olkswagen (VW) manufactures

the vehicles marketed in North

America at two plants, one in
Germany and the other in Mexico.
Vehicles are first shipped to one of the
five U.S. ports that act like distribution
centers (DCs). They are then transported
to the dealerships at major market areas,
mainly by trudks. The company aims to
improve its vehicle distribution netwotk
with two major objectives: 1) to improve
customer service, vehicle delivery times,
and market responsiveness, and 2) to
reduce the total distribution and inventory
holding costs.

Production Modeling
Corporation(PMC) was brought on to
model the delivery system. PMC’s
approadh to improving the vehicle flow
was the establishment of more DCs
closer to metro markets so that the
following benefits could be realized: a)
patt of the current expensive truck routes
could be replaced by cheaper rail of sea
routes, b) the chance of meeting a
customer’s first choice vehide increases
with combined dealer and a2 DC inven-
tory, and ¢) customers’ first choice
vehicles are delivered with shor ter lead
times. Clearly, the number and location
of DCs are major factors that affect both
customer service and distribution cost
measures. Moreover, there 1s a choice for
the type of facility to be installed at each
DC location. Type I facilities are smaller
in capacity and cheaper. Type II facilities
are larger, but the increase in operating
expense 1s nonlinear and allows us to
consider economies of scale in locating
DCs in certain high-demand areas. This
stmulation effort has the potential of
saving the company $20 million a year.

Using ProModel, Volkswagen improves new car delivery system.

Nejat Karabakal, Ph.D.

Modeling Approach

Given alocation scenatio fe. number
and location of DCs), realistic computa-
tion of the performance measures (cost
and customer service) e quires explicit
consideration of the dynamic and
stochastic elements indude the inventory
control policies (both quantity and mix) at
dealers, truck load factors, and demand
seasonality Stochastic elements indude
customer demand customer choice and
transp ortation d.eb.}s. A simulation
model was appropriate for the consider
ation of both elements. Omnce the model
uas developed, a feurlocation scenasios
uere generated “hy eye” as input to the
model Ithecame quicklyappaent,
houeves, that a systematic way of
generating location scenatios was needed
because of the tremendous mumber of
alternatives.

In an attempt to reduce the number of
alternatives, 2 Mixe d Integer Program
(MIP) was formulated that generates a
reasonable numhber of “good” scenarios.

Engineering Consultant
Production Modeling Corp.

Volkswagen Saves
Millions on Delivery
Using Simulation

The MIP minimizes a cost function that
approximates the distibution cost of the
actual system byignozing the stoc hastic
and dynamic aspects. The vaziables
consist of shipment quantities and
whether DCs are to be installed on
potentiallocations (hinary vasiables). The
output of the MIP is alocation scenasio
as input to simulation. (Note Tha solution.
was desgnal prior 20 the rdease of Smmmunner)

The MIP objective function consists
of twro components: 1) total tansp orta-
tion costs, which depend on mileage
bhetwreen locations as well as the modes of
transp ortation, and 2) fixed facility
installation costs at DCs, which depend
onlocation capacities. Inventory holding
costs are ignored. Constraints are
specified to assure that 2) market
demands are satisfied, b) incremental
capacity limitations for facility types are
not violated, ¢) market orders can he
shipped within a prespecified time
windovy and d) maximum number of
DCs toinstallis not exceeded

KEEP IT BRIEF

Problem: The companywanted to
improve its wehicle distribution netwrosk
with tsro maj or o'l:jecﬁ.ves: 1. To imP:rove
customer service, vehicle delivery times
and market resp onsiveness, and 2. To
reduce the total distibution and inventory
holding costs.

Solution: Vadksuagen hired Production
Mo deling Corporation to huild 2 model of
the d.e]i.very system. The appr oach to
:i.mlnoving the vehicle flownsras the
establishment of more distibution centers
closer to the metro markets so that the
follo wing benedts could be realize d:

expensive truck routes could be replaced
by cheaper sea routes, the chance of
meeﬁ.ng a customers first choice velicle
increased with a comhined dealer and
distibution center inventory and
customers first choice velicles wrere
delive re d with shorterlead times.

Results: The optimal solution has the
Potenﬁal of saving over $20 million per
yearin transporation costs. Other sesults
are increased customer satisfaction and
increased dealer satisfaction
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Two majorinput parameters to the
MIP are matket demands and truck load
factors which, in fact, are hoth functions
of the location policy (I'r'u.ck load
factors are used to calculate the shipment
costs) W resolve this prolem witha
hewsistic iterative proce dure. W@ start
with s olving the MIP assuming that 1) all
market demands match the Pla.mu'.ng sales
volume exacfly and 2) allload factoss are
10 @e. full-load trucks). The resulting
location scenario is groen as input to the
simulation model Considesing the
dynamic and stochastic elements, the
simulation run produces better estimates

implementing this particularlocation
scenatio. Now we give these better
estimates back to the MIP, and solve it.
If the outputlocation policyis changed,
ue proceed with running the simulation
using the new location scenasio as input
Otherwise, the most ecent estimates are
not different enough than the previous
ones, and both the MIP and simulation
agrees on a particular solution Although
thezre is no guanntee of convergence, this
procedure proved satisfactoryin our
experiments.

Implementation

To solve the MIP, AMPL PLUS with
CPLEX as the solver was used It prow d
c onveient in im plementing the ab ove
iterative proce dure. Commumication
hetwreen AMPL PLUS and ProMo del was

of the sales and load factors as a result of

Using ProModel, Volkswagen establishes and tests a completely revised distribution system.

handled (semi-automated) by an Excel
spreadsheet with macros that read the
output files created by one program and
generated appropriate input files for the
other program.

Given alocation scenatio fe. number
and location of DCs), realistic computa-
tion of the performance measures (cost
and customer service) Jeq_ui:res exr]icit
consideration of the dynamic and
stochastic elements indude the inventory
control policies (both quantity and mix) at
dealers, truck load fictors, and demand
seasonality Stochastic elements indude
customer demand, customer choice and
transportation delays. A simulation
model was appropriate for the consider
ation of both elements. Omnce the model
uas developed, a feurlocation scenasios
uere generated “hy eye” as input to the
model Itbecame q_'ui.c]fly appaent,
howeves, that a systematic way of
generating location scenazios was needed
because of the tremendous mumber of
alternatives.

In an attempt to reduce the number of
alternatives, a Mixe d Integer Program
(MIP) was formulated that generates a
reasonable numhber of “good” scenarios.
The MIP minimizes a cost function that
approximates the distibution cost of the
actual system byignozing the stoc hastic
and d.yna.m.i.c aspects. The vasiables
consist of shipment quantities and
whether DCs are to be installed on
potential locations (binary vaziables). The

output of the MIP is alocation scenazio
as input to simulation. (Note Tha sobution
was desgnal prior 20 the rdease of Smmmunner)

Conclusions

The quantitative analysis based on the
combined optimization and sim ulation
m odeling yielde d manyinteresting results.
Since railroad transp ortation is c]teal,er
than trucks, a cost-optimal policy includes
far more DCs that the current omne.
Under certain circumstances, an optimal
solution has the potential of saving over
$20 million per yearin transportation
costs.

Given alocation scenasio @e. number
andlocation of DCs), realistic computa-
tion of the performance measures (cost
and customer service) = quires explicit
consideration of the dynamic and
stochastic elements indude the inventory
control policies (both quantity and mix) at
dealers, truck load factors and demand
seasonality Stochastic elements indude
customer demand, customer choice and
transportation delays. A simulation
model wras a.PProPJim for the consider
ation of hoth elements. Omnce the model
uns developed, a fewrlocation scenasos
uvere generated “hy eye” as input to the
model Ithecame quicklyappaent,
howrewes temendous number of
alte rnatives.

FIND OUT MORE

About the Author: Nejat Karabakal,
PhD, is an engineesing consultant with
Production Mo deling Corp., an industrial
engineesnng consulting companyin
Dearh omn, Michigan Involved in supply
chain sim vlation for the past twro years,
he holds a PhD. in industial and
operations engineering from University
of Michigan Piior to Jus consulting
pactice, he taught operations research,
engineesing economics, and production
and iventory management at Unive rsity
of Michigan and Eilkent Univessity You
may reach him by e-mail at
nejat@pmecorp.com.

Contact: If you have any questions
about ProModel, please contact the
ProModel team at 1-888-PROMODEL.
Or visit them atWWwW.promodel.com.
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