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ABSTRACT

In the era of Internet of Things (IoT), a number of products are connected to
Internet, and provide a service interacting with other products. To develop an IoT
service, programmers need to manage multiple third—party products in their IoT
service application. However, since third—part product vendors provide different
APIs for their products, managing multiple products is challenging for programmers.
Computer scientists have tried to develop standard APIs for IoT products, but the
standard APIs integrate only communication protocols, so programmers still need to
know various features on underlying hardware. This work proposes third—party
product abstraction that integrates the similar IoT product features into one API.
The abstraction liberates programmers from underlying hardware and improve the
productivity of IoT applications and promote the 10T industry. This work implements
prototype abstract libraries and abstraction system for smartband, smart TV, and
smart lightbulb services, and shows that the abstraction simplifies IoT programming

without significant performance overheads.
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E 1 OELA Egf# HE2| API Formatd}l Platform H|x

Model Platform API Format
Microsoft Band iOS, Android, Windows Phone, OS X, Windows BAND SDK
Jawbone Up24 iOS, Android WEB API, UP SDK
Polar Electro M400 i0S, OS X, Windows Polar AccessLink Service
Samsung Gear Fit Android TIZEN SDK
Fitbit Charge HR iOS, Android, Windows Phone, OS X, Windows WEB API, JAVA SDK
Fithit Flex iOS, Android, Windows Phone, OS X, Windows WEB API, JAVA SDK
Fitbit Surge iOS, Android, Windows Phone, OS X, Windows WEB API, JAVA SDK
Xiaomi Mi Band iOS, Android Bluetooth Protocol

Aekx B, oE Ay Y ARIAESL oIy AoA

A AFTE d2 ARz, dEH JEYA EHAY
AFe] AFECl AFst= API 2o A9 A 7} AFvio AR o
APT & AlFsta Jda& AT 5 AJvh(E 1). Microsoft Band, Jawbone
Up24, Polar Electro M400, Samsung Gear Fit & 7Z2-$¢ A %3 Awith i
TR2EFS SDKE FHol AlFsH, i0S, Android 52 ZHFAM AL E==

A &AL QTh. Fithit A2l &% RESTful 59 web API & o] &3}o] A Ed

\

2
rl

g JAEF AFstal, Xiaomi Mi Band + Bluetooth &4l Z&EEFO]
A o] Bluctooth o]l EAle] wet 7178 Aojd + Aw2 AT
k. AEUs Eds AESe ¥EHe UUd s5S AFTOIE

wretal A7 AR dE g eldes wET] A= ofEg el

ol

T



B 2 DEHA EYF HEZQ 7ls =7 & H

Model Features
ode Activity Calories Distance Elevation Steps Heart Rate Sleep Time
Microsoft Band O 0o (0] (0] 0 0 0]
Jawbone Up24 O o} o] X o} X @]
Polar Electro M400 (0] 0] (0] 0] 0] X 0]
Samsung Gear Fit o 0o 0] X O o ]
Fitbit Charge HR (0] 0] (0] ] ] ] 0
Fitbit Flex (0] 0] (0] X 0] X 0]
Fitbit Surge (0] 0] (0] 0] 0] (] 0]
Xiaomi Mi Band O 0o (0] X 0 X 0]

2+ Zlentd MEYE EYA AET
gy Ze WARESE AA "Eo(E 2). ofAH AA AEIEHY

ofZ Aol d Tradgrt A e 2AMS dYstd tad 2o

D oHsg AWzaE AZeE oZgddddE BT,
o Zel Aol Aol A At AEvE] AFe] S T g AxgA e
AAgel we ojEeAcl A AZAHY AFol WH HE

7} 5 A (applicability)o] A gkw ),

2
o
rlj

2) AxJAANA  AEst= API 7F EdEHo  AA Fol, A

3) olvl  EAst= ol Z Aol WA AMEA AdEE A E=bE
Azl d&l Zles Aed F A= FFA (expandability)e]

H
T

o] EAFES dAs fsA, o dAFE AEJEHI AF
Tzag9s A% A=dE AF FAE TVles At o] dAqs
MEdE AFEEel AFss FEAA VTS st Mz sHuz
golstar, Zt AFE digk APLE MM Fhelag] apdol A FA4ststd
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2oy dFeA shue T FelEHeE FAN MEdE AEs
Aoja & Al e F etelmelet F48 AsHS AFIT. F
ghol B 2] 2] (abstract library)= AzGA Fe Al sfelHeel et 754
AE 7HAH, ZRIagwrt F4 delEynts &

Aod 5 Aus do. 34 selued BA®E 4 APL & A
el ae el A A 9lsk= 7lEel sidetH, ofFE Al TR e 4

ghojBeEle] APIE 2Edhe Ao F4 FolBnyygE F&sh= AA AF

rr

o

golB e g 2 FE A3 APl & S=5HA ",

F4 gelndEe F2& Bxdr] fs, F4sk AlZ="(abstraction
system)> A ETE AFES VAt SHstM F4 golrHe et AFE
golB e g & A= Z1 d EF# ol (plug-and-play) 7l A3,
F groln e Aol s AMulx ste et s@Ete APIE AR S
12 AzxdAe olrgy, = API ¢ dAZdsr] wiEol AxdA

o]
H

o
O>"

oN

Foll = d@A F43 AladelA  Agst= Zleol  drolA &

w4 AEe Vlse 7, WA & .

D)
Ho

of Aol WA AAE AueY B 2

D AFH Pz we ABAHY AssEd g AT AE
golneielsh F4 delndUz PRI oA, AHEAHY
AZGAlA  mEadWE Mg AF  HPHom
AEYAN AL A4T + At

2) F48 AU AgAd ARAHY AE WAL BT £ YD
AN F4 olnelest Y AF solnHE A,
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EOHY oZ Aol T uSo] AZulE]l A E
g HAIAHS Folm AMAEAES Folry] 9 Aoy, A HE
AFEQIHY AT IA AFEAEHY FF3F(1oT  Standardization) @}t

AFECQIE Y 1 &9 0] (10T Middleware) ¥ 7FA Wako 2 235 o] gu},

AbEQIE YIS Este Al 7EA ROl A JdH stv. A RA=

zEay WHES O ZesE, oEgAold ZEagw S A
oAZFg Aol e A Z2asd Htsk= AP o disiA fAdste W
e Feskar 9ok, Alljoynl[4]ol A+ Connected Lighting Project

(CLP)9} Home Appliances & Entertainment (HAE) Au]~= X IdY=

ZITRAES FFsto], Alljoyn ol 94 7hsd AFsol disia wHH

o

APT & A Q3 Yub[5], [6]. Alljoyn & Z2AE Hodd ARzJAESS

2Rete] CLP &= A5+ Aol tialAl, HAE & oo AYMY, F7] HA7],

ol

7] F4 EYY, <

rie

C T, 23 Aar), Ay 2V S A

i

AZo] M 75 A Z+ 7|5 W3 APl BFS A m Q).
Alljoyn Core ¢ Thin Client 7} % %3}

AA AR AEs dAdF=

ol
=

7]

olr

S A b, @, CLP, HAE ¥ X3 API & A Astz 7] wiEd,



Mul el defA  ZREFS FAE Afstal, AMEA, 52 %2 T
Zeadmrt AFS $FSL ZAFAA AFe= oM Zzagr o]
7bed @45 Aedu(7], [8]. A F&sdE MM/ AFEAHY E2
SmartThings[9], Xively[10], Everythng[11l], ThingWorx[12], IoTivity[13]
sol &8, 4 FAREFS ARAV AAS SHStL ARl s5H

al
Zetseg wgor FehemdA ATHE ANsE BERES Adsn

A HA e JEdE AFEY UWEYT T2 EF gt 530t
MEFE A|EZELS Ethernet S AlZFo = WIFI, Bluetooth, Zig-bee, Serial
communication =9 UEH I TRZEFITS ALSEH, UEYT TR EI

ko] ol Zg Aol ZTREZE w3k 3GPP[14], IEEE 802.16 Wireless

rol

Broadcast Standards[15], ETSI[16], TIA TR-50 Committee & &
2> UH A gE Ao AT T F
A u) 2o gk qfFefo] Q7] Wi ¥FES STy EE ofE: A oA

meage QA ods ge Auzd o o
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YEYA FFE0] &&=t ). o
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2.2. AHEJEHY "EH9

ABAEY mEdolt ARARYY Folst N=wE AFel oa)A
onAE 43 5o vAz Yre wdw

olg  xéstE A2EE oudrh(17-20].  vEdold W dAye

Muls AEAA, Aus Be

meady sbed AFE dsl Avdans gL shte] ERFelA

TEAow Zragysts d4S AFsta .

AEAHY AclEge]l mae wEde mde JFo, FFHFH

A AAd #e Edolti(21], [22]. AelEd ] (gateway)dl 7]7]E 9]

BEYN  FAEA AFEQIHU 771 E] HdA AFAAER 2 A
ZHolE FYFEF AT EZFA(proxy) 9TS = AFESAHY
el 29[23], (2413 MEYT “2EZS HAs: ndlEo][25], [26],

[27] vk, o A= Al=SHUW AolEdele wiviA= EHa

Edols  AdsH  olF MEYANY A4S EASH. AW
ARl Ede] mde] &1 l Edol7F zk A% G2 o] Fofx = dH whaj,
ol A+ FAI} A" AMEls JHHaY df2 Y A EHolE
AL, =, 71 AolESe] Eddes de 2 VoS Ade= AFo

it

e e F2l A Zdols A AT},



loT Application: Smart Fitness Manager
loT Service Categories:

Activity Tracker Smart Scale Sleep Tracker
loT Products: loT Products: loT Products:
Microsoft band Withings Scale | ||Beddit sleep tracker
Galaxy Gear Fit Fitbit Aria Galaxy Gear Fit
Fitbit ChargeHR Wahoo Scale Fitbit ChargeHR

ABAEY AYE wol ABAHY AFoE BAAE N5 BB
A% WEdEA AEHY Auzg AFs] s EgHom
HEA4gsn Add zZzodowd agdn. AzAPy AES
ERA BEAGL gy B o HE TR AWS oY B},

A, st ABAEY Auz oy A Auz Adnez s

wa Aged BRE o

=  EA(Activity Tracker), 2=vE A2 (Smart Scale), W

ojty. olE &, &vE A4 #d AMRjzs

i

E# A (Sleep Tracker) ¢ thYst AH| 2~ e g 25 E HAHE 25t
AR A} AEHE RS (a"E 1), o W ZF Myl FhEH e &
AT 7S TS A=IE AFol Eojzty. Ao wEbd Galaxy

Gear Fit o] Fitbit ChargelR 213 3stue] AlFo] th9 Auv|2= e gl o



Master (App) Master (App) Master (App)

T [ Open API | | UserApp |
v

v Bridge / Cloud
| Open API | | Open API |
Internal
rotocol
Fcn. Fcn. Fcn. Fcn.
loT Product loT Product
(a) Direct Connection (b) Indirect Connection (c) Programmable

a3 2. MEDE| H|Fe| Cjet 2

TEE R A9, AvE AR @Y AMuaAf Mujs JhE L] E ol
e 748 A$, Tzaddst Auz gtdangrt gRe ve
FRAE d oHeSs Axt

7 = AFel d=rh st aEA @2 AlEF:E AU(E 2). F

A, HMEste] AFe] AP 7T gUdHAHS 5 £ Adb. IoT
AZzGA v A2 2 APL E A&d7] "o ofZgAoA

2 APL M2 AE AYE Folor dnh. ¥, ZRade} 2vtE A%

MUl 2~5 AFstaA & W Microsoft band ¢ Samsung Galaxy Gear Fit & =
o Attt dopd, AugE e getHeart() IS AAE wo

A ofZeAelds dsd FAZE oW AJIA Fear 4 AEH

h



Aol=E RbE APIE FTE8oF FH(E 1). o= o=l /MEs ¢

A, 2 Arlx gheag ¢rel e AFolvet®: A =atE A Fwit
77 & 44 21T F ASS aEder sk, o EFE A o]
sAete F AR vt2yH FATF A=dEH AEFS AT A9, A=Y
AFEe] FAA wekbA H2 R Aol Aol ded F Qv A =dhg
AEe] FAL A=gE AFe] wzE FA e AA AAEo] API ZF0
AFoR A Adde 2529 2(2), T=dd #F5
HIAY Fe9-=2 A APl 3F0] FEFor Adde AS-(2¥
2(b)), ME=mEl AF FA EANHLE £H F o FAU wE
API 7} s&4¥ e A5 (2d 2(c))® yUHA dAd. JEYE EGAE =

5

=W, Xiaomi Mi Band & 7

o
2
i
<
»
>,

Fitbit ChargeHR & Z&-$=5 S tH A4 $4S, Gear Fit 22 4§
Tizen Application & Gear Fitol 24 =9 = A= d4S 2t Ut
TadgwE APL 35 9 HESNZ Sl dAgA AF AH sEE=A
B A EEste=A b A4 A disiA argsier gtk 59
Zrafel 7ted AFY Ay AR AZgAelds AAstel API &

Hg grEolof st ZAIfe] AUnt.

MA o, AZeAHYe] oEeAelde] ABHE AP ABH
AFE @4%E 2o n4Hd A @vk dou. ANERE AEH

oZ Aol A FAA wAHE AAEXA ol%F stesly A= ilE
FHe AAL AAEA BAAAY AZAHW, oAy AF] Y 37
X

4 F v, 78, 2e g5 A RO JEYE EgAVL



FAE A4S A9 AARRE AN dolHE AAeAw, e FAR
FA7L vhE A Y FAETEH WA dolEE A sheoput @b, wehA

AEY ol ZH Aol Mol AAtem AZAHY AFEL FAd

D 4 delmeds  Aux AHndE BRea, 4 Aus
et AQsE A% L AEe] Ul Aodn, Zaagee
Aoy Auz shelaelel FE3kel wel Az seae 2 %

gofol gt Aol g,

2) &4 golug = AulA gt oA A LA = 7Sl lE) A

el s st olE WA wdste], 7|%o] EAEHA

3) 4 golnde: U JFe daA FLH FH AT 2

4) F43k N2g2 HEgE AFe] @4l i RS sk, AlE
=

AZd B AF APL Ol thd sFo] Ao YA TEHE
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Master Device App Store

| loT App | | loT App | A H
v 1. Call Abstract API Function PP
" 2. Search Available —|
| .Abstract.lerary Product S
Al 3. L'F'L’_*gt”a' L'Ik;raryl roduct Manager ngraur;
ctual Library Poo Product List
B —
Product||Product|[Product |
Library || Library ||Library Product
' Handler
_L 4. Control Third-party Product
| OpenAPI | | Open APl | Abstraction
Directly Indirectly App
Accessible Accessible Programmable
N\al Protocol
3d Party Products |Product | | Product | | Product
(a) APl =&
Master Device App Store
| 1oTApp || IoT App |[Product Manager App
| Abstract Library | | Product List | ||i| L
Actual Library Pool . Register Products
Product| [Product| [Product Product Product [
Library | |Library ||Library Handler _ Library
A i :
|
1. Search New Productsé/ 3. Install New Product Libraries
| openAPl || [| oOpenAPI | Abstraction
Directly Indirectly App
Accessible Accessible Programmable

Internal Protocol

3d Party Products  |Product | | Product | | Product

(b) HIE S5

33 3. MEDiE| FY%t AL HY Xk

14 -



4. A" YA

4 oAe AA Ax" OAdd dad T OFEom o] AwWdt
41 FolAE AEsE AFol WHUA oA E2HL Ea A
s Azdel A WA Awar. 4.2 FelAE R4 goln e

Tz W zRayel A dH .

4.1. 3438 AN=4

743t AlZ=" (Abstraction System)s= Aot o EZ| Aol ZEdde
H2=Eo](App Store), wk2¥ x| (Master Device), Al =3}E] A% (Third-
Party = Products)® Al  d9gow EFdAd(2dE  3). P2E=
ofEgAelde wiEsts AMuls AEAzR, ofEFdAld(App)d T
MESE AFel tig AF 2ol B gl (Product Library) & F43t Al 2=H 9
a4d wet AT, w2y A= ofEgAeoldel AAH= A=
AP Y o Zg Aol A (1oT App), F4 TrolH 7 g (Abstract Library),
A 2fo]lH 28] #(Actual Library Pool), A% 38 A (Product Manager)E
Zhagdak. AtEQIEY ofEFg Aol ofEgAleld ZrmIadwrl A%
Trafor, AEdHY AMujzo dig HdA WAE " do. FE
golndg gl = Al=HAA AFes T2y F9 golHyIR AHlx
Zhelaegf el 7se F4 APl = Adoldte] API & HEo=E olFolAd 9
T AP = ZEIagurr A3 st dHIHolaR, AF geolBYd

Zol AA" MEsE AlEEe AlE dholEeele] AS API S dddn.
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® 3 NE Z|2E Yo HE ZAE

ID Product CSerwce Address Auth. Library Connected Last
ategory Connection
1 ChargeHR Act. Tracker 192.168.11.3 "laa2.." Fitbit AT Yes 7/11 15:04
1 ChargeHR Slp. Tracker 192.168.11.3 "laa2.." Fitbit_ST Yes 7/11 15:04
2 Mi Band Act. Tracker 88:0f:10:a0:90:8¢c None MI_AT No 7/1119:31
2 Mi Band Slp. Tracker 88:0f:10:a0:90:8¢c None MI_ST No 7/11 19:31
Algorithm 1: Target Product Selection
Data: list is a product list, category is the service category of the
invoked API function
Result: rarget is an appropriate target product
1 let target = null;
2 let found = false;
3 foreach p € list.getLists(category) do
4 if list.isConnected(p) then
5 if p.connect() then
6 target = p;
7 found = true;
8 break;
9 end
10 else
11 | listupdateConninfo(p, No);
12 end
13 end
14 end
15 if found then
16 list.moveFront(target);
17 list.updateAccessinfo(target, time);
18 end
19 return farget;
HTAoR AFS AT, A B &S Eol7] AdllAM, T M A& API
Tz dEld ddel EoAd wWA F oA dAs A A dAE
AFa,
= oA GAA Agd B AF ddsE Ao AF d2Ed 9@
HkE 2alo] o8 o] Fo] R th(Algorithm 1). A &3laA s AF prt AA
AE BzEd moAEA AdE, EAds Aol AFol Aol
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H 4 ActTrcker?| Functiond} Event Signal

Public Functions

public float ActTrcker:
public int  ActTrcker:
public void ActTrcker:
public float ActTrcker:
public float ActTrcker:
public float ActTrcker:
public void ActTrcker:
public int  ActTrcker:
public float ActTrcker:

:getDistance()
:getSteps()
:setCalIntake(float cal)
:getCalIntake()
:getCalBurned()
:getElevation()
:setExTag(int exType)
:getExTag()
:getHeartRate()

Event Signals

STEP_CHANGED  Number of steps changed
HR_CHANGED Heart rate changed

E 5 IoTProduct®| Public Functions

Method Description
public int getID() return id of the current product instance
public IoTProduct getInstance() return the current product instance in the service category
public IoTProduct getInstance(id) return the id product instance in the service category
public TIoTProduct getNextInstance() return the next available product instance in the service category
public void search() search products in a category and update the product list
public void setLstner(int, Lstner) set a listener for sig event

-19 -




public class MainActivity extends Activity {
ActivityTrackerType type;

// ChargeHR

OAuthService auth;

Token accessToken;

// GearFit
HealthDataStore mStore;
HealthDataStore.ConnectionListener mListener;

protected void onCreate(Bundle savedInstanceState) {
setContentView (R.layout.activity_main);
type = getAvailableProduct();
switch (type) {
case ChargeHR:
auth = new ServiceBuilder () .provider (FitbitApi.class)
.apiKey (userName) .apiSecret (passwd) .build();
accessToken = auth.getlAccessToken();
break;
case GearFit:
HealthPermissionManager.getPermission();
mStore = new HealthDataStore (mListener);
mStore.connectService () ;
break;
case MiBand:

break;

protected float getHeartRate() {
switch(type) {
case ChargeHR:
String urlGet = "https://api.fitbit.com/1/user/"

+ userName + "/activities/herat/date/today/1ld.json";
String result = HttpRequest (auth,accessToken,urlGet);
return parseJSONvalue (result);

case GearFit:
String request = HealthConstants.HeartRate.HEART_RATE;
return getHealthData (mStore, request);
break;
case MiBand:
AlertDialeg.Builder alert =
new AlertDialog.Builder (MainActivity.this);
alert .setMessage ("There is no heart rate feature");
alert.show();
return 0;

0% 4 ADE HZY B2 AAW ofit 2E UK
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public class MainActivity extends Activity |
LetTrecker actTrcker;

1
2
3
4
5| protected woid onCreate (Bundle savedInstanceState) |
6 setContentView (R.layout.activity _main);

7 .

8 actTrcker = RActTrcker.getInstance();

9

10 actTrcker.setLstner (STEP_CHANGED, new Lstner() {
11 public wvoid run() {

12 int steps = getSteps();

13

14 }

15 1D

16 actTrcker.setLstner (HR_CHANGED, new Lstner() {
17 public wveid run() {

18 float rates = getHeartRate();

21 b
2| )

24| protected float getHeartRate() {

25 float rates = 0;

26 ActTrcker hrTracker = actTrcker;

27 while(rates == (0 && hrTracker != NULL) {

28 try{

29 rates = hrTrcker.getHeartRate();

30 } catch (NotSupportableFeatureException e) (
31 hrTrcker = getNextInstance();

32 }

33 }

34 if (rates == 0) {

35 AlertDialog.Builder alert =

36 new AlertDialog.Builder (MainActivity.this);
37 alert.setMessage ("There is no heart rate feature");
38 alert.show();

39 }

40 return rates;

41| )

42

43| protected void changeProduct (int ID) {
44 actTrcker = ActTrcker.getInstance (id);
45|}
46| }
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4.2. 4 zolB. ¥ 2 (Abstract Library)
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dolnelee] AFH FxEZ olFoldth. 4.2.1 F AAE A4 F3

gtolB g7t AFEHE dAS, 4.2.2 FeAE golHelgrt AA AES
Aolst= WAlel diste] ztzt AW st

o

4.2.1. 29 F¢ F4 golBH

Zradgv Fo F4 dolrde s oEgAleld ZragmeA Al
Zhelatg ol A AlEetE 7lsEdd el AdEIHe]AE AT, AE 5],
ActivityTracker F4 ZolB I =(E 4) YEYU2 EHA AELO
Agstes B Zleod didH(E 2) AP FFE ATk, APL
SEste ow, oA TEaYv e FAEY2 ERA AF o

B A glel ZlsEd s Aloj7h bt dd TEafdges &
(2" 4) 4 dolBda s ol &sto] AMFAl 1A & ZrIadgdMs (2d
5) Bt EEZS 9% 5 m=y JSON Z=E AAstE Fito] XFHA
Fev. gustd AEFA 1A 2 2= F4 golBYd
SmartBand A4 %2} getHeartRate ©] A& AAES #AF7] wjFEo|r}.
ofEdAeld ZrIgH= FA dolBYdeA AFF= FA4 APL
TEskd H7] wEel, AF dolBeg e HAdeol ZHrAY AEL AlFel
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IoTProduct Zdl=v F4 dolBgglolA HAA AF golH g
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o}2] IoTProduct UA=®lxeo} A A|Fo st Ado] A QAAEH A
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Ag-go] e FF9 ATl daid HHAHQ BHE F3FE W {5
f3 4 glt}. getNextInstance():™= A Aulx Fhearg o] ofs)A
H o] §7t5e AFY A" AE WSt Search()& 3T

AMul2 FEaEl e AlES BAsta AF#gAe] AFE g=EE
Julo]Edtt. search() & dubd oz 2 agud osir EFHA ol
Woagkeedi ALEHow SHHAR, TR IE At Al H oA AlE
2EE YA F JdEE F4E A Y3l setlstner(int, Lstner):
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public class ChargeHR extends ActTrcker {
QRuthService auth;
Token accessToken;

public void connect (userName, passwd) {
auth = new ServiceBuilder () .provider(FitbitApi.class)
.apiKey (userName) .apiSecret (passwd) .build() ;
accessToken = auth.getAccessToken();

}

public float getHeartRate() {
String urlGet = "https://api.fitbit.com/1/user/"
+ userName + "/activities/herat/date/today/ldjson";
String result = HttpRequest (auth,accessToken,urlGet);
return parsedSONvalue (result);

}

a3 6. MF 2to|E2{2] Of|X: Fitbit Charge HR

b = R I SR PR S

public class Hue extends SmartBulb{

public wvoid changeColor (Color c)
httpRequest(...);
1

}

=~ 3 L B W N =

L T

public class PlainBulb extends SmartBulb/{

public void changeColor (Color c) {
throw new NotSupportableFeatureException();

}
}

public class MyPlainBulb extends PlainBulb{

public wvoid changeColor (Color c) {
blink (5); // blink 5 seconds instead of changing color
}

}

a3 7. &N 2toj=a2] g4l M x| 3%
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4.2.2. AF F9 AFE Folry

AE golrgels Al Jhgaegle] 7lFo digk AF APIE o] &
T Egoz sty AF gelBE = shuhe] AlFd tsgth. Au A
Fhel ] & 7] Eete FA golB el API &

T&ol A API O TE¥ AZAdHH.

rok

A HAisg Ex8t=d 1
A% golB. 2]d Fitbit
HP2E AEsiH, AH A

Fhela22] 9] ActTrcker 9o 7] 5ol #@3t+= S-S ik F+3HAS Fitbit

2
il
i
e 2

ChargeHR & F4 ZolB 27 ActTrcker

ChargeHR ©] AF&watol A #AEF APl & &3 H(2d 6). F, 94
ZRIAH(H Dol EAetd Z=TF FA golE et AF golEe R

wdE As FJF F v, o A ZEadge e MM FhE AL oA

5
A WA= AFol ZleS ALsA fARE oA Thed Aol
SmartBulb =9 odE  EoRA(aH 7). F4  FHolHHZ 9
SmartBulb & ¥<& W Hue AlF ZhelB g e A9 A48 A& npr =
changeColor(Color c)o] A& API oA A U3st= A WHA A g-oltt.
PlainBulb A& A W3S XYPstx] Fovz oei3S throw 3o},
2mE A% #e o AloldoM e AuteE A deH] de AFY A5
of ] 2 NotSupportableFeatureException = throw 3} 1o w3t A=
st AS A 4 dui(zx® 5, Lines 30-32). MyPlainBulb ¢ 3%

Ahol = A WA T)eSs AFetA AN blink() 7lEso= A
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