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Abstract. The Naval Battle Group Supply (NBGS) model is a dynamic and stochastic representation of the supply of
U.S. Navy battle groups (BGs) worldwide by its combat
provide logistics support for critical consumables (ship fuel, aviation fuel, dry goods, and ammunition). Execution of
the model provides key system performance measures such as total distances trawagdumseérvice levelse.g.

time combat forcemperatebelow a critical supply levelnformation from themodel isusedto more effectively

design supply shipsn terms of sizing and capabilitieand to test and evaluate alternative operating policies. The
model considers the supply and resupply of consumables as BGs and supply ships (SSs) carry out operations
worldwide. Consumption by BGs, which depends on distances traveled and type of astogtysidered both within

theaters of operation and in transit between theater and homeport. Once a BG indicates a need for a consumable, a
SS is dispatched to rendezvous with the BG and trafermaterial at a modeletermined location. Force needs

and demand for materials within theaters change based on stochastic actions, e.g. combat, show of force,
humanitarian assistance. In order to meet changing force needs, BGs may be pulled from other theaters or from
homeport. The model also considers theupply of supply ships at friendly ports. All combat group and supply ship
operational parameter values are populated in the model through a linked database. The NBGS model is developed ir
Flexsim a discreteevent and continuous simulation model developnaed analysis environment

(referred to as underway replenishment), as well as
1. SYSTEM DESCRIPTION while operating in theater. Consumption depends on the
A high-level, conceptual view of the NBGS Model is number and type of ships Wit the group and the type
provided in Figure 1. It illustrates the interactions of actionthat the group is involved in within a theater;
among the modéls k ey ciobatpeayrowpsrtds these actions are in reaction to militarpolitical

its consumablessupply shipsand its consumables conditions which require a naval response. World
theaters, home ports, friendly pgortsommans, sea  conditions and subsequent naval actions within theaters

routes, and rendezvous points Supply. vary over time and appear to occur randomly
Lk Therefore,the type of actionstart time,duration, and
location (in what theater it occurgre expressed as
o Por msumﬁ‘;’m eniemo probability distributions that are derived frdmstorical
Vo e 86+ data

Consumables are supplied to combat forces by a
worldwide fleet of supply ships that operatvithin
regionalized commandswWhen a BG needs to be
supplied, it sends a request for supply to a command.

! %csim The command in turrselectsa SS(closest with the
"““\\ss requested consumablessignst to perform the supgl
B operation and then the SS and BG coordinate to
Commang determinewhere to rendezvous on the network.
_ . The supply ships themselves must be suppligtch is
Figure 1: Key components in NBGS Model referred to as resupply, with the consumables that they
A battle group is a set of ships that me togetheri.e., ~ Provide to combat forces. Resupplies occur @nftly

they move, consume, are supplied, and respond td*orts around the world. The resupply of friendly ports is
actions as a unitThree types of battle grospare not modeled; i.e., it is assumed friendly ports always
considered:carrier strike groups, expeditionary strike have an adequate supply of the consumables they. stock

groups, and littoral combat squadrons. Battle groups areas jllustrated in Figurel, home ports, friendly ports,
based in home portd operate in theaters. Typically, and theaters are assoeitwith nodes ora network.

each BG is assigned to a specific theater; however, &he network in the modelis comprised of

BG may be temporarily assigned to another theater inapproximately 100 nodeand connections among the
support of nomormal actions that occur within a npnodes represent the worl d
theater. These nemormal actions range from  contain spatial information (location in terms of
humanitarian assahce to combat longitude and latitude) and allow thenodel to

Each battle group uses consumables during travedetermine any distance along a network patieaters
between its home port and assigned theater of operatiogenerate —actions (normal, as well as providing
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humanitarian assistancengaging in combatetc.)and
must assess and manage its combat force levels ir
response to changesita actionstate

2. MODELLING APPROACH

A mixed discreteevent and continuous simulation
model representghe dynamics of thesupply and
resupplyoperations, involvinghaval battle groups and
logistics forces and the stochastic actions that occur
during these operations. As shown in Figure 2, that
model is developed iRlexsimsimulation modeling and
analysis software.

NCGS Model ] - ] T
Figure 3: Entity relationship diagram that supports the
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Flexsimis used since it providesxcellent visualization, & Trarsfer Rate =
modeling, and analysisapabilitiesthrough its extensive Recorts (1) ¢ | 0T o 31

library of discrete and fluid modeling objects. Its open
objectoriented architecture facilitates customization of
these elements to effectively model naval supply
operatims.Flexsinb s s eaml es sMSAeccese r f ¢ =
and MSExcelenhance the import of the data needed to
run the model and the export of results from the model
for further analyses.Just as in the real system,
communication and coordination among objects in the
model are critical. As a result, we extensively use
Flexsind s messaging capabilit
operations and emulate system behavior.

The data that drive the model are stored Mierosoft
Accessdatabase.The entityrelationship diagram in Figure 5: Total milestraveled by supply ships during
Figure 3 shows the structure of the database that model execution

provides most of the input information to the NBGS §
model. This makes the data easily accessible and
facilitates the consideration of alternativeand
sensitivity analyses.It is quite easy to change
characteristis of model entities, such as capacities,
consumption rates, assignments to commands,Agic.

Figure 4: Interface to provide data on supply ships
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example interface to the database is shown in Figure 4; B BEEEEEEREREEREBEEER B

this user form contains information on supply ships. R S
Output from the model are stored in Microsoft Excel Sl Rttt Ry Pt
spreadsheets. This facilitates analysis and reporting of & & &7 e

system performance measures. Two examples of output Figure 6: Total ime battle groups operated below
obtained from the model total miles traveled for critical levelduring model execution

supply ships and total time battle groups operated below

a critical value for consumablésare slown in Figures ~ One of he two primary visualnterfaces is shown in
5 and 6, respectively. Figure 7. It is referred to as the world view interface

since the model is laid out on a map of the world. The
white linesform the network on which the BGs and SSs
travel, thus representing sea routesosgups of the
CGs and SSs on the netwate shown in the lower left
portion of Figure 7In this case, a CG is being supplied
by a SS in Theater (South America) The stacKike

objects represent the fitanksbo
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