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C=}YwYN 'Q=m ẁv 'x=oQ=m |=[i |xUOvy %Ovv=t� |v=Uv= |wQ}v O}rwD u=tOv=Q
`t=H |OvtxQy@ QO 'xSwQB Qy QO �|a=iDQ= w |}=wyw?; '|}=tO\}=QW w u=QoQ=m |OQi
|=Q@ xOW x�=Q= pOt R= xO=iDU= CyH '?}DQD u}O@ "OQ=O OwHw C}OwOLt 'pOt R=
|xar=]t X=N \}=QW =@ pOt O}=@ '|Qo}O |xSwQB Qy QO O}rwD u=tOv=Q |v}@V}B

"OwW xO=O j}@]D |OQwt
V}=tR; =@ O}rwD u=tOv=Q QO O=Qi= w \}Lt |m} R}i |=yVvmQOv= QF= |UQQ@

"pt=a |@=} Q}Ut |xwLv w x=oQ=m |R=UpOt "5 pmW
u=mt x@ u=mt l} R= Q=@ ptL |=Q@ R=UwCN=U pLt l} QO u=QoQ=m CmQL
OQ=wt u}= pt=W |a=tDH= |wQ}v |R=UpOt VwQ pw=ODt |=yOQ@ Q=m =@ Qo}O

:CU=
'pt=a CmQL |rm CyH uOw@v XNWt w xOW pOt |=[i QDW}@ |oO}J}B �
'Q=m pLt uOw@v C@=F p}rO x@ =[i QO =ypt=a CmQL OYkt w -=O@t |D=@F|@ �
"xSwQB CiQW}B pw] QO OwHwt `v=wt w xUOvy Q}}eD w =[i |xUOvy |D=@F|@ �

|wQ}v |R=UpOt |x}rw= |wor= QO |D=Q}}eD 'xOW QmP |=yCw=iD x@ xHwD =@
wO x@ x=oQ=m QO Q=@ ptL pt=wa 'OW xDio xm Qw]u=ty "CU= xOW p=ta= |a=tDH=
wO w �Kr=Yt Q=@v=� u}@ Q}Ut xm OvDUy |v=QoQ=m 'pw= xwQo %OvwW|t s}UkD xDUO
|v=QoQ=m 'swO xwQo w Ovvm|t |] =Q �|v}JQ=w}O� w �|}=v@ Cqt O}rwD� C}r=ai
u}= Q@ ZQi "Ovvm|t CtON �|v}JQ=w}O� w �Kr=Yt Q=@v=� pLt u}@ xm OvDUy
pLt =t= "CU= C@=F �Kr=Yt Q=@v=� w �|v=tDN=U Cqt O}rwD� pLt xm CU=
"CU= CN=U p=L QO Q=w}O Q=vm QO |v}JQ=w}O pLt "CU= Q}eDt �|v}JQ=w}O�
|=yQ=w}O =@ Q=w}O Qy u=mt w OvwW|t xDN=U |Dw=iDt |=yQ=w}O 'xSwQB CiQW}B =@
pLt x@ =Q Kr=Yt xm |v=QoQ=m OYkt xm CU=vat u=O@ u}= "CU= Cw=iDt Qo}O
hrDNt |=yQ}Ut R= O}=@ O=Qi= 'u}=Q@=v@ "CU}v C@=F 'Ovvm|t pkDvt |v}JQ=w}O
'|rN=O |=yQ=w}O CN=U =@ "Ovvm xO=iDU= |t}Ok OYkt l} x@ uO}UQ |=Q@ O}OH
?=NDv= 'u}=Q@=v@ "CW=O Oy=wN OwHw pt=a OYkt w -=O@t u}@ |QDW}@ |=yQ=w}O
x@ Q}Ut uDi=} 'wQ u}= R= "CU}v umtt QoQ=m |=Q@ OYkt =D -=O@t R= s}kDUt Q}Ut
x}@W w xv}y@ O}=@ xOW ?=NDv= Q}Ut w CU= |QwQ[ OQi Qy |=Q@ x_Lr QO CQwY
O}=@ 'OUQ@ |OYkt x@ Oy=wN|t QoQ=m l} xm |t=ovy "OW=@ |v=Uv= |=y?=NDv=
Qy QO pt=a 'Qw_vt u}= |=Q@ "Q}N =} OQ=O OwHw OYkt x=Q QU Q@ |av=t =}; xm Ov=O@
Q_v QO =Q OwN h=Q]= |=yQ=w}O w `v=wt s=tD =D Ovm|t |UQQ@ =Q OwN \}Lt x_Lr
|OOa O=} R C=@U=Lt OvtR=}v 'xOW |R=Ux}@W x=oQ=m \}Lt s=tD |UQQ@ "OQ}o@
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|@U=vt |xv} Ro S4 |w} Q=vU 'xOW |UQQ@ |=yw} Q=vU u=}t R= xOt; CUO x@ G}=Dv
xOW xOy=Wt =yu=Uwv u} QDtm 'Q}N= |w} Q=vU QQmt |=QH= |] uwJ &CU= xOw@
=Q QDj}kO |UQQ@ C}r@=k R}v Qo}O |=yw} Q=vU R= s=Om Qy CU= QmP x@ sRq "CU=
2 ?}mQD =@ x=oQ=m QO Kr=Yt |}=Hx@=H |=Q@ QoQ=m 4 R= S4 |w} Q=vU QO "OvQ=O
|v}JQ=w}O pLt w |}=v@ Cqt O}rwD pLt w Kr=Yt `@vt u}@ Q=@ p=kDv= |=Q@ Qiv
xOW xO=iDU= |v}JQ=w}O pLt x@ O}rwD pLt R= Cqt p=kDv= |=Q@ Qiv 2 u}vJty w
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yt "|Q=m A}m = QO O=Qi= hrDNt |=y?}mQD w O=OaD |=Q@ hrDNt |=yw} Q=vU G}=Dv "2 pwOH
O}rwD u=tOv=Q O=Qi= ?}mQD CtON pLt O=Qi= O=OaD w} Q=vU O}rwD u=tOv=Q O=Qi= ?}mQD CtON pLt O=Qi= O=OaD w} Q=vU
(m2=hr) (m2=hr)

3=7230
1 Cqt O}rwD pLt w Q=@v= u}@

5 S10 3=7827
1 Cqt O}rwD pLt w Q=@v= u}@

2 S1|v}JQ=w}O w |v}JQ=w}O w
4 Q=w}O w Cqt O}rwD pLt u}@ 1 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

4=8545
4 Cqt O}rwD pLt w Q=@v= u}@

6 S11 4=47019
2 Cqt O}rwD pLt w Q=@v= u}@

3 S2|v}JQ=w}O w |v}JQ=w}O w
2 Q=w}O w Cqt O}rwD pLt u}@ 1 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

4=1454
2 Cqt O}rwD pLt w Q=@v= u}@

6 S12 3=6093
1 Cqt O}rwD pLt w Q=@v= u}@

3 S3|v}JQ=w}O w |v}JQ=w}O w
4 Q=w}O w Cqt O}rwD pLt u}@ 2 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

3=8354
3 Cqt O}rwD pLt w Q=@v= u}@

6 S13 4=6542
2 Cqt O}rwD pLt w Q=@v= u}@

4 S4|v}JQ=w}O w |v}JQ=w}O w
3 Q=w}O w Cqt O}rwD pLt u}@ 2 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

4=7142
4 Cqt O}rwD pLt w Q=@v= u}@

7 S14 4=0414
3 Cqt O}rwD pLt w Q=@v= u}@

4 S5|v}JQ=w}O w |v}JQ=w}O w
3 Q=w}O w Cqt O}rwD pLt u}@ 1 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

4=4714
4 Cqt O}rwD pLt w Q=@v= u}@

7 S15 3=6424
1 Cqt O}rwD pLt w Q=@v= u}@

4 S6|v}JQ=w}O w |v}JQ=w}O w
3 Q=w}O w Cqt O}rwD pLt u}@ 3 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

3=8714
2 Cqt O}rwD pLt w Q=@v= u}@

5 S16 4=7923
3 Cqt O}rwD pLt w Q=@v= u}@

5 S7|v}JQ=w}O w |v}JQ=w}O w
2 Q=w}O w Cqt O}rwD pLt u}@ 2 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

3=6714
2 Cqt O}rwD pLt w Q=@v= u}@

7 S17 4=2423
2 Cqt O}rwD pLt w Q=@v= u}@

5 S8|v}JQ=w}O w |v}JQ=w}O w
5 Q=w}O w Cqt O}rwD pLt u}@ 3 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

4=6590
4 Cqt O}rwD pLt w Q=@v= u}@

8 S18 3=6305
4 Cqt O}rwD pLt w Q=@v= u}@

5 S9|v}JQ=w}O w |v}JQ=w}O w
4 Q=w}O w Cqt O}rwD pLt u}@ 1 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO
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O}rwD u=tOv=Q O=Qi= ?}mQD CtON pLt O=Qi= O=OaD w} Q=vU O}rwD u=tOv=Q O=Qi= ?}mQD CtON pLt O=Qi= O=OaD w} Q=vU
(m2=hr) (m2=hr)

4=0590
3 Cqt O}rwD pLt w Q=@v= u}@

8 S20 4=1903
5 Cqt O}rwD pLt w Q=@v= u}@

8 S19|v}JQ=w}O w |v}JQ=w}O w
5 Q=w}O w Cqt O}rwD pLt u}@ 3 Q=w}O w Cqt O}rwD pLt u}@

=QH= p=L QO =QH= p=L QO

O}rwD u=tOv=Q 'u=QoQ=m O=OaD V}=Ri= =@ xm OyO|t u=Wv Q[=L VywSB R= xOt;
u=QoQ=m QDW}@ O=OaD xm O@=}|t xt=O= |}=H =D OvwQ u}= |rw &O@=}|t V}=Ri= R}v
GDvt O}rwD u=tOv=Q Vy=m x@ C}=yvQO xm 'OwW |m} R}i |=yVvmQOv= V}=Ri= ?@U
u}= "Ovm|t Q}}eD xSwQB |=QH= u=tR COt pw] QO O}rwD u=tOv=Q u}vJty "OwW|t
w xSwQB CiQW}B xm OvyO|t u=Wv G}=Dv =t= &OW=@ |OOaDt p}qO x@ =v@ Ov=wD|t Q}}eD
u=tOv=Q Vy=m ?@U Ovv=wD|t OwN |OwNx@ '\}Lt QO QDW}@ `v=wt O=H}= u; p=@vOx@
w Ov}=Qi Q@ RmQtD =@ |v=tDN=U |=yC}r=ai QO O}rwD u}W}B C=ar=]t QO "OvwW O}rwD
'u}W}B |=yVwQ |=yC}OwOLt p}rOx@ =t= 'CU= xOW |@=} RQ= =ypt=a p@=kDt Q=F;
"Ow@ xOWv |UQQ@ uwvm =D 'x=oQ=ml} QO Q=@ ptL w u=QoQ=m |DmQL |=yQ=DiQ |}=U=vW
QDj}kO |xar=]t u=mt= 'O}OH |OQm} wQ |x�=Q= ut[ 'Q[=L VywSB QO =Pr
sy=Qi u=tDN=U CavY xS} wx@ w CavY QO |O}rwD |=yOv}=Qi QO QF-wt |=yQ}eDt

:OwW|t O=yvW}B R}v C=aw[wt u}= |D; C=ar=]t |=Q@ ,=vt[ "CU= xOW
|DavY |=yOv}=Qi QO O}rwD |R=UpOt |=Q@ xOW x�=Q= |@}mQD VwQ R= xO=iDU= �

'Qo}O x@=Wt
'=yC}r=ai |Q=m|R=wt |=yw} Q=vU |UQQ@ |=Q@ xOW x�=Q= |@}mQD VwQ R= xO=iDU= �

'xv} Ry � u=tR |xrO=@t p}rLD |=Q@ xOW x�=Q= VwQ R= xO=iDU= �
"x=oQ=m \}Lt |Ov@KQ] w |R} Qxt=vQ@ |=Q@ xOW x�=Q= VwQ R= xO=iDU= �

"Q=m CiQW}B R= |v=Um} Q}O=kt <=R=x@ xSwQB CiQW}B |] O}rwD u=tOv=Q "3 pwOH
O}rwD u=tOv=Q COt u=tR |v}JQ=w}O h}OQ
(m2=hr) �min� �min� (m2)

6=0913706 197 195 10 1
6=1538462 195 392 20 2
5=8823529 204 596 30 3
5=555556 216 812 40 4
5=5813953 215 1027 50 5
5=3097345 226 1253 60 6
4=9382716 243 1496 70 7
4=3010753 279 1775 80 8
3=8585209 311 2086 90 9
3=6363636 330 2416 100 10

=yCWwv=B
1. discrete event simulation
2. social force modeling
3. social force modelling (SFM)
4. Moselhi
5. Thabet & Beliveau
6. Mallasi
7. Cheung
8. Jang
9. system dynamic
10. Agent-based modelling
11. discrete event simulation
12. Jabri & Zayed
13. Watkins
14. Ben-Alon & Sacks
15. building information modelling
16. cyclic operations network
17. Martinez
18. Hajjar & AbouRizk
19. Hu
20. continues simulation
21. cellular automata

22. velocity-based models
23. continuum models
24. hybrid models
25. behavioral models
26. network models
27. Helbing & Molnar
28. probability density function
29. histogram
30. Chi-squared test
31. agent
32. Helbing
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