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Constructing Multi-Vendor Home Network
System with Dynamic Binding of Networked

Appliances and Vendor-Neutral Services *

Yusuke Fukuoka

Abstract

This thesis presents a method that constructs the home network system (HNS)
with multi-vendor networked home appliances. The proposed method first pre-
pares vendor-neutral appliance services, and exhibits the services to the HNS ap-
plications. We then prepare a mechanism, which dynamically binds each vendor-
neutral service and concrete appliances during runtime. Thus, the HNS service
provider can build a common HNS application for various combinations of multi-
vendor appliances. Moreover, it is unnecessary to rebuild the vendor-neutral ser-
vices as well as the HNS applications even when any appliance is replaced with
another. We have implemented the proposed method, and deployed the system
in an actual HNS. The experimental evaluation showed that the implementation

worked well with sufficiently small overhead for the practical settings.

Keywords:

home network system, networked appliances, multi-vendor system, home network

services, dynamic binding

* Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0651105, February 7, 2008.
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TVInterface { // 000000000 OO0O0O0OOOO
// 0 APIOO0OO00 o0O0O0O0OOOOOOCOOOO

int on(Q); // 000

int off(); // 000

int changeVolume (int volume) ; // 0000 (o: OO, 100: OO)

int mute(); // 00

int unmute(); // 0000

int changeVoiceMode(int voiceMode); // OO0 (0: O, 1: O, 3: O0+0)

int changeChannel(int channel); // 0000000

int showChannelIndicator(); // 0O00O0ood

int hideChannelIndicator(); // 000000000

int changelInput(int input); // 0000 (o: ODOO, 1: HDDODOOODO, 2: ODOOO,

int startOffTimer(int hour); // 000000

int cancelOffTimer(); // 0000000

TVStatus getStatus(); // 0000
}

05 000000000 ArPIOOOO

TvStatus { // 00000000

boolean power; // 00 (true: O, false: [O)

int volume; // 00O (o: OO, 100: OO)

boolean mute; // 00

int voiceMode; // 000 (0: O, 1: O, 3: O+0)

int channel; // 00000

boolean channellndivator; // 0000000

int input; // 00O (0o: OOO, 1: HDDOOOOO, 2: DJOOO, ...)

int offTimer; // 0000000000 (o: DODOoOooOooOo)
}

U6 bgogbooboogon
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BindingDefinition {
// 000000000 BOO0ODOOOOODOOOO
StandardLightService -> Light_B;

// 00000000000 A00D00OO0ODODOOODOO
StandardCurtainService -> Curtain_A;

// 0000000000 BOODOODODOODOOODO
StandardTVService -> TV_B;

O7 00000000000

adapter for TV.B { // BOOOOOOOOOO
if StandardTV.on() is called {
// 0000000000000000C0O APIOO00OO00OO
ret = tv_B.power(true);

return ret;

if StanderdTV.off() is called {
// 00000000000000000O0 API0O0OODOOO
ret = tv_B.power(false);

return ret;

08 ougooooo
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// 0000000000 BOOOOOODDOOODOO
TVInterface = new function() {
this.on = function() { // OUOOO0OO0OOOODO on() APILDOOOOOOOOOOO
// BOOOOOOOOAPIOOOOOO
var ret = new Packages.TV_B() .power(true);

// 000000000
if (ret == true) {

return new Packages.java.lang.Integer(0);
} else {

return new Packages.java.lang.Integer(1);

0 11 VerbenaOOOOOOOOOOODOO

public class TVService extends StandardService implements TVInterface {
private TVInterface tvProxy;

public TVService() {
// 00000000000000
super () ;
tvProxy = (TVInterface) factory.createProxy(TVInterface.class);

public int on() {
// 0000000000D000000000
TVStatus status = tvProxy.getStatus();

if (status.getPower() == false) {
return tvProxy.on();

} else {
return 1;

}

012 0000000b0o0o0d

20



public class StandardService {

protected ProxyFactory factory;

protected StandardService {
try {
// 00000000000000O0
factory = new ProxyFactory("/config.js");
} catch (IOException e) {
e.printStackTrace();

O 13 StandardService 0 O O
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— OS: Microsoft Windows XP Professional
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LightInterface = new function() { // 00000000
this.on = function() { // 0000000 API
// 00 APIOO0O0000
var retl = Packages.NationalLightChannell().on();
var ret2 = Packages.NationalLightChannel2().on();

// 000000000000 API000D000OO0O0O0OO0O o0D0OmM
if ((retl == true) && (ret2 == true)) {

return new Packages.java.lang.Integer(0);
} else {

return new Packages.java.lang.Integer(1);

014 00bobooboobooboobo

LightInterface = new function() { // O000O0O0O0OO
this.on = function() { // 0000000 API
// 00 APIO0O0O00O0
var retl = Packages.KishimaLightChannell().powerOnQ();
var ret2 = Packages.KishimalLightChannel2() .powerOn();

// 000000000000 API0OO0DO0ODOOOOOOOO0DOOMm
if ((retl == true) && (ret2 == true)) {

return new Packages.java.lang.Integer(0);
} else {

return new Packages.java.lang.Integer(1l);

U 15 0bbooggoobooooboo
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LightInterface = new function() { // O0000O0O0OO0O
this.on = function() { // 00O0O0O0DDO API
// 00 APIOO00O00O0
new Packages.UPnPLight () .power (true);

// 000000000
return new Packages.java.lang.Integer(0);
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// 00000000000D000DO0O0O
public interface AirConditionerInterface {
int on(Q); // 000
int off(); // 000
int changeTemperature(int temperature); // 0000
int changeOperation(int operation) ; // 0000 (1: 00O, 2: 00, 3: 00)
int changeWindDirection(int windDirection); // OOOO (o: OO, 1: O, 2: O, 3: 0)
int changeWindLevel(int windLevel); // O0O0ooO ¢o: OO, 1: 0, 2: 0, 3: 0)
int startOnTimer(int hour); // 0O0oog
int cancelOnTimer(); // O00000oo
int startOffTimer (int hour); // O000ood
int cancelOffTimer(); // 0O0o00ooog
AirConditionerStatus getStatus(); // 0000
}
// 000000000
public class AirConditionerStatus {
private boolean power; // 00 (true: O, false: 0O)
private int temperature; // 0000
private int operation; // 00000 @(@: 00, 2: 00, 3: 00)
private int windDirection; // OOO0O (0: OO, 1: O, 2: O, 3: 0O)
private int windLevel; // 0000 (o: OO, 1: O, 2: O, 3: 0)
private int onTimer; // 000000000 : OOo0ooooono)
private int offTimer; // 000000000 (o: O0000000)

// 000000 getter/setter
public boolean getPower() {
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return power;

}
public void setPower (boolean power) {

this.power = power;

}
}
oooo ooooo ood oo ooooo
oo v v v v v
ooo v - - - v
goooooo v - - - -
// 0000000000000000O
public interface CurtainInterface {
int open(); // 0
int close(); // 0
CurtainStatus getStatus(); // 0000
}
// 000000000
public class CurtainStatus {
private boolean open; // OO (true: O, false: 0O)
// 000000 getter/setter
public boolean getOpen() {
return open;
}
public void setOpen(boolean open) {
this.open = open;
}
}
oooo oooo ooo
oo v v v
oo v v v
gooooo v v -
oooo v v -
ooooooo v - v
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// 000000000000O00000O
public interface BlindInterface {

int open(); // O
int close(); // 0
int stop(); // 00

BlindStatus getStatus(); // 0D0OO0O

// 0000000000
public class BlindStatus {

private boolean open; // 00 (true: O, false: 0O)
private boolean moving; // 0000 (true: 000, false: O0O0O)
// 000000 getter/setter
public boolean getOpen() {
return open;
}
public void setOpen(boolean open) {
this.open = open;
}
}
A4 OO0
00 00 0000
o0 v v v
ooo v - v
oooo - v v
oooo - - v

// 0000000000C0O0000O0

public interface VentilatorInterface {
int on(); // 000
int off(); // 000

VentilatorStatus getStatus(); // 0000

// 00000000
public class VentilatorStatus {

private boolean power; // OO (true: O, false:

// 000000 getter/setter

public boolean getPower() {
return power;

}

public void setPower (boolean power) {
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this.power = power;

A5 O0O0O0OO

oo oo gooooo oooo oo
oo v v v v v
gooo v v v v v
gooo v v - - -
ooo v - v - v
ooooo v v - - v
gooooo - v - - -
ooooooo - - v - -
// 0000000000CO000O00C0CO
public interface AirCleanerInterface {
int on(Q); // 000
int off(); // 000
int changeWindLevel(int windLevel); // O00OO0O (1: O, 2: O)
AirCleanerStatus getStatus(); // 0000
}
// 0000000000
public class AirCleanerStatus {
private boolean power; // 00 (true: O, false:
private int windLevel; // OO (1: O, 2: 0O)
// 000000 getter/setter
public boolean getPower() {
return power;
}
public void setPower(boolean power) {
this.power = power;
}
}
A.6 OO
oo oo 0o oo oooo ooo
0o v v v v v
ooooo v v v

oooooo -
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// 000000000000000
public interface LightInterface {

int on(Q); // 000
int off(); // 000
int changeBrightness(); // 0O0o0o0d (1. 0, 2.0, 3:0)
LightStatus getStatus(); // 0000
}
// 0000000
public class LightStatus {
private boolean power; // 00 (true: O, false: )

private int brightness;

// 000000 getter/setter

public boolean getPower() {
return power;

}

public void setPower (boolean power) {

this.power = power;

// 000 (1: 0, 2: 0, 3:0)

}
}
A7 OO0
oo ood ood oo ood od ood gooo od
0ood v v v v v v v v v
oooo v N v v v v v v v
oood v v v v v v v v v
0ooo v v v v v v v v v
oooo v v v v v v v v v
goooooo v v - v v - - - -
oooooooo v - - — — - - -
// 00000000000D0OO0O000
public interface FanInterface {
int on(Q); // 000
int off(); // 000
int changeWindLevel(int windLevel); // O0OO0O (1: O, 2: O, 3: 0O)
int startOffTimer(int hour); // 00000
int cancelOffTimer(); // 0000000
int startSwing(); // 000
int stopSwing(); // 00000
int startRhythmWind(); // 0000
int stopRhythmWind() ; // 000000
FanStatus getStatus(); // 0000

41



// 00000000
public class FanStatus {

private
private
private
private
private

// 000000 getter/setter
public boolean getPower() {

boolean
int
int
boolean

boolean

return power;

}

power;

swing;
rhythmWind;

windLevel;

offTimer;

// 00 (true: O, false: )
// 00 (1: O, 2: 0, 3: 0)

// 000000000 (: O0000000)

// 000
// 0000

public void setPower(boolean power) {

this.power = power;
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// 0000000000000000

public interface TVInterface {

int
int
int
int
int

int

on();
off();
changeVolume (int volume);
mute();

unmute() ;

changeVoiceMode (int voiceMode) ;

// 000
// 000

// 0000 (o: OO,

// 00
// 0000
// 000 (o: O, 1:
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int changeChannel(int channel); // 0000000

int showChannelIndicator(); // O00000og

int hideChannelIndicator(); // 00000oooo

int changeInput(int input): // 0000 (: OO0, 1: HDDOOOO, 2: OO0OO,
int startOffTimer(int hour); // 00000

int cancelOffTimer(); // O000oo0oog

TVStatus getStatus(); // 0000

// 00000000
public class TVStatus {

private boolean power; // 00 (true: O, false: O)

private int volume; // 00 (o: OO, 100: OO)

private boolean mute; // 00

private int voiceMode; // 000 (o: O, 1: 0O, 3: O+0)

private int channel; // 00000

private boolean channellndivator; // 0000000

private int input; // 00 (0o: OOO, 1: HDDOODOO, 2: OOOO, ...)
private int offTimer; // 000000000 (o: O0D0O0OO00OO0OO)

// 000000 getter/setter
public boolean getPower() {
return power;
}
public void setPower(boolean power) {

this.power = power;

A9 HDDOOOO

od oooo ood og oo oo

od v v v v v v

0o v v v v v v

oo v v v v v v

od v v v v v v

oo v v v v v v

oooo v v v v v v

od v v v v v v

bvDOOOOO v v v v v v

ooooooo v v v v v v

HDD/DVD OO v v v v v v

2000000 - v v - v v
// 0000000000000 0O0O0OO0
public interface HDDRecorderInterface {

int on(Q); // 000
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int off(); // 000

int play(); // 00

int stopQ); // 00

int next(); // 00

int previous(); // 00

int pause(); // 0000

int record(); // 00

int openDVDTray(); // pvpO0O0O0O

int closeDVDTray(); // DvDODOOO

int changeChannel(int channel); // 0000000

int changeMedia(int media) ; // 000000 (0: HDD, 1: DVD)

HDDRecorderStatus getStatus(); // 0000

// HDDOOOO0000D0O0
public class HDDRecorderStatus {

private boolean power; // 00 (true: O, false: )

private int action; // 00 (o: 0O, 1: 00O, 2: OO0OO, 3: O00O)
private boolean tray; // DvD OO0 (true: O, false: O)

private int channel; // 0D0OOOO

private int media; // 0000 (0: HDD, 1: DVD)

// 000000 getter/setter
public boolean getPower() {
return power;
}
public void setPower(boolean power) {

this.power = power;

A10 DDODOOOODOOO
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// 00000000000000000O00O00O

public interface AudioSystemInterface {

int on(Q); // 000

int off(); // 000

int play(); // 00

int stop(); // 00

int next(); // 00

int previous(); // 00

int pause(); // 0000

int record(); // 00

int repeatAllTracks(); // 000000

int repeatOneTrack(); // 000000

int cancelRepeat(); // 000000

int randomPlay() ; // O00000o
int cancelRandomPlay(); // 00000000
int eject(); // 0000

int changeVolume(int volume) ; // 0000 (o: OO, 100: OO)
int startOnTimer (int hour); // 00000

int cancelOnTimer(); // 0000000
int startOffTimer(int hour); // 00000

int cancelOffTimer(); // O0000O0oono

int changeSource(int source); // 0000 (0: CD, 1: MD, 2: FM, 3: AM)

AudioSystemStatus getStatus(); // 0000

// 000000000000 0OO0
public class AudioSystemStatus {

private boolean power; // 00 (true: O, false: 0O)

private int action; // 00 (o: OO, 1: 00O, 2: OOO0O, 3: O00)
private int repeat; // 0000 (o: OO, 1: OO, 2: 00O)

private boolean random; // 000000

private int volume; // 00 (o: OO, 100: OO)

private int onTimer; // 000000000 (o: DOoOoooood)
private int offTimer; // 0O0OO0DODODOO (0: ODODODODO)
private int source; // 00O (0: CD, 1: MD, 2: FM, 3: AM)

// 000000 getter/setter
public boolean getPower() {
return power;
}
public void setPower(boolean power) {

this.power = power;
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A.11 OO
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// 0000000000000 00
public interface PhoneInterface {
int call(string number) ; // 00
int receive(); // 00
int reject(); // 0000
int disconnect(); // 0000
int speakerOn(); // 0O0oogd
int speaker0ff(); // 0000000
int hold(Q); // 00
int unhold(Q); // 0000
int answeringMachineOn() ; // 00000
int answeringMachineOff(); // 0O0OO0OOOOO
PhoneStatus getStatus(); // 0000
}
// 0000000
public class PhoneStatus {
private boolean connetcion; // 00
private boolean ringing; // 0000
private string number; // 0000000 (00000Do0oooon)
private boolean speaker; // 00000
private boolean holding; // 00
private boolean answeringMachine; // 00000
private int message; // 0000

// 000000 getter/setter
public boolean getConnection() {

return connection;

}

public void setConnection(boolean connection) {

this.connection = connection;
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Al12 0O0O0OO

// 0000000000CO0000C0CO

public interface TVPhoneInterface extends PhoneInterface {
int cameraOn(); // 000
int cameraOff(); // 000

TVPhoneStatus getStatus(); // 0000

// 0000000000
public class TVPhoneStatus extends PhoneStatus {

private boolean camera; // 00O

// 000000 getter/setter
public boolean getCamera() {
return camera;
}
public void setCamera(boolean camera) {

this.camera = camera;

Al13 ODDOOOOO
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// 000000000000000000O0
public interface FaxInterface extends Phonelnterface {

int sendFax(); // 00000000
int receiveFax(); // 00000000
int copy(); // 000

int printMemory(int memoryNumber); // 00000000000
FaxStatus getStatus(); // 0000

// 00000000000

public class FaxStatus extends PhoneStatus {

private boolean faxMode; // 0UOOOOOOO
private int memory; // 000000000
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// 000000 getter/setter

public boolean getFaxMode() {
return faxMode;

}

public void setFaxMode(boolean faxMode) {
this.faxMode = faxMode;

}
}
m2m 0000
oo -
ooo '4
// 0000000000000000
public interface GasCockInterface {
int shut(); // 000

GasCockStatus getStatus(); // 0000

// 00000000
public class GasCockStatus {
private boolean open; // OO

// 000000 getter/setter
public boolean getOpen() {
return open;
}
public void setOpen(boolean open) {

this.open = open;

Al5 ODOOOO

ooooo ooooo

ooooo
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v

// 0000000000CO0000C0CO

public interface OutletInterface {
int on(); // 0
int off(); // 0
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OutletStatus getStatus(); // 0000

// 0000000000
public class OutletStatus {
private boolean power; // 00O

// 000000 getter/setter

public boolean getPower() {
return power;

}

public void setPower(boolean power) {
this.power = power;

A.16 O

// 00000000000 00O0

public interface DoorInterface {
int lock(Q); // 00
int unlock(); // 00

DoorStatus getStatus(); // 0000

// 000000

public class DoorStatus {
private boolean open; // 00O
private boolean lock; // O

// 000000 getter/setter

public boolean getOpen() {
return open;

}

public void setOpen(boolean open) {
this.open = open;

Al17 OOOOO
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// 000000000000O00000O

public interface FireAlarmInterface {
FireAlarmStatus getStatus(); // 0000

}

// 0000000000

public class FireAlarmStatus {
private boolean battery; // OO (false: OOO0DO)
private boolean fire; // 00

// 000000 getter/setter
public boolean getBattery() {

return battery;

}
public void setBattery(boolean battery) {
this.battery = battery;

A.l18 ODOOOO

MENIX
oo v

// 00000000000000000O0O

public interface EmergencyButtonInterface {
EmergencyButtonStatus getStatus(); // 0000

}

// 0000000000
public class EmergencyButtonStatus {

private boolean emergency; // OO

// 000000 getter/setter
public boolean getEmergency() {

return emergency;

}
public void setEmergency(boolean emergency) {
this.emergency = emergency;
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