A model-engineering approach to
implementing Personal Universal
Controller
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The issue

The world is congested with complex and idiosyncratic interfaces
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PUC and its component

It is a two-way communication
Devices describe their functions

PUC creates interface based on description and controls it

DEVICES
(Stereo, Microwave etc.)

ADAPTOR
(publishes description +
appliance state + controls appliance )

|
PROTOCOL

(two way communication
of specification & state)

COMMUNICATION
(802.11 or Bluetooth or IR)

NETWORK

(device specification
+ state + control )

HANDHELD
(auto Ul generation)

PROTOCOL
(two way communication
of specification & state)

COMMUNICATION
(802.11 or Bluetooth or IR)



Application specification and
communication protocol

Specification Language

<?xml version="1.0" encoding="UTF-8"?>
<spec xmlns="puc.xsd"

e |s abstract: makes no reference to Communication Protocol

xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-
instance"

xmlins:xsd="http://www.w3.0rg/2001/XMLSchema"

name="Audiophase 5 CD Stereo">
<groupings>

<state name="PowerState">
<type name="OnOffType>
<valueSpace>
<boolean/>
</valueSpace>
<valuelabels>
<map value="false">
<label>Off</label>
</map>
<map value="true">
<label>On</label>
</map>
</valuelabels>
</type>
<labels>
<label>Stereo Power</label>
<label>Power</label>
<label>Powr</label>
<label>Pwr</label>
</labels>
<priority>10</priority>
</state>

interface particulars

e |s concise: only required type
information is transmitted

e Parsing XML

<message>
<state-change-request>
<state>(state)</state>
<value>(value)</value>
</state-change-request>
</message>

<message>
<state-change-notification>
<state>(state)</state>
<value>(value)</value>
</state-change-notification>
</message>

<message>
<spec-request/>
</message>

<message>
<device-spec>
<spec>(spec)</spec>
</device-spec>
</message>

<message>
<full-state-request/>
</message>
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Overview

Components

(Device/Group/State/ Description of the functions and
Command) extracted from the state of a Device
specification (XML files of

Devices)

N

Model-based Ul generation

1. Ul XML files
- 2. Java/Android source files
Android platform 3. AndroidManifest.xml

Constrainedly Running on



Model-based Ul generation

AndroidDevice 1. PUC terms (Device/Group/State/Command)
Formalism 2. No layout information
HVGAPGG

Transformation

1. Android terms
(Button/CheckBox/Layout)
2. Unconstrained

\( AndroidGUI
L Formalism

Device2GUI
Transformation

1. Android terms

_ Android platform
2. Constrained




Unconstrained and constrained layouts

@ (I 4:58 AM @ (@ 5:57 PM

7 buttons

@ (O 4:59 AM

10 buttons

Unconstrained Constrained



Problem forming

Creation of a PUC formalism
Creation of an Android formalism

Transformation between above two
formalisms

Transformation from unconstrained to
constrained layout

Output from model to files

Benefit:

1. Easy to program

2. Better for practical use

3. Available for other platforms
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AndroidDevice formalism

Group

Bennns snedffscnsnnnns ]
: Association 0
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-To Group:' OtoN
4 - From Group: Oto N ;»/

Attributes:
- hame :: String
Actions:

= changeMName

Multiplicities:

- From Association_1: 0to N
- From Association_2: 0to N
- To Association_0: Oto N

- From Association 0: Oto N

& :i: £1

PUCterms AndroidDevice terms
Device Group
Group Group
State Control
Command Command
[ — 0 X

Multiplicities:
-To Group: Oto N

Command

- From Command: Oto N

Association 2

Multiplicities:
-To Group: Oto N
- From Control: O to N

Attributes:
- hame :: String
Actions:
= changeMName
Multiplicities:
- To Association_1: 0to N
- From Association 3: 0to N

Multiplicities:

-To Control: Oto N
- From Control: 0to N

Multiplicities:

Control

-To Command: Oto N
- From Control: 0 to N

Attributes:
- hame :: String
- type : String
Actions:
= changeMName
Multiplicities:
- To Association_2: 0to N
- To Association_3: 0to N
- To Association_4: 0to N

- From Association 4. 0to N

*




An example in AndroidDevice

Purpose of this
formalism:

To use components
included in the
PUC XML
specification file to
describe the
functions and state
of a Device.

Device
Volume
A F 3
Control WVolume Panel
A

Play

Control




AndroidGUI formalism

= AButton
Muliplicities: LinearLayout Astodation § Atiributes:
- To LinearLayout: 0to 1 Multiplicities: ~ Sid String
- From LinearLayout: 0 to 1 : - To LinearLayout: 0 to 1 B Iaybut height - String
Attributes: / - From AButton: Oto 1 || layout_width ::”String
-id:Sting -text :: String
- layout_height :: String Actions:

- layout_width :: String

y e R = getld
A-C%rcljﬁgtanon 2 String _ s GelNowsize
Association_9 > setld Multiplicities:
Multiplicities: = generateF ormat Multiplicities: - To Association_6: 010 1
] Multiplicities: - To LinearLayout: 0 to 1

- To LinearLayout: 0 to 1

- From ProgressBar: 0to 1 =To Associati.onv_S: 0 ;o N - From TextView: 0to 1 TextView
- From Association_5: Oto N AR
- From Association_6: 0to N ttributes: .
- From Association_7: 0to N =T dependency :: String
- From Association_8: Oto N - :d 3 Strlhng_ _—
- From Association_9: 0to N - — - layout_height :: String
ProgressBar b ASSOCiatiOﬂ]O: 0toN Association_8 R Iayout_w@dth - String
Attributes: - From Association_11: 0to N Multiplicities: - text 11 String
-id 2 String - To LinearLayout 0to 1 Actions:
- layout_height : String - From Spinner: 0 to 1 > sefld
- layout_width :: String Mu1t|pI|C|t|e5_: _
Actions: - To Association_7: 0to 1
= setld
Multiplicities:

- To Association_9: 0to 1

Spinner
Attributes:

Association_10
CheckBox Multiplicities: Multiplicities: - drawSelectorOnTop - String
-To LinearLayout 0 to 1 -To LinearLayout: 0to 1 -id:Sting
Attributes: - From CheckBox: 0 to 1 - From EditText: 0 to 1 - layout_height - String
-id:: String - Iayou_t_W| dth :: String
- layout_height :: String Actions:
- layout_height :: String = sefld
-text  String Multipllatles_: _
Actions: EditText - To Association_8: 0to 1
= setld : :
Multiplicities: An{(‘j‘?@tsefrin
- To Association _10: O to 1 feae g

- layout_height :: String

- layout_width :: String
Actions:

= setld
Multiplicities:

- To Association_11: 0to 1




An example in AndroidGUI

Purpose of LinearLayout
this formalism:
To model the

user interface LinearLayout LinearLayout

layout using ) 7

specified i

components LinearLayout LinearLayout LinearLayout

that are 7
similar to = m
Android’s = -

This formalism can work independently to draw the Android Ul graphically.
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Device2GUI Transformation
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Device2GUI Transformation

Play Contro'

4

groupAddLayout LinearLayout
topGroupAddLayout 4»/
layoutAddLayout A
commandAdd2Layout Device e
deleteGroup - A ' ;
control2TextViewForCo | LinearLayout LinearLayout
mmand [
command2Button | Yolume
control2TextView f
|
1
/
LinearLayout
x
A
Yolume Baf Volume Contfol
f

1

Stop




% N

o vk wnN e

Device2GUI Transformation

groupAddLayout
topGroupAddLayout
layoutAddLayout
commandAdd2Layout
deleteGroup

control2TextViewForCo
mmand

command2Button
control2TextView

B,

LinearLayout

geﬁce \

7
LinearLayout

Volume

f

"

‘olume Bar

Volume

LinearLayout

o

¥

Volume Cont

|

Cw

LinearLayout

0 ntro'

N\,
TPlay C
A

(o]

1

Stop




% N

o vk wnNneE

Device2GUI Transformation

groupAddLayout
topGroupAddLayout
layoutAddLayout
commandAdd2Layout
deleteGroup

control2TextViewForCo
mmand

LinearLayout

.,';\.
D?éice

LinearLayout

|') .I.'

command2Button /e'" L
control2TextView / /
Voluﬁe
'l
f
,f LinearLayout
'll '|" .I’/ |“|
\{/olume Bar ‘l' g |
Volume (.iont
T 3
\

Volume

f

LinearLayout

| P!

Play Contro'

ol

I\i. "JI.'

Stop




% N

o Uk wnN e

Device2GUI Transformation

groupAddLayout
topGroupAddLayout
layoutAddLayout
commandAdd2Layout
deleteGroup

control2TextViewForCo
mmand

command2Button {.f"

control2TextView - /

+olume Baf

Volume

LinearLayout

LinearLayout

LinearLayout

LinearLayout

Stop




Device2GUI Transformation
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Unconstrained and constrained layouts

@ (I 4:58 AM @ (@ 5:57 PM

7 buttons

@ (O 4:59 AM

10 buttons

Unconstrained Constrained



Layout Transformation

If a small structure, this model can be used
directly

If a large one, needs some transformation
regarding the screen size/layout information

Horizontal and vertical transformations

More difficult than the previous
transformation

Demo specified HVGA-Portrait (HVGAPGG)



An example of HVGAPGG
Transformation

HVGA-Portrait allows:

Horizontal: 4 components  Vertical: 8 components

LinearLayout

m—» LinearLayout | orientation:vertical LinearLayout

A A

Button

oo

orientation:vertical

orientation:horizontal

Button

JT

Button

Button




m—» LinearLayout

0 W Sapniik W N R

Horizontal Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenkFull
moveExcessButton2NewBranch
addButton2AnotherlLayout
segregateButtonFromLayout
removeSubTreeFromParent
addLinkButton

T A

LinearLayout

LinearLayout

)

LinearLayout

TL




Horizontal Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenFull
moveExcessButton2NewBranch

addButton2AnotherLayout LinearLayout

segregateButtonFromLayout
removeSubTreeFromParent LinearLayout

addLinkButton N )\

© NOoO vk~ wWwNPRE

m—b LinearLayout ﬁwearh[ayou

\

T A
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m—» LinearLayout LinearLayout hwearmayou

Horizontal Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenFull
moveExcessButton2NewBranch
addButton2AnotherLayout
segregateButtonFromLayout

LinearLayout

removeSubTreeFromParent LinearLayout

addLinkButton R )\

\

T A




Horizontal Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenFull
moveExcessButton2NewBranch

addButton2AnotherLayout LinearLayout

segregateButtonFromLayout
removeSubTreeFromParent LinearLayout
addLinkButton
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Button Butto

o
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Vertical Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenkFull
moveExcessButton2NewBranch
addButton2AnotherLayout
segregateButtonFromLayout LinearLayout
removeSub arent
addLinkBum
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Vertical Transformation

setTopNodeAndNewBranch
moveButton2NewBranch New example
setNewBranchWhenFull
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setTopNodeAndNewBranch
moveButton2NewBranch
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Vertical Transformation

moveExcessButton2NewBranch
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m—- LinearLayout

Vertical Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenkFull
moveExcessButton2NewBranch
addButton2AnotherLayout
segregateButtonFromLayout
removeSubTreeFromParent
addLinkButton
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LinearLayout
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Vertical Transformation

setTopNodeAndNewBranch
moveButton2NewBranch
setNewBranchWhenFull
moveExcessButton2NewBranch
addButton2AnotherLayout
segregateButtonFromLayout

removeSub arent
addLinkB Navigation

. A Buttons
LinearLayout LinearLayout Butto

1 C

LinearLayout LinearLayout LinearLayout

Lh\ i

LinearLayout

orientation:vertical

orientation:horizontal
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AndroidManifest.xml

To register all the activities/layouts

i=0
firstPage = True .
for key in self ASGroot listNodes.keys(): Key point:
if self. ASGroot listNodes[key] != []: .
output = open('AndfroidManifest.xml', "w") 1. Find every root
output.write("< 2xm/ mmow—"+'"‘.'l"'+" encoding="+"utf-8"'+'7='+'\n"') .
output write(* <manifest xmins:android=") LinearLayout node for the
output.write(""htto.//sct hemas.android.cor 7*/ant’</rm/ami'u"u""+"'7')
output write('package="+"yuan.android transiucent"' +'>\n') Iayout (Exp: AToM3 termS)
output write("< application android:icon="+"" ’5k7'=wa“'a=/co“"'+' >in')
for node in self ASGroot. listNodes[key]: 2 Trave rse nodes on the
if node.out_connections_ == []: '
if firstPage:
generateAndroidManifest(output, firstPage, i) gra ph
g A 3. Determine root node by
print 'print branch layouts now' i 1
generateAndrOIdManlfest(output firstPage, i) Its out_connectlons_
i+=1

output.write(' </application='+"\n'+'</manifest>")
output.close()
print "successfully write to AndroidManifest. xm!"

def generateAndroidManifest(outfile, isFirstPage, number):

if isFirstPage:
print str(isFirstPage)
outfile write('<activity'+" android:name="+"" . AndroidPage'+str(number)+'""'+" android:label="+" @string/app_name"'+'>\n')
outfile writef] <intent- filter ='+'n')
outfile write("<action android:name="4""android.mtent.action.MAIN"/>'+"'{n")
outfile write("<category android:name="+"android.intent.category LAUNCHER"/>'+"\n")
outfile write(' < intent- *'f"*w >'+'\n')
outfile write(' < /activity="+"\n")

else:
print str(isFirstPage)
outfile write('<actv 't' '+" android:name="+" AndroidPage'+str(number)+'""'+'>\n')
outfile write(' </activity=>'+'in")




User Interface XML files

A Ul XML file for a layout

fgenerate ui xml files
for key in self.ASGroot.listNodes.keys():
if self.ASGroot.listNodes[key] '= []:

import globalvariables

for node in self.AS3Groot.listNodes[key]:
if node.out_connections == ]2
i output = open(' page'+str(i)+ .xul', "u")
goutput.write[”ﬁ?xml version="+'"1.0"'+" encoding="+'"utf-8"'+'2>'+'\n'}
ggenerate(node, output, True)
goutput.close[]
%print "save to file "+'page'+str(i)+' .xwl'+' successtully!!

4= 1 Key point:

1. Find every instantiated
node on the graph

def generate(node, outfile, isFirstNode): .
if (gode.getclass() == 'AButton'): 2. Insertthem in a tree-
outfile write('<'+'Button'+'\n") | .
else: ike structure
ifcziL;t::Ires.t\/rv\jrcl)tjé)T +node.getClass()+'in') 3. [teration from a hlgh

outfile.write(' xmins:android="'+""http./{schemas.android.com/apkjres/android" +'\n')

for attr in node.realOrder:

level node to low level

outfile write('android:' +attr+'=""+str(node.getAttrvvalue(attr).getvalue())+'"{n') nodes
outfile.write('='+"\n")
if (node.in_connections_):

for association in node.in_connections_:

for childnode in association.in_connections_:
generate(childnode, outfile, False)

if (node.getClass() == 'AButton'):

outfile.write(' </ +'Button'+'=1n")

else:

outfile write(' </ +node.getClass()+'=|n')



Java/Android source files

* Asource file for every layout
e Ul XML files for Ul design
* Source files for the behaviour

* Navigation button

=0
for key in self. ASGroot listNodes keys():
if self ASGroot.listNodes[key] != []:
for node in self ASGroot listNodes[key]:
if node.out_connections_ == []:
j+=1

for key in self. ASGroot listNodes keys():
if self ASGroot.listNodes[key] != []:
for node in self ASGroot. |1stNodes[key]
if node.out_connections_ == []:
globalvariables firstButton = True
globalvariables firstTextView = True
globalvariables firstEditText = True
globalvariables firstSpinner = True
globalvariables firstProgressBar = True
globalvariables firstCheckBox = True
globalvariables firstLinearLayout = True
output = open('A ‘GDd e +str(|)+‘ java' ”w'")
output.write("p.
output.write('
output.write(" ’“DO!fé"‘C"
output.write("import and
generateAndroidCode(node, output)
output.write(''+'1n')
if node.in_connections_ != [1:
for assoc in node.in_connections_:
for subNode in assoc.in_connections_:
if hasattr(subNode, "text"):
if subNode text.getValue(
output.write("import androic
output.write(''+'}
output.write("p
if node.in_connections_ !
for assoc in node.in_ connectlons ;
for subNode in assoc.in_connections_:
if hasattr(subNode, "text"):

utton':
Button':

ntent.intent;\n")

.co

S "+'/-1:1cfmfc:'.oage‘+str(i)+" extends Activity {"+'|\n')

output wrlte(" kButton"+'\n')
output.write(" \
output.write("
output.write("
output.write("
output.write("
if node.in_connections_
for assoc in node.in_connections_:
for subNode in assoc.in_connections_:
if hasattr(subNode, "text"):
if subNode text.getValue() =
output.write(" u
output.write("
output.write("  }'4+'\n')
output.write("'+'1n')
if node.in_connections_ != [1:
for assoc in node.in_connections_:
for subNode in assoc.in_connections_:
if hasattr(subNode, "text"):
if subNode text. getVaIue()
output.write("  privat
output.write("
output.write(" -

icle) {*+1n)

shucent);"+'\n")

str(i)+) +1n')

utton)"

utton':

= new OnC ener() {in")

"nt)

print “j:

"str(j)
output write("

output.write("
output.write("
output.write("
output.write("
output.write("
output.write(' }{n')
output.close()
print "s. fi
i+=1

H):n)

"+ AndroidPage' +str(i+1)+

las

‘+str(i-1)+'.

ef generateAndroidCode(node, outfile):
if globalvariables firstLinearLayoul
outfile write("import android. wi

LinearLayout'+'\n')
globalvariables firstLinearLayout = False
if node.in_connections_ != [
for assoc in node.in_connections_:
for subNode in assoc.in_connections_:
if (hasattr(subNode, "orientation")):
generateAndroidCode(subNode, outfile)
else:
if subNode.getClass() == 'A8utton' and globalvariables firstButton:
outfile write("import andro et.Button"+'\n')
globalvariables firstButton = False;
elif subNode.getClass() TextView' and globalvariables firstTextView:
outfile write("import an et.TextView"+'\n')
globalvariables firstTextView = False;
elif subNode getClass() == 'EditText! and gIobaIVarlabIes firstEditText:
outfile write("import an: Edh 1)

I globalvariables. ﬁrstEdltText.

elif subNode.getClass() =
outfile.write("import a"c"o
globalvariables firstSpinner

elif subNode.getClass( Bar' and globalvariables firstProgressBar:
outfile write("import android. widget.Progress8ar;"+'\n'
globalvariables. flrstProgressBar = False;

elif subNode.getClass() =

iget.Spinner;"+'\n'
False;

heckBox' and globalvariables firstCheckBox:
outfile write("import android. widget.CheckBox."+'\n")
globalvariables. firstCheckBox = False;

lass);\n'




Future work

* Better modeling environment for Android Ul
design

* |ntelligent distribution of components

* Consistent User Interface
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