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In this report, we summarize our work for designing visual language for cell phone domain. In section 1, we introduce the motivation of our work. And then, we introduce the set of the cell phone functions which we want to describe with the visual language in section 2. Based on this, we looked for the proper icons to represent the actions and objects. The combination of action and object can form a meaningful description for each function. So in section 3, we describe a set of visual icon for each element in the action set and object set. Also, we develop the visual language grammar for the cell phone function domain. In section 4, based on the semantic meaning of each icon, the meaning for combination of action icons and object icons can be obtained. We list the semantic meaning for each icon, and some possible semantic rules in the cell phone domain. We also could use a visualization tool to show the parse results for the icon sentences (which is developed by Yaw). So in section 5, we introduce how we use this tool in our project. Finally, we will draw a conclusion for this project.
Section 1: Introduction 

Cell phone is becoming more and more important in our daily life. It’s not only the communication tool as a common telephone, but also used as calendar, calculator, alarm clock and etc. We are supposed to select these different functions according to the system menu. 

However, the existing menu for cell phone is not as convenient as the users expected. The cell phone developers have already designed visual menus, but the users still have to click the keys several times to find out the function they want. For example, in most cell systems, the calculator function is at the end of the system menu. So for the users who use calculator frequently must click the keys many times to get into the calculator function. 

Therefore, it’s necessary to find out how to reduce the average times of key clicks for cells. 
Section 2: A summary of functions to be described

There are 8 major categories of functions including 55 sub-functions in the cell phone in this project. 

---
Call in/out
-----------
receive incoming call






----------- disconnect incoming call 





----------- dial out going call 

---
Message

-----------
text msg

-----------
receive msg










-----------
write msg










-----------
save msg










-----------
delete msg

-----------
picture msg
-----------
receive picture








----------- send picture










-----------
save picture










-----------
delete msg

-----------
voice msg
-----------
listen(receive) voice msg










-----------
save voice msg










-----------
delete voice msg

---
Internet

-----------
web browser
-----------
read webpage
-----------
email

----------- receive email (as text msg)








-----------
write email










-----------
save email

-----------
sent email (as text msg)



---
Call log

-----------
Missed Call
----------- read










----------- delete
-----------
Received Call
----------- read






----------- delete

----------- Dialed Call
----------- read






----------- delete

---
Contact address book
-----------
search contact


----------- delete contact

----------
edit contact

---
Media

-----------
Media player 
-----------
play music file 










----------- stop play music file










----------- play video file










----------- stop play video file

-----------
Recorder

----------- REC (as write text)

-----------
play voice file











----------- stop play voice file

---
Phone Setting
-----------
time-set

-----------
date/month/year










----------- hour::minute::second





-----------
tone


-----------
higher










----------- lower





-----------
language

-----------
English










-----------
Chinese





----------- Automatic keyboard lock
----------- on













----------- off

---
Organization
----------- calculator 

-----------
alarm clock
-----------
alarm time  










----------- alarm tone
--------- lower















--------- higher










----------- repeated alarm --------- on















--------- off





-----------
Calendar

-----------
view










----------- make a note (write note for some days)


















----- write










----------- go to a certain note (ask user input date) 

----- read


















----- delete

Section 3: Visual Language Grammar for Cell Phone Domain
As the regular grammars, a visual grammar G is defined as a five-tuples: 

G = (N, X, OP, s, P),

Where, N is the set of non-terminal symbols, X is the set of terminal symbols, OP is the set of relational operations, s is the start state, and P is the set of production rules.
Base on the examination of above cell phone functions, we found out the following icons to form the terminal set in visual language grammar. These icons will be used in the visual language to represent the actions and objects we mentioned before. 
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Also, we can obtain the other components for the visual language grammar: 
Non-Terminal Set: {Func, Self_Action, Obj_Action, Object, Simple_Action }
OP: {<just before >}

s: Func

Production Rule Set: {

Func ( 
Self_Action 



| Obj_Action <just before >Object 



| Simple_Action <just before > Object 



| Simple_Action   Obj_Action   Object
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Section 4: Semantic Meanings for Icons

If we can define the semantic meanings for icons, and parse the combinations of icons, we will get the meaning for each combination. This meaning is also the function which is represented by the visual language. 

In the following table, we listed the semantic meanings for each icon in all non-terminal categories. Based on the meanings of icons, we can obtain the semantic meaning for the visual language sentence in the cell phone domain from the combination of icons. 
	Icon
	Self_Action, 
	Simple_Action 
	Object, 
	Obj_Action,

	[image: image55.jpg]



	receive incoming call 
	receive 
	
	received

	[image: image56.jpg]



	disconnect 
	1. delete
2. disconnect

3. turn off 
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	dial 
	
	clock 
	1. dialed 
2. set sth. related to time  
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	send out 
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	1. write
2. record

3. edit

4. set 
	
	

	[image: image60.jpg]&>




	Turn on key lock 
	save
	key lock 
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	read wegpage
	
	
	internet 
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	play
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	review missed call log
	
	call log 
	phone contact
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	text
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	picture
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	voice file
	

	[image: image67.jpg]O




	
	
	audio file 
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	video file 
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	review calendar 
	review sth related to calendar
	
	set sth. related to calendar
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	lower volume
	lower volume
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	higher volume
	higher volume
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	calculator 
	
	sth related to number (e.g date, time, money and etc. )
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	English Language
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	Chinese language
	


Based on the meanings of icons, we can generate the semantic rules for cell phone domain. Thus, we can get the semantic meaning for each visual language sentence which is composed of icons. 
Our semantic rules include: 
1) Properties of objects: 
a) Text -- [image: image75.png]


, picture -- [image: image76.jpg])



 can be received -- [image: image77.jpg]


, write or edit -- [image: image78.jpg]o



, sent out -- [image: image79.png]


, deleted -- [image: image80.jpg]
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b) voice file -- [image: image82.jpg]


, audio file -- [image: image83.jpg]O



, video file -- [image: image84.jpg]


 can be played [image: image85.png]


 and stopped -- [image: image86.jpg]


. 
c) Voice file –[image: image87.jpg]


 can be recorded --[image: image88.jpg]o



 

d) Text -- [image: image89.png]


 has property related with internet -- [image: image90.jpg]


, phone -- [image: image91.png]


, calendar -- [image: image92.jpg][



. 
e) Clock -- [image: image93.jpg]


 has the property with actions related with time. 
f) Key lock -- [image: image94.jpg]&>



 can be stopped -- [image: image95.jpg]


. 
g) Number -- [image: image96.jpg]


 is related to the action with set date, or time. 
h) Language -- [image: image97.jpg])
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 can only be set. 
2) Properties of self_actions: 

a) Only by itself, can’t combine with other icons. 
3) Properties of simple_actions:

a) delete -- [image: image99.jpg]


 is related to files, such as text -- [image: image100.png]


, picture -- [image: image101.jpg])



, or email [image: image102.jpg]
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, or call logs [image: image104.png]



b) Disconnect -- [image: image105.jpg]


 is related to internet browser -- [image: image106.jpg]



c) Turn off -- [image: image107.jpg]


 is related to files which has voice: voice file --[image: image108.jpg]


, audio file -- [image: image109.jpg]O



, and video file -- [image: image110.jpg]



d) Send out -- [image: image111.png]


 is related to files such as text -- [image: image112.png]


 and picture -- [image: image113.jpg])




e) Write -- [image: image114.jpg]o



 is related to text -- [image: image115.png]


 , picture -- [image: image116.jpg])



, email -- [image: image117.jpg]
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, calendar note [image: image119.jpg][



+ [image: image120.png]



f) Set -- [image: image121.jpg]o



 is related to language [image: image122.jpg])
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, 
g) Save -- [image: image124.jpg]&>



 is related to files: text -- [image: image125.png]


, picture -- [image: image126.jpg])



, email [image: image127.jpg]


+ [image: image128.png]


. 

h) Play -- [image: image129.png]


 is related to files which has voice: voice file -- [image: image130.jpg]


, audio file -- [image: image131.jpg]O



, video file -- [image: image132.jpg]



4) Properties of obj_actions: 
a) Received -- [image: image133.jpg]


 is related to call logs 
b) Dialed -- [image: image134.jpg]


 is related to call logs
c) Set sth related to time -- [image: image135.jpg]


 is relate to the object which is related to time: clock-- [image: image136.jpg]


, number -- [image: image137.jpg]



d) Internet -- [image: image138.jpg]


 means the following object is from internet, e.g. + text [image: image139.png]


 means the email. 
e) Phone contact --[image: image140.png]


means the following object is related to phone contact, + text [image: image141.png]


 means phone address book.

f) Set sth related to calendar -- [image: image142.jpg][



 is related to the object which is related to the calendar, + text [image: image143.png]


 means a note for a certain date. 

So based on the above semantic rules, we can obtain the meanings of the combinations of icons. These meanings represent the functions: 

1) Receive incoming call: [image: image144.jpg]



2) Disconnect incoming call: [image: image145.jpg]



3) Dial outgoing call: [image: image146.jpg]



4) Receive text message: [image: image147.jpg]
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5) Receive picture: [image: image149.jpg]
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6) Receive voice file:  [image: image151.jpg]
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7) Receive email:  [image: image153.jpg]
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8) Write text message: [image: image156.jpg]o
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9) Write email: [image: image158.jpg]o
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10) Record voice file: [image: image161.jpg]o
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11) Save text message: [image: image163.jpg]&>
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12) Save voice: [image: image165.jpg]&>
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13) Save picture: [image: image167.jpg]&>
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14) Save email:  [image: image169.jpg]&>
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15) Delete text message:  [image: image172.jpg]
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16) Delete voice: [image: image174.jpg]
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17) Delete picture:  [image: image176.jpg]
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18) Delete email:  [image: image178.jpg]
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19) Disconnect  webpages: [image: image181.jpg]
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20) Send out text message: [image: image183.png]
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21) Send out picture:  [image: image185.png]
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22) Delete email: [image: image187.png]
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23) Read webpages: [image: image190.jpg]



24) Review missed Call logs: [image: image191.png]



25) Delete missed Call logs: [image: image192.jpg]
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26) Review dial out call logs: [image: image194.jpg]
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27) Delete dialed out call logs: [image: image196.jpg]
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28) Review received call logs: [image: image199.jpg]
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29) Delete received call logs: [image: image201.jpg]
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30) Search Contact Addr Book: [image: image204.png]
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31) Delete contact in Addr Book: [image: image206.jpg]
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32) Edit contact addr book: [image: image209.jpg]o
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33) Play music file : [image: image212.png]
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34) Play video file [image: image214.png]
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35) Stop playing music file: [image: image216.jpg]
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36) Stop playing video file: [image: image218.jpg]
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37) Stop playing voice file: [image: image220.jpg]
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38) Set phone date: [image: image222.jpg][
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39) Set phone time:  [image: image224.jpg]
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40) Lower phone tone   [image: image226.jpg]



41) Higher phone tone: [image: image227.jpg]



42) Set Language to English: [image: image228.jpg]o
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43) Set language to Chinese: [image: image230.jpg]o
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 | 

44) Turn on automatic keyboard lock : [image: image232.jpg]&>



 

45) Turn off automatic keyboard lock: [image: image233.jpg]
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46) Calculator: [image: image235.jpg]



47) Set alarm clock time: [image: image236.jpg]
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48) Set alarm clock tone lower: [image: image238.jpg]
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49) Set alarm clock tone higher: [image: image240.jpg]
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50) Set alarm clock repeated on: [image: image242.jpg]
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51) Set alarm clock repeated off: [image: image244.jpg]
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52) View calendar: [image: image247.jpg][




53) Make a note for a certain day: [image: image248.jpg]o
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54) Review a certain day note: [image: image251.jpg][
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55) Delete a certain day note: [image: image253.jpg]
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Section 5: Parsing by Visualization Tool 

The visualization tool which is developed by another group (Yaw and Mehmuti) could parse the sentences composed of icons. It reloads the set of icons with their semantic meanings in a specific domain. These icons are the fundamental elements in the visual sentences. It also takes syntactic rules for parsing the sentences which is the combination of icons. 
For our project, figure 1 shows the scenario by using that visualization tool. Figure (a) is the board which shows possible icons at the bottom and shows the selected icons at the upper lattice. Figure (b) is the code window which shows the parse results for current sentences. 
To generate the parsing results for the sentences, we follow the steps: 

1) click one icon in the two bottom line at each time, so the icon will display on the upper lattice

2) click the “build” option in the “project” menu to parse the current sentence

3) if the combination of icons are valid sentence, there will be the meaning (function of cell phone in our project ) will display in the code window. And the icons are in a valid sentence will be label in a green frame. 

Otherwise, it will display error message. Also, the tool will point out the icon (red frame) which may be changed or deleted to correct the error sentence. 
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(a) Board 








(b) Code window
Figure 1. Overview of Visualization Tool

Thus, figure 2 shows some sample icon sentences and their corresponding parsing results.  
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Figure 2. Sample visual sentences and their parsing results.

From the figure 2, we can find that a same icon will represent different meanings in different context. For example, if the “stop” icon combines with “text” icon, the sentence means “delete the text file”. But when it is with “globe” icon, the sentence means “disconnect internet”. 
There is a useful function called draw pages in this visualization tool. After we obtain the parse results for current sentences, we can use this function to show the transition from one function to another function in cell phone domain. The main idea is that we will classify all current sentences into several groups based on some rules. For example, all sentences related to a similar action could be classified into one group. And then, for each group, there should be one page corresponds to it and there should be a link between two pages. Thus, if we follow the link between two groups, we could switch the functions from one to another in different groups. 
Figure 3 shows the pages and links between them for sentences in figure 2. 
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Figure 3. Page and Link for Visual Sentences 
Based on the pages and links shown in figure 3, we found that there should be some directed links to represent the sequences of different pages. In the cell phone function domain, some functions could be used in any order, but other not. For example, before we use the “turn off music” function, the “play music” function must be executed. So the link between these two pages should be a directed one pointed to the pages including the “stop” icon from the one including “play” icon. 
Section 6: Conclusion 

In this project, we design a visual language to describe the cell phone function by defining the syntactic grammar and semantic rules for this domain. We also adopt a visual tool developed by other group to show how the combinations of icons represent the meaning of the visual sentence. From the project, we can get the conclusion that the functions in current cell phone can be obtained by click a few icons. Compared to the traditional method to reach each function, by which we must use the menu and click the key for many times, our method can make it more convenient for most users. 
