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"�2 pmW� CU= xOW xDiQo Q_v QO |B |q=@ QO R}v =yu; Q=QkDU= |x}rw= u=mt xm
|v=Uv= |wQ}v |QwxQy@ |xv}W}@ |=Q@ [32w31]'xOW s=Hv= C=ar=]t x@ xHwD =@
R=}v OQi Qy |=Q@ CL=Ut `@ Qt QDt 92 =D 77 x@ Q=m |=ywQ}v 'CN=U |=yx=oQ=m QO
|xv}tm `=aW '|QwxQy@ |xv}W}@ |=Q@ xOW XNWt CL=Ut T=U= Q@ [33]"OvQ=O
|xar=]t QO "CU= QDt 5 4 =D QDt 4 95 '|QwxQy@ |xv}W}@ |=Q@ sRq |Q=m |=[i
xDiQo Q_v QO QDt 5 '|QwxQy@ |xv}W}@ |=Q@ sRq |Q=m |=[i |xv}tm `=aW 'Q[=L
|=[i |oOQWi |xv}W}@ 'OW=@ QiY u=QoQ=m |xrY=i Qo = ?}DQD u}O@ "CU= xOW

"OvyO s=Hv= =Q u=WQ=m Ovv=wD|tv |Q=m |=yxwQo w OQ=O OwHw Q=m
|WN@ QF= |xv}W}@ 'OW=@ QDt 5 R= QDW}@ =} w |w=Ut |Q=m |=yxwQo |xrY=i Qo =
VywSB QO u}=Q@=v@ "O@=}|tv Vy=m 'Q=m |=[i |oOQWi QF= QO |QwxQy@ w OvQ=O
|QwxQy@ |wQ Q@ Q=m |=[i |oOQWi QF= uDiQo Q_v QO |=Q@ ?} Q[ l} 'Q[=L
|=[i |oOQWi ?} Q[ "Ovm|t p=ta= |QwxQy@ QO =Q u; QF= xm 'CU= xOW h} QaD
|Q=m |=yxwQo |xrY=i Qo = "OwW|t ZQi 1 w 0 u}@ Q}O=kt =@ Q}eDt l} 'Q=m
|oOQWi ?} Q[ w OvyO s=Hv= =Q OwN Q=m Ovv=wD|tv =yu; R= s=Om I}y 'OW=@ QiY
|=yxwQo |xrY=i Qo = w "OyO|t p}rkD QiY x@ =Q |QwxQy@ w OQ}o|t QiY Q=Okt
QF= w OwW|t xDiQo Q_v QO 1 |oOQWi ?} Q[ 'OW=@ QDt 5 R= QDW}@ =} |w=Ut |Q=m

"|R} QuD@ CU=}U wO QO |Q=m |=yxwQo |x}rw= u=mt "2 pmW

xOw@ ?amtQDt 400 |R} QuD@ sHL =@ xOQDUo |B l} |R} QuD@ x@ \w@ Qt xar=]t
|R} QuD@ w xOw@ QDt 1 |R} QuD@ Ct=N[ w `@ Qt QDt 400 |B CL=Ut "CU=
|=yxwQo R}v =ypt=a "CU= xOW s=Hv= QDt 2 QO QDt 2 O=a@= =@ C=a]k QO uw}U=Ovwi

"Ov=xOW xDiQo Q_v QO R} QuD@ |Q=m

w sDU}U |}=}wB |R=Ux}@W pOt wO u}@ \=@DQ= |ovwoJ "4"4
QwLtpt=a

'CU= xOW xO=O u=Wv 1 pmW QO xm 'u=tR pw] QO xDUw}B Q=DiQ =@ Q=PoQF= pt=wa
|}=} wB pOt |HwQN u=wva x@ xm '|QwxQy@ Q=Okt "OvQ=O Q}F-=D |QwxQy@ Q=Okt QO
|OwQw u=wva x@ OwN w OwW|t u}}aD w |R=Ux}@W 'CU= xOW xO=O xaUwD sDU}U
Q=Okt xm =QJ "OwW|t xO=DUQi QwLtpt=a pOt x@ w Ovm|t pta QwLtpt=a pOt
Q=Okt 'sDU}U |}=} wB pOt u}=Q@=v@ w OQ=Po|t QF= '|Q=m xwQo Qy Q=DiQ QO |QwxQy@
CmQL w Q=DiQ w ODUQi|t �pt=a� |Q=m xwQo Qy x@ =Q QwmPt Q}eDt |xOW x@U=Lt
|Q=m |=yxwQo VvmQOv= R}v w xOW x@U=Lt |QwxQy@ Q=Okt T=U= Q@ |Q=m xwQo Qy

"OwW|t u}}aD u; T=U= Q@ \}Lt QO Qo}Om} =@
'sDU}U |}=} wB pOt xm CiQo xH}Dv u=wD|t 'xOW QmP C=L}[wD x@ xHwD =@
u}}=B x@ q=@ O}O l} 'pt=a Qy w OQ=O =ypt=a =@ xU}=kt QO q=@ x@ u}}=B O}O l}
K]U QO QwLtpt=a pOt u}=Q@=v@ "OQ=O VOwN sDU}U |}=} wB pOt =@ xU}=kt QO
�=ypt=a� |Q=m |=yxwQo 'Qo}O |wU R= "OQ=O Q=Qk sDU}U |}=} wB pOt R= |QDq=@
|wQ}v u}@ |Q=m CqN=OD Ea=@ xm 'OvQ=O VvmQOv= Qo}Om} =@ �\}Lt� C}=U QO
|Q=m CqN=OD Q}eDt =Pr "CW=O Oy=wN |ivt Q}F-=D R}v |QwxQy@ QO w OwW|t |v=Uv=
\w@ Qt sDU}U |}=} wB pOt QO =Q |v=Uv= |wQ}v |QwxQy@ Q=Okt '|v=Uv= |wQ}v u}@

"O=O Oy=wN Q=Qk Q}F-=D CLD |Q=m |=yxwQo R= l} Qy x@
XwYN x@ Qo}O |=yQ}eDt 'sDU}U|}=} wB pOt Q}eDt Qy QO Q}}eD 'Qo}O hQ] R=
xwQo Qy Q=m s=Hv= MQv ,=OOHt 'xOW xO=O Q}}eD |QwxQy@ "OyO|t Q}}eD =Q |QwxQy@
OyO|t Q}}eD =Q \}Lt QO |Q=m |=yxwQo Q=DiQ '?r]t u}= w OyO|t Q}}eD =Q |Q=m
u=} QH l} xm OwW|t xOy=Wt u}=Q@=v@ "OwW|t Q=QmD ,=OOHt QwmPt |xNQJ w
Cra x@ "OQ=O OwHw QwLtpt=a w sDU}U |}=} wB |=ypOt u}@ xiQ]wO C=aq]=
QO C=aq]= [28] 'C=vlt w OQv} wU |Ov@xk@] R= \U=w |R=Ux}@W xwQo QO xmv}=
u}@ C=aq]= p=kDv= x@ xHwD =@ w OwW|tv pkDvt =ypOt u}@ |R=Ux}@W s=Hv= u}L
QwLtpt=a w sDU}U |}=} wB |=ypOt u}@ 'OW xQ=W= p@k |xrLQt QO xm '=ypOt
|R=Ux}@W xwQo u}=Q@=v@ 'OvDUy pYDt sy x@ QwmPt |=ypOt w OQ=O OwHw \=@DQ=

"OW=@ \U=w xwQo Ov=wD|tv =yv;
l} xm CU= K[=w C=aq]= u=} QH Q}Ut QO xOW x�=Q= Q}UiD x@ xHwD =@
u=Wv xDmv u}= "OQ=O OwHw QwLtpt=a w sDU}U |}=} wB |=ypOt u}@ xiQ]wO |x]@=Q
xwQo u} QDy@ [28]'C=vlt w OQv} wU |Ov@xk@] R= xOW xJQ=Bl} xwQo xm OyO|t
sDU}U |}=} wB pOt R= QDq=@ 'QwLtpt=a pOt K]U "CU= hOy |wHDUH |=Q@
|vwQO Q=DN=U =@� pt=a \ki 'xOW xJQ=Bl} xwQo R= |@}mQD `=wv= u=}t QO "CU=
QO 'CU= sDU}U |}=} wB pOt R= |QDq=@ K]U QO QwLtpt=a pOt u; QO xm '�pt=m

"CU= xOW xO=iDU= Q[=L VywSB
C=aq]= |xiQ]wO p=kDv= |=Q@ |Hv=}t |=yQ}eDt 'VywSB hOy x@ uO}UQ |=Q@
'Q[=L VywSB QO "OvwW ?=NDv= O}=@ 'sDU}U |}=} wB pOt x@ QwLtpt=a pOt R=
|R=UpOt QO "OvDUy|QwxQy@ w Q=m |=[i|oOQWi Q}eDt wOpt=W|Hv=}t|=yQ}eDt
Q=m |=[i |oOQWi Q=Okt QwLtpt=a pOt =OD@= '|QwxQy@ |v}@V}B |=Q@ xOW s=Hv=

91



"""|
R=U

xJQ
=Bl

}R=
xO=i

DU=
=@|

QwxQ
y@|

R=Ux
}@W

"|R} QuD@ pw= CU=}U QO |R} QuD@ s=Hv= OvwQ "3 pmW

CU=}U QO |Q=m |=yxwQo QO Q=m |=[i |oOQWi w |QwxQy@ Q}}eD OvwQ "4 pmW
"|R} QuD@ pw=

|oOQWi ?} Q[ ?Q[ pY=L =@ Q@=Q@ =yxwQo R= s=Om Qy |=Q@ Q=m |=[i |oOQWi
"CU= Qo}O |=yxwQo R= s=Om Qy =@ xrY=i R= |W=v

Ci= w Gw= \=kv '|R} QuD@ pw= CU=}U hqNQ@ '8 |r= 6 |=ypmW j@=]t
Qo}Om} =@ ,qt=m swO CU=}U QO =yxwQo R= s=Om I}y Q=m |=[i |oOQWi w |QwxQy@
|oOQWi QO \ki =yxwQo R= s=Om Qy '|R} QuD@ pw= CU=}U QO =Q} R &CU}v u=Um}
QO Qo}O xwQo wO 'swO CU=}U QO xm |r=L QO 'OQ=Po|t QF= xwQo l} Q=m |=[i
xOy=Wt G � 5 pmW QO xm Qw]u=ty "OvQ=Po|t QF= |Q=m |=yxwQo R= s=Om Qy
xOv=t |k=@ |R} QuD@ |=Q@ h}OQ l} \ki '|R} QuD@ |}=yDv= pL=Qt QO 'OwW|t
R= Cr=L u}= QO "CU= xOWv Q=m x@ pweWt u; QO |Q=m xwQo I}y Rwvy xm 'CU=
x@ QDOwR =Q Q=wv u; QO OwN Q=m xm |ywQo 'QDq=@ |=yh}OQ QO Q=m x@ pweWt |=yxwQo
x@ xHwD =@ =yxwQo R= |m} w OwW|t pkDvt xOWv |R} QuD@ |Oa@ Q=wv x@ 'Ov=UQ s=tD=
x@ xHwD =@ "Ovm|t lQD =Q Q=m \}Lt 'CU= xOv=tv |k=@ |}xOWv |R} QuD@ Q=wv xmv}=
\}Lt Qo}O |=yxwQo R= QDOwR B |Q=m xwQo '4 pwOH u}vJty w 8 =D 6 |=ypmW
Ea=@ xwQo wO \ki 'Q=m \}Lt R= xwQo u}= GwQN |x_Lr R= "Ovm|t lQD =Q Q=m
u}= QO Q=m |=[i |oOQWi C=Q}}eD p}rO u}ty x@ xm 'OvwW|t Q=m |=[i |oOQWi
OwaY \=kv w CU= u=Um} Qo}Om} =@ Q=m |=yDv= =D B xwQo GwQN |x_Lr R= xwQo wO

"�8 w 6 |=ypmW� CU= x@=Wt R}v |QwxQy@ Q=Okt pwRv w

w pw= |=yCU=}U OQmrta |xOW |R=Ux}@W G}=Dv |xU}=kt "3"5
|R} QuD@ swO

Ca=U 15 OwOL '|R} QuD@ pw= |w} Q=vU QO xSwQB p}tmD u=tR '4 pwOH j@=]t

"|R} QuD@ hrDNt |=yCU=}U |=Q@ |Q=m |=yxwQo QO x}rw= |QwxQy@ "3 pwOH
?amt QDt�x}rw= |QwxQy@ |Q=m |=yxwQo |=yCU=}U
�Ca=U QO xOW xDN} Q uD@ |R} QuD@

14 A |Q=m xwQo pw= CU=}U18 B |Q=m xwQo

16 A |Q=m xwQo
18 B |Q=m xwQo swO CU=}U
14 C |Q=m xwQo

|=yCU=}U QO |Q=m |=yxwQo |x}rw= |QwxQy@ "CW=O Oy=wNv |QwxQy@ QO |Wy=m
"CU= xOW x�=Q= 3 pwOH QO 'hrDNt

|R} QuD@ pw= CU=}U OQmrta |R=Ux}@W G}=Dv "1"5
|B |q=@ R= =Q |R} QuD@ C=}rta |Q=m xwQo wO 'pw= CU=}U QO 'OW QmP xm Qw]u=ty
xwQo Qy w OQ=O Q=Qk Qo}Om} Q=vm QO QwmPt |=yxwQo |}=OD@= ẁQW \=kv "Ovvm|t ẁQW
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1. discrete event simulation
2. building information modeling
3. system dynamics (SD)
4. agent based
5. integrated
6. interfaced
7. sequential
8. expert system
9. agents
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