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$Q�([DPSOH�± 6WHS��
# Define Global Variables
# create simulator
set ns [new Simulator] 

# create a topology in a 670m x 670m area

set topo [new Topography] 
$topo load_flatgrid 670 670
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$Q�([DPSOH�± 6WHS��
# Define standard ns/nam trace

# ns trace

set tracefd [open demo.tr w] 

$ns trace-all $tracefd

# nam trace

set namtrace [open demo.nam w] 

$ns namtrace-all-wireless $namtrace 670 670

��86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

$Q�([DPSOH�± 6WHS��
# Create God
set god [create-god 3]
$ns at 900.00 “$god setdist 2 3 1”

God��VWRUH�DQ�DUUD\�RI�WKH�VPDOOHVW�QXPEHU�RI�
KRSV�UHTXLUHG�WR�UHDFK�RQH�QRGH�WR�DQ�RWKHU
2SWLPDO�FDVH�DJDLQVW�ZKLFK�WR�FRPSDUH�
URXWLQJ�SURWRFRO�SHUIRUPDQFH
$XWRPDWLFDOO\�JHQHUDWHG�E\�VFHQDULR�ILOH
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$Q�([DPSOH�± 6WHS��
# Define how a mobile node should be created 
$ns node-config \

-adhocRouting DSDV \
-llType LL \
-macType Mac/802_11 \
-ifqLen 50 \
-ifqType Queue/DropTail/PriQueue \
-antType Antenna/OmniAntenna \
-propType Propagation/TwoRayGround \
-phyType Phy/WirelessPhy \
-channelType Channel/WirelessChannel \
-topoInstance $topo
-agentTrace ON \
-routerTrace OFF \
-macTrace OFF
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$Q�([DPSOH�± 6WHS��
# Create a mobile node, attach it to the channel 

set node(0) [$ns node]
# disable random motion

$node(0) random-motion 0 

8VH�³IRU´�ORRS�WR�FUHDWH���QRGHV�
for {set i < 0} {$i < 3} {incr i} {

set node($i) [$ns node]

}
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$Q�([DPSOH�± 6WHS��
# Define node movement model 
source movement-scenario-files 

# Define traffic model
source traffic-scenario-files
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6FHQDULR�*HQHUDWRU��0RYHPHQW

0RELOH�0RYHPHQW�*HQHUDWRU
setdestsetdest --n <num_of_nodes> n <num_of_nodes> --p p 
pausetimepausetime --s <s <maxspeedmaxspeed> > --t t 
<<simtimesimtime> > --x <x <maxxmaxx> > --y <y <maxymaxy>>

5DQGRP�PRYHPHQW
nn $node start$node start

n 6RXUFH��nsns--2/2/indepindep--utilsutils//cmucmu--scenscen--
gengen//setdestsetdest//
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$�0RYHPHQW�)LOH

�QRGHB����VHW�=B���������������
�QRGHB����VHW�<B�����������������
�QRGHB����VHW�;B�����������������
�QRGHB����VHW�=B���������������
�QRGHB����VHW�<B�����������������
�QRGHB����VHW�;B�����������������
�QRGHB����VHW�=B���������������
�QRGHB����VHW�<B�����������������
�QRGHB����VHW�;B����������������
�QVB�DW�������������������QRGHB��� VHWGHVW �����������������

��������������������������������
�QVB�DW�������������������QRGHB��� VHWGHVW �����������������

��������������������������������
�QVB�DW�������������������QRGHB��� VHWGHVW ����������������

���������������������������������
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6FHQDULR�*HQHUDWRU��7UDIILF

*HQHUDWLQJ�WUDIILF�SDWWHUQ�ILOHV
n &%5�WUDIILF

nsns cbrgencbrgen..tcltcl [[--typetype cbfcbf||tcptcp] [] [--nnnn
nodes] [nodes] [--seed seed] [seed seed] [--mc connections] mc connections] 
[[--rate rate]rate rate]

n 7&3�WUDIILF

nsns tcpgentcpgen..tcltcl [[--nnnn nodes] [nodes] [--seed seed]seed seed]

n 6RXUFH��nsns--2/2/indepindep--utilsutils//cmucmu--scenscen--gengen//
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$�7UDIILF�6FHQDULR

VHW XGSB����>QHZ�$JHQW�8'3@

�QVB�DWWDFK�DJHQW��QRGHB�����XGSB���

VHW�QXOOB����>QHZ�$JHQW�1XOO@

�QVB�DWWDFK�DJHQW��QRGHB�����QXOOB���

VHW FEUB����>QHZ�$SSOLFDWLRQ�7UDIILF�&%5@

�FEUB����VHW SDFNHW6L]HB����

�FEUB����VHW�LQWHUYDOB����

�FEUB����VHW�UDQGRPB��

�FEUB����VHW PD[SNWVB������

�FEUB����DWWDFK�DJHQW��XGSB���

�QVB�FRQQHFW��XGSB�����QXOOB���

�QVB�DW����������������������FEUB����VWDUW�

««�
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$Q�([DPSOH�± 6WHS��
# Define node initial position in nam
for {set i 0} {$i < 3 } { incr i} {

$ns initial_node_position $node($i) 20
}

# Tell ns/nam the simulation stop time 
$ns at 200.0 “$ns nam-end-wireless 200.0”
$ns at 200.0 “$ns halt”

# Start your simulation 
$ns run
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(QHUJ\�([WHQVLRQ

1RGH�LV�HQHUJ\�DZDUH
'HILQH�QRGH�E\�DGGLQJ�QHZ�RSWLRQV�

$ns_ node-config \

–energyModel EnergyModel

-initialEnergy 100.0

-txPower 0.6

-rxPower 0.2
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QDP 9LVXDOL]DWLRQ

8VH�QDP�WR�YLVXDOL]H�
n 0RELOH�QRGH�SRVLWLRQ
n 0RELOH�QRGH�PRYLQJ�GLUHFWLRQ�DQG�VSHHG
n (QHUJ\�FRQVXPSWLRQ�DW�QRGHV��FRORU�
NH\HG�
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QDP 9LVXDOL]DWLRQ

5HSODFH
$ns$ns namtracenamtrace--all $all $fdfd

ZLWK
$ns$ns namtracenamtrace--allall--wireless $wireless $fdfd

$W�WKH�HQG�RI�VLPXODWLRQ��GR
$ns$ns namnam--endend--wireless [$ns now]wireless [$ns now]

6HH�DQ�H[DPSOH��
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6XPPDU\

0DF�/D\HU��,(((�������
$GGUHVV�5HVROXWLRQ�3URWRFRO��$53�
$G�KRF�URXWLQJ�SURWRFROV��'6'9��'65�725$��
$2'9
5DGLR�3URSDJDWLRQ�0RGHO
n )ULVV�VSDFH�DWWHQXDWLRQ�DW�QHDU�GLVWDQFHV

n 7ZR�UD\�JURXQG�DW�IDU�GLVWDQFHV

$QWHQQD��DQ�RPQL�GLUHFWLRQDO�DQWHQQD�KDYLQJ�
XQLW\�JDLQ
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6XPPDU\

(QHUJ\�FRQVXPSWLRQ�PRGHO�IRU�VHQVRU�
QHWZRUNV
9LVXDOL]DWLRQ�RI�QRGH�PRYHPHQW�
UHDFKDELOLW\��DQG�HQHUJ\
9DOLGDWLRQ�WHVW�VXLWHV
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&UHGLW

&08
8&�%HUNHOH\
6XQ�0LFURV\VWHP�,QF�
86&�,6,
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$�%ULHI�RQ�6DWHOOLWH�1HWZRUNLQJ

'HYHORSHG�E\�7RP�+HQGHUVRQ��8&%�
6XSSRUWHG�PRGHOV
n *HRVWDWLRQDU\ VDWHOOLWHV��EHQW�SLSH�DQG�
SURFHVVLQJ�SD\ORDG

n /RZ�(DUWK�2UELW�VDWHOOLWHV

([DPSOH� tcltcl/ex/sat/ex/sat--*.*.tcltcl

0XFK�LQ�GHYHORSPHQW
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$�%ULHI�RQ 0RELOH,3 6XSSRUW

'HYHORSHG�E\�6XQ
n 5HTXLUH�D�GLIIHUHQW�1RGH�VWUXFWXUH�WKDQ�WKH
0RELOH1RGH

n &R�H[LVWV�ZLWK�ZLUHG�ZRUOG�LQ�QV

6WDQGDUG 0RELOH,3
n +RPH�$JHQW��)RUHLJQ�$JHQW� 0RELOH+RVWV«

([DPSOH
nn ~ns/~ns/tcltcl/ex/wired/ex/wired--cumcum--wireless.wireless.tcltcl
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2XWOLQH

*RDOV
(VVHQWLDOV
3ULPHUV
n :LUHG�ZRUOG
n :LUHOHVV�ZRUOG
n (PXODWRU
n 8WLOLWLHV
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(PXODWLRQ�LQ�QV

6LPXODWRU�Ø UHDO�QHWZRUN
n ,QMHFW�UHFHLYHG�SDFNHWV�LQWR�VLPXODWLRQ
n (PLW�SDFNHWV�RQ�WR�OLYH�QHWZRUN
8VDJH
n 6XEMHFW�UHDO�LPSOHPHQWDWLRQV�WR�FRQWUROOHG�
FRQGLWLRQV�LQ�WKH�VLPXODWRU

n 6XEMHFW�VLPXODWLRQV�WR�UHDO�ZRUOG�WUDIILF
&XUUHQWO\�RQO\�ZRUNV�RQ )UHH%6'
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6DPSOH�(QYLURQPHQW

(PXODWLRQ
0DFKLQH

,QWHUQHW
7HVW

0DFKLQH

'+&3�IRU�
DGGUHVV�URXWLQJ

3UR[\�$53�IRU�
7HVW�0DFKLQH

ZHE�
VHUYHU

EURZVHU
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UHDO�QHWZRUN

(PXODWLRQ�0DFKLQH

%3)%3) %3)
5$:�,3

6LPXODWRU

1HWZRUN
REMHFWV

1HWZRUN�3FDS�/LYH1HWZRUN�,3

$JHQW�7DS

6FKHGXOHU�5HDO7LPH

QV

ZRUOG
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5HDOWLPH 6FKHGXOHU

([WHQGHG�IURP�6FKHGXOHU�/LVW
6\QFKURQL]HV�VLPXODWLRQ�WLPH�WR�UHDO�
WLPH
)DLOV�ZKHQ�VLPXODWLRQ�WLPH�IDOOV�EHKLQG
$ns use$ns use--schedulerscheduler RealTimeRealTime
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1HWZRUN�2EMHFWV

$EVWUDFWLRQ�RI�UHDO�WUDIILF�VRXUFH�VLQN
%DVH�FODVV�IRU�YDULRXV�QHWZRUN�W\SHV
n 2SHQHG�UHDG�RQO\��ZULWH�RQO\��RU�UHDG�ZULWH

5DZ�,3�DQG�8'3�,3�QHWZRUN�REMHFW
n 6HQG�UHFHLYH�UDZ�,3�SDFNHWV�RU�8'3�,3

n ,3�PXOWLFDVW�VXSSRUW

3FDS QHWZRUN�REMHFW
n 6HQG�UHFHLYH�OLQN�OD\HU�IUDPHV

n 8VH�%3)�OLESFDS ILOWHULQJ�ODQJXDJH
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7DS�$JHQWV

QHWZRUN
REMHFW

7DS
DJHQW

QV�SDFNHWV���WR�IURP�RWKHU�QRGHV

QV

VUF

GVW

«
XVHUGDWD

,3
SDFNHW
SD\ORDG

UHDO�QHWZRUN

,3�8'3
SDFNHWV
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(PXODWLRQ�0RGHV

3URWRFRO�PRGH
n 6LPXODWRU�LQWHUSUHW�JHQHUDWH�OLYH�WUDIILF
n ([LVWLQJ�DJHQWV��,&03�(&+2��,&03�
5HGLUHFW��$53��7&3�1$7

2SDTXH�PRGH
n 6LPXODWRU�GRHV�QRW�LQWHUSUHW�QHWZRUN�GDWD
n 2SHUDWLRQV��SDFNHW�GURS�UHRUGHULQJ�GHOD\«
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3URWRFRO�0RGH��3LQJ�5HVSRQGHU

Q�

Q�

Q�

���0E������PV

���0E������PV

,&03�(&+2
UHVSRQGHU

,QSXW�WDS�
DJHQW

2XWSXW�WDS�
DJHQW

UHDO�
WUDIILF

UHDO�3LQJ
DSSOLFDWLRQ

QV
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3LQJ��6WHS��

6WDJH�VHWXS

# Create simulator# Create simulator
set ns [new Simulator]set ns [new Simulator]
$ns use$ns use--schedulerscheduler RealTimeRealTime

# Emulator address# Emulator address
set me [exec hostname]set me [exec hostname]
# Or an arbitrary one (may require ARP support)# Or an arbitrary one (may require ARP support)
# set me “10.11.12.13”# set me “10.11.12.13”
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3LQJ��6WHS��

&UHDWH�,�2�QHWZRUN�REMHFWV

# Packet input# Packet input
set bpf0 [new Network/set bpf0 [new Network/ PcapPcap /Live]/Live]
$bpf0 set$bpf0 set promiscpromisc _ true_ true
set nd0 [$bpf0 openset nd0 [$bpf0 open readonlyreadonly fxp0] fxp0] 
setset filtfilt “(not“(not ipip host $me)”host $me)”
$bpf0 filter $$bpf0 filter $ filtfilt

# Packet output# Packet output
setset ipnetipnet [new Network/IP][new Network/IP]
$$ipnetipnet openopen writeonlywriteonly

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

3LQJ��6WHS��

$JHQWV
# Input agent# Input agent
setset pfapfa [new Agent/Tap][new Agent/Tap]
$$pfapfa network $bpf0network $bpf0

# Output agent# Output agent
setset ipaipa [new Agent/Tap][new Agent/Tap]
$$ipaipa network $network $ ipnetipnet

# ICMP ECHO agent# ICMP ECHO agent
setset echoagentechoagent [new Agent/[new Agent/ PingResponderPingResponder ]]

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

3LQJ��6WHS��

&UHDWH�QHWZRUN�WRSRORJ\

set n0 [$ns node]set n0 [$ns node]
set n1 [$ns node]set n1 [$ns node]
set n2 [$ns node]set n2 [$ns node]
$ns simplex$ns simplex -- link $n0 $n2 100Mb 1000mslink $n0 $n2 100Mb 1000ms DropTailDropTail
$ns simplex$ns simplex -- link $n2 $n1 100Mb 1000mslink $n2 $n1 100Mb 1000ms DropTailDropTail

$ns attach$ns attach -- agent $n0 $agent $n0 $ pfapfa
$ns attach$ns attach -- agent $n1 $agent $n1 $ ipaipa
$ns attach$ns attach -- agent $n2 $agent $n2 $ echoagentechoagent
$ns simplex$ns simplex -- connect $connect $ pfapfa $$echoagentechoagent
$ns simplex$ns simplex -- connect $connect $ ipaipa $$echoagentechoagent
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3LQJ��6WHS��

6WDUW
# Wait for ping to come in...# Wait for ping to come in...

$ns run$ns run

5HVXOW
n ��������PV�� �����PV
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2SDTXH�0RGH��7&3�����SDFNHW�SHULRGLF�GURS�

'URSSHG�6<1

$&.�RI�6<1�$&.

5HWUDQVPLWWHG
6<1

/RVW
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0RUH�([DPSOHV

aQV�HPXODWH�

([DPSOH�VFULSWV
n 3URWRFRO�PRGH��aQV�HPXODWH�HPSDSHU�WFO
n 2SDTXH�PRGH��aQV�HPXODWH�HP��WFO

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

2XWOLQH

*RDOV
(VVHQWLDOV
3ULPHUV
n :LUHG�ZRUOG
n :LUHOHVV�ZRUOG
n (PXODWRU
n 8WLOLWLHV
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8WLOLWLHV

7FO GHEXJJHU
7RSRORJ\�JHQHUDWLRQ
6FHQDULR�JHQHUDWLRQ
:HE�FDFKH�WUDFH�FRQYHUWHU
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'HEXJJLQJ�<RXU�QV�6FULSW

WFO�GHEXJ����
n KWWS���H[SHFW�QLVW�JRY�WFO�GHEXJ�
n :RUNV�ZLWK 7FO ������DQG�EHORZ

,QVWDOODWLRQ
n >PDNH GLVWFOHDQ@�LQ�QV
n ��FRQILJXUH���ZLWK�WFOGHEXJ �GLU!
n PDNH
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'HEXJJLQJ�<RXU�QV�6FULSW

8VLQJ WFO�GHEXJ
n ,QVHUW�³GHEXJ��´�LQWR�\RXU�VFULSWV��H�J��

setset tcptcp [new Agent/TCP][new Agent/TCP]

debug 1debug 1

$$tcptcp set window_ 200set window_ 200

n :KHQ�³GHEXJ��´�LV�H[HFXWHG��QV�GURSV�WR�

vintvint/ns/ns--2(121): ./ns t.2(121): ./ns t.tcltcl

2:2: lappendlappend auto_path $auto_path $dbgdbg_library_library

dbg2.0> dbg2.0> 
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'HEXJJLQJ�<RXU�QV�6FULSW
dbg2.0> hdbg2.0> h

s [#]           step into procedures [#]           step into procedure

n [#]           step over proceduren [#]           step over procedure

N [#]           step over procedures, commands, and argumentsN [#]           step over procedures, commands, and arguments

c               continuec               continue

r               continue until return to callerr               continue until return to caller

u [#]           move scope up levelu [#]           move scope up level

d [#]           move scope down leveld [#]           move scope down level

go to absolute frame if # is prefaced by "#"go to absolute frame if # is prefaced by "#"

w               show stack ("where")w               show stack ("where")

w w --w [#]        show/set widthw [#]        show/set width

w w --c [0|1]      show/set compressc [0|1]      show/set compress

b               show breakpointsb               show breakpoints

b [b [--rr regexpregexp--pattern] [ifpattern] [if exprexpr] [then command]] [then command]

b [b [--g globg glob--pattern]   [ifpattern]   [if exprexpr] [then command]] [then command]

b [[file:]#]          [ifb [[file:]#]          [if exprexpr] [then command]] [then command]

if pattern given, break if command resembles patif pattern given, break if command resembles patterntern

if # given, break on line #if # given, break on line #

ifif exprexpr given, break ifgiven, break if exprexpr truetrue

if command given, execute command at breakpointif command given, execute command at breakpoint

b b --#            delete breakpoint#            delete breakpoint

b b -- delete all breakpointsdelete all breakpoints
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7RSRORJ\�*HQHUDWLRQ

KWWS���ZZZ�LVL�HGX�QVQDP�QV�QV�
WRSRJHQ�KWPO

3DFNDJHV� *UDSKV� (GJH�0HWKRG�

17*� Q�OHYHO� SUREDELOLVWLF�

57*� )ODW�UDQGRP� :D[PDQ�

*7�,70� )ODW�UDQGRP��Q�
OHYHO��7UDQVLW�VWXE� YDULRXV�

7,(56� ��OHYHO� VSDQQLQJ�WUHH�
�
 

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

*7�,70

,QVWDOODWLRQ
n &RPHV�ZLWK�QV�DOOLQRQH

n 5HTXLUH .QXWK¶V�FZHE DQG�6*%

8VDJH
n LWP �FRQILJBILOH!

7KUHH�JUDSK�PRGHOV
n )ODW�UDQGRP� :D[PDQ

n Q�OHYHO�KLHUDUFK\

n 7UDQVLW�VWXE

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

*7�,70��7UDQVLW�6WXE�0RGHO

VWXE
GRPDLQV

WUDQVLW
GRPDLQV

WUDQVLW�WUD
QVLW�OLQN

VWXE�VWXE�OLQN

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

*7�,70��([DPSOH

7UDQVLW�VWXE�QHWZRUN
&RQILJ ILOH��H�J���WV��

# <method keyword> <number of graphs> [<initial seed>]# <method keyword> <number of graphs> [<initial seed>]

# <# stubs/trans node> <## <# stubs/trans node> <#randrand. t. t--s edges> <#s edges> <#randrand. s. s--s s 
edges>edges>

# {<n> <scale> <# {<n> <scale> <edgemethodedgemethod> <alpha> [<beta>] [<gamma>]}> <alpha> [<beta>] [<gamma>]}

# (average!) number of nodes = 1x2x(1+3x4) = 26# (average!) number of nodes = 1x2x(1+3x4) = 26

tsts 10 4710 47 # 10 graphs, init seed 47# 10 graphs, init seed 47

3 0 0   3 0 0   # 2 stubs per transit nodes# 2 stubs per transit nodes

1 20 3 1.01 20 3 1.0 # n. of transit domains (pure random)# n. of transit domains (pure random)

2 20 3 0.52 20 3 0.5 # n. of nodes per transit domain# n. of nodes per transit domain

4 10 3 0.54 10 3 0.5 # n. nodes in each stub domain# n. nodes in each stub domain
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*7�,70��([DPSOH

5XQ
nn itmitm ts1ts1

n 5HVXOW��WV��^���`�JE

5HVXOW�ILOHV�LQ�6*%�IRUPDW

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&RQYHUWHUV�IRU�*7�,70

VJE�QV
n &RQYHUW�6*%�IRUPDW�WR�QV FRQILJ ILOH
nn sgb2ns <SGB_file> <sgb2ns <SGB_file> <OTclOTcl_file>_file>

nn ts2nsts2ns��RXWSXW�OLVWV�RI�WUDQVLW�DQG�VWXE�
QRGHV

VJE�KLHU
n &RQYHUW�WUDQVLW�VWXE�LQIRUPDWLRQ�LQWR�
KLHUDUFKLFDO�DGGUHVVHV

nn sgb2hierns <sgb2hierns <SGBFileSGBFile> <> <TclFileTclFile>>

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

&RQYHUWHUV�IRU�*7�,70

)RUPDW�RI�JHQHUDWHG�QV FRQILJ ILOHV
proc createproc create--topology {topology {nsnsnsns nodenode linkBWlinkBW} {} {

upvarupvar $node n$node n

upvarupvar $$nsnsnsns nsns

# Create nodes, links, # Create nodes, links, 

............

}}

8VDJH
source <source <OTclOTcl_file>_file>

createcreate--topology ns nodes 1.5Mbtopology ns nodes 1.5Mb

����86&��,1)250$7,21�6&,(1&(6�,167,787(86&��,1)250$7,21�6&,(1&(6�,167,787(

6HH�<RXU�7RSRORJ\

&UHDWH�DQ�QV�ZUDSSHU

# Assume you’ve done “sgb2ns ts1# Assume you’ve done “sgb2ns ts1 -- 0.0. gbgb ts1.ts1. tcltcl ””

source ts1.source ts1. tcltcl

set ns [new Simulator]set ns [new Simulator]

$ns$ns namtracenamtrace--configconfig [open ts1.[open ts1. namnam w]w]

createcreate -- topology ns node 1.5Mbtopology ns node 1.5Mb

$ns at 1.0 “exit 0”$ns at 1.0 “exit 0”

$ns run$ns run
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6XPPDU\�RI�$3,�&KDQJHV

1HZ�$3,
�QVB�QRGH�FRQILJ

�QV�QRGH

QR�JOREDO�YDULDEOH�
GHSHQGHQF\

QDPWUDFH�DOO�ZLUHOHVV

(QHUJ\�PRGHO�VXSSRUW

1R�JOREDO�GHILQLWLRQ�RI�
FKDQQHO�DQG�
SURSDJDWLRQ�PRGHOV

2/'�$3,
^GVU�GVGY�WRUD`�FUHDWH�
PRELOH�QRGH

VWURQJ�JOREDO�YDULDEOH�
GHSHQGHQF\

QR QDP VXSSRUW

QR�HQHUJ\�PRGHO

QHHG�JOREDO�FKDQQHO�
DQG�SURSDJDWLRQ�PRGHOV


