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Outline

m The static multitiered network equilibrium models
— Supply chain networks with fixed demand
— Electric power networks with fixed demand
— Financial networks with intermediation
m The supernetwork equivalence of the supply chain networks,

electric power networks and the financial networks with the
transportation networks

m The dynamic network equilibrium models with time-varying
demands

— Evolutionary variational inequalities and projected dynamical
systems.

— The computation of the dynamic multi-tiered network equilibrium
models with time-varying demands.
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The Supply Chain Network Equilibrium Model
with Fixed Demands

m Commodities with price-insensitive demand
— gasoline, milk, etc.

Manufacturers

Y Retailers

Demand Markets

PN BATER The Virtual Center for
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Optimality Conditions

The Behavior of Manufacturers and their

m  Manufacturer’s optimization problem

r

; . #

Maximize E Prgiy — fil E :f?z; qij ),
i=1

m The Optimality conditions of the manufacturers
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The Behavior of Retailers and their
Optimality Conditions

m Retailer’s optimization problem

m

o
Maximize Z Paidik — il Q') — Z P11
k=1 =1

subject to:

m

Z Gk = D G-

k=1 i=1

m The optimality conditions of the retailers

m n sy L+ n o
Z [f_ LEEQ ) + Pl “3] W [% —q;‘j] +Z [—p;j +~,;‘] % [q;.ik — fj’;k]
i=1 j=1 ij j=1k=1
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The Equilibrium Conditions
at the Demand Markets

m Conservation of flow equations must hold

de=> qx. k=1,...,0,
i=l1

= The vector (Q?* p,*) is an equilibrium vector if for each j, k pair:

* . .o - F’Em if Q';JL =,
P2 T (@ 3'{ = Pae @ =0,
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Supply Chain Network Equilibrium
(For Fixed Demands at the Markets)

m Definition: The equilibrium state of the supply chain network is
one where the product flows between the tiers of the network
coincide and the product flows satisfy the conservation of flow
equations, the sum of the optimality conditions of the
manufacturers and the retailers, and the equilibrium conditions
at the demand markets.
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Variational Inequality Formulation

m Determine (' 0% ~*)ck! satisfying

=1 é‘ Gij Iy E’]qﬁ

j=1k=1 j=1 Li

QL Q%) e K.

K1 is the feasible set where the non-negativity constraints and
the conservation of flow equations hold.
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The Electric Power Supply Chain Network
Equilibrium Model with Fixed Demands

Power Generators

N P
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The Behavior of Power Generator and Their
Optimality Conditions

m Conservation of flow equations must hold for each power
generator

=

Z_qgs:qg. g=1.....G. (1)
s=1

m Generator’'s optimization problem

Maximize Z Postias — fa(@") = Coslas)

stibject to:

m The Optimality conditions of the generators

Df QM) d..rrgs(qgszl ] . 1 _ pos
~ < s — qug] = 0, YO e RI".
S5 (o2 Do) |t i) 20, vt e S
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The Behavior of Power Suppliers

m Supplier's optimization problem

% G G V
Maximize Z > Pt — Cs(QY) = D Plostas — D Casltlas) — Z Z el dsre)

k=1 v=1 qg=1 a=1 h=1v=1

subject to:
O

Z Z qd. — Z fgs (8] |

k=1 wv= g=1

f;gsi“.. ﬂzl.....(_f.

Gop = 00 hA=1,..., K:v=1.,..., V.

m For notational convenience, we let

G

he = Z (gs: S=1,...,5 (13)

=1
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The Optimality Conditions of the Power

Suppliers

m The optimality conditions of the suppliers

ey bt

a=1

Y- el FEVNED DY

S K T [Ur‘;.ld'a'
1

s=]1 k=1 t= U]{lisk'

C S [Degslyly) S
DN e +f*i_as] % [das — 5] 2 0.

o=l =1 | Ul

where K* = {(h. Q*.QY|(h. Q*. Q") €

. R‘-l I+THK+G)

T ‘and (8) and (13) hold}.
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The Equilibrium Conditions
at the Demand Markets

m Conservation of flow equations must hold

s T
di. = Z.Zq;k‘ F=1..... . (17}
s=1t=1
= The vector (Q?* p,*) is an equilibrium vector if for each s, k, v
combination:
. PP it - ), .
_fi’ L '( }31‘ ! f):‘t)'{l 1 !QR rlﬁ.
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m Definition: The equilibrium state of the electric power supply
chain network is one where the electric power flows between the
tiers of the network coincide and the electric power flows satisfy
the sum of the optimality conditions of the power generators and
the suppliers, and the equilibrium conditions at the demand

markets.
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Equilibrium
(For Fixed Demands at the Markets)
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Variational Inequality Formulation

m Determine (4.0, Q" Q%) K satisfying

C D" g Bt Dogslqgr ) dogslgn)
Z r‘frgl._f[ | _jrx:j (Jlg—qq]—}-ZLI A [h g ]-{-ZZ |: Cg flrg f? _\‘fgk v [’}gs_{?;s]

g=1 I__}(Ig _ [,_1 s=1 ()rI’BS ‘:}{!gs
SN U"'Ea-': *'fi.;f ) v 2 v V] e [ 31 52 ~0 5T
+ 33 | Q)| Xl — ] 200 V(e hQLQH KT (20)
s=1 k=1 v=l sk

where K = {(q. h. QY Q%)) (q. h. Q1. Q%) & RHS+GS+VSK

and (1), (8). (13), and (17) 1’.‘.{1.{!!‘.}.
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The Financial Network Equilibrium Model
with Intermediation

Sonrces of Financial Fands

Internet Links ¢
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The Behavior of the Source Agents

m Source agent’s optimization problem

Maximize [ +rjr = Z Z ir)l”;q i1+ Z F"l;k‘fh ZZ(U i) — Zr ;.‘l:r;‘;gl.} — rj.:-rl'-'!q;

j=1i=1 =1

subject to:

ZZ aisi + Zw
i=1i=1
'f-é._.‘.f ;" “. l'?}. ’.
gae = 0. Tk,

(iln+1) = (.
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The Optimality Conditions of the Source
Agents

m The optimality conditions of the source agents

determine |j'(_;11".(;)3* R= K9 such that:

n 2 RS
IE Lt Jegildy) | T 4

1
dy- -
i=1j=1i=1 i

mo- . ol (}‘_? i) .
= -1 . \ 1K/ - e 1 ‘3 \ - -l'—‘
+ Z] Z [.ﬂ,j““ () + ——— — Plik [qu‘ — ;‘] 0, ¥, Q) k7,
=1 k=1

Uik

in

where K" is the feasible set where the non-negativity constraints and
the conservation of flow equations hold.
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The Behavior of the Financial Intermediaries

m Financial intermediary’s optimization problem

Maximize [ ubr—Zmeq,g —w“ !—ZZQJH; ul—zz Ciki Gikt)

i=1 i=l1 fi=1i=1

mn 2
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The Optimality Conditions of the Financial
Intermediaries

m The optimality conditions of the financial intermediaries

determine (1, Q% ~*) & REmHIoORn gatisfying:

- 3 g IJr QM) el gin) ; !
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The Equilibrium Conditions at the Demand
Markets

m The conservation of flow equations must hold

”lh—ZZ‘h& -I—Zr“‘ b=1.....0.

j=1i=1

m The equilibrium condition for the consumers at demand market k
are as follows: for each intermediary j;j =1, ... ,n and mode of
transaction |; 1 =1, 2:

# ~ 2w 3w = ﬂSk'{ﬂf*), if Q‘;M = ()
ﬂ?jki"‘t*jk!(@ 1Q ]'{ Eﬂﬂk'{ﬂ?*)u if q;.ic.i :{-}

m |n addition, for each source of fundsi:i=1,... m:

M+ Cikel (2 (O3 = parld"), b g =0
PR 2 opaeldh), i gl =00
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Financial Network Equilibrium

m Definition: The equilibrium state of the financial network with
intermediation is one where the financial flows between tiers
coincide and the financial flows and prices satisfy the sum of the
optimality conditions of the source agents and the intermediaries,
and the equilibrium conditions at the demand markets.
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Variational Inequality Formulation

determine (QY, Q" Q*" 4%, d*) € KU satisfying:

m o n 2 o N ) 1n - .
SN 2w g Ocit(gin) | Oc;(Q7) | Ocii(giz)

QVE cgb 4oV Lot : ] J _ i)l [
. |i 2y i + 2V, aq + O + Do + D /i [r},., i — i 5]

i deaelal) . .
+ZZ |i‘ﬂrig +k " +r-jc—h+';ik((’c?g !QE ]'] X [qik _gz.ic]

ik

n o 2 _ Se i (f}' *m ]I
2V #_|_J“__J 24 3% ﬁ._] "
32:;::1;[ o gkt ul @7 @)+ [{1““ q-'i"ﬂi]
bl m 2 no 2
#3853t = 3] ¢ [ =5] = o) ¢ = 20
a= = = = -

W(Ql! QE! QB! T 'r‘f]' S 1"\[’

K% is the feasible set where the non-negativity constraints and
the conservation of flow equations hold.
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m Nagurney, A. (2006), On the Relationship Between Supply
Chain and Transportation Network Equilibria: A Supernetwork
Equivalence with Computations, Transportation Research E
(2006) 42: (2006) pp 293-316

Manufacturers
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Chain Network Equilibrium

and Transportation Network Equilibrium
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Overview of the Transportation Network
Equilibrium Model with Fixed Demands

Smith, M. J. (1979), Existence, uniqueness, and stability of
traffic equilibria. Transportation Research 13B, 259-304.

Dafermos, S. (1980), Traffic equilibrium and variational
inequalities. Transportation Science 14, 42-54.

® In equilibrium, the following conditions must hold for each O/D
pair and each path. Ol — 38 { =0, if >0,

>0, if =0,

m A path flow pattern is a transportation network equilibrium if and
only if it satisfies the variational inequality:

— EY L . 4 . . - T
E _ E ( j.'-'l.*'l ] X |:.! R .fp:| _? l!. V.l e jh_..l<

welW pe Py,
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| | . eqeq -
Transportation Network Equilibrium

Reformulation of the Supply Chain Network
Model with Fixed Demands

Demand Markets




m The fifth chapter of the Beckmann, McGuire, and Winsten'’s
classic book, “Studies in the Economics of Transportation”
(1956), described some “unsolved problems” including a single
commodity network equilibrium problem that the authors intuited
could be generalized to capture electric power networks.

= We took up this challenge of establishing the relationship and
application of transportation network equilibrium models to
electric power networks.

= Nagurney, A and Liu, Z (2005), Transportation Network
Equilibrium Reformulations of Electric Power Networks with
Computations
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the Electric Power Networks and
the Transportation Networks
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Transportation Network Equilibrium
Reformulation of the Electric Power Network

Model with Fixed Demands

Power Generators

. 71N ")
Power Suppliers (1) (s)
N /

Transmission Service Providers \ #2758

Demand Markets
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m Copeland in 1952 wondered whether money flows like water or
electricity. We have showed that money and electricity flow like
transportation flows!

m Liu, Z. and Nagurney, A. (2005), Financial Networks with
Intermediation and Transportation Network Equilibria: A
Supernetwork Equivalence and Reinterpretation of the
Equilibrium Conditions with Computations

(To appear in Computational Management Science.)
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Transportation Network Equilibrium
Reformulation of the Financial Network
Model with Intermediation

Sonrees of Financial Fands

Internet Links /

[ntermediarids

© B Physical Links o

Demand Markets - Uses of Funds
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Finite-Dimentional Variational Inequalities and
Projected Dynamical Systems Literature

m Dupuis, P., Nagurney, A., (1993). Dynamical systems and
variational inequalities. Annals of Operations Research 44, 9-42.

m Nagurney, A., Zhang, D., (1996). Projected Dynamical Systems
and Variational Inequalities with Applications. Kluwer Academic
Publishers, Boston, Massachusetts.

m Nagurney, A., Zhang, D., (1997). Projected dynamical systems
in the formulation, stability analysis, and computation of fixed
demand traffic network equilibria. Transportation Science 31,
147-158.
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Inequalities Literature

More Finite-Dimentional Variational
= Smith, M. J. (1979), Existence, uniqueness, and stability of
traffic equilibria. Transportation Research 13B, 259-304.
m Dafermos, S. (1980), Traffic equilibrium and variational
inequalities. Transportation Science 14, 42-54.

= Nagurney, A. (1999), Network Economics: A Variational
Inequality Approach, Second and Revised Edition, Kluwer
Academic Publishers, Dordrecht, The Netherlands.

m Patriksson, M. (1994), The Traffic Assignment Problem, Models
and Methods, VSP Utrecht.
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m Cojocaru, M.-G., Jonker, L. B., (2004). Existence of solutions to
projected differential equations in Hilbert spaces. Proceedings of
the American Mathematical Society 132, 183—193.

m Cojocaru, M.-G., Daniele, P., Nagurney, A., (2005a). Projected
dynamical systems and evolutionary variational inequalities via
Hilbert spaces with applications. Journal of Optimization Theory
and Applications 27, no. 3, 1-15.

m Cojocaru, M.-G., Daniele, P., Nagurney, A., (2005b). Double-
layered dynamics: A unified theory of projected dynamical
systems and evolutionary variational inequalities. European
Journal of Operational Research.

The Virtual Center for

@)Iséniberg | "

/ /supernet.som.umass

The Evolutionary Variational Inequalities and
Projected Dynamical Systems Literature
N

edu



m Cojocaru, M.-G., Daniele, P., Nagurney, A. (2005c). Projected
dynamical systems, evolutionary variational inequalities,
applications, and a computational procedure. Pareto Optimality,

Pitsoulis, editors, Springer Verlag.

m Barbagallo, A., (2005). Regularity results for time-dependent
variational and quasivariational inequalities and computational
procedures. To appear in Mathematical Models and Methods in
Applied Sciences.
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Projected Dynamical Systems Literature
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More Evolutionary Variational Inequalities and
Projected Dynamical Systems Literature

m Daniele, P., Maugeri, A., Oettli, W., (1998). Variational
inequalities and time-dependent traffic equilibria. Comptes
Rendue Academie des Science, Paris 326, serie |, 10591062.

m Daniele, P., Maugeri, A., Oettli, W., (1999). Time-dependent
I traffic equilibria. Journal of Optimization Theory and its

Applications 103, 543-555.
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Finite-Dimensional Projected Dynamical
Systems

m Finite-Dimensional Projected Dynamical Systems (PDSs)
(Dupuis and Nagurney (1993))

— PDS, describes how the state of the network system
approaches an equilibrium point on the curve of equilibria at

time t.

— For almost every moment ‘t’ on the equilibria curve, there is
a PDS, associated with it.

— A PDS, is usually applied to study small scale time dynamics,
e [t, t+7]

The Virtual Center for
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Finite-Dimensional Projected Dynamical
Systems

Tt
Definition: - ;?'; ) _ [ic((t), —F(x(t))).

In this formulation, & is a convex polyhedral set in R®, F' : K — R" 15 a Lipschitz con-
tinuous function with linear growth and Il 1 B < K — R"™ 1s the Gateaux directional

derivative

l_'[.lt:li';['.! _F{QI.':]) = 5]£:Igl+ P":(‘.['. - 5{?—'(:[)) — .U

of the projection operator Fy : ™ — K, given by

|| Pr(z) — =

= ;E{HU —Zz

The Virtual Center for
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Projected Dynamical Systems
and Finite-Dimensional Variational
Inequalities

Theorem

The equilibria of a PDS:
drit)

— =L (wit), =F{x(t)))

that s, % = N sueh that
I (x", —Fi{z")) =10

arve solutions to the VI(F. K): find 2* © X such that

(F(z*),2 —2*) 20, Yrek

and vice versa.
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Infinite-Dimensional Projected Dynamical
Systems

o dr(t.7)
Definition: o=

= ll_l,-‘:_j (c(t. ), —Filxit.m))).  w(t,0) A (54

Pily—=d0F(yh—wy) |
where [y, —Fiy))= lim A - Y=Y, . Ty e K

A—0t i

with the prOjeCtion operator Pe:H— K given by
1P =) = =l = in fly = <.

Y= A

The feasible set K is defined as follows

A< ult) < plt) ae in [D.T]:

K= {HELP([[‘J.T].R@}

t=[0,7]
L;I - - -
Z_ Sault) = piltyae. in [0.T].&; € {01} e e{l,..qb. 0 e {1,.... (}}
i=1
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Evolutionary Variational Inequalities

m Evolutionary Variational Inequalities (EVIs)

— EVI provides a curve of equilibria of the network system over
a finite time interval [0, T]

— EVIs have been applied to time-dependent equilibrium
problems in transportation, and in economics and finance.

I — An EVI is usually used to model large scale time, i.e, [0, T]

Sy,  Evacne M The Virtual Center for
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Evolutionary Variational Inequalities

Define (D, m—f (D(F), () dt

EVI:

determine o € K0 {({Fluo),z—ua)) 20, ¥z ¢

i

(53]

where 1= | {ue L7([0. 7], RY)
t=[0,7]

M) < wlt) < plt) ae in [0.7];

q

> Gty = pi(tyae. in [0.7].6; € {0.1} 0 e {1 ..qb g e {1..... I}}

i=1
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Projected Dynamical Systems
and Evolutionary Variational Inequalities

m Cojocaru, Daniele, and Nagurney (2005b) showed the following:

Theorem

Assume that K C H s non-empty, closed and conver and F 1 K — H s a psendo-monotone
Lipschitz continuous vector field, where H 15 o Hilbert space. Then the solutions of EVI {53)
are the same as the critical ponts of the projected differential equation (54) that s, they are

the functions © € K such that

HI,:\-I[JJ{H. —Flart)) =10,

and vice versa.

oy, J Eugene M The Virtual Center f
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Projected Dynamical Systems
and Evolutionary Variational Inequalities

The solutions to the evolutionary variational inequality:
= .-'\._‘ :Lr i 5 .-'\.‘
determine x € K : f (Flx(t)), z(t) — x(t))dt =0, ¥zek,
0

are the same as the critical points of the equation:

dr(t, )

that is, the points such that

M (x(t, ), —F(x(t, 7)) =0 ae. in [0,7T],

Eugene M T (B (]
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A Pictorial of EVIs and PDSs

X(t,,0)

e Virtual Center for
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|
The EVI Formulation of the Transportation

Network Model with Time-Varying Demands

T
Define  ((®,7)) = [ (@(t), 2(t))dt
0l

EVI Formulation:

determine v e K ((Cla),z—x)) 20, ¥zeKk, (61)

T

where €' 1s the vector of path costs,

Feasible set

K= {‘r S LA[0.T).RY) 0 < x(t) < pae. in[0,T]; Z rp(t) =dy(t). Yw, ae in[0,T ]} .

pEPuw

e Virtual Center for
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Varnational Inequalities

The Numerical Solution of Evolutionary
(Cojocaru, Daniele, and Nagurney (2005 a, b, c))

m The vector field F satisfies the requirement in the preceding
Theorem.

m  We first discretize time horizon T. (Barbagallo, A., (2005) )

m At each fixed time point, we solve the associated finite
dimensional projected dynamical system PDS,

m We use the Euler method to solve the finite dimensional
projected dynamical system PDS..

e Virtual Center for
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The Euler Method

Step O Initialization

Set X" € K and set 7= 0. T is an iteration counter which may also be interpreted as a
time period.

Step 1: Computation
Compute X7+ by solving the variational inequality problem:
N 2 Pi XT _arF {_XTII .

where {ap} 1s a sequence of positive scalers satisfving: 7 ap = o0, ap — 0 as T — ~.
and Fy- 1s the projection of X on the set & detined as:

v = FPrX = argmin | X —=|.

Step 2: Convergence Verification

If ” _-YT+1 XI
and go to Step 1.

< ¢, for some € = 0, a prespecified tolerance, then stop; else, set T =T 41,

ugene M The Virtual Center fi
Isenberg ™.
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m We know that the supply chain network equilibrium problem with
fixed demands can be reformulated as a fixed demand
transportation network equilibrium problem in path flows over
the equivalent transportation network.

m Evolutionary variational inequality (61) provides us with a
dynamic version of the supply chain network problem in which
the demands vary over time.

The EVI Formulation of the Supply Chain
Network Model with Time-Varying Demands
i

(ir)Isenberg s

The Virtual Center for

/ /supernet.som.umass
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Solving the Supply Chain Network Model
with Time-Varying Demands

m First, construct the equivalent transportation network equilibrium
model

m Solve the transportation network equilibrium model with time-
varying demands

m Convert the solution of the transportation network into the time-
dependent supply chain network equilibrium model

S, Y Eveene M —
§. , Isenberg Supernetworks
"{. .-'-"‘“ School of Management http://s
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Dynamic Supply Chain Network Examples
with Computations

= Example 1

Manutacturer

Retailers




Retailers

Numerical Example 1

Manufacturer

Demand Market

NS

/ 1 M3

Ull/

P P P
[ | (i Ik
G &
117 a9 (Iagr
70\ (':_[“,\I B )
b W
(11 (a1 1311
FTIR
U

The Equivalent Transportation
Network
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Numerical Example 1

m Production cost functions
Fla (1) = 2.5(q(t)* + 2q (t).
m Transaction cost functions of the products

, = 7 Fan st . PRy F R F F ..‘2 - FRY
el (t)) = 5lqn(t)F 4+ 35t crlaet)) = Slgnt))* 4+ 2.5q10(1).

cralqualt)) = Slqalt) :'2 + 1.5qga(t).
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Numerical Example 1

m Handling cost functions of the retailers
QN = Blgi(t)?, e QY1) = Blga(t))® ea(QYE)) = Blags(t)).

m Unit transaction cost between the retailers and the demand
markets

(@) =an () + 1, & (Q%1) = au(t) +5, & (Q%(1) = gu (t) + 10.

T, Y Evecne 1 The Virtual Center f
(1) Isenberg M
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Numerical Example 1

m Three paths

pr={ar.an, a1y arn ), p2 = a1 a2, 020, a1 ), p3 = (a1, 413, 43y, a1 ).

m The time-varying demand function

duy (1) = dy (1) = 41 4 10¢.

Eugene M T (B (]
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The Solution of Numerical Example 1

m  Explicit Solution

— Path flows
}ml{f:l = 3.33t + 14.75,

b, (1) = 333t + 13.78,
}PEH) = 3.33t 4+ 12. ‘-LJ!

— Travel disutility

,-\ﬁ_. (1) =60t + 25583, for t< [0, 7].

The Virtual Center for
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Time-Dependent Equilibrium Path Flows for
Numerical Example 1

y Equilibrium
Path Flows

x5, (t) = 3.33t 4 34.44
x¥ () = 3.33t + 33.44
I

vt (t) = 3.33t + 32.12




The Solution of Numerical Example 1

=0 aq

Manufacturer

Retailers

Demand Market

The Equivalent Transportation
Network

The Virtual Center for

S0, Eugene M
(i) [senberg ™umnio
s g School of Management

http://supernet.som.umass.edu




Retailers O @ &

D
Demand Market

The Equivalent Transportation
Network
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The Solution of Numerical Example 1
t=1/2
Manufacturer
f . \
N




The Solution of Numerical Example 1

¢

=1
Manufacturer
1 /I\
I ()

Retailers 0 @ e (1117 Iﬁ' 90 l}'gax
U3)

o s
Demand Market el

The Equivalent Transportation
Network

TthIth

(i) Isenberg E=e
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Numerical Example 2

m The network structure and the cost functions are the same as
the first example.

m The demand function is the step function:

111 = L ) -
ait) 110, it fl <t < f'g =T =1.

m The explicit solution:

" " N . (34.44, 3344, 32120, if O<=t<4H = L
a'(t) = (o) (), b (1), x), (1) = { : s 1= 3,

d:'
(37.77,36.77,3545), if h<t<ta=1=T.

The Virtual Center for
Supernetworks
http://supernet.som.umass.edu




| |
Time-Dependent Equilibrium Path Flows for

Numerical Example 2

- Equilibrinm
Path Flows
ray (1) 37.77
Ly (1) 36.77
TR -
Zpg(t) 35.45
2 Pt 5 7o R 5
2444 Ty F)
L .'+ 5 (!
a4 Ty (t)
32.12 ,;';3 (1]

=~ time

,_
T —
[ [

t=T=1
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Numerical Example 3

®
a1 ‘{ 12
Manufacturers (r1) (2)
U\/ﬂgl
<y
Retailer = 111/ [
o)
H V\ ay’2
- Demand Markets (1) (=2)
b 2
The Equivalent Transportation
Network
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Numerical Example 3

m Production cost functions

Flalty) =250t + qulthaa(t) + 2q1(t). falglt)) = 250a (1) + qa(Har(t) + 2qa2(1).

m Transaction cost functions of the products

el (t)) = Slgua(t))* + 3.5q11(t),  carlgoa(t)) = 5lgar(t))?* + 1.5ga1(t).
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Numerical Example 3

m Handling cost function of the retailer

e (QNH) = Slqu(t))*.

m Unit transaction costs between the retailer and the demand
markets

Q) = () + 1, (@) = aa(t) + 1,

S Y Evsene M The Virtual Center for
B S en erg Supernetworks
® S School of Management http://s
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Numerical Example 3

m Four paths

(. a1 a1, a1 ). 2 = (dadag. iy, aq ).

m

e = (aq, apq. apda ). pg = (da.day, dqqr, o

m The time-varying demand functions

du, (1) = dqi(t) = 1004+ 58, dy(t) = da(t) = 80 4 4t
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The Solution of Numerical Example 3

m Numerical Solution

— t=0
wh =49.90, o =50.10, ', =39.90,

Dz

A, (to) = 915.50 :Aj, (fo) = 895.50.
- t=1/2

Tp, Lp,

A (t1) = 03825, A} (t1) = 917.75
— t=1

wy, =02.40,  wxp, =52.60, &, =41.90,

A (T) =961.00, A (T) = 040.00.

' =051.15, &) =051.35, xl = 40.90,
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The Solution of Numerical Example 3

=0

Retailer

Manufacturers

Demand Markets
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The Solution of Numerical Example 3

t=1/2

Retailer

Manufacturers

Demand Markets

AN
0)

(I H-;n
SN P
'{f' 1) (2]
( JV'*M

fary

1 ?

\:,"fl_z'

(151 1*

G110

) !]_-/r
a1 (112
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The Solution of Numerical Example 3

Retailer

Manufacturers

Demand Markets

AN
'-.\l j;..

(! (19
AN P
1) 2]
. ) -
11 il

i

L} j’

\:,"rl_.f'.

(18] *

/; ™

i !]_-/r
111 11/
.'.-‘_' -\ "“—._1"-
\ZU 72

The Equivalent Transportation
Network
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m This identification provided a new interpretation of
equilibrium in multi-tiered networks in terms of path flows.

m  We utilized this isomorphism in the computation of the
supply chain network equilibrium and the electric power
network equilibrium with time-varying demands.

m We are also investigating the dynamic financial network with
time-varying sources of funds.

The Virtual Center for

@)Iséniberg | "

//supernet.som.umass.edu

Conclusions
m We established the supernetwork equivalence of the supply
chain networks, the electric power networks and the financial
networks with transportation networks with fixed demands.




Thank You!

For more information, please see:
The Virtual Center for Supernetworks
http://supernet.som.umass.edu
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