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ABSTRACT

In order to provide customized services according to a specific user or environment, various service scenarios should be developed
based on context-aware workflow model. As the context-aware workflow model is constructed using limited context information and

service information in the service domain, overlapping elements can occur in many service scenarios. The repetitive work process that
results from these overlapping elements delays the development process of the service scenario. Therefore, the elements of the
context-aware workflow model must be reused to solve the unnecessary work processes of service scenario development. In this paper,
we propose a reuse method XML Object in context-aware workflow model to improve the process of service scenario development. The
proposed method documents and manages the independent XML Object of the context-aware workflow model and reuses it by invoking
the unit document in the service scenario development process. It can also be applied to new service scenarios by changing the attribute

values
the elements of the context-aware workflow model.

of reusable elements. Experiments show example that the development process of the service scenario is simplified by reusing
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Fig. 1. Overview of the CAWL Schema

{message)®} (variable) 84t YIAZELE &IHO
2 Astr] Y3t Hol"HE Aolstal fAoks 3A4AE AR
sttt <(baseOntologies)@} {serviceProvider) 24+ &
Fs AR ARE A Tels Aol AR T el Al
g 7155t AH|A ARE AZSHe AH|A oo]HES] HZ
HARE Holsly| o) ARSIt ESF Y3 Z 200 AR
< UYL (activator) 849 AHA LEE9] Ftoa
FAEE (flow) 847} Ut

AF =292 A5t (flow) Q40E YFZE L9 A]
23t 25 YERRE (source), (sink) 849} AH|A &



124 FEXM2EE=2X/ERE & St AL HM9B H65(2020. 6)

£ Ao5H= (node) 82471 Yt} <node) 842 &3 H9
g oo HHlA kEX dink) 842 53 A4

(node) 84 AFRIA] 719t AB|AE AYst7] Yt of
9 84AEL =3It} {condition) 84E AH|A LE9
Fol 2791 A% AEE AYsty, (invoke) 84+ i
5ol whet Ay ojof sh= AH|A FHE Aottt o
AIEZES ABIAE AFohe CAWLS YIAEZF AL
7r9] 555 Alofstr] Al (wairy 8471 AHEH

2) CAWLY] ZALE =

AR AAEES B YAHEZ HoiA= CAWLY
HAHE 7 Q= ofof gttt & =RolA= CAWLES +
A5l= XML A (object)?] ElementE AH|A AU H
o] AALE TR FoJehH, Ak 24 (reusable element,
o]s} RE)Z AA3tc};. REE CAWLAA &3z o= Algd
T Sl 84 Fig. 29 Zo| EFE I, ZAsteto] A<
QA HIEEL nd AA TdACNA AAHEHT

CAWL

service

Provider oot

message variable ontology

Fig. 2. Reusable Elements of the CAWL

CAWL RE= message, variable, ontology, serviceProvider,
node® BREm 7t CAWL REE A2 725 ulet o
9 )7 AuE zglslol Tt AHlA s 7h] HolEs
Wersp] et (message) 849} HlolEle] HS WS 9
3t (variable) 84+ YJIAEZLE £AFOZ Zﬂﬂc}hﬁ] g
23 Heluleig ke 8= Auls Ao 33 o
2 AARGEH. oF HE0] g JHE 4 Jsk= <ontology)
= HEEES Lo 275 wokel] s Tast AR AR
£ FAxol] Y3t AEE Edlokal (serviceProvider) 24+=
/\13]/\ o]]o];ﬂE_O,] 73—7\ X4E§ E‘B‘]—‘é‘}q— u].z]u}gi (node>
= HEEERY 9 AHIA T g AHE T AN
o)z A=t

AL 7158 CAWLY] Q452 ZF 940] A7uls 7|4t
O & CAWL RE= AJ4=o] #A HolgHo]Ao) E| 2
2 A ol XMapollAl XML #4185 #Esh7] gt %
Hog B =Fo4s 84 D= tojgHo|Ao] gttt
REE= E¥] F2&8 AFHH S &6 FZREo| AH|A A
U] e EAjof AIETt Fig. 32 (message)2] EZ|FE] A
2 25 YJehdch AA=E CAWL RES &5 49, 7+ g
ol5o] AE IDE F=sto] 5h9] H|olE2] x| @%E&E}.

AHA AU Q. APEAbE ABIA AUE . Afdehs
AlollA AHA AU 74 HAZIE S5l AHE CAWL
RE #AE &85to] a&20o= ABA AUZ|e 245 &

BT 4 Uk

Message Element Table
message id | node id | name | documentation
Robot msg | Home.. | Curr.. | Thisis Robot..
Part Element Table
part id | message id | name | element | type | documentation
Sen.. Robot msg | Time.. - Ser.. | This is Sensor..
y y

Fig. 3. Tree Structure for CAWL RE Reference
in Relational Database

3.2 MHIA ALI2|R M TE7| 7He

FRUA HAERS 2EY E%Wﬂ {A4ES CAWL
RE ZAZ2 A 4 #5171, PARR-S 95t CAWL RE &4

2 B8 5 Ak A2 Al BA WYV PR
Fig. 49} 2t}

Scenario
Developer

Scenario Developer Event |} § Workflow Visuslization

Graphical User Interface

Service Scenario Document Editor

Workflow Editing Core

CAWL

Workflow Model Workflow Validation Document
Manager Converter Checker Generator

CAWL RE
Manager

‘ Repository Manager ‘

Repository

Context Info Service Info CAWL RE Info CAWL Document

Context Informatio Interface

Service Information Interface

Context Information i 1 Service Information

| Context Engine ‘ | Service Agent ‘

Fig. 4. Architecture of the Service Scenario Document Editor

ARketz ABIA AUE| R 74 HAF7= AU AR
olE F&o| upet A=y, A AIE GUI (Graphical
User Interface) 7|5t HY ShAS &3 AlZskebet. Eot
AR YAERES Bdo] BEEE= AH|A THR19] A%
HEL AHIA HHE AFH7] fls) 2% 2EQl Context
Engine¥} Service Agent?} ASH )

CAWL RE Manager= A%R1A] YI2E229 E'_Ei_]Q] AR
AES CAWL RE BAZ HASI: 7158 AZstH
=8 "c]’ ZRIA] Y EZE A tal FA5Fe= Workflow
Editing Corex= Workflow Model Manager, Workflow
Converter, Validation Checker® TAHT}t. Workflow
Model Managere= A4 YIE2F HHS tho]o]T1H

P2 HHYSH= 7152 AFsith Workflow Converter=




MH|A A2 7HE TZ2MA

d AYUA| YIB2S BES HAE
< 493t} Validation Checker=
Holy]

toloj 13 P2 HHH
tloEl2 Heksh= A
CAWL A7|0HE HIgo® HEe "HAE HolgY {874
A% ALE& =3t} CAWL Document Generator= 3%
Q1R YIEZS 2do] 2dH HYAE Ho|EE XML 7§k
CAWL AlUgle A2 A3ttt Repository Managere
Repositoryoll A73H FJEE 7t HES] 370l wzt A5
=L oJ3kg 2asith Repositorys A ARE Thejshe
Context Info A4, Av|A JEE H2]ol= Service Info
A4, CAWL RE AEE #TEste CAWL RE ARA,
CAWL Alygle EA4E st CAWL Document A%
AR FAE

3.3 MHIA AL 2N HEY| SE 1Y

M)A AUE] Q. BA HY7E ARIA] YaEES 1Y
o] =A9l QAES CAWL RER #a|3kal, AH|A AJLE
2 g FHoM AFE CAWL RE EAE AJARESHA
CAWL AU EAE ATt

1) CAWL RE A4 34
CAWL RE ¥Al& Fig. 52 o] CAWL RE Manager”}
=2510] A=

CAWL RE Manager

..... RE Converter Validation

m— 5 Checker
ivil.| REEGiting | |

Module

Repository Manager ‘

ContextTnfo: [{S1. VL O1}. {S2 V2.02}.] |
Service Info: [Service_1. Service 2..] H
CAWLRE Info:[RE_1.RE_2.RE 3..]

Context Info

CAWL RE Info

Fig. 5. Generation Flow of the CAWL RE Document

AU /A= RE Editing ModuledlA Al&sh=
CAWL RE A% 3tHZ &9 CAWL REE &/Jett o8
93l Repository Manager+= CAWL 84E& Adst=d &
[ A FE, AHA FHE 23 AR o] gEH
CAWL RE HXRE A|F3ttt. RE Converters AU 2 7j
Hixlo] oJsf lElE CAWL 84 HHE Ed A7 12E &
i, Ef]9] o9 ERE IuHy (Unparsing) < 4
Psto] HAE Hlo[g 2 WIS} Validation Checker= H
E CAWL 84 JHE CAWLY g ok9] A7[ukE wpgo.
2 784 7% IS $Y3t} Repository Manager= A
J¥l CAWL RE #A1E CAWL RE A& Ao] #4lct.

2) CAWL AlUzle EAjo] A 74
CAWL AUg]le AL Fig. oA Hol: A} Zo]

Workflow Model Manager, Workflow Converter,

£ HHAIZI7] {3t QA AFZ2? ZZOIM XML A9 AR 125

Workflow Model
Manager

Workflow
Converter

Validation CAWL
Checker Document
— Generator

AN

ContextInfo : [{S1,V1,01}, {S2,V2,02}...]

Service Info : [Service 1, Service 2,..]

CAWLREInfo: [RE_1.RE 2.RE 3..]

CAWL Document Info : [ Document_1, Document 2, ..]

Repository Manager

Fig. 6. Generation Flow of the CAWL Scenario Document

Validation Checker, CAWL Document Generator’} &
Ztsto] /g Ech
Workflow Model Manager+= CAWL Aue] 2 FA o
3t 2 8 F9HA =H tholoj s 7|Rke] A=RIA] ¥
FZ29 By shHS A3t o|df Repository Manager
= AZRoA HA{sta Sl A AE, ARls AH,
CAWL RE AH, CAWL AlH43]2 &4 HEE Workflow
Model Manager®] dgsto] AUzl /AR 4317
AAEESE &4A 2dFT & J=FE At 714
© & Workflow Model Manager= AU Q. 7t AGARE-
Sk= CAWL RE BA19] AR &4 FEES HAT = =S 4
A 7152 AlF3sIcE Workflow Converter= CAWL 7]4He] E
g A FRE o8] AlYE|Q ALY g JEE
AE glo|g|& WEslt} Validation Checkers CAWL 2
7|ute] 25 wet gk €A E flolgof gt f84 A
5 A4S I3t CAWL Document Generator= HA
E tlo|HE HF o Z XML 7|99 CAWL AU e ZAE
A/dstt. Repository Managere= A4E CAWL AU
EXE CAWL Document A% 4of #&3tct,

4.4 8

B AL ARRIA) 9ABRE wdolA AArg Aol
ALEHE AZ37] G 20k F BH vl At
98 T, |8 7BOE ANE 240 AE U ALt
© BA A4 g Boleh AHA AU oA )
o A 9.0] AAtgol K5t olg FE A2EF shio)
248 FYOR AUAY HAL s1&Th migoR &
Al 29 G Q08 AT TETORA A2 A
vele AU A9 vee BEAL S U4 Asdtt

fo

41 ADIE & HHIA ALRIQ

B Aol AgA BolA & A
g Aol A ABSHE AU et FAA
At et gt



126 FEXM2EIE=2X/HRE & St AL HM9B H65(2020. 6)

Element Configuration

Shared Workflow Elements Element Name m

B Message @

® Variable Subject
T optional
M Ontology yPe (op :
: Value (required| User
& Service Provider treq )
B Alto_Robot et
L [\EE Value (required) isNow
B RecommendMedicine
B comeBack Object
Type (optional)
Value (required) Position_Outside
Invoke Remove
Operation (optional) loTSmartHomeCare

Documentation (optional)

Fig. 7. CAWL RE Document Editing Screen

) A]]‘]'EI-Q- 1- E% 71]01 k.IH]i\- Morning Care Good-Night Care
A S P P B o S o Bl

ok 2R Az % ARl ol oo } ( |
ood Morning Smart Home Care
@ AF8A @71 Yo olFslY RRe 0% AL B
‘g‘—c?—]-— QJ': EE'L /‘\J']‘:—-}g 2]‘_7<4 O]—E]-' [ Recommend Medicine } [ RepmtlngHea]th State ]
® B2R2 25 X HEE ARGAIA 2t
@ /\}-—g—X]- @7}- %{‘% ?_5]'% _/;\_% Hﬂli% Q@}?_H:]-, [ Repottlng“eathel } [ Recommend Medicine ]
XIL]—EIQ_ 2 - i"\—]—(}l 7-]]0:[ /\']H]_/_\_ [ Smart Home Care } [ GoodNight ]
@ AREAF @7F ElZsto] o] aksha ofjo] Alo] AH|A :
9]_ %ﬂ%‘ /\‘]H]—/—\—% gﬁg_@_q. [ Comeback } { Comeback ]
@ 2Re AgA B2 A% Jeie BAstL Y A%
AEe g zEsic}, Fig. 8. Smart Home Service Scenario
® A% 4GS ARG 7, 2R AAgAe] Aol e}
Ao JHE Zﬂ%’—‘f‘zt} 2Alo) A 7ol A=, Non-blocking /02 @& A7
® AT A B A 5 Aulask gH AR E OME FE 5L w2 A G5 Show Yo
g AHAE AT AAE-S 93t CAWL RE A= MySQLS Eoﬂ Fg40o

= e MySQL2 AISA e 84 JRSZ Hols &9
Fig. 82 AU L 1, 25 HIF 2R AH|A E529 FHE 2 T & AES AYstal, #F tlolEHo]A H o] dof
EF3F Aok, = /\]L]-E]QL YT AH|A ofo]HEE of 9l SQL (Structured Query Language)S ARgsto] 2]
GO R st MEAE AlFRITh B A 5T F 1Y Q3] U3t AYS w2y FAA £ 5 ok
h—_E(RecornmnedMedmme, Comeback)7} Sd3sl &

SUe] == Z+2 FHj(SmartHomeCare)E 7FATE. o] 4.2 HME 249 ME I AL ZM A

42001 = AAEE 4= = 84%F Smart Home CareE 2 =2olA Atshs AARE 845 XML A ©ejold,

Agstal Hyste] 8= BPE Helrh 2 doA= QS 845 FEoto] AHA AU EA4
AU A AUE Q. Rt AFsks AU Q. BAl HA7 =2 A= 43} gio], o] HHLS £ 7|29 W HT}

+ Node.js Express Web Frameworks 7|Hto.2 7jsh et v]Lo] AAEYLS Btk YR QA4S AlLst=

H
& & Aleldol. Node.jse &34 Sl HEYD & FAIA Aul A AlgE| e TR A AluE|e #A4 ¥



MEIA AILIZ|Q 7He T2 A

CAWL Editor

£ JHEAIZI7| AT

JEUX YIAE=ZR ZH0M XML AFH 2| A 127

Filea Edit View Review Setup Help

GoodNightServiceScenario ®

Shared Workflow Elements Workflow Edit Screen

= Massage
I Vanable
& Ontolegy
&) SS-Ontology
& Service Provider
B Alto_Robot

Activator
[ Activaior ]

& Node Flow

B ComeBack

[ MainFlow |

etpat

B RecommendMedicine

oupul

4

B smartHomeCare

[ import | Create Jf update Jf Detete

- EEU

B Ontology

Node
[ SmantHomeCare |

Mede

[ ReportingHealth 53

Node
[ Rec

Node
ight ]

Node
[ ComeBack |

P input output

B ss-Ontology

utput [ T o output sutput utput

Fig. 9. Workflow Diagram Screen in CAWL Document Editor

Node Element Table

node_id | Name [ state [ Documentation

SmartHomeCare SmartHomeCare | deactivate | Smart Home ...
| Condition Element Table

condition_id 1 node_id [ expression | documentation

SmartHomeCare_0 SmartHomeCare | C4 |

I Context Element Table

context_id condition_id || name | priority [ documentation
SmartHomeCare 0 0 | SmartHomeCare 0 | | |
Rule Element Table
rule_id [ 1 context_ia [ name [ expression

SmartHomeCare 0_0_0 |  SmartHomeCare 0 0 | |

Fig. 10. Example of Node Element Storing
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Documentation (optional)

[ hoon

Fig. 11. Screen to Change Property Information
of Reusing CAWL RE Document
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{?xml version="1.0" encoding="UTF-8"?
{CAWL name="GoodNightServiceScenario" ...)
{documentation)
ToRT Good Night Service Scenario Document
{/documentation)
{baseOntologies)

{/baseOntologies)
{serviceProvider name="Alto_Robot"
location="...">
{service operation="ToTGoodMorning")

{/service)

{/serviceProvider)
{activator name="Activator")
{condition expression="C0">
{context)
{ruley
{constraint name="C0")
{subject)Alto_Robot{/subject)
{verbyisNow{/verb)
{object)Position_ HOME{/object)
{/constraint)
{/rule)
{/context)
{/condition)
{activate flow="MainFlow")
{/activate)
{/activator)
{flow name="MainFlow")
{source name="MainSource")
{/source)
{node name="SmartHomeCare"
state="deActivate")
{documentation)
Smart Home Care Service
{/documentation)
{condition expression="C1")
{context)
(ruled
{constraint name="C1")
{subject)User{/subject)
{verbisNow{/verb)
{object)Position_Inside{/object)
{/constraint)

</ no de)

(/ flow)

Fig. 12. Service Scenario Document based on
CAWL Document Editor
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