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Abstract 
Ink completion is a technique for suggesting characters 
or words to users as they write with digital ink. With a 
simple gesture, users can accept a recommendation and 
continue writing. The technique improves the handwrit-
ing experience and is very suitable to support note-
taking on tablet computers and PDAs. 
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1 Introduction 
Handwriting is becoming popular with new pen com-
puters such as PDAs and TabletPCs. But for most peo-
ple now, handwriting is too slow compared to typing on 
a keyboard, so it would be nice to improve the speed of 
handwriting. Ink completion accomplishes this by sug-
gesting – in real-time – characters (Figure 1) or words 
(Figure 2) to users as they write. 
 

 
Figure 1.  Ink Completion: 1) the user writes “he” and the 
system suggests “llo”; 2) if the user likes the suggestion, 

he/she draws a stroke across the suggestion to accept it and 3) 
moves on to writing more (“my”). If the user doesn’t like the 
suggestion, he/she simply continues to write normally (2’ and 

3’). 
 

 
Figure 2. Ink completion at the word level. 

 
The system can also suggest alternative words by dis-
playing them below the current input line (Figure 3). 
Alternates are ranked by likelihood of being relevant to 
the current user’s input. 
 

 
Figure 3. Recommendations can also be displayed below the 
current line. 
 
This input technique is especially suitable for ideo-
graphic languages like Chinese or Japanese.  Using a 
keyboard to enter these languages is a chore; Japanese 
has an awkward keyboard system using a Western 
character set, and is even worse for Chinese which does 
not have a simple keyboard system.  Pen input is much 
more effective for many types of applications.  
In Chinese or Japanese, compound words are common.  
Hence, this technique can be useful in many cases and 
not just for specialized word sequences of the user.  In 
particular, 2-word compounds are frequent, and 4-word 
compounds often occur.  An example is shown in Fig-
ure 4. 
 

 
Figure 4. Recommendations for compound words in Chinese. 

2 Interaction technique 
Users start writing normally. When they want a sugges-
tion, they keep the stylus down for a short period of 
time. When this event is detected, the system displays 
recommendations. 
The user can quickly accept a recommendation by ges-
turing over it from left to right (Figure 1.2). This inter-
action is fast and feels very natural: users feel as if they 
had written the word themselves. They stop the gesture 
after the end of the recommendation (Figure 1.2) and 
continue writing (Figure 2.3). 
 



If none of the recommendations is satisfying, the user 
keeps writing (Figure 1.2’ and 1.3’). 

3 Technical details 
In order to suggest ink completions, the system matches 
the current user’s input against a pool of previously 
handwritten words or available text-based words. 

3.1 Matching ink to ink from the same user 
When the user starts inking, strokes (defined by pen 
up/pen down) are segmented at local Y extremes and 
accumulated into an ink word (see Figure 5). The end 
of an ink word is either indicated by a pause or when 
the user starts inking far enough away (from the right 
boundary of the ink word or on the next line). A new 
ink word is then started. 
The system matches the current ink word with existing 
ink words. In our implementation, the distance between 
two ink words is computed using the edit distance, 
similar to the algorithm presented in [1] and [4]. Other 
matching algorithms are available in the literature (see 
for example [2], [3], and [5]). 
 

 
Figure 4. Ink strokes are segmented at local Y extremes 

and placed into an ink word. 

3.2 Matching ink to text 
It is also be useful to get recommendations from text 
words. Ink completion is currently used in the context 
of the Shared Text Input system [6] where words are 
extracted automatically from PowerPoint slides in real-
time. These words make for a perfect set of candidates 
that users might find interesting to reuse, for example as 
they take notes during a lecture. 
Instead of trying to convert ink to text through hand-
writing recognition, we have instead developed a tech-
nique that quickly matches ink words and text words. 
For each text word, we compute a signature that codes 
each letter depending on its category defined as fol-
lows: 
- category 0: normal letter like a 
- category 1: ascender like b 
- category 2: descender like p 
- category 3: both like f 
 
For example, the word “ink” will be coded “001”. 

We also code an ink word similarly. For example, the 
ink word in Figure 4 is coded as “10110”. 
This technique works very well when few text words 
are possible for recommendation, which is the case in 
the Shared Text Input system where we only recom-
mend words that are on the slide being shown during a 
lecture. We computed the signatures of words extracted 
from 2000 slides and found that only 2% of words in a 
given slide had identical signatures (like “feel” and 
“loud”). 
Instead of displaying the recommendation using typeset 
font, we display it using a handwriting font that was 
manually created by each user beforehand. 

4 Conclusion and future work 
We presented ink completion, an interaction technique 
that suggests handwritten characters or words to users. 
Users can choose a suggestion by drawing a line over it, 
minimally interfering with handwriting.  
Two ink matching techniques were presented, one to 
match ink strokes against other ink strokes, and the 
other to match ink strokes to text-based words. 
Informal testing was encouraging, and we will deploy 
this system in a new version of Shared Text Input 
where students will take handwritten notes on a PDA. 
We are also very interested in matching ink words writ-
ten by two or more users. Initial tests showed that the 
technique presented in section 3.1 is too sensitive to 
differences in handwriting styles. However, the ink to 
text matching technique (section 3.2) seems to work 
better and we will further investigate these possibilities. 
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