The Linx Project –
Bringing Things Together in One Piece
December 20, 2005

Abstract – In this paper, 4 novel personal empowering applications were developed in 2 different fields: communication and automation. Cell Remote gives your everyday cell phone another useful purpose: universal remote. Input Redirection enables you to work with multiple devices with one set of input. Control Recognition attempts to auto-complete user’s control tasks by predicting the control pattern. Personal Writing Assistant helps users on daily writing tasks based on searching user’s writing history at each key stroke. All of them shares one common purpose: improving human performance.
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1 
Introduction
All complex matter and beauty comes from the links in between, such as the Internet, and neural networks – the most powerful computing units ever. Never forgetting its significance, we give our project the code name, Linx (pronounced links).

In this project, we want to focus on how to bring things together. First idea is to bring the control needs of all your devices to your mobile device (PDA, cell phone …etc. We will focus on cell phone here, since it’s more ubiquitous to the general population.) We call it “Cell Remote”. Besides increasing interactive between people, cell phone can also increase the interaction between people and their personal devices by transforming a cell phone into a command center. It basically acts as a highly customizable remote to any digital devices. People rely on machines to be more productive stronger than ever before. Having an easy access to those devices on hand will further push the productivity to another peek.
While building the control channel, we think it is good idea to test it by binding one set of input to multiple PCs, a.k.a. Input Redirection. This helps people who need to work on multiple PC and doesn’t like to switch their hands on multiple input set. For example, while developing PDA software, you can use your mouse to control instead of picking up a stylus and hitting the touch screen.
So far, our project has been focused to achieve easy access between human and devices. With Cell Remote on hand, you can gain access to your powerful PC and other devices. With Input Redirection, you can easily control multiple devices through one set of input. It seems that a lot of time was wasted on controlling devices, so it would be great if we can put a plug in on those devices that saves the precious time. This is how we came up with Control Recognition, which will analyze users input (typing), and try to predict what the user want, then give the user the option for auto-complete. Later on, we narrow down the scope of the input analyzer into words, created Personal Writing Assistant (PWA), which will prompt suggestions based on the user’s personal writing (typing) history.
In brief, the Linx project consists of Cell Remote, Input Redirection, Control Recognition, and Personal Writing Assistant. 

[image: image1]
Figure 1 - Development Flow
1.1 How This Project Actually Begins
After our first special project, SIP Janitor, we began to plan our second project immediately. This time, we want to take a totally different approach on development.

The regular development path works like this:
1. Analyze the problem

2. Design a system to solve the problem

3. Break down the whole system to several sub-systems (component). So they can be developed in parallel.

This approach works fairly for general cases. However, because we decided to deliver 2 products in our special class, which only lasts 1 year long, we want to try a more efficient model:

1.1.1 Component-Oriented Approach

1. Analyze the problem

2. Design sub-systems to solve the problem
3. For each sub-system, extend its application to other problems.

4. Go back to 2

Following this approach, we build many robust and independent sub-systems which are well reused through out the project. It also reduces our development-time per problem significantly.
However, this approach is very good for brainstorming stage. Once you find a product full of potential, you might want to isolate it out, developing it as an independent product. Otherwise, the additional cost of maintain several subsystems might get out of control.
1.2 Project Roadmap

This roadmap helps us on moving at the right direction, understanding the real problems, and realizing the full potential of the entire project. In this map, you can see the connections between all the sub-systems. Through this visualization, we were able to reuse more components therefore speeding up the whole development process.
[image: image2.emf]
Figure 2 - Project Road Map
2 Cell Remote

The first problem we targeted on is the accessibility of powerful machines, e.g. PCs. Think about the importance of computers nowadays; there should really be a nice remote for that. TVs are often companied with TV remotes that can effortlessly switch channels or tune the volume up and down. PCs should also have the convenience as TVs. Therefore, we are taking a novel approach to create a PC remote that satisfies most people’s need. Conventional remotes only do a very specific job (for example, stereo remotes change tracks and volume). Our remote solution has the following key points: 1) reuse the popular mobile device, cell phone. Therefore, the hardware cost of our solution is zero! 2) the implementation is completely on web platform. Therefore, any cell phone has a browser can use it. 3) Because this is a complete software solution, it is highly customizable and can be personalized.

To design a general purpose remote for PC is almost impossible. Therefore, we must focus on specific applications at first, shown as following: 
2.1 Versatile, Simple, and Personalized Remote

Imagine this: you have a tiny cell phone around you all the time. It’s always connected to the network. It enables you to talk to not just people, but also devices! This is the direction we are moving toward. Right now, we focus on computers for the reason that it provides almost all kinds of services you can possibly think of (music, movies, presentations … etc)

Is you family still fighting for the TV remote? If everyone can have a cell phone, then every one can have their own customized remote. Personal remotes’ direct benefit is that we can identify who is sending the command, and do a little parental control if necessary.
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2.1.1 Scripting to Remote Any Applications

Every application has different UI (for example, Windows Media Player and Winamp). There is no unified interface to control all of them. Therefore, we’ll have to write a simple script to translate those control commands (e.g. play, pause, next track…). We’ll show some examples here to demonstrate how scripting can enable us to control all kinds of applications.
Sample Control Script 1 - Winamp Media Player
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	100% Jukebox remote on your cell phone.


Prev

166

Play

171

Next

167

Mute

173

Vol &lt;
Key 174;Key 174

Vol &gt;
Key 175;Key 175

Prev

Key MediaPreviousTrack

MP Play
Key MediaPlayPause

Next

Key MediaNextTrack
::

:100

:Listen

WindowText Winamp v1.x

:Replace

 - Winamp

:Replace

[Paused]
(Paused)

Volume: 

Volume

The entire script divides into 2 sections: Control section and info section. There are divided by a line of 2 consecutive colons “::”.

In the control section, each line represents a control button on your Cell Remote. It is divided into 2 columns, separated by the tab characters. First column is the title for the control button. Second column stores the commands that will be sent to the command port. Multiple commands are separated by semicolons ‘;’. If there is only a single number, a key stroke whose Virtual Key equals to the number will be sent.

The info section is optional. It is used to display related information from the computer being controlled. It also has 2 columns separated in the same way as in the control section. First is the title. Second is the Question command, which is the Q&A mechanism between command ports. If tab cannot be found in the line, the first column will be ignored, e.g. the line of ”WindowText Winamp v1.x“.
If a line begins with a colon ‘:’, it will be treated as an inline command. Inline command can show up anywhere in the script. It will be executed sequentially. For brief, “:100” will be interpreted as “:Sleep 100”, measured in milliseconds.

“:Replace” in the info section is a local-side inline command which can be used to replace the text result from the line before. Unrecognized inline command will be sent to the remote target directly.
Sample Control Script 2 – Microsoft PowerPoint
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	Now it becomes your presentation maker!
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2.1.2 Predefined Commands

Here lists all command defined in Linx that will be interpreted by the client agent application. If the string received from the command port is not a predefined command, it will be run in command line.

	Command Name & Format
	Remarks

	Key virtualkey
	Press a key which is specified a virtual key’s name or value. It is a enumeration in .NET framework called Keys. For a complete list of available virtual keys, please refer to http://msdn.microsoft.com/library/default.asp?url=/library/en-us/cpref/html/frlrfsystemwindowsformskeysclasstopic.asp.

	KeyD virtualkey
	Key down

	KeyU virtualkey
	Key up

	SetClipboard text
	Copy text into local system’s clipboard.

	MouseTo x y
	Move the mouse to position (x, y).

	MouseMove dx dy
	Offset the mouse position by dx and dy.

	MouseWheel dy
	Move the mouse wheel by dy.

	MouseToPercent px py
	Move the mouse to the percentage based position (px, py). px and py are floating numbers between 0 and 1.

	SetCapsLock 0|1
	

	SetNumLock 0|1
	

	SetScrollLock 0|1
	

	PlaySound filename
	Play a sound file (e.g. .wav).

	ActivateWindow title
	Bring a window with the title specified to the top.

	ActivateWindowClass class
	Bring a window with the window class specified to the top.

	Beep
	Make a beep sound from the PC speaker.


2.1.3 Q&A Mechanism
Besides sending commands to Linx agents, Q&A mechanism was implemented to exchange information. Each question command will begin with a prefix “Q: “, and corresponds to an answer which has a prefix “A: “. Answers will always return immediately. To wait until an answer has change, use the wait question command, with a prefix “W: “.
The following table lists all the predefined questions which were used in Cell Remote and Input Redirection.

	Question
	Remark

	MousePos
	Get the mouse position.

	ActiveWindow
	Get the title of the active (foreground) window.

	ActiveChildren
	Get all the child windows’ text of the current active window.

	Windows
	Get all the top level windows’ title.

	Volume
	Get the system volume.

	Hi
	Return a “Hi” if the target is alive.


2.2 Message Transformation & Redirection
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Very often you can control your device through simple commands (Like the time you use phone to ask somebody to shutdown or restart  the PC for you). We strive to add this functionality to our Cell Remote. Currently, we can sucessfully extract messages, buttons from dialog windows, shown as below:
[image: image35.png]
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With this technique, we can possibly bring all non-graphic intensive application to other mobile platform. This will increase the utilization of existing applications with making any significant change to those applications. Besides, it might also eliminate the need of developing several different versions for different platform. For example, instead of purchasing a dictionary designed for PDA, you can simply bring your desktop dictionary to your PDA through message transformation. 
2.3 Real-time Online Polling System
Another cool application of Cell Remote is that you can use an online polling system to get the audiences’ response at real-time. It’s especially useful when you are making a presentation to a large number of people, such as a big class. The result can be shown immediately on the computer screen, projected through the over-head projector.
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2.4 Communication Model

[image: image11]
The server and the remote target can be combined in one, but only in the condition that remote target has a stationary public IP. The centralized server can be used to manage several remote targets. And the benefit is that if the remote target is using a dynamic IP, it can update it IP address to the server. Therefore, Cell Remote can always find the remote target.

2.5 The Discovery of Real Web Push – Hold & Push (H&P)

The selling point of that project is that our solution works on any cell phone that can surf the internet. You might have guessed that our client side is a complete web-based application. However, we all know the infamous problem of web application: The clients can PULL (send and receive) data from server, but server cannot PUSH (send) data to the clients. As a result, to keep up with the latest information, the client needs to refresh/reload constantly.
Before we proposed the idea of H&P, there are only 2 possible approaches (after doing some survey and search on the internet):
	Approaches
	Pros
	Cons

	Scheduled Refresh
	Simple and friendly (no need to install any component)
	Refresh constantly results in bandwidth waste

	Application
(ActiveX control or applet)
	Solved the “constantly refresh” problem

Achieve real-time update
	Inconvenience:

· Need to install (ActiveX) or download JVM (Applet)

Increased Complexity & Decreased Portability:

· These things usually only work on desktops, not mobile devices.

	Hold & Push (Comply HTTP protocol)
	All above
	None of above


This new approach opens up many new opportunities for web application. Many application real-time applications (such as Messenger) will now be possible to be ported to the web platform.

One thing need to be concerned is how the connection holding is implemented. A naïve solution is to suspend the web request processing thread until new data is available. That will cost addition thread resource overall. A better approach is to put the connection in a waiting pool, and free the tread for others to use. Furthermore, the time length of holding should also be considered carefully. You don’t want the user to see a time out response or server is not responding. So we better release the connection after a threshold to refresh the connection.
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Showcase: HTTP Chatroom
Using the Hold and Push technique, clients of our chatroom need not to install any plug-in or application. All they need is a browser supporting HTTP protocol. That simply means all the browsers. (Can you find a browser that doesn’t support HTTP?) 
This chatroom looks a little rough, but it’s enough to demonstrate the benefits of H&P: simple and real-time. The html source code was listed here, so you can see that this chatroom indeed complies with the HTTP protocol.

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN" >

<HTML>


<HEAD>



<title>Chat</title>



<meta name="GENERATOR" Content="Microsoft Visual Studio .NET 7.1">



<meta name="CODE_LANGUAGE" Content="C#">



<meta name="vs_defaultClientScript" content="JavaScript">



<meta name="vs_targetSchema" content="http://schemas.microsoft.com/intellisense/ie5">


</HEAD>


<body onload="Form1.submit(); Form1.tbInput.focus(); setInterval('Form1.submit()', 30*60*1000);">



<form name="Form1" method="post" action="Default.aspx" id="Form1">

<input type="hidden" name="__VIEWSTATE" value="dDwtMjYxOTA0NjU0Ozs+PD6NtYjXHIGMHhzaYkHwYtJ1sRU=" />




<input name="tbInput" type="text" id="tbInput" style="width:100%;" /><INPUT type="submit" value="Send">




<input name="tbStamp" type="text" value="12/21/2005 11:59:40 PM" id="tbStamp" style="width:128px;" />&nbsp;



</form>


</body>

</HTML>
2.5.2 Hold & Push Flow Chart
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Input Redirection

Just at the moment that you think that adding new devices is going to boost your performance, another problem emerges: how can I harness with minimum effort? All of them have their own different input controls. Some with a touch pad, buttons on the side, a keypad, or a mouse. It gets really irritating that your hands have to jump back and forth just to make all these things work together!
[image: image42.png]


Input Redirection provides a quick solution by reusing a component, Comment Port, which is already developed for “Cell Remote,” to forward the user input. (In other words, Input Redirection is more like a by-product to Cell Remote.) This allows the user to control many devices through merely one set of input, a keyboard and a mouse.

As you see in the picture, it works like this: if you want to control the notebook on the left, you can just move the mouse cursor across the left border of the primary screen. It’s the same way to move it back. From now on, you can use your notebook to create a bigger workspace without purchasing a new screen.

[image: image43.png]


One reason to use this is that if you developing an application that must run on another machine, such as a 3D game or a PDA application, then Input Redirection can make these tasks less painful for you. Another reason, which really motivates me to create this, is that you can extend your workspace by operating multiple devices. For example, I have a notebook, and I find its utilization is really low because it’s rather slow compared to my desktop, and I only used it when I’m going out for a trip or something. Using Input Redirection, I can easily operate my desktop PC and notebook at the same time. This means I’ll have 2 LCD to work with. Of course you can just buy another LCD, but that will cost additional money.
4 Control Recognition (Non-intrusive assistance)
This sub-project is inspired by the cell-remote project. We find while we were controlling devices, we actually constantly giving repeated commands from time to time. Having controlling recognition can let computer automatically predict our repetitive task and ultimately perform those tasks for us.
4.1.1 Show Case: Numbering Songs of an Album
User only has to rename the fist two files. Then he will see:

Recognized Pattern: [image: image13.png]Home02Decimal « | F2




This means the computer has recognized the operation the user has tried to perform. Now, the user can simply press the ‘Continue’ key to rename all the files rapidly.
Without learning or using other tool, the user just push a button, and the task is done! If the user doesn’t like it, he can just ignore the mess. This is why we call it “Non-intrusive” assistance.

[image: image14]
This design can make many difficult-to-input devices (PDA, cell phone…) more appealing to the general population. Acting like a little helper, it will also make applications more easy to use if Control Recognition can be designed to context aware to different applications.

5 Personal Writing Assistant (PWA)

Computers have been a great help on many fields, but a little help has been done to help on a very important daily task: writing. Right now, they only helps are spelling and grammar checkers.

Here, we’ll like to generalize an old technique, AutoComplete, to help users on general writings. AutoComplete has been shown very successfully on filling in short content (name, address, email address, phone number) in specific textboxes (Run command box, browser form field, and search box). Our goal here is to use it on long content (article, diary, email body, or any other writing). It will be very useful when you’re using a device that’s difficult to input, such as a PDA or a cell phone. One interesting usage is that you can import writing history from other sources (famous quotations, Shakespeare, for example) to help your writing, saving a considerate amount of time memorizing and using them in your work right away.

Ukkonen (1992, 1995) gave a left-to-right on-line algorithm. Using this, we can build and search simultaneously, which makes real-time recalling possible to implement. 

5.1 Context Awareness

In simple AutoComplete, it has two contexts: text purpose (email address, user name…etc) and typed prefix. It has a database for each purpose, and the prefix is used to retrieve matched entries.

5.2 Backspace: Pop the last character.

Implement a suffix tree might be complex. An quick an naive solution is to simulate the search of N(prefix)-1 characters.

For example, we have:

one_two ………_Dear_John ……_Dear_

When backspace is pressed, we duplicate “_Dear” and push them back to the tree as following:

one_two ………_Dear_John ……_Dear__Dear

The result is ugly due to the slef-match. (Dear_Dear_...)

A better solution is to undo the suffix-tree construction by one character. In some case, we’ll have to travel back through reversed suffix-links. This means we’ll have to maintain more suffix link. Besides, if previous match is longer, we’ll have to search the lost characters in order to get back.

Backspace is not a frequent event; therefore, we can consider using a tradeoff solution that takes more computing power, saving memory and maintenance hassle.
Suffix-Pop Algorithm (without backward suffix-links)

Definition:

c: the character to pop out

n: current length of content

P(1, n): current content, = {a1, …, an}, where ai are characters.

L(n): the last n character of P.
p: a pointer points to the last matched character of an edge

m: match count, m <= n

e: edge where p stays on

v: the content array

Objective:

Find the match count m’ before c is added. And remove all leaves of c.

Explanation:

If m > m’, then the case is simple. The last push resulted in a match, and only the branch pointer is moved by one. To undo this, simply move the pointer back by one.

If m <= m’, then the match was reduced to q, m = q+1, q < m’. 

Pseudo-code:

if n = 0, terminate.

remove an.

q = max(m-1, 0)
// using m = q+1

for(;path of L(q) exist; q++) {


// assert p points to the end, and e has leaf x of length 1, beginning with c


remove x


if e has only one child,  merge e and x

}
q-- // now q is original match count (m’)

Prevent Over-Popped

We should also prevent popping out previous characters from other places. One way to do this is to maintain the ConsecutiveCharacters (CC).

Push(key) {
if(IsCharacter(key)) CC++;

else if(key is Backspace)

Pop();

CC--;


else CC = 0;


…
}
5.3 Matching Pitfalls – Beginning with a word-suffix

If you type “lord_”, it may be match to the suffix of “afford_“. This is obvious a meaningless match. To prevent this, we can do as follows.

Suppress display when the max match is a word-suffix.

Before each time we display candidates to the user, we can check if it’s a word-suffix and choose not to display it.

Example

Match threshold: 3

abcd bcd one two three four five six ... tensbcd bcd

 1  2







3  4

The second “ bc” (at 4)  is supposed to match the first “ bc” (at 2). But actually, the match will be at 1 and 3 (“bcd_bcd”). Consequently, “bcd” won’t be displayed to help user.

Modify Suffix-Tree construction algorithm

Do not grow a tree that begins with a half-word from root. If no tree begins with half word, such match cannot exist as well. What to need to be careful about is that the modified version suffix-tree will not cause additional problems on matching.

Branch out occurred:

from an edge

from a joint

After branch, it tries to find next longest match by removing the first character from current matched prefix P.

Focus on the point that a new tree from the root is going to be grown. In this case, P has a length of 0 (no match), and C is the new pushed character which:

1) has a branch already

2) no branch exist

We’ll decide to grow iff C doesn’t follow a letter.

In conclusion, root can only has a child, which begins with a delimiter (‘ ‘, user defined).

In original version, every time a mismatch occurred (a new edge will be created), it reduce the prefix by one (prefix = prefix – first(1)), and try again. Because there is only one first level tree beginning with a delimiter, the prefix will reduce more than one (prefix - first(k)), until the first character is a delimiter.

Suffix links will all be affected. They will link to a tree contains a path “prefix - first(k)”, beginning with a delimiter of course. The tree will become small since the first level has one tree only, therefore, fewer suffix links. A test on 23770 bytes long document show it cut down the node number from 23762 to 6616 (27.8%), compared to the original suffix tree. The original suffix tree can be built with a maximum of 2N nodes.

Example

[image: image44.png]


Content:

_a_a_b

Tree:

_a_a

|  b

+b
(T2)

Travel through suffix to root, and change prefix

_a_b

to

_b

before moving down the edge. After create T2, fill the suffix-link between the 2 bs.

Content:

_a_a_b_a_b_c

Tree:

_a_a

|  b_c

+b_c
(T2)

+c

Travel through suffix to T2 (the suffix link is created in previous step), and change prefix

_a_b_c
(original suffix)

to

_b_c

before moving down the edge. Because the suffix link does not link to root, but a tree begin with the second delimiter from the original path suffix-linked from, the characters to remove can be determined by height difference of the two trees to suffix-linked nodes:

Reduced length = oldTree.Depth – newTree.Depth

which is 2 in this case.

5.4 History Collection

In order for the program to learn user’s typing pattern, a typing history must be provided in advance. For a new user, his typing history will be collected day by day from nothing. This will take a long time.

5.4.1 History Import
To increase the knowledge of typing history database, one quick way is to load text from the user’s documents (school papers, diary, emails…etc). If you are interested in certain writing style (Shakespeare, popular novels), you can import them as well.

5.4.2 Real-time Learning

To learn to error-prone typing is a big challenge compared to importing finished text documents. Searching & tree construction are done together.

5.5 Experiments & Results
Writing emails can occurred quite frequently in the information age.

5.5.1 Importing History

The first step to run this application is importing history. We collected 4 sample emails, and import them to PWA history.

	Letter
	Letter Body

	1
	Dear Professor Wu:

 

My roommate got really sick and needs my help to get over this difficult time. Therefore, I can't attend the meeting today. 

 

Have a nice day!

 

Sincerely,

Viktor Chang



	2
	Dear John:

 

How have you been recently? Just write to check if you are alright.

 

Have a nice day!

 

Best regards,

Viktor Chang



	3
	Dear Mary:

 

I have something really important to ask you. I’m going to have a final exam next week. So, can I borrow your book, Wireless Communication, for a few days? Call me immediately once you see this letter.

 

Have a nice day!

 

Best wishes,

Viktor Chang



	4
	Dear Tom:

 

It’s gotten really cold today. Can I borrow some clothes from you? I’m looking forward into your answer! 

 

Have a nice day!

 

Cordially,

Viktor Chang




5.5.2 [image: image45.wmf]Results

Right after we finished the history import, we open up e-mail software and beginning to write a new letter. Following are the key screenshots during the writing.

The New Letter:

Dear Professor Wu: 
Be prepared! Our project is almost finished, and we still got a lot to talk about.

Have a nice day!

Best regards,

Viktor Chang

Screenshots and Comments
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	Show all previous contacts correctly.

	[image: image16.png]Have a nice day/|

Best regards,
Cordially,
Sincerely,





	“Have a nice day!” is a cue here for enclosing a letter. Complements come up right after.

	[image: image17.png]Have anice day!

et regards,
o5t wishes,





	“Best wishes” only shows up when users choose the path beginning with “B”. Showing all branches might be too much.

	[image: image18.png]Best regards.

w

[Vidor Ghiang Dear ery:
Count=1, Len=23, PreLen=15|





	Because all delimiters (linefeed, tab, space…) are translated into a single space. The signature stuck with the beginning of the next letter.


Hail! All the email typing can be correctly recalled.

5.6 Conclusions and Remarks
The ultimate goal is to simulate how our brains work to generate writing. The first step, we exploit computer advantage of high storage capacity. It’s said that you must read a lot in order to write something good. Brains can retrieve data efficiently using associative memory. Computer memory is linear. In order to retrieve at real-time, efficient indexing and searching must be provided, which has been demonstrated in the paper.

The implementation here only simulates memory storage and retrieval. It is similar to a search engine showing the most closely related at each key stroke. The database contains the user’s personal writing history. Consequently, it can only “assist” writers since it can not create anything based on autonomous reasoning.
5.6.1 Personal Comments
Linked-list-based suffix-tree is extremely error prone during the development. Through out the development, most time was spent on this part.
6 Conclusions & Future Works

Cell Remote has a great future if most cell phones can get on the Internet easily and their wireless connection has a decent RTT. The current problem that’s killing Cell Remote is that it takes about 2 to 4 seconds to send an HTTP request. Cell Remote uses web request to send control signals.
Control Recognition presented is just a pioneer proto-type. AI can be implemented to improve its usability considerably.

Besides daily writing tasks, PWA can also be used with language learning tools. PWA is good at monitoring user’s personal writing vocabulary. And importing new materials that users are desired to learn is a fairly novel and efficient approach on improving writing.
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