a9 R - (sole alzo
Cwyd—o (3 o
IV Gliwal oY o Lol (o310 0590

0T 83335 g Ob ynS ©S 43 (9 $0ligS P geko A gd
J& g Joo sbasw Julxi 4o

\g . Y . S .
L}S@.mxmo‘J‘,,}ALoLuast‘ 633meJJ:;ol
w)_)w CA.:.)J: em‘b s ) Ja.:m; U‘JA.Q L;\N.J\ﬁéﬁ 0SS cjl.ibt.w‘—\

JA)..LA;,.:.:J: QK.WJ‘.)‘L}L}‘}A}éﬁ)MLﬁﬁ‘ﬁcd‘j&w&éﬁ@)‘wb)gﬁ?_}éiw‘)—y

JA)..LA;,.:.:J: Q&M‘Q‘JL}‘}A}éﬁ)MLJJﬁ‘ﬁcdb&&w&@.ﬁ@)‘wb)gﬁ?}‘diw‘)—v

armamdoohi@modares.ac.ir

VYA VIYA s sl

VAN il s gyl

el S et eSS Al O 3, S 5 St o (6 s 55 0L e hiles ale 5l -0

el S pand 5 Awloue Sl al Al ol glas IS ez 1 Al SLoleS shucs Pl 5 4K Sign s

Uun)b.dw\eﬁaau;whlﬂpQujrj@jldaﬁf\;w&n_,ﬁs\)bdbquSwlgwﬁﬁr}w&;ﬁ&ﬁ

s QLS |y Bl IS A s lpn Cales Jail 0 o a8 (glau s 3 ) s i a Dps b wax S Losd e s JE

Al 5ol a5 0L U o OleS jae Olej B xS St o 5ol S ale gl g OleS A e lie ool s

Ola Sgo wau i 5 b aS s e OLES ol 252 5 A b Ol Dbl SL o glaely (53,50 axlllas (5
Sl & & & <

s edas J 25 GlaOkeS 5 il (Ao ss A) 4B YARAY 4 YOAVY 5l as IS &y pm alts siome Jo 5 OLS sl iu

l;ﬁ)A‘L.ALEJJQ\",oJM&\ﬁ()l{g}.x{)qjluijzﬂf:}ﬁ e ielsS Sleslanal &y 5 IS o i Ao 3 TV s gd

sl A3 g asa 5 Gl doys VY Usles a8 558 0 4B TYYY )L oS

DL Ol U5 gloly ion Olo3 ey 38 (i S St p3 o ol S St o (ST QB 319

oS Bl ars Sl (glaltns 5 Ol 4 5 1S
P R T B e R
(i LSl (V] 6 5 gl 5 [V] bLo)) slaasis
22 e s Laadd o SVLL O 2 4l LS bl )|
e l Glas 8 1Y 50l B 5 fe laasls
S 3 LadleS lua sl (J& 5 Jom slaasd s

£y

Ao —
ol ;;Tg_évt_ndtg;_.ﬂ\‘uif_,fg}): relsS

bjswgeujsm.yqjﬁylbpw\&,s

1- Minimum spanning tree
2- Cost



&I,K«a;f}w Lé)}:d

‘5\.&@‘}?\;6)3 OT :ﬁJlS}u:-,:...f IS Cﬁjab’_,s f‘,.g.u A g5

Dl st sl ) das da g Lol L
) SIS S 3 s s B eSS el S
ol A5 e 55 s dalons (3T i Olag el
Als Gy 3 0l Sy sy Sk (o gk
Slaely 4 o3 5umms 55 (S S op el S
s LolE ISl s 0L Okl U ,S
S Al il g S S o 452
S (eSS a0 LAlE S Ol e
ol osy am daiteliw sLols o sle (5 28
Spd e 0ls jaras a5 4 ol glole L edcSeslanad
Ao s 50 &S Cnl Oy ol 4 dlis ol Sl

Slaesls an oo s 53 5 Sagi b0 &
O3S Sb - slaely ad sla Shs e 5l calies
o3gda 5 B 5 e Al e ladelle glols
5 ElS bl e eler S o pd e w anllls 540
i 5 Lol e

Bl e Olslgly

Sl s S et 4 o

i 93 -
Slud s b 5 lwdds sl m &St 53 0L > il
LoaS Wledd s Laaslis s lea.a Calises gladkine
Sl =B b oleangs sla o) 5l el
S0 5 SAR0s slaaSd daass Goslas dex
Aol C}_lm ol 3590 5 63k Jlew a5 Kl e
i JA5 5 o St o3 s S S
03 Sy O Gus a8 el B xS o3 op 5o S
03 p e (Dol S s a g il L
Slosos Cawla 3l 528 s b S s

ws e Olasie 5l b Ll baee Jg ool Sls, e

3- Loaded network

Y

B S 53 el S s oS plaoles 5 o
S olea Jyl s ;K oS 4 s 4,8 s
o= prrere Sl A Gl gleslr Y& 5 Jo
o=l i 3 Shes (il 5 Dl 5 ol 68
Dbl [rals Eel LI5Sl S0l 4 oS2
4 Ol e A pod Ol g2 4 3538 ltne 8 5 odilne
5 Phs Sd el aman 5 lLL o
Sl L Ol 85 Ol s &b 2 Sl o
Ol g 8L 5 e sdean 4 SLeySGS (gl O
Ay et e s, S il Sl T sbelKanl s
Solsd (o 5 5 S 53 Sl S sede
s JB 5 Jom w05 3 At il psle (50 0
osliul S S s Jols o3 s 5 sl Slas
[0] il sl
Slasie 3l ol Ll biae dae 0] 55 a5
BLS Job b al5T i lej oo (JE 5 Jom &K2) 055
Ll 3 ol B ] 5 o 53 S5 aom Olee S 100
S Ole) e B 48 03y Jles] 5 esle -
Jol 4l s Slas omdly 55 5,8 o ks |y ok
Ol s el 5 e S 5 Jales
Csba S us o Slasin jl G ol O son
3 s e Slslons 0o 43 LS 5 g
moslw el 503, S e Lol @ divss Cnle
Ole) oy gmmas a3 a0 b e alies 0L (5l
3550 Ol o 3T i Olay (sl a4 3 3l i
Wl S s Feb S Sl S s Sas
&:—M’%MJ){JUJC‘}_@ aS syls GO0 dlae oyl
B 5 Jom Glasd ) A peS s o Feb S

1- Supply
2- Demand



a4y gl:...:l: A A)LQ-:' ‘r.majba 09>

e Ol s pim g - el doms

st:z:xe =n-1

¥)

e€E

Xe <IS|—1VScV
e€A(S)
Xe €{0,1}Ve€E

)

Of Gda S el 5l asl, Gous )
Sy ede boa Yodal) cd Sl IS wy e 05 Sess
O |y Al 55 0 s pde b 55 (gaail 5 adl>
V] S e
3 o el S skl ol Ko s s b
Sl aS [A] ol o 1l sl 5 L by 5 2lS
3V(G) oo, S s pazs LG =(V,E) ,53,0 GBI S
Slac =55 ds sazme T(G) S| E(G) sLaileS a5 oms
Jsb &g O 5o tilie QLS Jsb S 5G L3 Sew

L S M‘ﬁ JJ‘J.? "LMST(G)” C,}')) uJ..JJbU)S

Lust(6) = min ) &l (e €T)

eeE

(&)

"ol Slol b IO yanast dliuw —V-T
5 b Sl daie s Glalols o Lol (S8
JB 5 Jom K2 S gl s BB 51 0LS 55 0L~
St 4 &S Lol S5 Garasss fles 5l pasis
aabyy 5 el plodl BB il sla o5 sy o sine
Sl s 5 LOLS 53 0L 3500 B 5 e S5
s Al b gla s 1) alllas s e 4
et 5 2ol Jsl Jeol e Vgema [A] (S35
Sl s il sl iy ool sl 0L
o5 L0l sl S Wl oxe sline la s b 4l
RS dn yomie 4 S ()L, 5,8 s sl s,
Olaj 48 A8 o ) (0w 4 Jilas 2 350 0 JolaS

1- Traffic assignment problem with fixed demand

Py

P Obey Je 35800 53 S8 5 Jom saSE Olea
iy OLaS a3 pagde Ay onl 53 0LS Jsb sl
Cmd b Cus gl 5 Lol L Cow i Ol ele G|
ol S e (5l DS Ay ia opl 5l s 4Bl Anw g
Cadl 28,8 Lo Lo g e enlial (38 oty
A1 53 OLaS J by OF 03 g3 gdomn 5 4y pn 2l
GLolis 5L 03 S Bl 5 458 p e anm 55 o Slalllas
S8 Sl 5 Shud s b ab g e s (B 5 Jom
Sl Sl Jdod 50kl | 5508 SL S slal,
SLBE oy iln Jolas s 335 olonil 0T s
Sl 5> La0kS sl i Ol drlowe 5 deaie—on
Sl Ble = ais SaS a ) iS glaely S S
slacly eagde 53 5 2lS s o el S 5 VISUM
~Jds WinQSB (s 33l 5 (st b 08 Ol L 55

Dy J= s ol

(MST) b gl S 38 (3 Foligs dliwn —V-Y
iSSP s o Gl S Sl Sl slagdnd s
SG=(V,E) SIS Gl shudse p Kol ol &1
T(G) LakS 4 sazms E(G) las S 45 sazes V(G) O s
(aa52) O35 We 5G Lo (Sew lac 55 (545 gas
sde del ol js cnl 3 Oy Ay e me OleS
AN So L s Sopo s s ke Xe e
235 S il Gl s nlS s e pelb S se OleS
SLaOLaS 42 some o8 A®S) ol (Gho Sy g0 ol 8
S slas S desams g iS Sl G= (N, A) GI S 05

‘C,.JTc})séucjfalwknjw\cmisﬁ}@

min Z We. Xe
eeE

eeE

Q)



UKo 9 > 9o LSyl

‘5\.&@‘}?\;6): OT :ﬁj\s‘;uij;mf C,.‘i-): Cﬁjab’_,s f‘,.g.u AMJS

s (syls )3

Ol 5@ Olwl (83390 digad o (SdOSIS -
S L3 Fel S psehe ann s S s Gl
ol Ol Jayl i U 0F acglie 5 5L s dayl s
2558 Shb slaely &S 4 WWAC Jl glol s Sle
S Oles g Gl odd osly ot sl ), w
Olwl 5L 5 slmely) anllas 3,50 63 s slaOlS
5 glAml S S s Fel S arale ol (01,6
2y e S 05 5SS S S L
e Lol s 5la )5S laoly 4 S|

Llalias (63555 Sledbl andllas 3 40 05 gde 5 Lzie
03 3dms (SLaOLS L3 i Olej 03,51 Cesn )
S an WA Jlw Lol o 5l casdlles 5,50
o Sl st e 03l pacadd 528 Sl gl
R e S Slael,y A il glagdpanas
el (SB1 5 o) 3 Shes 5550 plal 4SS
5 S5 S e LIS B 5 S5 s s
S (a5 ey 3 ol Glaz b 5 sdee s 5
[V Gl Y i Slaseia L 0l sl S5 slasl,
oS AL L) 1y 55aS Sl s glael,y ais ) IS
01 ghua=l ol o 4 (VEVAO km J5b 4 OluS V1LY

s e QLIS iS &8

Oyl SUs slacly 5 & 5 o a0 Slaseiie 5 (V) Jg

Sl Sis 3,
A0S Lo |
ARFAY Lapks Y
e ,lS TEVAO Lol IS Jsb Y
b o1 S e s |8

#f

SW s 3 i Ol ameS )3 S WS | 55 i
03w Ol 5l 2eS 505 5 (5)1_..‘.4&@54.';”&:“\
Cl 2 =l s T3 A e sdlieslinal (gla e
3425 L B 5 Jorm 0t K 53 S e s V1]
O SO ol Seslanal Hlis, s weub glols
|):P&_:A\JJLVS\J@&ZJ:.,\J&U;-)@Q:&J
S s S s md &S S e S (65 5b
o=l INVT AL Obes 550 40 538 5555 s oiS
ol sl S 41808 Jle s eSS 1 altes
50> Olar O Clyr S [VY] 58 Joid (oludnaS
5 @ olasS 5> Slas C’U (@) S1.ool S e Ol
q° S daie 51 e o e (el K3 0L ke
a Ol 55 0L o e Xy 8 deale 5T e (s Ol s
it s el K 3 0LS S1) S5 She ke Ba
(o Sy smo ) 53 5 K Adls date 51 U
i s ) ol s 5l Jao il

el 5 e

min) = 3, [ e @ao ©)
st: Z fI5 = qrV 7, s v
frf=0Vkrs )
X = Z Z Z 1 835% W

S 3 Coles (gluaieS G &6 (0) alai

WSk 53 Ok sl Jeol (V) dasly dafleS s Shas &6
F i o ok s 3 Ol 03l b3 (V)
Xy OLaS 3 0L ) (SaS alaly (A) alaly 55 deaio

Laol 532 OLaS a8 ol ol s OL > gsnme 2l

1- Beckmann



LY Ol oe wﬂ.ﬁ;}g}—&d}u

Y4y QL‘.'“U A A)LQ.:! ‘r.njb: 0,95

¢7
{/

3]

=
»»r,{.u <
O/
%‘*mbﬂ. 4 4

Wra!

r_N._
r‘x

(¥
A
sV\,..,

3

2 .\»‘
]
E%

.%:

S (V) YK

2558 Gl 5 Olpl Sl slasl,

St e ol

bl e

‘;Ibl‘;\}x‘;'.lifidhebubl

MSTos Bl 2 SL2slael,

oS oslat
=L oylai

70

Jl’lf:’ ‘_;U:ab)wl.ha 340 03 9de (Y)JS.:‘

Ol ol



UKo 9 > 9o LSyl

‘5\.&@‘}?\;6): OT :ﬁJlS}u:-,:...f (;.‘5-): Cﬁjab’_,s f‘,.g.u AMJS

=0LaS Sl (ol Ol 3 Jites 5 OLeS 0T 5131

ol 3B YTV 4SS 5T e Ol s e gkS

Ol Ol 5L ,a slaely 5 i 5 Jom oS Slasein () J g

Sl Sns 3,
o e S \
Yo laols Y
e kS VYY) baoly S Jsb ¥
\ N ENTY B

s WWAS Jlw Lol U s g = £ IS

SLolE yarasd Sl dn |y 558 st s o Seli S
Ol g5 Olal 5L, (slaely 03 5me 55 5508 IS (5 Bleus
sy siS Ao lde Glols (s Ole a4 e e 0L
&l ol Sl g 2 5 odd ol yaeass gl S
DS mily Emely el sl el 0 1 O, Ol L
3550 e 0oy lnl Gl 3 slaely 3 Jolas O o il
o=l 0 S st el S aloe (g1 eolind
i 5SS Slols Lanass 3l b ol bl
2l Ol 5 5558 S 4Kt eiSeolizl Joles o 5
S35 o 5 e el adllan 5558 03 30ms (g1 O
Olimse 5l ol St Slasiiie s osdle s 0 oyl
.A_JJs 2 doal i Kver L 5 (65 Lol
Lo a8 Glaely SLd Sl gs 2 S8 anass
S s 5l Ak oLl VISUM (551530 5 sy
A eslil 328 st o Fol S e (sl J3l
0V ol S L 5l a5 anS s ok i
Jsb ol S ie A3 x5 L OLS YA ;5 S es
Olej 5 o35 oS VAN plp ddr om)s JS 55 lagles
S el s B YVEE Ol s 4SS b

oy o 4B YARAY w5 al (a5l (138 L

55

53 \WAS Ul (sl 5558 daiem s Lol g 5o
SV Gl o g £ L glaSd 4 68 07 el G
Solm s sl —t s LT ol =Y g Bl
SLolE s Sle 51 tmgn pl 5 35l e 03y jacesS
L] ol s eslazad YWAO JLe
L Ol Olul s cpl 5 andllas 3550 05 gdove
OLaS VO 56,8507 o Jarin Jb 5 slael, o
S a3 Y/E oS a3 g sk VYY) b« b game
Y s das e (SIS 508 LS sladly IS
Syseedgdme ¥ SKE g andllas 3 90 (God gdome Dlasiin

Aas o 0L, Olgs Ol b 5 slaely 5 aalllas

QP S0y Joles Jow b -
O 5@ bl S5 55 (Slaoly Sl g
u;}):&'ﬁ)_?ol_?jswqu;,.aw,@bgdwd\);
sl anw s Lo L Cov e Ol S 4 3 2lS
o lde Lol s Sl bl ol 53 50 0 J
S35 S Sl b 4K 4 1A L sleslr
3550 03900 SAOLS j3 dw Oley 9 A edls [ anass
ol s gl Al Ol Okl SL o slaely 5 andllas
J_:Md\ﬁ.wfcﬂagui]@f&);w;alj;ud
@l_z)“.x_»hﬁ)@;;\ﬁgj‘uw@mww
aS das e 0L c,l_:.:.)u_)\_.ﬂ A.w.ilj.a(,.alfju.fl.i)')\
BYYpEves R ST UK TIPS a.,\.aT.sﬁ-)A.gc;\):i_?
S cess gl Sl sl Al oS aw Ol
5 A S G Sl S S & e L
NS e S agsa 5 oS & Jb
S Lol L s o 2 sdasilis ¥ IS
Olisl Gl slmely oS Ct 3 o 5ol S oms



Y4y QL‘.'“U A A)LQ.:! ‘r.njlp 0,95

w).l.af)‘}aﬁ wﬂ.ﬁ}}g}—&d}u

/

/

NS ~~
.
L

(JWA..

RUY)

N/

¢

—

MST 55 &5 b 15 sl ol

Sl 5,

- "é'l:.dlcjﬁ‘j'\w.iéhabub\

MSTs 5 1 b sla ol
oS oyles
el oyled

Gho sLoli) (s,1850 51 3 0 obud L3 aSid 5 2 ot s o el (F) 3

LUl MST s sl il sl ol

Sl 5

el 05 LS sla ol aalsl
MST 53 &ls s b2 o o

oS ot

bt

SIS Sl Ol Ol Sl el 528 S s o b S () JKS

7Y



UKo 9 > 9o LSyl

‘5\.&@‘}?\;6): OT :ﬁj\s‘;uij;mf C,.‘i-): Cﬁjab’_,s f‘,.g.u AMJS

)U_E.A [_3} S| (J\_..o).) \V) AfU £Yq0 S 9> 4/.5...9
aB YATAY &S L a5e p sede Jlasl L) sel Cowsay
e aS 31y sl (Lo s A) a3l Y1) (Ul asls

C,v.u‘ M))Q L;Lb

Otolgides § & 5 4oms -0
3ol o gl s 5o 0L e il
el i nS E s 5ol S s 0T 5, Shes
G sl 5 ke gl 5 s Sl Sagn s
Ll s ol glaslS alar 5l Kt slailes
Jsb a0 OF D32 d0mn 5 iy pn EE el (85 a3
o asupr e SRagiy opl o3 (Dldlae ST s Ols
o A g Sk A Lol )L oo i Ol
Sd Sl 4 S St o 5ol S ol
A il

BLaS VO 51 (5L 5l 1) i sl Ll s
03 OLaS 08 Ol g5 Dbl SU L3 slaely aSd )5 555 50
ST i Oy a8 a8 13 5 28 ot s o 5ol S
3 da el e 4 SEYOAVY Ll L] £ sazes
St 3 o 3elsS 55 OleS 0) alivs sume = 5 (1S
A) asBYATAY 4 LS aysa ds cils 53 5 S
R Aoy T g edias 155 glagleS 5 Rl (A s
Sl Ob 05) adsl 5 a8 o ys o 5l S STl
oo o 40y 58 A3 o 48 S 05 Lo L o bt
il slas & Cllas ol 65 e aSBYOYYY oKk oy
Ll (G y3 4 Gl 5 a5 (gho s VY

Ol Sb - laely sl altas ol | s a5
S o5 55 sty Stk 3 S oy O
g eolial (oolgily psede (S 40050 plas 4SS
53 La0l (58013 s b et slalaS sty !

ZA

S s S de glagleS wlasiie vy s b

534S sy d e edalie (IS Sl am 5 13 2 28
A Ol @S (IEL @ a5 L asles 5
JS A (458) Oles ks 0T aoms oS sl 03,5 s
S r sl Js o el panS s 56 sS
035m0 O Cle 5 4l (6 i i Olej 35 LaOLeS
23 Gl ek 48 el (IEL 51 dm OleS o
S leost ¥ s el 03551 35 54 OLeS d Ol
S s 3 (S Cos s o el S Sl

'MJLSA QL.:J b céj‘K)L.’

Slhds s 3 5,08 St s 0 el S Sledbl (F) J g
Lol avgliay 138,

GMELL 5l am | 8L 5l S bl 3,
Ve VA (o5 S) MST J5b \
0\ o¢ MSTOWS sl Y
YACAN Yoayv (a5B)MST 2w Obs3 Y

WY =80 5l sy 5 =3 MST 5 S e slaOleS Jsb .
FogkS
OLS YA =6 ,138 5L 5l day 5 |3 MST 5 S i OleS sl Y

GEYNYFY = I8,L day e 5 MST (laoleS iw Ol ¥

Bl a4 3s o gde ey b St o 0L ol

4 O0lS 08 31 OleS slaas fals 555 L bl L cos
Sy el S Jsb talS emea 5 OLLS 0)
Olye oyl 31aS) oS VeY w e gl S VA 51 5 28
Olymn a3l 5w (Lmes S 280 2 LS VY
poehe @SS s o STl a5l b Y1
St s op el S oy eslizal 3T i 0l 5l an e
w3 O e 35 Al b Lol L w22
A8 pxe s 2 g (S350 Bged Sl glaSl YYYY
S sl B S et s o 5e S 0 she Ole
Clols ol L cmal 4B YOYTY Lo pama 6,050



a4y gl:...:l: A A)LQ-:' ‘r.majba 09>

LY Ol oe wﬁ.h}};—w.kﬁdm

JE 5 e Col}. Sldlas gl slols oo i [T
Léﬂ‘j}ﬁ‘) Q)\JJ‘VM}UL)\JfLNMJijJS
OLE VT

[7] C Feremans, M Labbe and G Laporte , “The
generalized minimum spanning tree problem:
polyhedral  analysis and  branch-and-cut
algorithm”, Networks, 2004, Vol.43, 71-86.

J A Fill and J M Steele, “Exact expectations of
minimal spanning trees for graphs with random
edge weights”, 2004, Acheson University.

[9] A Kanafani, Transportation demand analysis,
First Edition, McGraw Hill, New York, 1983.

[10]J D Ortuzar and L G Willumsen, Modeling
transport, Third Edition, John Wiley and Sons,
2004.

[11]M Patrikson, “The traffic assignment problems-
models and methods”, Linkopring Institute of
technology, Linkoping, Sweden., 2003.

[12]Y Sheffi, Urban
Equilibrium  analysis
programming methods,
Jersey, 1985.

transportation networks:
with  mathematical
Prentice-Hall, New

£

534S il glaaim b 5 nlS Cs s o Seb S

.Mp¢}€,&ﬁw|%>ﬂ)56\ﬁﬁ:

&Uo -#
[1] S Pettie, "On the Shortest Path and Minimum
Spanning tree  problems", PhD thesis,

department of computer science, The University
of Texas at Austin, 2003.

[2] S Chung and A Condon, “Parallel
implementation of Boruvka’s  minimum
spanning tree algorithm”, Computer sciences
department, University of Wisconsin, [EFEE
Journal, 2003, Vol. 7, No 1.

[31] T M Murali, “Applications of minimum

spanning trees”, Science press, 2009, In Proc,

39th Annual IEEE Symposia.

[4] S P Bradley, A C Hax and T L Magnanti,

Applied mathematical programming, Addison

Wesley, 1977.

D Eppstein, “Dynamic euclidean minimum
spanning trees and extreme of binary functions”,
Department of information and computer
science, University of California, Irvine, 2009,
Tech. Rep. 92-88, ICS, UCI.



Abstracts

Minimum Spanning Tree Concept Development and its
Application in Transportation Network Analysis

A.R. Mamdoohi'’, A.R. Mahpour?, M. Yousefikia®

1- Assis. Professor, Faculty of Civil & Environmental Engineering, Tarbiat Modares University, Tehran, Iran
2- M.Sc. Graduated, Faculty of Civil & Environmental Engineering, Tarbiat Modares University, Tehran, Iran
3- M.Sc. Graduated, Faculty of Civil & Environmental Engineering, Tarbiat Modares University, Tehran, Iran

armamdoohi@modares.ac.ir

Abstract:

Minimum Spanning Tree (MST) is a well-known problem for analyzing the structure and
performance of transportation networks. In this problem, cost is usually considered just as a
function of supply (transportation network) properties, like Free Flow Travel Time (FFTT)
which is independent of traffic volume. This is a simple and ideal presumption that neglects
the effect of traffic volume on links travel time. Although network performance is a result of
demand and supply interaction in reality, this assumption which simplifies the solution
neglects the sensitivity of this problem to demand. Therefore MST estimation would be more
accurate and realistic by using real travel time instead of Free Flow Travel Time (FFTT).

In this paper, MST problem is solved by substituting FFTT with the cost related to the effect
of congestion on link travel time. This modified cost is achieved through assigning origin-
destination demand matrix to the network, based on Deterministic User Equilibrium (DUE)
assignment procedure by means of VISUM software package®. Then, this new cost is utilized
to formulate and solve MST problem using WinQSB software package®. The solution of
DUE problem is based on the behavioral assumption that each motorist travels on the path
that minimizes the travel time from origin to destination. This choice rule implies that at
equilibrium, the link-flow pattern is such that the travel times on all used paths connecting
any given O-D pair, will be equal. The effect of travel behavior of choosing the shortest path
is reflected in equal travel times between each O-D. Thus in this study the effect of the
aggregate travel demand on the individual behavior is considered in the loaded version of
MST problem. In this way the dependence of each individual decision when entering the
network (marginally) on the decision of all the previous travelers who have entered the
network is taken into account.

The proposed concept is applied to the case of Tehran province network, consisting of 56
nodes and 75 links. For this purpose Iran country intercity origin-destination demand matrix
of the year 2007 is assigned to the arterial roads of entire country network consisting of 854
nodes, 1147 links and 56 traffic analysis zones for 4 different travel modes (1- passenger, 2-
air, 3- train, 4- bus and freight) and travel time on Tehran province network is derived to
calculate the MST. Results show that by developing cost concept to the loaded condition,
despite decreasing MST link numbers from 54 to 51 and also decreasing its length from 718
km to 701 km (with 627 km common to both) total cost has 2144 seconds increased from
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unloaded MST (25973 seconds) to loaded one (28081 seconds). Moreover, if travel time
derived from loaded MST and links from unloaded one form a new Tree, the total cost of this
tree will be about 17% more than unloaded MST and about 8% more than loaded one, which
means 17% increase in total cost with 9% error.

Keywords: network analysis, minimum spanning tree, cost, travel time, Tehran province
arterial roads.
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