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[Abstract]

Internet of Things (IoT) technology, which provides services by connecting various objects in the real
world and objects in the virtual world based on the Internet, is emerging as a technology that enables
a hyper-connected society in the era of the 4th industrial revolution. Since IoT technology is a
convergence technology that encompasses devices, networks, platforms, and services, various studies are
being conducted. Among these studies, studies on measures that can measure service quality provided
by IoT software are still insufficient. IoT software has hardware parts of the Internet of Things,
technologies based on them, features of embedded software, and network features. These features are
used as elements defining IoT software quality measurement metrics. However, these features are
considered in the metrics related to IoT software quality measurement so far. Therefore, this paper
presents a metric for reusability measurement among various quality factors of IoT software in
consideration of these factors. In particular, since IoT software is used through IoT devices, services in
IoT software must be designed to be changed, replaced, or expanded, and metrics that can measure this
are very necessary. In this paper, we propose three metrics: changeability, replaceability, and scalability
that can measure and evaluate the reusability of IoT software services were presented, and the metrics
presented through case studies were verified. It is expected that the service quality verification of IoT
software will be carried out through the metrics presented in this paper, thereby contributing to the

improvement of users' service satisfaction.
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Measurement Method of IoT’s Quality
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1.2 Reusability Metric by Heuristic Method
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1.3 Reusability Metric by Qualitative Method
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Table 1. Limitations of Existing Researches

Research Types Limitations

e focus on IoT’s structure and functions

¢ lack measurement items

[5,6]'s Research | » focus on IoT’s hardware aspects

e measure general software’s reusability

[71's Research e don’t consider characteristics of IoT
service

e don’t reflect IoT software’s reusability
items

e don’t propose extensibility or
portability of IoT software

[4]'s Research

[8]'s Research

[9]'s Research

III. The Proposed Scheme
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1. Characteristics of IoT Software

loT 2ZEgJol AFEYIE o] 7Rl steglo] 2

1} 0]2 HIEFO 2 SH= 7|4, AW|T]E AT EYo7} 7HA]
L EX YEYTO EA £ JIx]1 Yt o|gdt EA
S [oT 2LESo] 4 57 lES Aosh: 84
g} [10]0] Ao g o3t EYSS TS
1} Z¥o] 77IX|2 E&sto] AAlshL Qich

ﬂJl
e

1.1. Mobility
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1.3. Real-time Accessibility
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1.4. Maintenance and Security of Data
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1.5. Providing Screens
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1.6. Connection Reliability
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2. Metrics for Measuring Reusability of IoT
Software
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2.1. A Metric for Measuring Changeability of IoT
Software
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[39] 1] H7HA(RSC: Rate of Service Changeability)
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0
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S(n): loT AZEY0]o] AMH|A & T4

A
53

2.2 A Metric for Measuring Replaceability of IoT
Software
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2.3. A Metric for Measuring Extensibility of IoT
Software
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where,
Se(n): loT AZLE0jo] &7} 7haet AulA s
S(n): IoT AZE0]o] ME|A & 74

IV. Experiments and Evaluation
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1. Experiments
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Fig. 1. No—Changeable Service Relation
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Fig.2

public class Activity_1 extends Activity {
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller_layout_001);
Button myButton=(Button) findViewByld(R.id.button):
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {
Intent i = new Intent(IntentAndroid.this, Activity_2.class);
startActivity(i);

Fig. 2. Non—-Changeable Service Relation's Code

Fig. 3& Service_1o]4 Service 25 22 7%
Service_2 Uj9] 520 tfst A&lo] Y7 7}sst A-Qo]ct

Service_02

a @®
Service_01 W
b

Fig. 3. Changeable Service Relations

change_value

C =
=

Fig. 3ut o] ¥4 7haeh #All QA HH 2=
Fig. 49} Fig. 50l AAE = LAH.

public class Activity_1 extends Activity {
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller _layout_001);
Button myButton=(Button) findViewById(R.id.button);
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {
Intent i = new Intent(IntentAndroid.this, Activity_2.class);
i.putExtra(“flow_key”, “flow_01"): // Change_value
startActivity(i);
}
DE

Fig. 4. Changeable Service_1's Code

public class Activity_2 extends Activity {
public void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedlnstanceState);
setContentView(R.layout.caller_layout_001);
Button myButton = (Button) findViewByld(R.id.button);
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {

String key = getlntent().getStringExtra(“flow_key”):

if(key.equals(“flow_01")) {

// flow 01

} else {

// flow 02

Fig. 5. Changeable Service_2's Code

Service__
Non-Changeable
Service

Service_3

flow o»?-)o

Service_4
Non-Changeable
Service

Fig. 6. Case of Non—Changeable and Changeable Services

change_value Changeable

Service

Fig. 61} 22 4%, & AMH|A = 470]1L, WA 715
st AH]A 785X Service_13} Service_3 27]0]8& o]
IoT AZEo] AH]A0] ¥7/d RSC(n)=2/4=0.57} =}
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1.2 A G0 ofgh Arz| A
Fig. 7ot 22 AlRlle wA| 27Fse AulA TAIE o
Al 7Fset AulA 21o] BAS HolErh

Fig. 7. Non—Replaceable Service Relation
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public class Activity_1 extends Activity {
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller_layout_001);
Button myButton=(Button) findViewBylId(R.id.button):
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {
Intent i = new Intent(IntentAndroid.this, Activity_2.class);
startActivity(i);
}
HE

Fig. 8. Non—-Replaceable Service Relation's Code
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olct.
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S ) Replace

o 3‘ Service_3

Fig. 9. Replaceable Service Relation

public class Activity_1 extends Activity {
public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller__layout_001);
Button myButton=(Button)findViewByld(R.id.button):
myButton.setOnClickListener(new
View.OnClickListener() {
public void onClick(View v) {
Intent i = new Intent():
i.setAction(Intent. ACTION _MAIN);
i.addCategory("_VARIABILITY_NAME");
startActivity(i):

}) ; L _VARIABILITY_NAME is variant identifier.

} (Itis possible to change Activity dynamically without

} Activity 2.)

Fig. 10. Replaceable Service Relation‘s Code

<application android:icon="@@drawable/icon" android:label="@string/activity namel">
<activity android:name="Activity 1"
android:label="(@string/activity_name1">
<intent-filter>
<action android:name="android.infent.action. MAIN" />
<category android:name="android.intent.category. LAUNCHER" />
</intent-filter>
</activity>

<activity androidmame="Activity 2" android:label="(@string/activity name2">
<intent-filter>
<action android:name="android.intent.action MAIN" />
<categofy android:name="android.intent.category DEFAULT" />
<category androidiname="_VARIABILITY _NAME" />

<fintent-filter=
4{ Activity_2 is changeable with Activity 3.

<factivity=

Fig. 11. Replaceable Configuration's Code

Fig. 12. Replaceable Service Relations

Fig. 12= AMu]A3 o] ¥ wA| 715 AelAz A
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Fig. 132 2% 27Fseh AH]A 119 HAS HojEt

Fig. 13. Non—Extensible Service Relation

Fig. 139 g 27Hs3 AjulAS 719 Bl Fie.
149} Fig. 15 22 @Ejo] HE2 Py

public class Activity_1 extends Activity {
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller_layout_001);
Button myButton = (Button) findViewById(R.id.button);
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {
Intent i = new Intent(IntentAndroid.this, Activity_2.class);
startActivity(i);
}
s
h

)

Fig. 14. Non—Extensible Service Relation‘s Code
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<?xml version="1.0" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="inha.android"
android:versionCode="1"
android:versionName="1.0">
<application android:icon="{@drawable/icon" android:label="{@string/activity namel">
<activity android:name="Activity_1"
android:label="@string/activity_name1">
<intent-filter>
<action android:name="android.intent.action. MAIN" />
<category android:name="android.intent.category. LAUNCHER" />
</intent-filter>
<factivity>

<activity android:name="Activity 2“ > /activity>

Fig. 15. Non—Extensible Configuration's Code

Service_2

T Service 3

Fig. 16. Extensible Service Relation
Fig. 162 2P%go] 7Hsgh AMu|A 1] ¥AIE
Fig. 1643 2%} 7Hssh AH|AF 1] WA=
3 7

Fig. 17

public class Activity_1 extends Activity {
public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.caller_layout_001);
Button myButton = (Button) findViewById(R.id.button);
myButton.setOnClickListener(new View.OnClickListener() {
public void onClick(View v) {
Intent i =new Intent();
i.setAction(Intent. ACTION_MAIN);

i.addCategory("_VARIABILITY NAME");
startActivity(i);

D: _VARIABILITY_NAME is variant identifier.

3 (Itis possible to extend Activity dynamically without Activity_2.)

Fig. 17. Extensible Service Relation's Code

<application android:icon="{@drawable/icon" android:label="@string/activity namel">
<activity android:name="Activity_1"
android:label="(@string/activity_name1">
<intent-filter>
<action android:name="android.intent.action. MAIN" />
<category android:name="android.intent.category. LAUNCHER" />
</intent-filter>
<factivity=>

<activity android:name="Activity_2" android:label="(@string/activity_name2">
<intent-filter>
<action android:name="android.intent.action. MAIN" />
<category android:name="android.intent.category DEFAULT" />
<category android:name="_VARIABILITY NAME" />
</intent-filter>
</activity>
<activity android:name="Activity_3" android:label="(@string/activity_name3">
<intent-filter=
<action android:name="android.intent.action. MAIN" />
<category android:name="android.intent.category DEFAULT" />
<category android:name="_VARIABILITY NAME" />
</intent-filter=
</activity>

Ho{&oh

T, Fig, 189} 2+& ejo] A A= st

Fig. 18. Extensible Service’s Configuration

Fig. 19. Extensible Service Relations
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V. Conclusions
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