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6. Asynchronous JavaScript And XML
7. Application Programming Interface
8. Remote
9. Desktop GIS
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.( 23#=ffWR $/,ff: $v)ffE);WR Gff> Pff:. L ff9 gffH)#
G0 1 &=!,�0$()CGf#=A/0 X& `R �'=0 G>$B/0(=f> $=f-

GISq&N/: G0 XSJZ#a&[)R 2A=W# $=-N L f9 GfJQ=&
LB.B 4B=ff`R 2MA)ffMdGff0 2ff:/J:B N 2A=ffW# $=ff-

T[.B/*GA=#=: (B .( 2A=W# $=-2A=fW# ]=f'VC. $=f-
Pff:. GJI=ff: \)ffO/OB)Friis-Christensen et al.,

2007.(
q&N/: $(=!K# ^=:.$v)fE);WR /f0 pf`_;# ./fO

uNPff:. q&N/ff:)Fang et al., 2009.($v)ffE);WR
uNX#=KR q&N/:q&N/: \=,# $/&U*.( \)O=fA)O $=-

/C [.wff:.N pff&q&N/ff: �,ff7)R B(. A=Jff:. $=ff-
)1WSDL(s=f,* 4B=f`R B(. A=Jf:. gE=b 1)2SOAP(N 1

LB.B 4B=`R B(. A=J:. �&/KR)XML(2f# +-./fQB[=f:
)Yue et al., 2006.($=-(=>N[=f: Df&. [. LB=tJf:. =f0

LB.B 4B=ff`R B(. A=Jff:./GA=#=ff: 1s=ff,*\)M!-=ffA $=ff-
s/A#=f!R (B PZA.)R  ;-.)I $(.%Q.N 4=fSJA. XfY./# 2

X#=KR 29N( =0 1�@> N 2A.)I./Q�=`R(. /M& W& =0 /&U*
 ;;> (./b/0)Zhao et al., 2007.(

(BGISuN $v)fffE);WR [. 1()fffe;# Gfff0 q&N/fff:
LB=tJff:. 2A=ffW# ]=ff'VC. (=@ffJA. N %,E=ffA5 1P&/& ff#

2#BB/O.cA.(=fW!- N $%&%'()f*]2010[[. LB=tJf:.
uN $v)E);WR&[ .( q&N/:afQ( $./f0 2`:=;# PI=:/

X#=KR s ' XW@#L !' c~0 $/&U*GA=#=f: [. $.$=f-
LB/f> \.)f;' 2A=fW# T[.B/* fA..Gf#=A/0 1L[N/f#.$=f-

q&N/: $B/0(=>(B ./OGISw:.N [.Gf0 B(. A=J:. $=-
X#=KR �=`R(. $(./b/0 ()e;#q&N/f: \=f,# /&Uf*$=f-
2# LB=tJ:. /M& W& =0 2A=W# ;;>.B(. A=J:.$=-OGC

\=!E.X#=KR B/`-.( 237. $=-]='VC. $=,AB (B $/&U*
Gff0 2A=ffW#2ff# (=!ff9Gff0 1 ffAN($()ffCgff3�. Gff>

uNq&N/:GA=#=: (B /SJZ# $=-2A=fW# ]=f'VC. $=-
wfff:.N [.$=fff-OGC2fff# LB=tJfff:. fff;;>)Friis-

Christensen et al., 2007; Percivall et al., 2008;
Granell et. Al., 2009(uN Df&.q&N/f:�=f`E=� .( =f-

uNq&N/:2A=fW# $=f-32f# f;#=A)Foerster et al.,

2009a.(G0uN 123> ()CGf#=A/0  ;A=!- 2A=W# q&N/:

GtEm# $B/0(=>q&N/: G> P:. ujN $.G0 .( 2&=-()e;#
LB.B G0 B(. A=J:. 2:/J:B2A=W# cA.B N ]='VC. N =-

2# Go.(. ;>)Di et al., 2005.(123

2-3-XBH(+HOGC

OGCD,0 \=#[=:4=f: (B G> P:. $B(. A=J:. 233!E.
1994s=f!R p,t3R $=!A(NB =0LB.B (=f,'N 2A=fW# $=f-

N XSJZf# 2R=`f:="# $)Wf: (B 2A=W# T[.B/* a0=;#
X#=KRPI=:/&[ p&/C [. /&U*LB.BX,W@fR 2A=W# $=-
 &B/O.]=,7)FI4$=-B(. A=J:. NOGCL.(XY$=f-

Gff0 .( 23#=ffKJ#\=ffW# ()ffe;#1uN DJI=ff: affH/#
q&N/:20 $=-\=fW# N +,:q&N/f: N 1=f;`#$=f-IT

Go.(.2# ;;>)http://www.opengeospatial.org/ogc.(
XW9 G0 .( \.)R D&. 1L 9 L(=9. ]=,7)FIN \=O f;-B

2# $v)E);WR \=O A(N5 B)HN G0q&N/f: G>  -BN =f-
.( L ,z,* 2A=W# ]='VC.L[)Y (BXf0=b \)O=fA)O $=-

 f;-B (./fb ^/Jf:B (B N  A[=: LB=tJ:.)Lanig and

Zipf, 2009.(L ;?;ff: Gff> =ff?A5 [.GW`ff9 N =ff-$=ff-
\=#B=* [. LB=tJ:. D!i L ;?;:1\)O=A)O 2C=`R(. $=-

gfE=b (B .( ]. -=@#LB.B $=f-Gfo.(. 27=FfJI. $=f-
2#/<0 =0 =R  &5 +-./Q $(=>N[=: 2JZ&=0 1 ;;>L[. $/,O

w:.N$(.UO > N q&N/: B(. A=J:. $=-B(. A=J:. $=-
LB.BL),9 \.)J0 1=-X#=KR $.(B X,<ZR ()e;# G0 .( /&U*

�./J9. G0 N p,t3R N 2:/J:B=f<A5 ]. -=@f# $(.UfO
B/> Go.(..w:.N [. /i=Y p,S"R (B 1G;,#[ D&. (B$=f-
q&N/:OGC$(.UO > NLB.B $=-()fe;# G0 1\5 $=-

2A=fW# ]=f'VC. c&=f!A N 1T[.B/* 12:/J:B 1�@>
a&[)RX#=KR TN( G0 GJQ=&Pf:. L f9 LB=tJ:. /&U*.(B
c~0$(.UO > 12R5 $=-]=,7)FI N =-OGC(=f> G0

2# �&/@R p,S"R D&. (B GJQ(BB/O.

1. Web Service Description Language
2. Simple Object Access Protocol
3. Geospatial Web Services
4. Specifications
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2-3-1-WPS

q&N/ff: 1L[N/ff#.GA=#=ff: (B /SJZff# LB.B $=ff-$=ff-
!- 2:/J:B \=W#. 2A=W# ]='VC.Gf0 /f,O./Q N 2A=fM

LB.B2f# +-./fQ uN pf&/C [. .( 2A=W# $=- A[=f:.(B
q&N/: D&. 1/,I. 4=:  ;dLB.B $=-GJQ=& X#=WR =- A.

G0 NB(. A=J:. ]()7\)fd 2&=f-1WFSGf')!?# =f& N
q&N/:u)d(=fd $=-SWE(./fb \./0(=f> (=f,JI. (B
GffJQ/O ffA..LB.B 1Dff&. B)ffHN =ff0Dff&. } ff9 Gffo.(. $=ff-
N/:q& ;#[=,A �=`E=� \./0(=> [=,A G0 2&)M~:=* $./0 =-

T[.B/ff* s=ff?A. ffA..LB.B Gff> =ff?A5 [.pff&/C [. =ff-
uNq&N/:2# Go.(. =-2JZf&=0 %f,A T[.B/* .UE 1 AB/O

B/&U* ]()7 uN $N( /0.
q&N/: G;,#[ (B12A=W# T[.B/* $=-OGCw:.N

WPSP:. LB/> B(. A=J:. .()Poorazizi et al; Schut,

2007, 2010.(.( Xf#=KJ# N \=f:5 2f9N( q&N/: D&.
G0T[.B/* s=?A. ()e;#[. LB=tJf:. =0 1uN /0 2;J`# $=-

uN $v)E);WR2# Go.(. q&N/: ;>.2Q/K#WPScfSA
L !'Pf,E=KQ B/`@,* (B $.q&N/f: $=f-$=f-OGC

G0 1P:. GJ9.B$()fCq&N/f: L[N/f#. Gf>$=f-OGC

LB.B Gfo.(. /0 LNV'f-]=f'VC. 1uN $N( /f0 2A=fW# $=
2A=fW#)LB.BL f9 T[.B/f* 2A=fW# $=f-(Gffo.(. %f,A .(
2fff# fff;;>)Foerster et al., 2009b.(1D&./0=fff;0
uNq&N/:Gf0 2f:/J:B $./f0 =f<;R GfA 2A=fW# $=f-
LB.B2f# (=f> Gf0 2A=fW# $=-1 fAN(N X& f`R (B GfW30

 fA(.B P>(=@# %,A =<A5 T[.B/*.\=fW#. 1$(N5)fA Df&.
q&N/: GK:)RL ,z,* $=-w:.N [. LB=tJ:. =0 .( /R$=-
G0 B(. A=J:.GfA)O/- s=f?A. \=fW#. \B(N5 +-./Q ()e;#

2ff# +-./ffQ PffA/J;&. $N( /ff0 2A=ffW# T[.B/ff*B[=ff:
)Lanig and Zipf, 2009.(

wff:.NWPSq&N/ff: Xff#=KR 2MA)ffMdL ffA/,O2N
q&N/:L ;-B3KR x&=JA  ,E)R N  ;&./Q $./H. (B .(�&/

2# ;>.q&N/:2# L A/,OP:.)I(B  A.)R.( B)fI $=-
TN( NB Gff04KVPpff&/C [.HTTP GETNXML[.

p&/CHTTP POST ;> 4=:(..\5 23f7. /fM3!' G:
Get Capabilities1DescribeProcessNExecute ;JZ-

q&N/f: \=f,# �=`R(. G>q&N/f: N L f;-B.( L fA/,O
2ffff# �ffff&/KR ffff;;>)Schut, 2007.(/ffffM3!'
GetCapabilities$/FfJ~# �,f7)R N q&N/: LB.B/Q

T[.B/ff* [.$=ff-WPS2ff# Pff:B Gff0 .( ff-B./ffM3!'
DescribeProcessGff0 T[.B/ff* 2ffo%H �,ff7)RL./ff!-

Gffo.(. .( T[.B/ff* /ff- 2ffHN/I N $BN(N $=ff-/J#.(=*
2# ;>./M3!'Execute2A.)fI./Q .( 2A=fW# T[.B/f*
2#2#/0 .( x&=JA N  ;> A.B/O.1234

2-3-2-XBH(+HSWE

Sensor Web=:=A 2R=S,S"R LN/O 1(=0 D,JZ~A $./0 .(
4=: (B2001B/f> �/_#:»Sensor Web2!JZf,:

L ;?;: X#=9 P:.Gf> w`R/# 2A=W# GJQ=& a&[)R $=-
w,f"# r=@J>. N c&=* ()e;# G0Gf0  f& H $=f-(=f>

2# fAN(«)Delin and Jackson, 2001.(�f&/KRGfo.(.
$): [. L 95NASA1Sensor WebLBN f"# (B .($.

L ;?;f: [. 2f7=I �)fA $N( /0 N nd)>%f>/!J# =f-
2#B[=:.TaocA.(=W!- N)2003(a#=fH �&/KR$/fR
[.Sensor Web2f# Pf:B Gf0 f;-B:»Sensor Web

GW`9L ;?;: [. $.+f- Gf0 1[=f0 1uN /f0 2f;J`# $=f-
f<t# Gf> Pf:=&)* N  ;!9)- 1XFJ#(B .( $ f& H s)

a!H 2MA)MdLB.B $(N5]=f'VC. a&[)R N LB=tJ:. N =-
2# �/_#B[=:«.L ;?;f: D&.[. 2K,f:N �f,C (B =f-

L[. ffA. \)ffz!- =ff-B/0(=>c&=ff* 1X,ff: \.%ff,# $/ff,O
L=MJ:B 1.)- 2OB)E5L(.)-=# $(.B/0/&)FR $=-%fH N $.

G0 =<;&.2# (=> AN()Tao et al., 2003.(
u)d(=ffdSWE$)ff: [. L ff9 Gffo.(.OGCcffSA

xff&.( N affH/# $(=ff!K# �ff&/KR (B 2ff!<# N GJZffH/0
/fff0 2fff;J`#Sensor WebB(.B.4 fff#N LB.B $=fff-

w:.Nq&N/: $=-X#=KR u)d(=d 1L 9 Go.(..( $/&Uf*

1. Web Feature Service
2. Client
3. Server
4. Key-Value Pair
5. National Aeronautics and Space Administration
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Gff0L/ff<0 N 2ff:/J:B (B X,<ZffR ()ffe;#[. $(.B/ff0
L ;?;:GA=#=: N =-\=#B=* [. LB=tJ:. =0 1=<A5 $=-$=f-1

N2# +-./Q 1uB[=f:.Gf01LNVf'SWE(B .( 20)d(=fd
Gff0LB.B pff,t3R ()ffe;#GA=#=ff: (B hffA(BV0 $=ff-$=ff-

2# +-./Q 2A=W# ]='VC. ;>.LB.B a&[)R N p,t3R$=f-
2A=ffW#Gff0 2A=ff#[ fffuN G_ff:.Nq&N/ff:12A=ffW# $=ff-
P7/Qpf,!' 2f:(/0 N GfKE=_# $./f0 .( $ & H $=-

./"0 P&/& # N 2_,"# ]./,l{R2#  & * \B(N5.
$(=!K# (B q&N/: GF~@# (=<d N LB.B 4 # G:

SWEPf:. GJQ=& GK:)R N GJQ/O XW9)Chen et al.,

2009.(4 ff#LB.B B(. A=Jff:. $=ff-X#=ff9 =ff-O&M1
2SensorMLN3TML$(.UfO > ()fe;# Gf0 G> P:.

L ;?;: ]. -=@#GA=#=: �,7)R 1=-L ;?;: $=-N =f-
%ff,A N �)ff0/# $=- ff;&./Q�,ff7)Rff`#4 LB=tJff:. =ff-

2# fAB/O.wf:.Nq&N/f: $=f-SWEX#=f94SOS1
5SPS16SASN 17WNS20=ff&[=0 $./ff0 Gff>  ;JZff-

L ;?;ff: 2- A=#[=ff: 1L ;?;ff: ]. -=@ff#sVff'. 1=ff-
B()# =<A5 G0 (. @- s=,* 4=:(. N \./0(=> P`l N 1(. @-

2# (./b LB=tJ:. A/,O.Df&. (B 1Gf')!?# Df&. \=f,# [.
pff,S"R[.O&M1SensorMLN 1SOSL ff9 LB=tJff:.

P:..
B(. A=Jff:.O&M4 ff# [. 2ffW& 1N 2#)ff<t# $=ff-
$(.UfffO >XMLN ]. -=@fff# �,fff7)R $./fff0 .(

L[. A.$/,O2f# Gfo.(. =f- f;>)Cox, 2007.(1afb.N (B
O&M1]. -=@f# Gfo.(. $./f0 .( �=f0 �_f: 20)d(=d
L[. A.$/,OG&N( 1=-GA=#=f: LB.B./fQ N =-f: $=f-L ;?;

Gff0 Gff> Pff:. GJI=ff: +-./ffQG3,ff:NSOSGff0 1()ffe;#
LB=,*$(=!K# $[=:SWEGA=#=f: [. 2A=`,J@f* N$=f-

=ff0 pff`_;#OGC2ff# LB=tJff:. 1B)ff9.B(. A=Jff:.
Sensor ML/f0 2;J`# $(.UO > N 2R='VC. 4 # n& 1

XMLL ;?;: 2- A=#[=: N �@> $./0/0 2;J`# $=-
GA=#=ff: =ff0 w`R/ff# $=- ff;&./Q 1uNN 1L ;?;ff: $=ff-

L/<0Pf:=<A5 ]. -=@f# [. $(.B/0)McCarthy et al.,

2008.(
SOS$./ff0 .( B(. A=Jff:. q&N/ff: uN wff:.N nff&

L ;?;ff: ]. -=@ff# Gff0 2ff:/J:BGA=#=ff: N =ff-$=ff-
L ;?;ff:Xff"# (B 1Pff:B(NB X#=ff9 f =ff-8Pff0=l 19N
�/"J#102f# +-./Q fB[=f:)Na and Priest, 2007.(
1ab.N (BSOScSAL ;?;f: ]. -=@# \=,# .( G_:.N

q&N/: NB(.B L <'/0 L A/,O.q&N/:2# L A/,O fA.)R
G&=!A ^=:./0 .( B)I P:.)I(B$=-11=f0 N L 9 �&/KR

 ff;> 4=ff:(. TN( NB [. LB=tJff:.:Gff0G3,ff:NKVP[. N
pff&/CHTTP GETgffE=b (B N 1XMLGff0 NG_ff:.N

HTTP POST.GJZffff- Gffff&=!ASOSGffff: $.(.B
/ffM3!'Pff:.:GetCapabilities1DescribeSensorN

GetObservation./M3!'GetCapabilities$(=>N[=f:
G0 .(2# B)HN G0 q&N/: LB.B./Q P:.)I(B ()e;#B(N5.

Pfff,30=b N L ;?;fff: �,fff7)RGfff0 \5 $=fff-G_fff:.N
DescribeSensor2ff# +-./ffQ ff&5. ;ff:SensorML

�,7)RP,30=b N L ;?;: L ;;>(B \5 $=-D&. G0 8:=*
q&N/: G0 P:.)I(B2f# 4=:(. L A/,OBB/fO./fM3!'

GetObservation237. c~0SOS2# u)Z"#N B)9
L ;?;f: GA=#=: =& L ;?;: ]. -=@# P:.)I(B \=W#.

q&N/ff: $./ff0 .(2ff# +-./ffQ L ffA/,OB[=ff:./ffM3!'
GetObservationGffA)E=* N =ff-/J#.(=*.( $B ffKJ# $=ff-

2# 2A=`,J@*Gf>  f;>8f:=* N cf:/* \ f9 �/f_#
1Pfff,Kb)# 1\=fff#[ 1L ;?;fff: ^=fff:./0 .( 2')fff;J#
L f;;> P:.)I(B $./0 2R. -=@# /&B=S# N 1]=,7)FI

2# DW!#B[=:.8:=*GetObservation ;f: gE=b (B
O&M2# 4=:(.BB/O.1234567891011

1. Protocols
2. Sensor Model Language
3. Transducer Markup Language
4. Sensor Observation Service
5. Sensor Planning Service
6. Sensor Alert Service
7. Sensor Notification Service
8. In-situ
9. Fixed
10. Mobile
11. Profiles



.IL " 1M!ML(B< NG2'#O'4>P*QF #RS'TGU

 ! " #$ %&'(GIS$)*$+
,-(. " /!-01(.2 34)-51389

8

3-%,@+A* ;(B* %VA5*
afb.N \./f<R /<9 1p,S"R D&. g~J;# 2R=KE=_# GS_;#

ffffff"# (B2&=ffffff,Q./6H LBN E  !51 15 51 35     
N  !35 33 35 50   !"#  .      $# %&' !&()* +' ,-#./07 

          $# %&1' !2+314   .156 -7&8&42000   ,91'.4.:478&; 
         <1=$74>   <1?@A.B ,CD+E:F# ,<6+GH$+' ,<"+&" I;.4

<4 J73K4 -#.L# H7M;  DD.G)Atash, 2007 .(  N#.&OP10
    9L.1" Q1=H <()R0            SHI1' T1&8U6 VL+1"  ,!1&()* 

  <)LQF) W.K:4 9'+@4(       <:(@1X   CH+1R0 N+R6+YH+; ,
) !11'+O 9'+11@4(  <L#711A   J>   <L+11&B#.Z* V114#7[   ,

<8X#        -\; ]L# HD #7A <GD7^> V4#7[ ]L.0   T' ./=    H+)1=
<4 Q6 H.  

T'      _$#Q16#   _QA+M4 H7`@4         HD _Q1@La> 9'+1@4 C.1&G
 B.G H+11; T11' _Q@R@11" Tbc11= -#.11/0 de1"   ,Q11= T11:

_Q@R@"          Q16QLD.G fE6 _D7^> gh+@4 HD ,VK4 HD C+A .
              -#.1/0 C#71A !1&5&; i.:@; !;.= ,.j+2 -+4$ HD

    -+4$+1" ,!3L$ k&K4 -+4$+"         i+1cF HD i7l314 C+1A

  -#.1/0 C#71A <GD7^> i.:@;   Q16#)Atash, 2007 .(  ]1L#
-+4$+"   T' +A      _Q1@La> !`8m n #Q4 H7h       #H o18:p4 C+1A

T'    _+?:31L# T8&"            gh+1@4 HD #71A <GD71^> %L+1q C+1A
  _$#Q6# -#./0 o8:p4   <4 C.&G   Q1@@; .   Vb1=1   !1&(F74 

_+?:3L#           %L+1)6 #H -#./0 ./= C#7A <GD7^> %L+q C+A
<4 QAD .  

   _Q@R@" $# rL .A         _Q@R@1" Tbc1= HD .U:34 C+A
,-#.11/0 C#711A <GD711^> %L+11q  _+11?L+q r11L T11' I11/R4 

_D#D            H+0   N#QA+M14 !1cO H71`@4 T' <8K4 C+A  T1spL
   T1'   !"+/6>      _D#D t`@14 NH71X         #H #71A <GD71^> C+1A

9)* <4 CH > Q@; . <:3L+' ,#7A !&5&; DH >.' H7`@4 T'
  C+1111A.:4#H+q u+1111"#.' #71111A !1111&5&; vY+1111=  

 DD.11G Tc11"+K4 o118:p4 .  -+11&4 $# ,g11&UK0 ]11L# HD
vY+11=   ,D711*74 C+11A1AQI   wH#I11G H711`@4 T11'   

   _+?:3L# HD #7A <GD7^>        1"# #71A !&5&; %L+q C+A _D+5:
QLD.G.  

  

  
 Vb=1 ._+?:3L# !&(F74 -#./0 C#7A <GD7^> %L+q C+A1  

                                                           
1. Air Quality Index 
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  H#QU4AQI          ]'.1; Q&31;7674 -#I1&4 T1' T*70 +' 1 ,
-$#2 CD ,   D.G7G Q&3;#3 CD ,     -x .1:&6 Q&31;#4   N#Hy   ,

g8(45     <4 Tc"+K4 #7A HD D7*74   DD.G .   Tc"+K4 $# zq
AQI     TUch %= HD #7A !&5&; ,   J7Y CQ@'6 iD+(:4 ,7 ,

+6   u+32 D#.B# C#.' t^+"8  t^+1"+6 ,9    t^+1"+6 <18&Y ,10    
W+6.eY11 T'     {16H _#.)A         C+AH#QM1A   f1"+@:4 C+1A

<4 n7)[ |\h# T' kc0.4 <:=#Q/'  Q"H )Gurjar et al., 

2008 .( _Q@R@11" N#QA+M114 $# ,g11&UK0 ]11L# HD  C+11A
        _+14 ]LDH .B HD -#./0 C#7A <GD7^#1389  T1'     H71`@4

iQ4 _D+&q   C$+" h C$+"}. !"# _Q= _D+5:"# T67)6 .  
  

4-%+,.,$ /(,>2. *G'#H   
         C#71A !&5&; .?=H#IG T6+4+" CH+)(4 ,!)3F ]L# HD

  <4 <"H.' -#./0  DD.G .  _#H ,CH+)(4 ]L#     DH#Q6+:1"# <82
 V4+(0        zL ." t&A+54 u+"#.' #H .L~q      T&b0 +'   <L#.G

   C+ADH#Q6+:"# .'OGC T' ,         +1' #71A <GD7^> %L+q H7`@4
 T' T*70          -#.1/0 ./1= HD .U:34 D7*74 _Q@R@" Tbc= 
 <4 T�#H#  Q@; . _Q@R@" N#QA+M4    TMU6   +A     <GD71^> C+A

            <14 T1�#H# <6+316# -#.'H+1; T1' +/@0 T6 #7A      T1b8' ,Q671=
T6+4+"     n.16 o8:p4 C+A       <14 I1&6 CH#I1B#       ]1L# $# Q1@6#70

            N+1[\h# .L+1" +' g&580 +L   V&8K0 H7`@4 T' N+[\h#
 Q@@; _D+5:"# .   Vb1=2    #H CD+/@M1&q T6+4+1" CH+1)(4 

 <4 -+M6  QAD .           T1La H+1/� CH+1)(4 C#H#D T6+4+1" ]1L#
 !"+/@L# V4+= : %L+)6 TLa12    CD.'H+1; T14+6.' TLa ,13 ,

 zL ." TLa14   _D#D TLa   ,  +A15 .T5^�4    zL ."   +A   C+A
 T1167)6 <6#711Y#.B   g11&580 ,CD+/@M11&q CH+11)(4  C+11A

   <4 V&/30 #H zL ."     9L." %L+)6   Q@;     _D#D <1@m   
T' #H  Te"# Mashup<4 tA#.B <6+b4  D$+".  

  
  
  
  
  
  
  

  
 Vb=2 .-#./0 C#7A !&5&; .?=H#IG T6+4+" CH+)(4  

123456789101112131415  
                                                           
1. CO 
2. O3

3. SO2
4. NO2

5. PM (Particulate Matter) 
6. Good 
7. Moderate 
8. Unhealthy for sensitive group 
9. Unhealthy 
10. Very Unhealthy 
11. Dangerous 
12. Presentation Layer 
13. Application Layer 
14. Service Layer 
15. Data Layer 
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4-1-=!,>+ %!U   
   !1&8'+F %L+)6 TLa      T1' #H <L+1A           .'H+1; k1"#  -#71@[

T'      _D#D %L+)6   V4+(0 H7`@4    <4 T�#H# +A  @;Q . ,]&@s)A
  T' TLa ]L#    _+GH~G <[76 -#7@[1  <4 V)[      �+c0H# T; Q@;
 zL ." +'         T' #H +/6> T' <".:"D   !"DH D C+A   Te"# 

            <6#71Y#.B Q1@L#.B <GQ1&s&q $# <:)31F -D.1; <5p4
HTTP2  <4 V&/30   Q@; .          .'H+1; T1; !1"# .1;y T' n$a

<4   �+)&U:34 Q6#70              T1' I1&6 %L+1)6 T1La T' $+&6 - Q'   
L ."z      Q1'+L <1".:"D D7*74 C+A .   HD CI1&� ]&1@�

zL ."    C+AOGC        <14 .'H+1;   !1"# �L#H       t1A Q16#70
 T' �+)&U:34      �1"+q   %".q Te"# 3 HTTP     .1' <1@:c4 
  DH#Q6+:"#OGC           zL .1" %L+1)6 T1La gL.h $# tA   ,

Q@; <6#7Y#.B #H D7Y .`6 DH74.  
 _D#D %L+)6   T' ,+A     TMU6 .?ML+)6 %p' T8&" 4  n+R6# 

<114 D.11&G .zL .11" T115^�4 V4+11= %11p' ]11L#  _Q116.&G
Mashup   Cx7^7@b0   <6+b4     zL .1" C+A    J  _Q16.&G5 

!"# .       T4+6.' T("70 C+A7b" -+&4 $# g&UK0 ]L# HD  C+A
    ,J  .1' <1@:c4 <6+1b4Google Maps API T1'    V1&^D

         .&G#.B   D+L$ .'H+; D#Q(0 ,-+"> _D+5:"# ,-D7' Q@)0HQF
11' f11"+@4   <B+11; N#Q@:3114   ,-D711'T  T11�#H# H711`@4

    TMU6   #7A !&5&; N+[\h#         J+1p:6# #71A <GD71^> C+A
QLD.G . TLa %L+)6      _D#D <B+j# C+A)  !"DH D   <8K4 (

  Cx7^7@b0 gL.h $#     zL ." C+A     -+1b4# J  _Q6.&G    .L~1q
<4  D7= .Cx7^7@b0 ]L# -+)^# %L+)6   T�#H# -+b4# +A  C+A

   #H <b&B#.G)  .&`6Placemark+A (       TM1U6 C H .1'   I1&6 
    <4 .3&4 ,+/6> +' V4+(0   Q6$+1" .     !1&8'+F .1' _ \1[    C+1A

 _D#D %L+)6Google Maps   !1&5&; .?1=H#IG T6+4+" ,
               _$712 HD I1&6 #H C.1?LD Q@4D71" T15^�4 -#./0 C#7A

   NH+� .&`6 ,!3L$ k&K4      <4 tA#.B +AH#D7)6   +A  D$+" .
  n#.G+LD   +AH#D7)6     zL ." !)" HD +A     w$#D.1q _Q@AD

<4    :6   Q6D.G  T' -> �L+     Q; NH7X6HTML    .1GH .4 HD 
zL ." <4 _D#D %L+)6 _Q6.&G Q67=.  

  
4-2-/;#N(,V %.,+#N %!U   

             zL .1"   _D#D g1&580 f1*74 ,CD.'H+1; T14+6.' TLa
<4              zL .1"   <L+1/6 .'H+1; -+1&4 �+1c0H#   D7=    C+1A

   <4 H#.F.' #H !"DH D  D$+" .      ,�QA ]L# T' V&6 H7`@4 T'

T5^�4     TLa ]L# HD <L+A     T167)6 ,g&580 !/* HD        C$+1"
zL .11" <6#711Y#.B  Q11@:B.G Vb11= +11A . k11'#H %11p'

zL ."7           T167)6   .'H+1; -+1&4 �+1c0H# CH#.1F.' ,    C+1A
       <4 ]b)4 #H zL ." TLa HD D7*74 zL ."  D$+" . ]L#

%11".q ,T115^�4 D.11G #H .'H+11; C+11A <114 CH >  T11' ,Q11@;
      DH#Q6+:1"# C+@c4.' +/6> CH#~GQ;OGC  <14        ,D$#D.1q

0H#        <4 H#.F.' #H .`6 DH74 !"DH D zL ." +' �+c   Q1@; .
T11; +11R6> $# SOS   WPSk11"#  C#H#D   -7G+1167G C+11A

zL ."   H#~GQ�;   C     _D#D �N +15:4 C+1A        D ,Q@:31A +1A
  k11'#H �115^�4SOS8 k11'#H   WPS9  k11'#H %11p' HD 
_D+&q zL ." QLD.G C$+".12345678 9  

  T111e'#H T1115^�4Mashup10  !111"#7YHD �L+111:6 
GetObservation   zL ." SOS      $# %L+)6 H7`@4 T' #H 

_D#D  _Q11= CH#~11GQ; C+11AO&M_D#D T11'   V11'+F C+11A
  %L+)611KML  <4 VLQc0   Q@; . _D#D ,z�"     _D+14> C+A

             V1U:@4 %L+1)6 T1La TM1U6 .?M1L+)6 %p' T' %L+)6
<4   HD   D71=Google Maps   <14HD %L+1)6 T1'   Q1@L> .

      zL ." !)" HD +AH#D7)6 w$#D.q �L+:6 %L+)6 6.&G _Q
 T' I&6      <4 n+R6# T5^�4 ]&)A T8&"   D.&G .    �L+1:6 ,z�1"

 N+11[\h# _.11R@q HDGoogle MapsT11'   Q11; NH711X
HTML<4 _D#D %L+)6  D7=.  

  
4-3-  !"#$ %!U   

   zL ."   zL ." TLa       CH+)(4 <8X# %p' <6+b4 C+A
   <4 V&bM0 #H CD+/@M&q  Q@AD .     H+; $+1" V4+= TLa ]L#

       71074   _Q@R@1" N#QA+M14 T�#H#      !)1" HD w$#D.1q H
zL ."   _D#D T; !"# _Q@AD  !1&8'+F   +A      <6+1b4 C+1A

<4 +&/4 #H <6+b4.&m Q@;.  
                                                           
1. Gateway
2. HyperText Transfer Protocol
3. Query
4. Map Viewer
5. Web Client Technologies
6. HyperText Markup Language
7. Service Adapter
8. SOS Adapter
9. WPS Adapter
10. Mashup adapter
11. Keyhole Markup Language
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T'          T' +/6> H+M:6#   _Q@R@" N#QA+M4 <'+L$+' H7`@4
 ,DH#Q6+:11"# w HSOS_D+11&q zL .11" T11La HD   C$+11"

QLD.G .  Vb=3        zL .1" <^#710 H#D71)6 SOS    -+M16 #H 
<4  QAD .-+)A      +M4 Vb= HD T; H7h <4 _QA    ,DD.GSOS 

   !1"#7YHD T11' �1"+q HDGetObservation N#QA+M114 ,
  <4.' #H _Q@R@"  Q6#D.G .       T1' �L+:6 ,�"+q !B+LHD $# zq

   C7b1" C H .1' %L+)6 H7`@4Google Maps)   %1p'
 TMU6 .?ML+)6 (T'       k1'#H T5^�4 T8&" Mashup    T1La HD 

     <14 T1LIR0 CD.'H+; T4+6.'        T1'   Q16D.GKML   VLQ1c0 
<4 Q67=.  

  
 Vb=3 . _Q@R@" N#QA+M4 T�#H# H+; $+" <^#70 H#D7)6  

T'  T8&" SOS  

T'       TM1U6 H+M:6#   Q&^70 H7`@4         $# #71A <GD71^> C+1A
WPS Q111LD.G _D+5:111"#  . Vb111=4  <^#71110 H#D7111)6 

zL ."        TMU6 H+M:6#   Q&^70 HD .&GHD C+A    <GD7^> C+A
   <4 -+M6 #H #7A  QAD .         !1B+LHD $# z1q ,Vb= T' T*70 +'

_D#D C+11A $# <6+11b4 SOS n+11R6# TM11U6 Q11&^70 Q11@L#.B ,
<4  D.&G . TMU6 ,z�"      T1' _Q= Q&^70 C+A     T8&1" WPS 

   VL+B HDKML  <4 �HD         _Q6.&G zL ." !)" T'   D7=
<4 i+"H# DD.G .  

T'           I1&6 NH+1�   H#D7)6 Q&^70 H7`@4WPS     H+1; T1' 
<4  D H .        zL .1" !)1" HD Q1@L#.B ]1L#      n+1R6# _Q1@AD
<4    T'   D.L~q   p' T8&"        T14+6.' TLa HD zL ." k'#H %

  <4 !L.LQ4 CD.'H+;  D7= .     %L+1)6 !&8'+F zL ." ]L#
   T' #H _Q@R@" N#QA+M4     <4 D+RL# <b&B#.G NH7X   Q1@; .

-+)A       Vb= HD T; H7h5        $# z1q ,!"# _Q= _D#D -+M6 
    $# _D#D !B+LHDSOS   w$#D.q n+R6#         T' �L+:6 ,n$a C+A
zL ." !)" <4 i+"H# _Q6.&G DD.G .  

  

  
 Vb=4 .zL ." <^#70 H#D7)6 TMU6 H+M:6#   Q&^70 HD .&GHD C+A #7A <GD7^> C+A  

  

  
 Vb=5 .zL ." H#D7)6 H+M:6#   Q&^70 HD .&GHD C+A  
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4-4- 3;'; %!U   
            _D#D 9'+1@4 ,_D#D _+1?L+q C H .' �+0Q)[ _D#D TLa I;.)0

) _Q@R@11" $# t11[#  T6+4+11"   +11A  _Q@R@11" C+11A(   ,
<6+11?L+' D#.11B C+11A_D# zL .11" C+11A !11"+A ._D#D  C+11A

D.G    T' _Q= CH >   _Q@R@" T8&"          zL .1" g1L.h $# +1A
       <4 H+M:6# zL ." TLa HD .U:34 N#QA+M4 T�#H#   Q1@'+L .

T11' _D#D _+11?L+q HD N#QA+M114 T11&8; ,_ \11[  _.11&Yy +11A
<4    T'   Q6D.G   T5^�4 T8&"           CD.'H+1; T14+6.' T1La C+1A

<4 !L.LQ4 Q67=.  
  

5-3;,M<  #H /:,$%+B>+ W  
 ,CD+/@M11&q CH+11)(4 D.11b8)[ N+11cO#   <11"H.' C#.11'

T6+4+"    _D+&q <ML+4$> C#   QLD.G C$+" .]LQ'    rL ,H7`@4 
  zL ." CD.'H+; T4+6.'    !&5&; N+[\h# H+M:6# C#.' #.G

    gL.h $# #7ASOS    TMU6 C+L7q T�#H#          #71A <GD71^> C+A
T'    T8&" WPS     !1B+L T("70   ]L7b0  .  Vb1= HD    C.1&G

 4+" ]L#   J  Cx7^7@b0 $# ,T6+   T' zL ."   k"#  _#.)A      +A
CH#~GQ;    C+AOGC T'        V14+(0 CH#.1F.' H71`@4    C.L~1q

QLD.G _D+5:"# . V4+= %L+)6 TLaGoogle Maps API 
 T; !"#  TMU6     _H#7A+4 .L +E0   +A zL ." $# #H C#  _Q@AD
Google   <14 <'+L$+'    Q1@; . T1'          V4+1= T1La ]1L# ,_ \1[

n.B     i.:@;   J  C+A         #H .'H+; k"#  T; !"# .'H+; C+A
 <4 V&bM0    Q@AD . Cx7^7@b0 $#   zL ." C+A     J  _Q16.&G

 .11&`6HTML ,+11L7q 1CSS   JavaScriptT11' ,  H711`@4
Vb=   T5^�4 C.&G        Q1LD.G _D+5:1"# %L+)6 TLa C+A .  T1'

 J  .11' <11@:c4 CD.'H+11; T114+6.' ]:11=#D C#.11' ,_ \11[
  Cx711^7@b0 $# +11L7q   V114+(:4AJAX0 HD I11&6  T(11"7

zL ."    Q= _D+5:"# _Q6.&G . _D+&q HD    T15^�4 C$+"    C+1A
     J7�H+11� ,zL .11" T11La   CD.'H+11; T114+6.' T11La

Microsoft.NET 3.5   _+11?L+q   Q11= T11:B.G H+11; T11' 
_D#D  C+AMicrosoft SQL Server 2008 CH#Q/?6 C#.' 

  _D#D !L.LQ4                H#.1F _D+5:1"# DH714 #71A <GD71^> C+1A
!B.G . .'H+; k"# 2  Q2 +0   T' ]b)4        Q@3q.'H+; NH7X

!11"# _Q11= <112#.h CD7/11= . Vb11=6-+M116   _Q11@AD
              _Q1= _D#D T(1"70   ]L7b0 .'H+; k"#  -+&4 !A+c=

 DH#Q6+:"# k"# Google Maps!"#  . -D IB# H7`@4 T'

             k1"#  T1' C.1?LD n\1F# ,.:M&' V4+(0   .:M&' !&8'+F
Q6QLD.G TB+j# .'H+; .    i.1:@; DH#Q6+:1"# H#I1'#Google 

Maps !"#  .             T1� .1A V14+(0   !1&8'+F %L#I1B# C#.1'
       Q6QLD.G TB+j# .'H+; k"#  T' C.?LD n\F# ,.:M&' . H#I'#

   i.1:@; DH#Q6+:1"#Google Maps !1&8'+F     .1&&Z0 C+1A
     <4 tA#.B #H w +6   <L+)@GHI'        |716 i.:@; H#I'#   D$+"

  tM� ,-> %L+)6     TMU6 .&`6 <0 +5:4 C+A$#Q6#3  .L +E0 ,
_H#7A+4  C#4      _H#7A+14 .L +E0   TMU6 g&580 , C#5  ]&14$   ,

T"  CQ('6   <4 T�#H# #H   Q@; .        T1' _Q1= TB+1j# N+&X7E1Y
   i.:@; ,T4+6.' k&K4SOS   WPS ]b)4 .'H+; C#.' #H 

<4   D$+1" .         zL .1" ]1L# <6#71Y#.B ,!1&8'+F ]1L#     #H +1A
T'   n.B Te"#        i.1:@;   J  C+1A          T1' _Q1= TB+1j# C+1A

<4 V&/30 ,.'H+; Te"#  Q@;.123456  
       .1&`6 #71A !&5&; N+[\h#AQI        _Q1@La> _D+14 ,

  #H <:=#Q/' C+AH#QMASOS  <14 tA#.1B  DH > .  <4+1?@A
           <14 !1"#7YHD #H N+1[\h# ]1L# .'H+1; T;      r1L ,Q1@;

  !"#7YHDAJAX  <4 _D+4>      !1"#7YHD f1^+F HD   D7=
GetObservation T11' SOS<114 i+11" HD  DD.11G . 911'#70

Callback      k1'#H %p' HD Mashup  1"+q     #H zL .1" �
<114 T11'IR0  !114\[ f11^+F HD #H �L+11:6   Q11@@;  <L+11A

)Placemark ( C H .'Google Maps<4 %L+)6  Q@AD .
!114\[ _Q@R@11" !11&(F74 .?6+11L+)6 C+11A  %L+11q C+11A

     Vb= HD #7A <GD7^>7   _Q= _D#D %L+)6   Q6# .  !1"#7YHD
GetObservation      T; <L+A.:4#H+q u+"#.' #H N#QA+M4 ,

  n.B HD .'H+;  C+A         <'+1L$+' ,!1"# _D.; ]&&(0 k"#  J  
<4   Q1@; .           _D Q1K4 ,<6+14$ _H D V4+1= +1A.:4#H+q ]1L#

  !11"#7YHD HD T11; !11"# _Q@R@11" n+116   ,<L+11&B#.Z*
GetObservation       <14 VLQ1c0 DH#Q6+:"# D7&F T'    Q671= .

_D+4>           .1`6 DH714 C+1A.:4#H+q u+"#.' !"#7YHD C$+"
T' .'H+;  k'#H T5^�4 T8&" SOS<4 !L.LQ4  =D7.  

                                                           
1. Cascading Style Sheet
2. User Interface
3. Map
4. Satellite
5. Hybrid
6. Earth
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 Vb=6 .-#./0 C#7A !&5&; .?=H#IG .'H+; k"#   

  

  
 Vb=7 . !"#7YHD T' �"+q %L+)6GetObservation zL ." SOS <0+[\h# _.R@q HD _Q= �HD ,Google Maps  

  
   +1' -> N#QA+M4   _Q@R@" DH74 HD .:M&' N+[\h#

        <4 H#.F u.:"D HD !4\[ .A C H .' r&8;  D.&G . ]L#
  i+"H# +' Q@L#.B     T1' !"#7YHD SOS     WPS  T1'     H71`@4

       <4 NH7X +AH#D7)6   #7A !&5&; N+[\h# !B+LHD   D.&G
 T'         <4 i.:@; zL ." Te'#H %p' T8&"   D7= .  z�1"
_D#D  f^+F HD +AHTML   <0+1[\h# _.1R@q HD Google 

Maps<4 _D#D %L+)6  Q67=.  
 ,.?LD C7" HDWPSTMU6   T' +@' #H #7A <GD7^> C+A

 T�#H# !"#7YHD <4   Q@; .      zL .1" HD TMU6 Q&^70 Q@L#.B

WPS _D+&q      - HD V4+= _Q= C$+"   <'+1L1  , T1Uch    CQ1@'
DQR42 w.' ,3          f1^+F HD .L7E10 <* .Y Q&^70   KML 
!"# .         !1"#7YHD #H #7A <GD7^> TMU6 .'H+; T; <4+?@A
<4        !1"#7YHD r1L ,Q@;AJAX    <14 _D+14>       HD   D71=

   !"#7YHD f^+FExecute    T1' WPS    <14 i+1"H#    D.1GD .

                                                           
1. Interpolation
2. Reclassification
3. Clip
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 ,z�11"WPS  N#QA+M114 <'+11L$+' !11"#7YHD SOS $# 
       !"#7YHD f^+F HD #H _D#D _+?L+qGetObservation   T1' 

 <4 ->  Q:".B .    _D#D !1B+LHD $# zq      $# +1ASOS    n+1R6#   
  N+c"+K4AQI  - HD Q@L#.B ,     <4 n+R6# <6+b4 <'+L   D.&G

)  N+E:p4X     Y  T' _Q@R@"        t1bL C+1A.:4#H+q -#7@[
 - HD n D    4   ,<'+L  H#QUAQI T'         -> n71" .:4#H+1q -#7@[

   <4 T:B.G .`6 HD  D7= .(        T1�#H# H71`@4 T' ,Q(' T82.4 HD
TMU6       DH#Q6+:"# u+"#.' <GD7^> C+AAQI    Q1&^70 TMU6 ,

   vpM14 .LD+U4 u+"#.' _Q=)50-0:  ,Ic1" 100-51 :
  ,DH$150-101 :  ,<R6H+6200-151 :  ,I4.F300-201 :

 ,<6#711mH#500-301 :<b11=H$ (T11Uch CQ11@' DQ11R4 
<4 DD.G .  

              TM1U6 $# _D+5:1"# +1' _Q14> !1"D T' TMU6 ,z�"
    T(^+e4 DH74 TUe@4)-#./0 ( <4 _QL.'       T182.4 HD   D7=

 TMU6 .Y>         HD _Q1= Q1&^70 C+A      .L7E10 DH#Q6+:1"# f1^+F
  .&`61PNG   <14 _D+4>      ->   DD.1G        V1L+B HD _+1GKML 

 <4 �HD  D7= .  VL+BKML T'      T'   !"DH D NH7X   Te"# 
WPSh $#    gL.HTTP GET D71' QA#7Y u.:"D HD  .

      <4 %L+)6 TLa HD TMU6 .?ML+)6 T5^�4      #H .L +E10 Q6#70
      Q1AD -+M6 +/6> N+&X7EY +' _#.)A .    Vb1= HD8   T1�#H# 

 w$#D.q �L+:6WPS HD Google Maps   _Q1= vpM14 
!"#.  

  

6- *N,!:(' " XON   
   _D+&q HD <8X# T8l34   T6+4+" C$+"       T1�#H#   w$#D.q C+A

  N+[\h#          ,-#.1/0 C#71A !1&5&; .?1=H#IG Q@6+4 <6+b4
_D#D t11R2   <L7?p11"+q -+114$ C+11A HD _Q11= T11^D+c4 

  _D#D <'+L$+' C+AQ@L#.B  +A  6> w$#D.q ,+/    T�#H# ]&@s)A   
 !"# �L+:6 . <0H7X HD   _D#D T;        w$#D.1q C+1AH7074   +A

  T' Tbc= HD   9L$70 NH7X          T1' D71Y ]L# ,Q67= T�#H# T:B+L
t11/4 $# <11bL %^+11� ]L.110 T6+4+11" T11@&4$ HD +11A  C+11A

  N+[\h# 9L$70 <6+b4    <4 VLQc0 T:B+L   DD.1G . T1'    H71`@4
             �+1K^ $# -#.1/0 C#71A !1&5&; .?1=H#IG <@B <'+L$H#

  �+e(6#   <L#H+;         N#QA+M14 $# _D+5:"# +' <674$> ,C.L~q
_Q@R@"               _+14 ]LDH .1B HD -#.1/0 C#71A <GD71^> C+1A

1389   !B.L~1q NH7X  .   i Q1*1         _D#D iD+1c0 t1R2 
    $+&6 DH74 -+4$ C#.' #H      T1�#H#   #71A <GD7^> TMU6 H+M:6# 

 _Q@R@" N#QA+M4        <14 -+M6 T6+4+" ]L# HD +A   Q1AD . HD
           T1' �71'.4 �L+1:6 k1"7:4 ,-74$> ]L#100   <6#71Y#.B 

 HD <BD+E11012 .11`6 HD #711A <GD711^> %L+11q _+?:311L# 
              _D Q1K4 ,_Q@R@1" n+16 u+1"#.' �L+1:6   _Q1= T:B.G

QA+M114 -+114$ ,<L+11&B#.Z* T11�#H#  D -> $# <11c&;.0   ,_
_QLD.G   Q16# .   _Q@R@1" N#QA+M14         ]1L# HD .U:314 C+1A
_+?:3L#         <4 _.&Yy #IR4 <8K4 _D#D _+?L+q HD +A       Q671=

-+4D+q gL.h $# D7' Q@A#7Y u.:"D HD J  C+A.  

  
 Vb=8 .T' _Q= Q&^70 TMU6 %L+)6 T' <6> NH7X  T8&" WPS  



 !"#$ %&'(' 1.,2) *+,-. /,0 34565$ 7'40,8. 9:';#< " =!,>+ (; #!?<  ,0)*),2@,A. ;(B. :34565$ C'#D) /'B0 *E;B@F /,0(
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 i Q*1 . tR2   <L7?p"+q -+4$ k"7:4_D#D iD+c0 +A-#./0 C#7A !&5&; .?=H#IG HD   

_Q= n+R6# N+&8)[  HD <L7?p"+q -+4$ k"7:4  
100 <6#7Y#.B )<8&4T&6+O(  

_D#D iD+c0 tR2 k"7:4 +A 
HD 100 <6#7Y#.B )!L+'78&;(  

_Q@R@" rL N#QA+M4 T�#H#  70  48/2  
_Q@R@" <4+)0 N#QA+M4 T�#H# +A  442  6/31  

4 u+"# .' N#QA+M4 T�#H#<L+&B#.Z* _D QK  109  51/2  
_QA+M4 -+4$ u+"# .' N#QA+M4 T�#H#  72  54/2  

_QA+M4 -+4$   <L+&B#.Z* _D QK4 u+"# .' N#QA+M4 T�#H#  93  75/2  
TMU6 T�#H#  20100  44/37  

  

  
 Vb=9 ..B HD H+; -+L.* <^#70 H#D7)6##7A <GD7^> TMU6 Q&^70 Q@L  

  

 T*70 +'            t1R2   -+14$ ]L.:M1&' ,-714$> TR&:6 T' 
_D#D  C+A T^D+c4     TMU6 Q&^70 Q@L#.B T' _Q=     <GD71^> C+1A

   <14 �7'.4 #7A   D71= . -+1)A        %1p' HD T1; H71h5  I1&6 
      CQ11@L#.B ,TM11U6 Q11&^70 N+11&8)[ ,Q11LD.G dL.M110

T82.4Q@�     w$#D.q V4+= ,!"# C#    T1; T1L+q <6+b4 C+A
   CH+; �i# H f^+F HD1     Vb1= HD 9    _Q1= -+1&'   !1"#  . HD

   ,T82.4 ]&:3p6_D#D    T' CD H  C+A   -+4D+q Te"#     C+1A
   DH#Q6+:11"#w H     <'+11L$+' V114+(:4 <11".:"D C+11A

<4  Q67= .  T&^ # w$#D.q ,z�"2    _D#D C H .1'     n+1R6# +1A
<114 D.11&G   TM11U6 Q11&^70 Q11@L#.B CD H  N+11[\h#   

_D+4>  +"$ <4 C  Q67= .        w$#D.1q N+1&8)[ ,Q1(' T82.4 HD
<114 n+11R6# <6+11b4 11&GD. Q11&^70 #711A <GD711^> TM11U6   

<4  DD.G .  f^+F VLQc0 ,z�"3     C H .' C$+"DH#Q6+:"#  
<114 i+11)[# TM11U6  <11* .Y TM11U6 !11L+/6 HD   DD.11G

T'   -+4D+q Te"#       w H   DH#Q6+:1"# C+A      <1".:"D C+1A
<4 H+M:6# V4+(:4 Q'+L. 123  

                                                           
1. Workflow
2. Pre-Processing
3. Format
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    ! "#$%&' ()* +,   -,.$/ +0123   4.56 78.5     ,09:! ; <'
+.=*  >8*,<?/ "@)            -<?$AB8 C?) D?E.F +, G?HIJ3 7.?K

L.M??N.B O);<??51-,.??$/ ; @??P*<Q  R??),<S 78.??5 . +,
-<$AB8           +, -<?$AB8 ()* "L.MN.B >;+  ! O);<5 78.5

       @3 @T<U3 <!+.=  ! @B.V3 >8*,</ O);<5 DE.F    ; ,0N
           +.?$IW* +, >8*,<?/ G?HIJ3 XP*<3  ! Y0!<3 Z.$[\]

@??^B +*<??F <!+.??= ,<??$S . C??) .??:2' _.??5+* .??! (??)* +,
    O);<5  ! `5*0W+,WPS      >8*,<?/ G?HIJ3 XP*<3 "

 @3 a.AB*          _.5+* -RB<$S O);<5  ! @).:B  A$IB ; ,<$S
@??3 ,,<??S . R??2b <??K 4.??38 >;+ (??)* 8* -,.MI??5* .??!

    cK.= O);<5 @)0dJ5./@3        ; @K,8.! 4*\$3 <! ; R!.)
+.??=*@??3 -,;\??T* 46 @)  ,+*0??3  ??! O);<??5 .??3* ",0??N

    @?3 ,;R&3 e.W 7,<!+.=     B* ; ,,<?S L.?fU   7<)g?/2  ; 
@3 cK.= 46 8* ,RA3 -,.MI5* `$H!.F R!.).  
 40??b @B*<dh??K;i/ 8* 7+.$j??!)Alameh, 2003 "

Friis-Christensen et al., 2007 "Stollberg and Zipf 

2007 "Zhao et al., 2007 ; Foerster et al., 2009a( "
-<???:! >;+ 8* 7<???$S L.M???N 7.???K3)  XV???N10 ( ;
 ^$B  L.MN4)   XVN11 (+,   <?$AB8 @P*<Q k    ; O);<?5 
-,.$/   O);<5 78.5           +0?123  ?! "*+ @B.?V3 >8*,</ 7.K

 L.fUB* c)*\T*        "O);<5 ,RA3 -,.MI5* `$H!.F ; 7<)g/
-,<= ,.:2h$/ ; l<f3 RB*.  

 -<$AB8 +,          .?! <!+.?= "L.M?N >;+  ! O);<5 78.5
O);<5 @).5.2N  "GHIJ3 m!.23 8* 8.$B ,+03 @B.V3 7.K

 O);<5 D$=<'    A)* ; .K _*;+ ,.       ?! *+ 7+.= 7.K    Z+0?n
  @3 a.AB* @I5,  RK, ._*;+            ?= `?5* D?$'<' ()R?! +.=

  7*<??]* D??$'<' .??) @E*0??' (IW.??5 oJh??3 .??! <!+.??=
O);<5   7,;+; ".K              ,+*; *+ O);<?5 <?K <?1B ,+0?3 .?K

@3            ?! *+ @];<W "O);<5 46 Z.$H^p 7.:IB* +, ; R2=
   7<d), O);<5) !   7,;+; 4*02p (   @?3 _.?%IB*   R?K, .  .?!

*     L.fUB* ()<Ih$! ">;+ ()* 8* -,.MI5     D$=<' +, 7<)g/
       @?3 `?5,  ?! @N8*,</ 7.K<dH^p        c2=*<?' .?3* qR?)6

    r.2I]* O);<5 ; <!+.=  I50$/   ̀ 5* <)g/.B . !     .?! "-;sp
            7,;+; ">8*,<?/ 8*  ?HP<3 <?K @];<W  V2)*  !  ]0'

    ?! 7R?U!  HP<3   @?3 +.^?N    @?/ _.?5+* *g?E ",;+ +,   @?/

-,*,      ?5  ! 7,;+; 7.K  O);<WPS    @)0dJ?5./ 4.?38 "  
            @).?:B  ?A$IB  ?[*+* 4.?38  ?A$IB +, ; ?       c)*\?T* *+ ??

@3 RK,.  
  

  
 XVN10 .L.MN >;+  ! O);<5 -<$AB81234  

  

  
 XVN11 . ^$B >;+  ! O);<5 -<$AB8 L.MN  

                                                           
1. Opaque service chain
2. Flexibility
3. Transparent
4. Translucent
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   ^$B >;+ +,            7+.?= _*;+ G?)<U' 4.?V3* "L.M?N ;
7,;+;    @];<W ; .K         @B.?V3 >8*,</ O);<5 DE.F +, .K

   @3 tK*<T <!+.= 7*<!    ! ",,<S  7+0Q     ?!  =      C?)  f?5*;
      O);<?5  ?! `5*0W+,WPS       *<?]* O);<?5 -<?$AB8 "

@3                   ; <!+.?= @?/ +, @?/ c2=*<?'  ?! t?K 78.$B ; ,0N
     `j$B `5*0W+, 7*<]* _sW +, O);<5 .  ()* "mF*;+,

   >;+ u5*; RP >;+       ; L.M?N 7.K    r0j?&3 L.M?N.B
@3  ,,<S .               4.?V3* >;+ (?)* 8* -,.MI?5* .?!  ?= .?AB6 8*

 O);<5 @B*0W*<T         -<?$AB8 +, <%Ij3  )./ @N8*,</ 7.K
  ??! O);<??5   @??3 tK*<??T X%Ij??3 Z+0??n   *g??E "R??)6

L.fUB*    @3 vMP 7<)g/    O);<5 ; ,0N     `$H!.F  )./ 7.K
    ̀N*, R2K*0W *+ ,RA3 -,.MI5* .    ! "<d), L<Q 8*    ̀ ?Hp

    Z.?$H^p cK.=          cK.?= ; ,R?UI3 @!.?)8.! ; @B*0?W*<T
            +.?= "L.M?N >;+ .?!  j?).%3 +, "-,*, _,.9' tAP* @)

@3 ,09:! R!.).  
  

7-<F(SB   +(R  
       ̀j)8 @5.5* ; 7wR] ZsVh3 8* *0K @S,0E6    @?f$&3

     ?! `?$U^]</ 7.K<:N     @?3 +.^?N   R?)6 .      .?! \?$B 4*<?:'
   ,;RP @I$U^]5/7        @2xIj?3 -Rp.F ()* 8* "<MB 40$H$3 

`j$B . !  23   -8*RB* ; -RK.h3 +01   -R2)y6 7<$S     *0?K 7.K
    V9N 8* -,.MI5* .!     4.38.?5 "-R2A25 7.K      @E0?I3 7.?K

)          ̀ j?)8 u$?&3 4.38.?5 ; *0K `$M$= _<I2= 4.38.5 (
-R2A2??5   <%Ij??3 -,0??E6 #Q.??23 +, *+ X??&3 +, 7.??K

-,<=  RB* .  V9?N           ?! *+ @!0b+.?b -R2A2?5 7.?K    +0?123
m??^] -,*, 7+;6  4.??38 7.??K  +.h??IB* ; R??23 Z.??psQ* 
,<S     @3 ,.A)* -RN 7+;6  R22= .  t$^z' "`$H!.F ()*   4*<$S

       @3 +,.F *+ a,<3 a0^p ; 4*<)R3 ;      23*, +, .' ,8.5   7.K
 4.38 7,<!+.=    R23   t$^z'  ! "@B*<&! ;  7<$S     <{|?3 7.K

RB8*,<}! .  @3 <3* ()*         ~?5./ ; _<I2= "7<$dh$/ +, RB*0'
       @I3s5 ; @IN*R:! Z*<Q.J3 ; *0K @S,0E6  !   <{|3 46 

,,<S mF*;.  
              Z*RK.h?3 8* R?$M3 ; <{|?3 -,.MI?5* "(?)* ,0]; .!

-R2A25            >8*,<?/ ; #$MH' \$B ; @5<I5, `$H!.F  ! ".K
 p0^A3        @?3 @dIj?! "-R2A25 -,*, 7.K   R?!.) .   (?)* +,

     O);<?5 7+.?^U3 C) "#$%&'      ?! *<?S      X$:j?' +0?123
        GHIJ3 �*0B* c).^B ; >8*,</ ; @5<I5,-R2A25    ; .K

Z*RK.h??3R??),<S ,.??A)*  .  m??T+ @dB0??db "($??2�^K
cE.b    c$/ @B.V3 7.K       r; 8* -,.MI5* .! ;+ �  O);<5   7.K

 7.K,+*RB.I??5* ; @B.??V3OGC ; 8.??! @??N;+ D??E.F +, 
,+*RB.I??5* `??T<S +*<??F @??5+<! ,+0??3 . " ??2$38 (??)* +,
O);<5     X3.U' ; ,+*RB.I5* 7.K       +0?123  ! 7<)g/    tK*<?T

 2A2??5 Z*RK.h??3  ??[*+* +.=;8.??5 4,+;6 `??$H!.F ; -R
           ; R?N @?P*<Q @f$&3 c)./  2$38 +, @B.V3 >8*,</

-,.$/   R),<S 78.5 . O);<5 ()*    DE.F +, .K      B.3.?5 C?) 
             4*<?:' 7*0?K `?$M$= <d?N+*\S a.?B  ! @f$&3 c)./

 RBR),<S <%Ij3 .   @! Z.psQ* " B.3.5 ()*     `?$M$= �B+,
 #??)<Q 8* *+ *0??KSOS h??%B ;    *+ *0??K @S,0??E6 7.??K

 !     O);<5  f5*;WPS  !   '+0n@    =  a0503   ̀ ?5*   ?!
»  ̀ 5*0W+,  ! .2!«"  @3  [*+*  R2= . 7.K,+*RB.I5*SWE ; 

WPS   r; 7�0E02V' ;      ?! O);<5     -,.?$/ +0?123    78.?5
 ??ME|3 R??2IT<S +*<??F -,.MI??5* ,+0??3  B.3.??5 7.??K .  ??!

X??3.U' D??]03 ".K,+*RB.I??5* (??)* 7<$S+.??=  +, 7<)g??/
 B.3.??5 @??3 @B.??V3 Z.??psQ* 7.??K ,0??N . .??AB6 8*  ??=

       D?E.F +, -R2A2?5 Z*RK.h3O&M      >8*,<?/ �).?IB ; 
     D?E.F +,  h%BKML    @?3  ?[*+*      X?3.U' "R?B,<S    7<)g?/

-,*,  .K     @?3 .?$:3 \$B    ,0?N .  ?!        7�0?E02V' 40?b "-;s?p
r;    u5*; ; O);<5    7.KSOS   ; WPS        ?IT<S +.?=  ?! 

-R??N X??3.U' XVh??3 "R??B* O);<??5 4.??$3 7<)g??/  ; .??K
O);<5 -RB<$S @3 L<Q<! \$B .K ,,<S.  

      tK*<T .:2'  B "#$%&' ()* 7,.:2h$/ 7+.^U3   kRB+;6
O);<5       -,*,  ?[*+* 7*<! @B.V3 7.K        "`?5* @B.?V3 7.?K

       ! \$B *+ @B.V3 >8*,</ `$H!.F  VH!   O);<5  f5*;   7.K
  @3 (V^3 `5,+;,      @3 ,0W ()* ; q,8.5       m?T+ +, R?B*0'

  @W<!  8*     ?3.B<! t?:3 7.K8.$B        @?f$&3 7,<!+.?= 7.?K
m)80' <{|3  IT.)RN.!  . 8* -,.MI5* .!Google Maps API 

 -,.$/ +,          -<?:!  ?= RN -,*, 4.hB " B0^B 78.5     8* 7<?$S
7�0E02V'     r; 7.K2 @3        -R?^p <${�' ; c%B RB*0'    +, 7*

   -,*, c).^B ;  [*+*           I?N*, `?B<I2)* 7;+ <?! @B.V3 7.K
RN.! .  ! .!     7�0?E02V' ()* 7<$S+.=        �7<!+.?= u?5*; ".?K
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  !  B.3.5    .! ; @!0W       "`?5* -R),<S @P*<Q 4.56 ,<!+.= 
 !  7+0Q          ; ()0V'  B.3.5  ! a0^p @5<I5, ZsVh3  =

@3 L<Q<! *+  IT.)  U50' ,8.5 .  
 ??!       B.3.??5 @)*+.??= ; @K,8.??! c)*\??T* +0??123

        46 7.K,+*RB.I5* ; 7�0E0IB6 7;+ <!  UE.f3 "7,.:2h$/
 LRK .!   X3.U' aRp mT+       -,*, #$MH' ; @).2U3 7<)g/   7.K
@B.??V3 O);<??5 ,.??A)* ;   m??)80' @B.??V3 7.??K   ??IT.)
X??3.U'  <)g??/   $??n0' O);<??5 -<??$AB8 C??) D??E.F +,
@??3 ,,<??S .  r; 7�0??E02V'  ??= .??AB6 8*  ; O);<??5
r;  O);<5    7.KOGC     @5+<! "R2Ij$B +.S8.5 �.^$%Ij3 
-*+  XP              ?! D?5.23 +.?VK*+  ?[*+* ; ,0?]03 7.K    +0?123

 X3.U' 7+*<F<!     r; 4.$3 X3.= 7<)g/  O);<5     7.?KIT  ; 
GIS r0b+.b +, SWE@3 ,.:2h$/  ,0N.  
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