

use both ambiguous-code and multi-tap methods within a single word, 3) by 

using a distinct auxiliary input means for ambiguous-code input and another 

distinct auxiliary input means for multi-tap input, it can be relatively easy 

15 to determine if a user means to use the ambiguous-code method or the multi-

tap method to enter any given word, 4) but using sequential signals, that is, 

by having operation of the ambiguous-code auxiliary input means precede 
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the letter to which it refers, and the multi-tap auxiliary input means succeed 

the letter to which it refers, the ambiguity introduced _by possibly simulta­

neous interpretations in terms of ambiguous-code or multi-tap methods can 

be reduced. 

5 Thus, the best mode for synergistic combination of ambiguous-code and 

multi-tap input can pe understood in more detail as follows. 

Most of the ambiguities resulting from multiple interpretations due to 

combinations of multi-tap and ambiguous code methods are due to letter­

boundary confusions in the multi-tap method, be it the improved multi-

10 tap method or the prior-art multi-tap method. That is, for example, one 

does not know if a repeated sequence, such as "22" should be considered 

as representing a single or several letters. Since in the improved multi-tap 

method, the probability of needing multiple taps to input a letter is small, 

multiple taps can be ergonomically accomplished by means of an auxiliary 

15 input means operated in conjunction with a letter-encoding input means. 

Let us represent by *2 the operation of an auxiliary input means with the 

·2 key. Then, if the order of letters on the 2 key is c,a,b, then c is encoded 

by "2!', a by "2*2", and b by "2*2*2". Now, using the notation as above for 

2 meaning operation of the auxiliary input means for ambiguous-code input 
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on the 2 key, the word "cab" c~ be entered as 22*22*2*2 using just the 

multi-tap method, or 222 using just the ambiguous-code method. If both 

input methods are available simultaneously, then the user can chose to enter 

"cab" in any of the following ways: 222, 22*22, 22*22*2*2, 222*2*2, 222, 

5 22*22, 22*22*2*2 and 222*2*2. 

These 8 possibili~ies can in part be uniquely associated with letter se~ 

quences: a "star" sequence can only be read in one way, and a "-:" sequence 

can only be read in one way. Thus, the 8 possibilities can be rendered: c22, 

ca2, cab, c2b, 222, 2a2, 2ab, 22b. Here, partial sequences have been replaced 

10 \\'ith letters whenever this can be done unambiguously. Each of the remaining 

2's in these sequences represent a "c" if interpreted in a multi-tap interpreta­

tion, and "a or b" if interpreted in an ambiguous· code interpretation. Thus 

each 2 can be any of a,b, or c. If only by virtue of the sequence "222", any 

of the 9 possible permutations of a,b,c, are possible and thus this example 

15 reduces to coding using the standard ambiguous code. 

This example is an extreme case which illustrates all of the possible com­

binations of coding using the standard ambiguous code, a reduced-ambiguity 

code,-aµd a multi-tap method. In.this example the additional ambiguity due 

to the possibility of interpretation in either a multi-tap mode or a reduced-
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ambiguous-code mode, resulted in a to~al ambiguity which is no less than 

that of the standard ambiguous code. In a typical case, however, additional 

information input by means of manipulation of the auxiliary input means 

will serve to reduce ambiguity relative to the standard ambiguous code. 

5 According to the best mode of operation of this invention, the ambiguity 

due .to possible simultaneous interpretations in terms of an ambiguous code 

or a multi-tap code can be reduced by creating a precedence relationship be­

tween the two possible interpretation mechanisms. The following convention 

is optimal in that 1) it allo\'i'S for multi-tap input to be used for words which 

10 are not likely to be in the dictionary, and thus not likely to be correctly 

interpreted, and yet 2) allows words whiC:h are likely to be in the dictionary 

to be typed using the ambiguous-code method, and 3) permits learners of 

the ambiguous-code method to make a smooth transition from multi-tap in 

ambiguous-code input during the learning process. The convention is that 

15 words are to be interpreted in a multi-tap interpretation unless any of the let­

ters in the word are entered using the ambiguous-code auxiliary input means. 

The reverse convention is also possible. 

For typical words, one or the other of the auxiliary input means will be 

required to enter the word, and thus it is straight forward to determine if the 
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user meant to enter the word using the multi-tap or ambiguous code method .. 

We have seen that for English there are on average 15% excess keystrokes per 

letter, and thus, for each letter, a 15% chance to use the multi-tap auxiliary 

input means, for devices which use an auxiliary input means in the multi-

5 tap mode. Since the average word in English is approximately 5.5 letters 

long, there is a 60~ chance that the multi-tap auxiliary input means will 

be used at lea.St once in any given word. In the same way, for the reduced­

ambiguity ambiguous code described above, the auxiliary input means has a 

45% chance of being used to enter any given letter, and thus a 96% chance to 

10 be used at least once \yhile entering an average word when the word is entered 

using this method. Thus, most of the time, it can easily qe determined in 

software which method the user intended to use on any given word according 

to which of the auxiliary -input means was used in the course of entry of the 

word. If neither of the auxiliary input means is used in a given word, some 

15 default arrangement may be made, preferably, to interpret the word in the 

ambiguous-code method. 

While the user is learning the use of the ambiguous code auxiliary input 

means, it 'may be preferable to adopt the multi-tap interpretation for all let­

ters, except those entered using the auxiliary input means for ambiguous-code 
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text entry. In this way, the use of the auxiliary input means for ambiguous-

code text entry can be introduced gradually, and will always provide some 

benefit in enabling the user to enter certain letters directly and unambigu-

ously, ,,·ithout passing through a multi-tap interpretation. 

5 Though it may not contribute to reduction in total ambiguity, it is consid-

erably more ergono~ic to perform the combination of auxiliary input means 

with symbol encoding means in two different ways, depending on whether 

the auxiliary input means associated to the ambiguous-code method, or the 

auxiliary input means associated to the multi-tap method is concerned. In 
. . 

10 the case of the ambiguous-code auxiliary input means, the auxiliary input 

means activation should occur before or during the activation of the symbol-

encoding input means to which it refers, while in the case of the multi-tap 

method, the auxiliary input means activation should occur after the activa-

tion of the symbol-encoding means to which it refers. In typical use, the 

15 ambiguous-code entry method ·will be used words expected by the user to be 

in the dictionary, while the multi-tap method will be used for words which 

the user expects not to be in the dictionary. 
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OPTIMIZATION OF CODE FOR REDUCED NUMBER OF KEYSTROKES 

Multi-tap typable devices are not touch typable: each symbol is not al­

ways gotten by the same sequence of input means manipulations. Nonethe~ 

less, many of the methods used for typable device optimization disclosed in 

GUTOWITZ '98 can be applied to multi-tap devices. Accordingto the teach-

5 ings of the present invention, one essential ergonomic criterion for multi-tap 

methods is the expected number of excess keystrokes. Following the teach­

ings of GUTO\VITZ '98, the excess number of keystrokes could be reduced 

by choosing an optimal assignment of symbols to keys. In particular, alpha­

betic ordering could be maintained while reducing the number of keystrokes, 

10 by choosing an optimal partition of the symbols. 

ALTE~l\lATE CHOICE OF STATISTICS 

Up to now, we have been considering choosing orderings with respect to 

statistics drawn from a representative sample of the language to be typed. In 

some circumstances, other orderings may be preferred. For instance, when 

the improved multi-tap method and apparatus taught by the present inven-

15 tion is used to enter and access names and addresses in a database on a 

handheld device such as a cell phone or personal digital assistant, then the 
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relevant statistics are those of names and addresses, not those of general lan­

guage. Indeed, one might choose statistics drawn from a large set of names 

typical of a language when the device is used for entering names, and the 

statistics of the names already input into the device when the device is used 

to access names. In the latter case, the weighting of letters and prefixes could 

5 be a function of the ~umber of times the names and addresses in the database 

have been accessed, rather than statistics based on the general usage of such 

names by a population of users. 

Distant database storage. The database of orderings need not reside on 

the physical device used for text entry. Consider, for instance, an automated 

10 corporate switchboard which permits callers to be connected to employees 

"·hen the caller enters the name of the employee by typing on a telephone · 

keypad. The optimal orderings may be different from the optimal orderings 

for entering unrestricted lang~age,. and. the automated switchboard could 

communicate selected orderings to the caller's phone, interactively as the 

15 caller types. Such a setup presents a number of advantages: not only are 

the orderings adapted to the corporation's telephone data, but also, minimal 

storage and processing is required in the user's handset. Preferably, the 
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user handset is capable of signalling the user as to which letter choice is 

being made. However,.· the method can operate even with no .specialized 

handset equipment beyond a standard telephone. In t}iis case, voice synthesis 

software, operating on a remote computer, can serve as the display means. 

Alternative choices of orderings are also appropriate when filling out com-

5 puter based forms. Some fields in some forms may require input from different 

subsets of language, a.nd thus different statistics, and thus different optimal 

orderings. For example, while entering a URL (Universal Resource Locator), 

one finds that the sequence "www" is very common, while in general language 

it is rather uncommon. Thus, an ordering conditional on a sequence of w's 

10 which causes \v to be presented first in an order would be appropriate for a 

field in which a URL is to be entered, but would be potentially inappropriate 

for a field· set to receive unrestricted English input. 
. . 

In conclusion it is noted that numerous embodiments of the teachings of 

the present invention beyond those specifically described here are possible, 

15 and which do not extend beyond the scope of those teachings, \Vhich scope is 

defined by the appended claims. In particular, ii is obvious even to one not 

very skilled in the art that these teachings are not limited to application to the 

standard ambiguous code, to the languages here chosen for illustration, or to 
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applications to telephones. Essentially ~Y electronic device could potentially 

benefit from text input means, and thus from the teachings of this invention. 

It is further obvious that the text-input methodology described here could 

be combined with well-known word-completion mechanisms to further reduce 

the number of keystrokes required for some varieties of text input. 

PATENT LITERATURE REFERENCED 

S US5818437, Reduced keyboard disambiguatingcomputer, Inventors: Grover; 

Dale L., King; Martin T ., and Kushler; Clifford A. Oct 6, 1998 

US provisional application number 60/111,665, December 10, 1998, "Touch­

typable devices based on ambiguous codes and methods to design such de­

vices", Inventor: Howard Gutowitz. · 
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What is· claimed is: 

Claim 1 ·An apparatus. comprising 

a plurality of input means.at least one of said input means associated.to 

a plurality of symbols, 

5 a display means, 

a database of or9,erings of said plurality of symbols associated to said 

at least one input means, said. orderings specifying the order in which said 

plural~ty of symb~ls: associated to said at least one input means are to be 

presented on said display means, said orderings selected so as to reduce the 

10 number of input means operations typically required to _input said plurality 

of symbols associated to said at least one input means, 

means to couple said orderings in said database to sequences of oper-

ations of said input means whereby symbols. ar~ displayed on said display 

. . . 

means according to a selected one of said orderings, as said input means are 

15 repeatedly operated. 

Claim 2 The apparatus of claim 1 wherein said database of orderings 

comprises position-dependent orderings and said apparatus further _comprises 

means to determine which position in a word is currently being input, and 

means to select an ordering from said database according to said current 
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position in said word. 

Claim 3 The apparatus of claim 2 wherein said means to select an or-

dering from said database according to said current position in said word are 

position-differential means. 

5 Claim 4 The apparatus of claim 1 wherein said database of orderings 

comprises prefix-dependent orderings and said apparatus further comprises 

means to determine which prefix is currently operative with respect to the 

symbol currently being input, and means to select an ordering -from said 

database according to said currently operative prefix. 

10 Claim 5 The apparatus of cl~im 4 wherein said database of orderings 

contains prefix-dependent orderings where said prefi.xes are of variable length. 

Claim 6 The apparatus of claim 1 in which said means to couple said 

orderings in said database to said sequences of operations of said input means 

are telecommunication means whereby said database may be physically dis-

15 tant from said input means. 

Claim 7 The apparatus of claim 1 further comprising at least one aux-

iliary input means, and means to couple the operation of said at least one · 
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auxiliary input means to select symbols.in an order different from the order~ 

ing in said database of orderings which otherwise would have been selected 

by said means to couple said operation of said input means to an ordering 

selected from said database of orderings. 

5 Claim 8 The apparatus of claim 1 further comprising means to store and 

transmit symbols displayed on said display means. 

Claim 9 The apparatus of claim 1 in which said display means is selected · 

from the group consisting ,of visual and auditory display means. ·-

Claim 10 The apparatus of claim 1 in which said database of orderings 

10 contains different orderings depending oii whether said apparatus is currently · 

in use as a tex.t input deYice or a text retrieval device. 

Claim 11 The apparatus of claim 1 in which said symbols are associated 

to said input means so as to reduce the expected number of input means 

manipulations. 

15 Claim 12 The apparatus of claim 1 in which said means to couple said 

orderings in said database to sequences of operations of said input means 

comprise auxiliary input means operative to advance saic;l symbol displayed 
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on said display means in said selected one of said orderings. 

Claim 13 The apparatus of claim 1 further comprising predictive text 

input means selectively operable to interpret sequences of operations of input 

means as text. 

5 Claim 14 The apparatus of claim 13 further comprising means to deter-

mine if said orderings or said predictive text input means should be used to 

determine the symbols displayed on said display means. 

Claim 15 The apparatus of claim 1 wherein ·said database or--orderings 

comprises field-dependent orderings for entering te."\'.t into computerized form5 

10 comprising text entry fields. 

Claim 16 A method for the creation of a device for multi-tap text input 

comprising the steps of 

obtaining the probabilities of blocks of symbols in the language in which 

text is to be input, 

15 providing said device with input means and storage means, 

assigning subsets of symbols from the language to said input means of 

said device, 

calc?lating the. ordering of symbols which reduces the number of input 

·. ilii~fi[iiii 
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means manipulations typically required to enter a symbol, conditional on 

said probabilities of blocks of symbols, 

storing in said storage means said orderings or equivalently information . 

allowing said orderings to be reconstructed, 

5 providing a means to select an ordering from said stored orderings as 

a function of the text which has been previously input, and the symbol 

currently being input, 

co~pling said ordering selected ~Y ~aid means to select orderings to said 
' . 

input means so that symbols from said language may be selected by manip-

10 ulation of said input means in the order given by said selected ordering~ 

Claim 17 The method of claim 16 wherein said step of assigning subsets 

of symbols from the language to said input means of said device further 

·comprises the steps of 

ordering possible assignments of said subsets of symbols from said Ian-

15 guage according to the number of input means manipulations typically re-

quired to input one of said symbols, 

selecting one of said assignments which results in a substantially low 

number of input means manipulations typically required to input one of said 

symbols. 
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Claim 18 A method for constructing a database of orderings comprising 

the steps of 

constructing associations of a permutation of symbols associated to a 

input means with at least one property selected from the group consisting of 

5 input means,position in a word, and prefix, 

rating the impact. of each of said associations on the expected number of 

input means manipulations, given the associations already in said database 

of orderings, if any, 

selecting from said rated associations a subset of associations with a sub-

10 stantially high rating 

including one of said associations in said subset of highly rated associa-

tions in the database of orderings, 

repeating said steps of rating, selecting and including_ as required. 

Claim 19 The method of claim 18 further comprising the steps of 

15 ordering lvith respect to the position of the association said associations 

~ith a substantially high rating, 

selecting from said associations ordered with respect to the position of 

the association an association with a substantially low position, whereby said 

database of orderings becomes a position-differential database of orderings. 
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Claim 20 The method of claim 18 further comprising the steps of 

ordering with respect to the prefix of the association said associations 

with a substantially high rating, 

selecting from said associations ordered with respect to the prefix of the 

5 association an association with a substantially small prefix, whereby said 

database of ordering~ becomes a hierarchy-differential database of orderings. 
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