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GeneralGeneral FormulationFormulation of the set of the set KK forfor traffictraffic
network network problemsproblems, , spatialspatial price price equilibriumequilibrium
problemsproblems, , financialfinancial equilibriumequilibrium problemsproblems
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DiscretizationDiscretization ProcedureProcedure
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TheoremTheorem
( ) [ ] { }positive definite a.e. in 0, the set

(weakly) compact, with feasible cluster points solutions 
to the EVI.

n n
A t T U H

∈

 =

�

( ) [ ]( ) [ ]{
( ) ( ) ( ) [ ]}

{ ( )
( )}

2

, , 1

, 1

0, , : ( ) ( ) ( ) a.e.in 0, ;

, 0, ( ) a.e. in  0

: : a.e.in , ;

a.e. in  ,

m

n m
j n j nn j j j j j

j nj j j

F t L T t F t t T

t t F t t ,T

F F t t

F t t

λ ν

λ ν ρ

π λ ν

ρ

−

−

= ∈ ≤ ≤

≥ Φ =

= ∈ ≤ ≤

Φ =

K R

K R



Southern Ontario Dynamics Day Southern Ontario Dynamics Day 
April 07, 2006April 07, 2006

1212

LemmaLemma n
n j

j
= →K K K�

( ) ( )
( ) ( ) ( ) ( ) ( )

0

Initial problem: 

, , 0
T

H t t

C t H t F t H t dt F t t

∈

− ≥ ∀ ∈� �� �	

K

K

TheoremTheorem

( ) [ ] ( ) ( )1

1

positive definitea.e. in 0, ,

has (weakly) cluster points solutions to the initial problem.

nN
j j n

n n n j
j

A t T H t t t Hχ −

=


 =�



Southern Ontario Dynamics Day Southern Ontario Dynamics Day 
April 07, 2006April 07, 2006

1313

( ) [ ]( )
( )( ) ( ) ( ) [ ]

0

strictly monotone

0,T , uniquesolution to the EVI:

, 0, 0,

q

F

u t C

F u t v t u t t T




∈

− ≥ ∀ ∈

R

••DiscretizationDiscretization the time the time intervalinterval [0,[0,TT];];
••SequenceSequence of PDS;of PDS;
••CalculationCalculation of the of the criticalcritical pointspoints of the PDS;of the PDS;
••InterpolationInterpolation of the of the sequencesequence of of criticalcritical pointspoints;;
••ApproximationApproximation of the of the equilibriumequilibrium curve.curve.

ContinuityContinuity assumptionassumption
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TrafficTraffic NetworkNetwork
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Direct Direct MethodMethod

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) [ ]( ){ ( )
( ) ( ) [ ]}

( ) ( ) � ( ) [ ]( ) ( ){ }
( ) ( ) ( ) ( ) ( ) �

1 1 1 2 2 2

2 2
1

2 1 2

2
2 1 1 1

1 1 1 1

3
2 1 0

2

0,2 , : 0 ;

0 3; , a.e. in 0, 2

0,2 , :0

1
3 2 0

2

t H t F t H t H t F t H t

F t F t L F t t

F t F F t t

F t t F t F t L F t t

t H t t F t H t F t

� �+ − − + − − ≥� � � � � �� � � � � �� �� �

∀ ∈ = ∈ ≤ ≤

≤ ≤ + =

= − 
 = ∈ ≤ ≤

� �+ − − − ≥ ∀ ∈� �� �� �� �

K R

K R

K



Southern Ontario Dynamics Day Southern Ontario Dynamics Day 
April 07, 2006April 07, 2006

1818

( )

( )

( ) ( )( ) ( ) ( )( )

1

2 2

1 2 1 2

6
if 0 1

2
2 1 6

if 1 2
2 6 2

6
0 if 0 1

2
2 4 1 6

if 1 2
2 6 2

, ,n n

t t
H t

t
t

t

t
H t

t t
t

t

H t H t H t H t


≤ ≤ −�

�=�
+� − < ≤

� +�


≤ ≤ −�

�=�
+ −� − < ≤

� +�

→



Southern Ontario Dynamics Day Southern Ontario Dynamics Day 
April 07, 2006April 07, 2006

1919

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

0.5

1

1.5

Time

N
um

er
ic

al
 s

ol
ut

io
n

H
1
(t)

H
2
(t)



Southern Ontario Dynamics Day Southern Ontario Dynamics Day 
April 07, 2006April 07, 2006

2020

TrafficTraffic NetworkNetwork
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EconomicEconomic MarketsMarkets
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nn m m sectorssectors: : householdshouseholds, , domesticdomestic business, business, banksbanks, , 
financialfinancial institutionsinstitutions, state and , state and locallocal governmentsgovernments, , 
……

nn nn financialfinancial instrumentsinstruments: : mortgagesmortgages, , mutualmutual
fundsfunds, , savingssavings depositsdeposits, money market , money market fundsfunds, …, …

nn ssii((tt): ): total total financialfinancial volume volume theldtheld byby sectorsector ii at at 
time time tt

nn xxijij((tt):): amountamount of of instrumentinstrument j j heldheld asas anan assetasset in in 
sectorsector i'i's s portfolioportfolio

nn yyijij((tt)): : amountamount of of instrumentinstrument jj heldheld asas a a liabilityliability in in 
sectorsector ii''s s portfolioportfolio
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