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PREFACE

The United States Arny special operations forces (SOF) are
constantly engaged in operations throughout the world. These forces are
depl oyed in varying nunbers froma small insertion teamto an entire SOF
group. Most recently SOF missions have tended to occur in areas outside
maj or i ndustrialized nations where infrastructures is weak and surface
sustainment is difficult. The Special Operations Forces Aviation Asset
Dat a Model (SOFAADM has been constructed to support the United States
Arny Special Operations Command (USASOC) in their endeavor to better
assi st the sustainment and distribution requirenments of SOF i nsurgency
t eans.

The nodel is an intra-theater sustainnent and distribution nodel
devel oped in the Extend™sinul ati on environnent which can be used to
i nvestigate the general purpose airlift requirenents for sustaining
depl oyed SOF units. |In addition, the nodel can be used to exani ne
i ssues such as SOF basing structures, conmand and control, unschedul ed
mai nt enance, casualty evacuation and routine resupply. The nodel
provides a capability to investigate organic |lift versus conventiona
t heat er support assets and explore contentions such as shortfalls in
intra-theater airlift assets.

Thi s nmenmorandum docunments the nodel and describes some of its
potential uses. It is intended for potential users of the nodel so that
t hey can understand how the nodel is constructed, its key input and
design paranmeters, as well as various output analysis techniques. This
research activity forns part of a larger project providing support for
United States Arnmy snall and m d-sized operations. It was conpl eted
within the RAND Arroyo Center MIlitary Logistics Program The Arroyo
Center is a federally funded research and devel opnent center sponsored
by the United States Arny.






SUMVARY

Thi s menorandum descri bes the Special Operations Forces Aviation
Asset Data Model. The nodel is an intra-theater sustainnment and
di stribution nodel that was devel oped in the Extend™sinmul ati on
environnent. The nodel can be configured to a variety of operationa
structures to investigate the general purpose aviation assets
requi renents for special operations forces depl oynents.

An overview of the nodel is first described and then details are
given in subsequent sections. The nodel is used to characterize both
geogr aphi ¢ and command and control structures of SOF units deployed in
any area of the world. The primary mssion is routine supply of food
and ot her consunabl es needed to sustain the forces using aircraft
dedicated to that mission. Then contingency or non-routine mssions can
be added to assess the inpact on the availability of aircraft to neet
t he denmands. Exanples of contingency m ssions would be unschedul ed
m ssi on planni ng nmeetings, energency resupply, and casualty evacuation
A primary output neasure is the percent of tine at |east one aircraft is
avai l abl e for tasking. This represents the ability to fulfill an
unschedul ed requirenent or mission; this is closely associated with
operational risk.

The nodel also allows the nodeler to test different aircraft by
inputting their flight characteristics such as airspeed, |oad capacity,
and range limtations. As such it can be used to evaluate new aircraft
and conpare performances of different aircraft fleet mxes.

The details provided are generally sufficient for a nodel er
familiar with the basic capabilities of the Extend™ sinmulation
environnent to use the nodel and to devel op one’'s own scenari 0s.
Det ai |l ed descriptions are given of the nodel’s blocks to include data
i nputs, what the blocks do, |ogical connections between bl ocks, and
bl ock and nodel outputs. It is a nodel intended for analysts who wll
first understand its logic and data requirenents before using it to

investigate a potentially w de range of |ogistics support issues.
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The purpose of this docunent is to create a depository of
devel opnent and user’s guide information for the Special Operations
Forces Aviation Asset Data Mddel (SOFAADM. The docunent is divided
into the six sections listed in the slide. Section 1 provides a brief
overvi ew of the nodel, the types of mission profiles able to be
i mpl enented and the currently used aviation assets. This section
concl udes by describing some of the nodel’s key assunptions and out put
vari abl es.

Section 2 provides a descriptive walk through of the nodel itself.
This section is divided into four parts; the special forces operations
base, the forward operating base, the advanced operati ng base and the
SOF team basi ng structure.

Section 3 describe the procedures for creating tailorable variants
of the nodel and preparing a simulation experinent.

In Section 4, three case studies are presented. These variants of
the nodel are for selected special operations forces groups. This
section provides a schematic of the nodel variant, an indication of the
SOF requirements, and a selective portion of output fromthe simulation.

W al so provide appendi ces and references. These include a list of
standard Extend™si nmul ati on nodul es used in the nodel and a |list of the

i nput and out put nodel paraneters.
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SECTION ONE

SOFAADM Overview

RAND
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The structure shown above is but one variant of the special
operations forces aviation asset data nodel (SOFAADM). Devel oped in the
Ext end™ si nul ati on environnent, the nodel represents the theater
sustai nment structure of Special Forces insurgency teanms. To date, the
nodel has been used to investigate issues such as SOF basing structures,
conmuni cation lines, as well as routine and contingency m ssions.

The SOFAADM structure shown in this slide will be used throughout
the briefing to illustrate the functional conponents of the nodel. The
structure is simlar to that of the 5th Special Forces G oup and
contains a single Special Forces Operating Base (SFOB), three Forward
Operating Bases (FOB), five Advanced Operating Bases (AOB), and twenty-
five SOF teanms (five SOF teans are contained within each of the Teans
Oper ati ng Bases).

The SFOB npdul e creates and depl oys aircraft throughout the
structure for the purpose of sustaining the operational force at
prescribed levels (rations, ammunition, water etc) or for conducting
speci fied non-routine contingency m ssions.

Aircraft that depart the SFOB at (1) are routed to a FOB through
the Aircraft SFOB-FOB Routing block at (2). This block takes the m ssion
profile information i mhedded in the paraneters associated with each

aircraft and then directs the aircraft to its assigned FOB at (3).



Qperating in sonmewhat isolation to each other, each FOB perforns
two main tasks: (1) it executes the mission assigned to aircraft
arriving fromthe SFOB, and (2) it deploys aircraft to sustain the
echelons belowit, i.e., the advanced operating bases and the special
operating force teans.

Aircraft that depart the SFOB for the FOB are assigned one of two
m ssion profiles, a routine supply profile or a contingency m ssion
profile. A routine supply profile instructs the aircraft to unload a
prescri bed ambunt of supplies into the FOB Conbat Service Support (CSS)
depot. The FOB services an aircraft with a contingency non-routine
m ssion profile separately. Each FOB contains a contingency m ssion
profile manager that routes these aircraft through the base and nmonitors
t he execution of their contingency mssion. Contingency mn ssions
i ncl ude casualty evacuati ons, energency resupplies, and conbat pl anning
m ssi ons.

Aircraft that are dispatched fromthe FOB to the | ower echel ons
operate in a simlar manner to that of aircraft departing the SFOB for a
FOB, that is, they are tasked with either a routine supply mssion or a
contingency nmission. Aircraft deploying fromthe FOB to either an AOB or
SOF team are routed through the Aircraft AOB/ TOB Routing block at (4)
and (5).

Aircraft arriving at an AOB performsinilar tasks as for aircraft
arriving at the FOB. Specifically, depending on their nission profile,
they either unload supplies into the depot, or they conduct their
assi gned conti ngency mi ssion.

At the lowest |evel are the SO teans. Each AOB can admi ni ster up
to five teans. The Aircraft AOB/ TOB Routing block assists in directing
the aircraft through the AOB to each of the teans. As with the AOB and
FOB, aircraft arriving at each of the teans either deposit supplies into
t he depot or conduct an assigned contingency m ssion

Dependi ng on the specific inplenentation of the nodel and the
obj ective of the experinent being conducted, a nunber of key perfornance
paraneters can be identified. The nost conmonly quoted output variable
is the percentage of tine at | east one aircraft is available for

tasking. Qther inportant output variables include the average nunber of



aircraft awaiting mssions, average and maxi mumaircraft idle tines, the
rel ative frequency of contingency mssions and the aircraft workl oad

i ncrease above baseline for contingency mni ssions.



Routine and Contingency Mission Profiles

Routine Supply
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The generic SOFAADM nodel allows for two types of mission profiles,
routi ne mssion profiles and non-routine contingency m ssion profiles.
Routine mssion profiles are the basic function of the nodel, that is,
the supply of rations and anmunition to the forces in the field. The
non-routine contingency m ssions can take one of three forms, casualty
evacuati on, emergency resupply, and nission planning. This slide

briefly describes these m ssion profiles.

ROUTI NE SUPPLY

The routine supply mssion profile is the basic and nost critica
mssion in the nodel. This type of mission is used to deternine the
basel i ne avi ation asset fleet for each experinment. There are two types
of routine supply mssions, the resupply of an FOB fromthe SFOB and t he
resupply of an AOB froma FOB

NON- ROUTI NE CASUALTY EVACUATI ON

Casual ty evacuations are the highest priority contingency m ssion.
There are three types of evacuation m ssions, an evacuation fromthe FOB
to the SFOB, an evacuation fromthe AOB to the FOB, and an evacuation
fromthe AOB to the SFOB. This third type is a conbination of the first
two, that is, aircraft are tasked fromboth the SFOB and FOB to perform

a col |l aborative mssion. Here the aircraft tasked fromthe FOB retri eves



the casualty fromthe AOB and on returning to the FOB transfers the

casualty to the aircraft that originated at the SFOB

NON- ROUTI NE EMERGENCY RESUPPLY

This type of contingency mssion is awarded the second hi ghest
priority. Three types of energency resupply missions are available in
the nodel, a resupply of the FOB fromthe SFOB, a resupply of the AOB
fromthe FOB, and a resupply of the AOB fromthe SFOB. Unlike casualty
evacuations, this third case is not a collaborative mission. An aircraft
fromthe SFOB is flown directly to the AOB.

NON- ROUTI NE PLANNI NG M SSI ON

This type of mission is assigned the |lowest priority. These
m ssions are usually conducted between three | evels of the basing
structure. For instance, a planning conference schedul ed at an FOB
will include participants fromthe SFOB and fromone or nore of the AOBs
adm ni stered by that FOB. Likew se, a planning conference schedul ed at
an AOB will include participants fromthe FOB and from one or nore of
the SOF teans. This type of mission is collaborative in that once a
pl anni ng m ssion has been schedul ed, aircraft are di spatched from
respective bases to collect personnel, with the aimof mnimzing the
time individuals are idle. For exanple, in the case where a planning
conference is scheduled at an FOB, at the time of scheduling aircraft
wi Il be dispatched fromboth the SFOB and the FOB. Wile the aircraft
di spatched by the SFOB transports personnel directly to the neeting, the
nm ssion of the FOB dispatched aircraft is to collect personnel fromthe
rel evant AOB and transport themto the FOB

It is inmportant to realize that this slide only illustrates the
m ssion structure between SFOB, FOB, and AOB bases. A sinilar structure
is also present in the nodel that represents the FOB, AOB, and SOF teans

basi ng structure.



Summary of Aviation Asset Data
Chinook: CH-47

— Range =320 nm

— Maximum payload = 22,000 Ibs

— Maximum speed = 143 knots
Black Hawk: UH-60

— Range=315-800 nm

— Maximum payload = 2,600 lbs

— Maximum speed = 184 knots
Hercules: C-130

— Range =2,000 nm

— Maximum payload = 36,000 lbs

— Maximum speed = 374 knots
Sherpa: C-23

— Range = 1,000 nm

— Maximum payload = 3,000 Ibs

— Maximum speed = 218 knots
CASA: CN-235

— Range = 1,000 nm

— Maximum payload = 13,000 lbs

— Maximum speed = 300 knots

Arroyo Center: PM-1302-A

Typically, any aircraft (current or future) can be nodel ed.
However, during any single experinent a maxi nrumof five aircraft types
are allowed. The five default aircraft available are the Chi nook CH 47,
t he Bl ack Hawk UH 60, the Hercules C 130, the Sherpa C- 23, and the CASA
CN- 235.

There are essentially only three paraneters required for each
aircraft type in the nodel; they are maxi num range, maxi mum payl oad, and
maxi mum ai rspeed. Shown in this slide are the values for the nodels
default aircraft. Readers should take note that the val ues represented
here are nmerely indicative of the aircraft type. Values may differ
dramatically for specific variants of the aircraft.

Although it is relative easy to inplenent or change an aircraft’s
specification, care nmust be taken. In the current nodel inplenentation
all the instances of the aircraft must be changed individually. It is
intended to inbed this information into the aircraft paraneter set in

future updates of the nopdel



Assumptions and Key Output Variables

Assumptions

¢ Aircraft maximum flight capacity is 16 hours per 24 hour period.
e Aircraft uplift and unload times are 1 hour in duration.
¢ Aircraft cost benefit analysis is not performed.
« Next available aircraft corresponds to non-routine missions.
« Frequency of non-routine missions is “scripted random”
¢ Casualty evacuation, emergency resupply and planning missions are given
priorities 1, 2 and 3 respectively.
Key Output Variables

* Average aircraft queue length.

» Average aircraft wait time for scheduling.

* Total number of aircraft departures.

» Percentage of time there was at least one aircraft available.

» Frequency of non-routine contingency missions.

» Percentage increase in aircraft workload over routine supply missions.

Arroyo Center: PM-1302-A RAND

ASSUMPTI ONS

Aircraft maxi num flight capacity: The maxi num al | owabl e fli ght
hours per 24-hour period for each aircraft is assunmed to be 16.
Any aircraft that exceeds this limt is imediately stood-down (at
its current location) until the required rest period is taken
There are no circunstances that override this constraint.

Aircraft uplift and unload tines: For ease of use, the node
assunes that both the uplift and unload times for all aircraft is
1 hour. In future versions of the nodel this value will be

i thedded into the aircraft paraneter set, making it easily

adj ust abl e between both aircraft type and anount of payl oad.
Cost-benefit analysis: As the nodel presently stands there is no
facility for perform ng cost-benefit anal yses between aircraft
types. This capability may be added to the npodel at a | ater date.
Correspondi ng to non-routine mssions: Currently, the next

avail able aircraft will respond to a non-routine contingency

m ssion. For exanple if a casualty evacuation mssion is queued
froma forward base to an advanced base and a C-130 is at the top
of the queue and a UH 60 is second in the queue, the G130 will

undert ake the m ssion, whereas the UH 60 is probably the nore



appropriate aircraft. A nobdel revision should consider this and
allow individual aircraft to be assigned tasks nore appropriate to
their capability.

Frequency of non-routine mssions: The frequency of non-routine
nmssions is the responsibility of the user and is controlled via
entries in a table created by the user. The nobdel assunes that

nm ssions are scheduled on a daily basis. That is, no two nissions
of the sane type can be conducted in the sane 24- hour period. A
zero entry is assunmed to indicate that no nmission is schedul ed for
t hat 24-hour period.

Non-routine mssion priorities: The nodel is inplenmented such that
casualty evacuations are given the highest priority, followed by
energency resupply and planning. Routine supply missions are

given the lowest priority.

KEY OUTPUT VARI ABLES

Average aircraft queue length: Over the sinulation period this

par aneter represents the average nunber of aircraft waiting for

nm ssi on tasking.

Average aircraft wait tine: Over the sinulation period this
paranmeter represents the average nunber of hours a single aircraft
spent waiting for mssion tasking.

Total nunber of departures: This paraneter indicates the workload
of the aircraft fleet over the sinmulated tine. Wrkload for

i ndi vidual aircraft can be cal culated using this paraneter.
Percentage of tinme there was at | east one aircraft avail abl e:

This paraneter is perhaps the nost useful. At the conclusion of a
simulation it represents the percentage of tine one or nore
aircraft were avail able for nission tasking.

Frequency of non-routine missions: This paranmeter represents the
increase in daily aircraft flights between bases.

Percentage increase in aircraft workload: This paraneter neasures
the increase aircraft workl oad over the baseline (routine supply)

m ssions for the aircraft fleet.



SECTION TWO

Special Operations Forces Aviation
Asset Data Model
(SOFAADM)
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This section describes the Special Operations Forces Aviation Asset
Data Model in greater detail. Since it is not possible to describe
every nmodul e in absolute detail, a working know edge of the Extend™
simul ati on environnent is assuned.

Readers unfam liar with the nodeling environnent may wi sh to first
review the material in the appendices. The first appendi x provides a
brief description of sone of the commonly used Extend™ standard nodel i ng
ternms, the second lists the nodel input parameter set, and the third
lists the nodel output variable set.

Readers shoul d al so understand that in order to run the nodel both

t he standard and manufacturing Extend™ software packages are required.



Special Force Operations Base
(SFOB)
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The Speci al Forces Operating Base (SFOB) is the essential driver
for the nodel. It is here that the aircraft are schedul ed for non-
routine FOB and AOB |l evel mssions and it is fromhere that routine

supply m ssions throughout all the levels of the nodel are coordinated.



Special Forces Operating Base (SFOB)

mission
paramatars
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This slide illustrates the structure of a typical SFOB. There are
essentially eight features to the base. Wile each of these features is
described in the followi ng set of slides, an overview is provided here.

1. \When a sinulation begins the generate aircraft block at (1)
creates a specified nunber of simulation items. These itenms are used to
create a nunmber of aircraft and assigns default parameters to them An
aircraft generation block is also present in each forward base which
create the aircraft permanently assigned to those |ocations.

2. The set mission paraneters bl ock coordi nates and schedul es
aircraft that are assigned to the SFOB. This block is also used to
access the availability output paraneter

3. The set casevac paraneters bl ock creates a casualty evacuation
m ssion profile for aircraft that are assigned such a mssion. Here the
initial mssion orders provided to the aircraft are interrogated and
expanded to produce a conplete mssion profile. The output controls
connected to the block are used to send information to the appropriate
forward base to alert that base to possible collaborative m ssions.

4. Aircraft arriving at (4) have been schedul ed to undertake an
energency resupply mssion. As in (3) the block uses the m ssion orders

received in the set m ssion paraneters block to create the m ssion



profile. Since these mssions do not require any additional work from
the forward base, no comrand information is sent.

5. The set planning paraneters block at (5) undertakes a sinlar
procedure to that of the set casevac paraneters block. The only
difference is that instead of setting m ssion paraneters for a casualty
evacuation, paraneters are set for a planning nission. The sane
infornmation is passed through the controls to the forward bases.

6. The final paranmeter set block is the set supply paraneters at
(6). Aircraft arriving at this block have been schedul ed to undertake a
routi ne supply m ssion

7. At (7) all aircraft |leave the SFOB and begin their mi ssions.

8. Aircraft returning to the SFOB enter at (8). These aircraft are
routed back into the set mssion paraneters bl ock where they wait to

receive their next m ssion



SFOB Aircraft Generation

number of
aircraft

Number of
simulation aircraft

initial aircraft
parameters

| setting
aircraft type
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The sinul ation uses a generator block at (1) to create a single
simulation item This is achieved by placing a ‘1" in the maxi mum
nunber of itens generated edit box shown in the insert. The created
simulation itemis then passed through the resource block at (2) where
t he desired nunber of aircraft are created. In the exanple shown in the
slide the initial number of aircraft is given as one. It is inmportant
to understand that the simulation starts counting fromzero. Therefore
the ‘1" placed in the initial nunber edit box will result in the
generation of two aircraft.

Each generated aircraft is then assigned a nunber of paraneters,
including aircraft type and base of origin. These paraneters are shown
in the set attribute dialog shown in the insert at (4). Since there are
several aircraft types available, the A connector on the set attribute
bl ock is used to distinguish between them This connector is linked to
an i nput random nunber block at (3) and the radio-button is set ‘on’ for
the variable Atype in the attribute dialog. Consequently, the Atype
(aircraft type) variable will be set to an integer value between ‘1 and
‘5’ depending on the probability colum. The exanple shown at (3)

i ndi cates that 100 percent of the aircraft passing through it will be

given an Atype value of ‘1", which corresponds to the Chinook CH 47



hel i copter. Atype values of 2, 3, 4, and 5 represent aircraft types UH
60, C- 130, C 23, and the CASA CN 235 respectively.



SFOB Mission Parameters and Aircraft Availability
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Once the desired number of aircraft have been created, they nmove to
the set m ssion parameters block. Aircraft returning to the SFOB after
a mssion are also routed to this block

Once an aircraft enters this block all their mssion profile
paranmeters, except for those relating to the | ogged flight hours and
total time in operation, are reset to that of a new aircraft.
Essentially, the aircraft is reset to its default values. The val ues of
t he nunber of logged flight hours and total time in operation paraneter
are mai ntained since they are used to determ ne the operational status
of the aircraft and are therefore only reset at the conclusion of each
24-hour period.

The aircraft availability block at (2), which is described in
detail on the next slide, holds all the aircraft and only rel eases an
aircraft when one has been requested. The set requirenment for aircraft
bl ock at (3) is used to request an aircraft.

There are two types of missions an aircraft can be assigned. These
are routine supply and non-routine contingency. Routine supply m ssions
are categorized as either non-trailet (or per pound amount) or trail et
(prescribed anpbunt | oaded on a trailer) mssions. Routine supply
m ssion types are indicated on the slide at (5) and (6) respectively.

Non-routine mssions (as discussed earlier) are categorized as either



casual ty evacuation, energency resupply or planning mssions. This
m ssion type is assigned at (4).
Once a nission is scheduled, a conmand signal is sent through the

respective set requirement for aircraft block to the availability bl ock

requesting an aircraft be assigned for that nission. |If an aircraft is
avai l abl e for tasking the availability block will release it to neet the
request.

Once the availability block has released an aircraft into the
systemit proceeds to the respective mssion scheduler at (4), (5), or
(6). The respective schedulers provide the aircraft with a mssion, a
destination, and payl oad paraneters. All other paranmeters required to
undertake the mission are set separately in the SFOB paraneter section
whi ch i s discussed |ater.

To ensure that aircraft fromthe availability block are routed to
the correct mssion profile block, only one aircraft is pernitted in
this section at any tine. For exanple, if two mssions are queued
si mul taneously and therefore request aircraft sinultaneously, the second
request will not be filled until the first has received its m ssion
orders and left the section. The gate block at (7) nmonitors and
coordinates this restriction. Since there are no delays in this
section, only sinulation tine is affected. In real-tine it wll appear

that the two aircraft received their respective orders simltaneously.



SFOB Aircraft Availability
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The availability block is used to hold aircraft stationed at the
SFOB until they are requested to undertake a prescribed m ssion. The
configuration of the availability block may differ nodel to nodel, but
the generic construct is shown in this slide.

Aircraft entering this block at (1) are routed to a series of
gueues relating to each of the aircraft types at (2). The aircraft
types represented here are the Chinook CH 47, Black Hawk UH 60, Hercul es
C- 130, Sherpa G 23 and the CASA CN 235. These queues represent the
availability of each of the aircraft types at the SFOB

The insert illustrates output variables collected within the
avai l ability queues. Possi bl e vari abl es are average queue | ength,
average wait, maxi mum queue | ength, maxi mumwait, total cost, fina
gueue length, total arrivals, total departures, and utilization
Al t hough all these variables are useful in analysis, the nost inportant
is utilization. This variable represents the percent of tine at |east
one aircraft is available at the SFOB for tasking. It takes val ues
between 0 and 1; users therefore nultiply it by 100 to convert it to a
per cent age.

Since each mission type requires a different set of paraneters,
points (3), (4) and (5) in the slide represent the path taken by each of

t he m ssion types.



Once the demand bl ock on each of the routes receives a request for
an aircraft (through the input connector), the first available aircraft
is sent. Note that not all the aircraft types can performall the
m ssions. Due to weight restrictions the UH60 and the C 23 are not
able to conduct trailet mssions. These aircraft are restricted to

perform ng contingency and routine supply (without trailet) nissions.



Non-Routine Contingency Mission Profiles

This slide describes the procedure for scheduling non-routine
contingency missions. There are two parts to the process. The first is
the non-routine mssion profiles. Here mission tables are used to
control the scheduling of the mssions (see (1) and (2)). Each table
represents a different m ssion type (FOB casualty evacuati on, AOB
casual ty evacuation, FOB energency resupply, AOB energency resupply, and
FOB planning). The structure of a typical table is shown in the insert
at (4). The content of (2) is discussed further on the next slide.

The second part of the process is the set requirement for aircraft
bl ock. As is seen at (3), this block is a series of linked | ogical AND
and OR nodes. This block receives inputs fromthe m ssion profile bl ock
(requests for aircraft) and outputs a ‘1" if an aircraft is requested
and a ‘0" if not, to the availability block. If nore than one aircraft
is requested the output will remain at ‘1" until all current requests

are filled.



Setting Contingency Missions

Non-Routine Routing Test
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VWhen one of the tables registers that a m ssion nmust be undertaken
it sends the nission destination nunber to both the input test block and
the set attribute block. A tasked mission is indicated by a non-zero
value in the m ssion assignnment table. The input block at (2)
continually tests the input value and outputs a ‘1" if the value is
greater than zero; otherwise it outputs a ‘0 through the Con7Qut
connector (shown at (4)) to the set requirenent for aircraft block
This output alone will not cause an aircraft to be tasked. The route
test block shown in at (3), nust also output a ‘1" value fromthe
ConlQut connector for an aircraft to be sent.

The route test block is used to ensure that only one aircraft is
tasked to conduct any particular mssion. It does this by only allow ng
one aircraft pass through the block to the output at (5) in any 24-hour
period. In (3) the count blocks containing a value of ‘1" are reset at
the start of every 24-hour period and thus control this process. The
counter displaying a value of 17" is used to count the nunber of
aircraft that are tasked this type of mission over the simulated tine
period. At the start of each 24-hour period, the ConlQut connector
sends a ‘1" to the set requirenent for aircraft block, and continues to
send a ‘1’ until an aircraft passes through the bl ock, which changes the

value to a ‘0O’



An aircraft can only be requested if the set requirenent for
aircraft block receives a ‘1" fromboth the input block and the route
test simultaneously. |If either of these is ‘0" no aircraft is
request ed.

Once an aircraft has been requested and sent by the availability
block into the mssion profile block it will pass sequentially through
the contingency missions until the correct nission type is found.
Connecting the output fromthe input block to the select gate perforns
this test. A value of ‘1 will cause the aircraft to enter the route
test bl ock, whereas a value of ‘0" will cause the aircraft to nove to
t he next m ssion type.

As detail ed above, the route test block is used to ensure that only
one aircraft is tasked to conduct the nmission. Therefore if an aircraft
enters the block and the counter shows ‘0, that aircraft will be used
to conduct the mission and will be passed through the Con2Cut output to
the set attribute block and then back into the system |If the counter
shows a ‘1", indicating the nmission has already been filled, the
aircraft is passed through the Con3Qut output which passes it back into

t he sequential testing of mssion types.



Routine Supply Demands
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Li ke the procedure for queuing non-routine aircraft, the procedure
for routine aircraft is also a two-step process. The first is the
routine non-trailet supply mission block at (2), which controls the
rel ease of supplies into the system and therefore requests aircraft to
conduct supply mssions. The second is the set requirenment for aircraft
bl ock at (3), which is nade up of connected |ogical OR gates that are
used to send aircraft requests to the availability block. This second
step is a sinpler version of the set requirement for aircraft block that
is used for non-routine nissions.

VWhen supplies are released fromthe supply-tinng bl ock, they nove
into the test supplies block, which registers that supplies are waiting
for transport and requests an aircraft through the set requirenent for
aircraft to the availability block. Once an aircraft arrives, the |oad
cargo bl ock assigns the maxi num anount of supplies possible to the
aircraft. This anmount cannot exceed either the total anobunt avail able
for transport or the total cargo capacity of the tasked aircraft. Since
an aircraft may hold nore supplies than the requirenent for a single
base, if supplies for other bases have been rel eased, the aircraft wll
visit the |load cargo bl ocks for those bases and | oad supplies up to its
remai ni ng capacity. Once an aircraft is fully | oaded or no additiona

supplies are required the aircraft is released fromthe section. At that



time, if there are additional supplies still requiring transport, a
second aircraft will be released fromthe availability bl ock.
The next series of slides discusses the content of the routine non-

trailet supply mission block in detail.



FOB Supply Timing Block
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The supply-timng block at (1), controls the rel ease of supplies
into the system As was seen on the previous slide, there are supply-
timng blocks for each of the bases admi nistered by the SFOB. This
bl ock functions in isolation to the remainder of the sinulation. |Its
only connection to the sinulation is the ConlQut connecter, which sends
a val ue representing the amount of supplies to be released to a
particul ar base to the test supplies block shown in the next slide.

In the supply-timng block, the generate block at (2) creates a
single sinulation itemat the start of the each simulation. This
simulation itemis used to control the rel ease of supplies to a
particul ar base. In the exanple displayed, this is the ‘FOB 1' base.
Once created, the item passes through the set attribute block at (3)
whi ch assigns a value to its random del ay paraneter. This paraneter
represents the number of days that must pass before the next supplies
can be rel eased. The insert at (4) illustrates that the delay value is
to be an integer value between 8 and 10 inclusive. The wait bl ock at
(5) carries out the del ay.

Once the wait time has been conpleted the next anpunt of supplies
can be released. Since the aimof the nodel is to sustain the bases,

t he amount of supplies rel eased nust equal the anmpbunt consumed during

the wait period. To calculate the required supplies, the daily-consuned



supply for the base is multiplied by the delay tinme. This calculation
is performed at (6) and (7). At (6) the delay tine is retrieved from
the itemand at (7) the ambunt to be released is calculated. The
constant bl ock connected to the equation block indicates the daily-
consuned supplies at the base.

Finally, the output connector rel eases the supplies to the test
supplies block on the next slide and the itemis returned to the set

attribute block for the next iteration.



FOB Test Supply Block
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The supplies released fromthe supply-timng bl ock are noved
t hrough the Conlln connector into the supply holding tank at (2). The
insert at (2) indicates that no supplies are currently available for
transport. \Wen supplies are avail able, the non-zero val ue
(representing the anmount of supplies) is sent to the decision block at
(3) which causes a ‘1’ to be sent through the Con2Qut connector to the
set requirenent for aircraft block. In turn, this requests an aircraft
be sent fromthe availability block to performthe supply m ssion

Aircraft that pass through the |oad cargo bl ock | oad these
supplies; this is discussed further on the next slide. Once supplies
are | oaded, the supply holding tank is decrenmented by that val ue through
the Con3ln connector. Wen the value is returned to zero the decision
block will switch its output to ‘0 thereby stopping any further
aircraft requests.

The Con4Qut connector is used to send the ampunt of supplies

waiting for transport to the | oad cargo bl ock



FOB Load Supply Block
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VWhen an aircraft arrives at the |oad cargo block at (1), its
aircraft type is determned and it is routed to its respective | oad
supplies block at (2), which is discussed on the next slide. The Con2ln
connector at (3) is used to provide each of the |oad supplies bl ocks
with the total anmpbunt of supplies required for transport.

Each aircraft is provided with a residual cargo paraneter, the
val ue of which represents the avail abl e carrying capacity of that
aircraft type. For the default aircraft types CH 47, UH60, C 130, C 23
and CASA CN-235 the value of the residual cargo paranmeter is 22,000,
2,640, 36,000, 3,000 and 13,000 pounds respectively. Once an anount of
suppl i es have been | oaded onto an aircraft this parameter nust be
decreased by that sane amount. This is perforned at (4). At (5) the
total amount of the supplies in the supply holding tank (on the previous
slide) is al so decreased by that anount.

Finally, at (6) a wait block is used to represent the load tinme.
Aircraft arriving here are del ayed a preset ampunt of time representing

the tine needed to load the aircraft.



Loading an Aircraft at the SFOB
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Dependi ng on state of the aircraft to be | oaded, there are two
types of | oadi ng procedures.

The first is used when an aircraft is enpty (the residual cargo
parameter is set to the maxi num capacity of the aircraft) and is
therefore being | oaded for the first time. |In the exanple, the Chinook
CH 47 is being |l oaded. Since this aircraft type has a carrying capacity
of 22,000 pounds, that value is the maxi numthat can be | oaded. The
constant bl ock connected to the set attribute block at (1) is set to
this value. |If the amount of supplies to be |oaded is |ess than or
equal to this ampunt, then the entire amount will be | oaded. If not,

t he maxi mum capacity is | oaded and the remmi nder nmust wait for the next
aircraft.

The second procedure is used when an aircraft to be |loaded with
supplies already has supplies on board. 1In the exanple at (2), a CASA
CN- 235 is being | oaded. Here the value of remaining capacity (the
residual cargo) is retrieved and used as the maxi num al | owed anount of

supplies that can be | oaded onto the aircraft.



Routine Trailet Supply Missions
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The procedure for routine trailet supply mssions at (1) is very
simlar to that of non-trailet supply mssions. The difference is the
carrying capacity (residual cargo) for each of aircraft type. For
instance, the initial carrying capacity of the Chinook CH 47 is given as
22,000 pounds. If a trailet, which is a trailer |oaded with a preset
amount of supplies is given a weight of 10,000 pounds, then the Chi nook
will only be capable of transporting 2.

VWhen aircraft arrive at the routine trailet supply mssions bl ock
they are routed at (2) to their respective set attribute bl ocks at (3)
whi ch redefines the total avail able carrying capacity (the residua
cargo paraneter) to these new values. The |oading process at (4) is
then the sane as for non-trailet supply nissions.

Thi s concludes the di scussion on the set m ssion paraneter bl ock

The next set of slides focuses on the devel opnent of mission profiles.



Testing Mission Profiles
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Once an aircraft has received an initial mission profile and/or an
amount of supplies to be transported, a nunber of additional paraneters
must be set depending on the mission it is assigned.

The first test is whether a casualty evacuation nission has been
scheduled. |If the test (shown in the slide) is positive, the aircraft
is moved to the set casevac paraneters bl ock, where its paraneters are
set. The next slide describes the content of the set casevac paraneters
block. If the test is negative the aircraft is nmoved to the next test

and so on until the assigned mssion is found.



Casualty Evacuation Parameter Setting
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This slide describes the content of the set casevac paraneters
bl ock at (1). A casualty evacuation m ssion can be one of two types, a
non-col | aborative mission to one of the forward bases or a collaborative
m ssion to one of the advanced bases. The casevac type get attribute
bl ock at (2) determ nes which of these nission types is to be
undert aken.

If the mission is non-collaborative (to an FOB), the aircraft is
routed to (3) where the select FOB block is used to route the aircraft
to the appropriate set attribute block which in turn sets the paraneters
for that mission. The only paraneter required to be set here is the FOB
parameter indicating to which forward base the nission nust be
conduct ed.

If the mission is collaborative (to an AOB), the aircraft is routed
to (4) where the select AOB block is used to route the aircraft to the
appropriate set attribute block which in turn sets the paraneters for
that mssion. The exanple shown in the slide uses five advanced
operating bases. If the missionis to either AOB 1 or 2, FOB 1
paranmeters are set; FOB 2 paraneters are set if the mssion is to either
AOB 3 or 4; and FOB 3 paraneters are set if the mssionis to AOB 5.

In the case of a collaborative mssion the control outputs attached

to the count and get attribute blocks at (5) send information to the



appropriate FOB requesting an aircraft be tasked to the specific AOB to
retrieve the casualty. The output fromthe count block sends the

m ssion nunber to the FOB for housekeepi ng purposes. The output from
the get attribute block sends the AOB i ndex nunmber so that the aircraft
at the FOB can be directed to the correct base. The aimhere is to have
the aircraft tasked fromthe FOB performits nmission and retrieve the
casualty before the SFOB schedul ed aircraft arrives at the FOB. Finally,

the aircraft |eave the block at (6).



Emergency Resupply Contingency Parameters
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If the mission type is not a casualty evacuation, the second test
is for an emergency resupply. This nmission type is simlar to the
casual ty evacuation nission, however, in this case the mssion is non-
col l aborative. Since, fromthe energency resupply m ssions can be
conducted fromthe SFOB to either an FOB or an AOB, the FOB resupply get
attribute block at (1) is used to test which of these two types is to be
conduct ed.

If the missionis to resupply an FOB, the aircraft is routed to (2)
and the FOB paraneters are assigned. On the other hand, if the m ssion
is to resupply an AOB it will be routed to (3) and the appropriate AOB

and FOB paraneters are assigned.



Contingency Planning Parameters
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The third test and the final non-routine contingency m ssion test
is for a planning nmssion. As is the case for the casualty evacuation
m ssion, a planning mssion is collaborative.

Since this is the final non-routine mssion type, arriving aircraft
are tested at (1) to determine if a planning mssion has been schedul ed.
If the test is negative the aircraft is routed from(4) and is sent back
to the availability block. This situation is considered an anonmaly and
rarely occurs. 1In the event that it does occur, sending the aircraft
i medi ately back to the availability block mninizes the effect on the
avail ability paraneter. The count block at (4) is used to indicate the
nunber of occurrences of this anomaly in the sinulation.

If on the other hand the test is positive, which is usually the
case, the aircraft is routed to (2) where the appropriate AOB is
determined. 1In this case (as with a casualty evacuation collaborative
m ssion) the control outputs attached to the count and get attribute
bl ocks at (3) send information to the appropriate FOB requesting an
aircraft be tasked to the specific AOB to retrieve the personnel for the
meeting. The output fromthe count bl ock sends the nission nunber to
the FOB for housekeepi ng purposes and the output fromthe get attribute
bl ock sends the AOB index nunber so that the aircraft at the FOB can be
directed appropriately.



Routine Supply Mission
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The final SFOB section is the parameter setting for routine supply
m ssions. The exanple shown in the slide is for a three FOB structure.
Here the get attribute and the test FOB block at (1) is used to
det erm ne whether the supply mission is to the first forward operating
base. If this is the case the aircraft to the set attribute bl ock
| abel ed set “FOB = 1’ at (2) and the appropriate paraneters are set. |If
not the case, a sinmlar test is performed at (3) for the second forward
operating base. Again the required paranmeters are set at (4). O
course if this second test also fails, then the forward operating base
must be the third and the paranmeters are set to reflect this.

The next set of slides describes the routing of aircraft between

the SFOB and each of the forward operating bases.



SFOB — FOB Aircraft Routing
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Once an aircraft |leaves the SFOB, it enters the aircraft SFOB/ FOB
routi ng bl ock which is described on the next slide. This block
coordi nates the novenment of aircraft between the SFOB and the forward
operating bases. Its function is to track the aircraft as they are
processed through to their assigned forward bases and back to the SFOB.
In the slide thick Iinks represent the novement of aircraft and the thin

links represent the nmovenent of information.



SFOB — FOB Routing
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This slide describes the mechani sm by which aircraft are routed
fromthe SFOB to several forward bases and back to the SFOB

Aircraft enter the block fromthe SFOB t hrough the Conlln
connector. A test is perforned at (1) to determne the first FOB they
have been assigned. Aircraft are then routed to that base (shown in
blue). These bl ocks represent the flight tine fromthe SFOB to the
particul ar FOB.

Aircraft returning froman FOB enter the block at one of the inputs
(depending on the FOB) at (2). Here the aircraft is tested in the test
next destination block to determ ne whether it has conpleted its entire
set of assigned missions or if it is required to visit other bases. In
the case where it is required to visit another forward base, the
aircraft is flown to that base through one of the pink flight to FOB
bl ocks at (3). |If no additional forward bases require a visit by the
aircraft it is sent back to the SFOB through one of the flight to SFOB
bl ocks (shown in yellow) at (4).

The conmand information |inks are routed between the SFOB and each
FOB at (5). The inmportant thing to note is that you cannot |ink an input
directly to an output, thus a constant block (as shown) is used to route
the information. Furthernore, since constant blocks increnment the input

val ue by the specified constant, these values nmust be preset to zero.



The output to file and the graphing of results is illustrated at
(6). Here the contents of each of the FOB supply depots are displayed

and entered into an output file for post-run anal yses.
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This slide describes a typical SFOB-FOB flight block. Al flight
bl ocks are sinilar to the one shown. The only difference between these
bl ocks is the distance that needs to be travel ed.

VWhen an aircraft enters this block the aircraft type is determ ned
and the aircraft is routed to the appropriate flight time block shown at
(1). The content of one of these blocks is shown in the bottom half of
the slide.

VWhen an aircraft arrives in this block, the flight time fromthe
SFOB to the FOB is calculated and stored in the aircraft’s flight tinme
paranmeter at (2). Before a flight can be conducted however, it needs to
ensure that the total flight hours in the current 24-hour period wll
not exceeded the maxi num al | owabl e hours by undertaking this flight. In
the cases where this total will be exceeded the aircraft is stood-down
at (3) until the required rest period has been taken. Once the aircraft
has passed (3) it noves to (4) where the flight is undertaken. At (4)
three del ay bl ocks are provided in parallel indicating that up to three
aircraft can be flown on the route sinmultaneously. The insert at (5)
shows that for this particular aircraft the flight tine between the SFOB
and the FOB i s about 5.59 hours.



Once an aircraft has flown the required distance, its housekeepi ng
(time) paraneters are updated at (6) and the aircraft noves fromthe

SFOB-FOB routing block into the specific forward operating base.



Testing Next Destination
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Aircraft returning to the SFOB-FOB routing block after visiting a
forward base are tested in the test next destination block at (1) to
determne if they are required to visit other forward bases before
returning to the SFOB. Those that are required to visit other bases are
routed to those bases at (2) and those that are not are routed back to
the SFOB at (3). Each of the flight blocks (pink and yellow) is simlar
to the bl ock described on the previous slide.

In this slide it is assuned that the aircraft is returning after
visiting FOB 1. Consequently, the possible destinations are FOB 2, FOB
3, and the SFOB. The first test at (4) is for FOB 2. If the aircraft’s
attribute for FOB 2 is greater than zero the aircraft will be routed to
that base at (5). |If not, a second test is performed at (6) to
determ ne whether the attribute for FOB 2 is greater than zero; if so,
the aircraft will be sent to that base at (7). Finally, if neither is
true, the aircraft is assumed to have conpleted its mssion and is
returned to the SFOB at (8).

This compl etes the sub-section relating to the SFOB. The next sub-

section describes operations at the forward operati ng bases.
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The nodel for a forward operating base (FOB) is |argely dependent
on the structure of the special operating force being inplenented. The
FOB shown in this slide should be regarded as a typical ‘generic’
forward base.

A forward operating base essentially performs two tasks. Firstly,
it processes the arriving aircraft fromthe SFOB, and secondly, it
mai nt ai ns and coordi nates operati ons between itself, the advanced
operating bases and “to some extent” the Special Forces teans. The
following set of slides exam nes the operations of a forward base in

detail.



FOB Part 1: Supporting SFOB Missions
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Aircraft arrive at the FOB fromthe SFOB t hrough the Conlin
connector at (1). Upon arrival, the get mission block at (2) deternines
whet her the mission type is routine or non-routine.

Non-routine mssions are routed to (3) where the non-routine
m ssion is further broken down into collaborative and non-col | aborati ve.
Casual ty evacuation and planning nission types are routed to (4) and
then to their respective mssion blocks (described in the next slide) at
(6). Non-collaborative resupply mssions are routed to (5) where a
determination is nade as to their final destination. Resupply mssions
that have the FOB as a final destination are sent to conduct contingency
operation block (described on the next slide). Those that have an ACB
as a final destination are routed out of the FOB to the AOB through the
output at (9). Once non-routine nmissions with the FOB as the fina
destination are complete, the aircraft is routed back to the SFOB-FOB
aircraft routing block through the output at (8).

If the mission is determned at (2) to be that of a routine supply
m ssion the aircraft is routed to the FOB unl oad supplies block at (7).
Here the supplies for this particular base are unloaded into the base
conbat service support depot and the aircraft is returned to the SFOB-

FOB aircraft routing block through the output at (8). The unl oad



supplies procedure and the contents of the depot will be described |ater

in this section.



Conducting Contingency Missions at an FOB
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I n non-col |l aborative emergency resupply mssions, aircraft either
remain on the ground at the FOB for a specified tinme and then exit the
base, or if the final destination is an AOB, imediately exit the base
(without landing) for that AOB. The determ nation between the two is
performed at (1).

In the case where the FOB is the final destination, the contingency
m ssion is conducted in the conduct contingency operation block at (2).
Here as nmentioned above, the aircraft waits a specified time and then
exits the base. The set attribute block at (2) is used to reset the
contingency mission paranmeters to indicate that the m ssion has been
conpl et ed successfully.

The procedure for casualty evacuation and planning nmissions at (3)
isalittle nore conplex. |In these cases the m ssion type could be
ei ther coll aborative or non-coll aborative. The determn nation between

these (for casevac m ssions) is conducted in the determ ne casevac

destination block at (4). |If the FOB is the final destination, a non-
col  aborative mission is assunmed. In this case the SFOB-tasked aircraft
collects the casualty at the FOB and departs. |If the final destination

is an AOB, the mission is assumed to be collaborative and the aircraft
noves into the segnents at (5), where the aircraft waits for the
casualty to be brought to the FOB fromthe AOB by an FOB-tasked



aircraft. Upon arrival of that aircraft the casualty is transferred to
the originating SFOB aircraft, which then departs the base.

A col | aborative nission type operates as follows. Once queued in
the SFOB, information sent to the FOB via the Con3ln connector causes
t he denmand bl ock at (5) to be closed stopping any aircraft from passing
through it. The infornmation is also used by the FOB to task an aircraft
to the appropriate AOB to retrieve the casualty. Wen this aircraft
arrives back at the FOB with the casualty, information is sent into the
Condl n connector opening the demand bl ock all owi ng the waiting SFOB
aircraft to continue its mission. If for some reason the FOB-tasked
aircraft arrives back at the FOB before the SFOB aircraft arrives at the
bl ock, the SFOB aircraft would pass imredi ately through the bl ock since
t he denmand gate woul d al ready be open. The nunerical difference between
the Con3ln and Condln connectors is used to deterni ne how nmany aircraft
shoul d be all owed through the system since a situation could occur
where nore than one casualty evacuation is operating sinultaneously.

The operation of the planning nission block is the simlar to that
of the casualty evacuation bl ock except that all planning mssions are

consi dered col | aborati ve.



Conducting Routine Supply Missions
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The FOB unl oad supplies block at (1) deposits supplies fromthe
aircraft into the FOB Conbat Service Support depot, described on the
next slide.

Aircraft arriving at (2) are able to unload two types of supplies,
non-trailet and trailet. Atest at (3) is conducted to deternine which
of the types is to be perforned. It is not possible for a single
aircraft to unload both types in the same visit to the FOB. Non-trail et
supplies are routed to (4) where the supplies are passed through the
Con5Qut connector to the depot. Trailet supplies are routed to (5)
where the Con6Qut connector is used to pass the supplies to the depot.
Once the aircraft has conpleted the unload mssion at (6), its
paranmeters are reset at (7) and it departs the base.

The FOB supplies | oop at (8) represents supplies that are consuned
at the base. In this case, at preset intervals (usually 8-hours), a
negative val ue (representing the consumed supplies) is sent through the

Con5Qut connector to the depot decreasing the total by that anount.
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The FOB Conbat Service Support depot contains two hol di ng tanks,
one for trailet supplies and the other for non-trailet supplies (shown
at (1)). As was nentioned on the previous slide, the depot receives
supplies for each holding tank fromthe FOB unl oad supplies block. The
inserts at (2) and (3) illustrate the differences between these supply
types. In the trailet case an initial stock of 10 trailers is required,
whereas in the non-trailet case an initial stock of over 55,000 pounds
i s required.

The Con6Qut and Con7Qut at (4) are used to transfer the respective
total supplies in the depot to the output file and sinulation graphica

di splay unit.



FOB Part 2: Maintaining Lower Echelon Bases
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The second major function of the FOB is the managenment and resupply
of the [ ower echelon bases. The structure shown here is sinmlar to the
structure of the SFOB. However, at the FOB there is the added
difficulty of having to support the SFOB col | aborative m ssions.

As is the case for the SFOB, a generate aircraft block at (1) is
used to create the initial aircraft and assign initial paraneters to
them Since this function is simlar to that performed in the SFOB, it
wi Il not be described here. However, the aircraft that are in this
bl ock are considered property of the FOB and therefore can only be
tasked by the FOB. These aircraft cannot travel to the SFOB; they are
for FOB and | ower echel on operations only.

Aircraft return to the FOB fromthe | ower echelons at (2). Since
it is possible for SFOB aircraft to reach the AOB | evel, the block
| abel ed deternine final destination is used to ascertain the arriving
aircraft’s base of origin and route the aircraft back to that base.
Aircraft that originated at the SFOB are routed to (3); all others are
routed to the test collaborative mssion block at (4). The get
attribute blocks imrediately following (2) are used to signal the
conpl etion of a collaborative m ssion

The test coll aborative mssion block at (4) performs two key

functions. First, it coordinates SFOB col |l aborative m ssions by tasking



FOB aircraft to undertake particular mssions. Second, it contains the
FOB aircraft availability block, which is used to hold the aircraft
until a request for their service is received. The test collaborative
m ssion block is described further on the slide.

If a collaborative mssion is required, the aircraft undertaking
that mission is passed through either the planning mssion block or the
casevac m ssion bl ock depending on the nission type at (5) to receive
its mssion profile. The Con5ln and Con8In connectors provide the SFOB-
supplied infornation required to undertake the planning and casualty
evacuation m ssions respectively.

FOB- schedul ed mi ssions are scheduled in the set mission paraneters
block at (6). Although the structure of this block is simlar to the
set mssion paraneters block in the SFOB, that is, both routine and non-
routine mssions are available, the FOB scheduling of routine m ssions
i ncl udes both AOB and SOF teans (denoted as TOB) instead of FOB and ACB
m ssi ons.

In sone nodel inplenentations where the AOB operates its own
aircraft, this will not be the case. |Instead the SOF teanms will be
adm ni stered by the AOB instead of the FOB.
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The aimof the test collaborative mission block is to test and set
the initial paranmeters for SFOB-FOB col | aborative m ssions (casualty
evacuation and planning). The block is also used to coordi nate the FOB
aircraft availability nechanism

Aircraft arrive in this section at (1) and are routed to the
availability block at (2) where they are held until a request is
recei ved through one of the input connectors for their support. \Wereas
the i nput connectors at (2a) are used to request aircraft for FOB-
rel ated m ssions, the input connector at (2b) is used to request
aircraft for collaborative nissions.

Once leaving the availability block, aircraft nove through the gate
bl ock at (3) and officially enter the system Note that the gate bl ock
ensures that only one aircraft is entered into the systemat a tinmne.
This is an essential requirement so that the sw tching sequence can
operate correctly.

The remai nder of the test collaborative mssion block either sets
the coll aborative mission initial paraneters and directs aircraft
undert aki ng those nmissions to their respective outputs, or directs
aircraft to the FOB set m ssion paraneters bl ock.

The assigning of collaborative mssions to FOB aircraft is

controlled at (4) and (5). Here, if either of the switches is set to



‘1" a control is sent through the OR gate to the availability bl ock
requesting the release of an aircraft. Wen an aircraft is released for
a collaborative mssion, the set attribute block attached to the
switches will set appropriate paraneters so that the nodel identifies
this aircraft as assigned to a SFOB-originated mssion and therefore
will not assign it to other tasks.

Points (6) and (7) ensure that the aircraft is routed correctly
through the systemto its set paraneter location. At (6) a test is
conducted to deternmine if a collaborative casualty evacuation mssion is
to be undertaken. |If the test is positive, the aircraft is routed to
(8) and exits the block via the Con4Qut control. |If the test is
negative, the aircraft noves to (7) where a test is perfornmed to
det erm ne whether collaborative planning is to be perforned. Again if
the test is positive, the aircraft is routed out of the block, this tine
via the Con3Qut control at (9). |If the planning test is negative, the
m ssion is assuned to be an FOB-schedul ed mission and the aircraft

| eaves the systemat (10) via the Con2Qut control



FOB Aircraft Availability

Arroyo Center: PM-1302-A RAND

The availability block is used to hold aircraft stationed at the
FOB until they are requested to undertake a prescribed m ssion
Al t hough the configuration of the availability block may differ from
nodel to nodel, the generic construct is shown in this slide.

Aircraft entering this block at (1) are routed to a series of
gueues relating to each of the aircraft types at (2). The aircraft
types represented here are the Chinook CH 47, Black Hawk UH 60, Hercul es
C- 130, Sherpa G 23, and the CASA CN- 235. These queues represent the
availability of each of the aircraft types at the SFOB

The insert at (3) illustrates the contents of the availability
gueues. The paraneters of the queue block are used as nodel out put
vari abl es: average queue | ength, average wait, maxi mum queue |ength,
maxi mum wait, total cost, final queue length, total arrivals, tota
departures, and utilization. Although all these variables are useful in
anal ysis, the nost inportant is the utilization. This value represents
the percent of tinme at |least one aircraft is available at the SFOB for
tasking. This variables takes values between 0 and 1 and is nultiplied
by 100 to convert it to a percentage.

Since each mission type requires a different set of paraneters,

point (4) illustrates the path taken for each of the mission types. The



two inputs at (5) represent non-routi ne FOB schedul ed m ssions and SFOB-
initiated collaborative nissions.

Once the demand bl ock on any of the path receives a request for an
aircraft (through the input connector), the first available aircraft is
tasked. Note that not all aircraft types can performall the nissions.
Due to weight restrictions, the UH60 and the C-23 are not able to
conduct trailet missions. These aircraft are restricted to performng

contingency and routine supply (without trailet) nissions.
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This slide denonstrates the final paraneter setting blocks for the
col | aborative casualty evacuation and pl anning m ssions. Effectively,
the only parameter required to be set cones fromthe input AOB index
representing the AOB to which the aircraft must travel. This index is
provided as information fromthe SFOB and is entered through the Con3ln

connectors in each of the coll aborative m ssion bl ocks.
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VWhen an aircraft enters this block all its mission profile
paraneters (except for those relating to the | ogged flight hours and
total time in operation) are reset to that of a new aircraft.
Essentially, the aircraft is reset to its default values. The val ues of
t he nunber of logged flight hours and total time in operation paraneter
are mai ntained since they are used to determ ne the operational status
of the aircraft and are therefore only reset at the concl usion of each
24-hour period.

There are two types of missions to which an aircraft can be
assigned, routine supply and non-routine contingency. Routine supply
nm ssions are categorized as either non-trailet (or per pound anount) or
trailet (prescribed amunt |oaded on a trailer) missions. Routine
supply mission types are indicated at (2) and (3) respectively. This
type of mssion can be conducted to either of the advanced operating
bases or to one of the SOF teanms (TOB). Non-routine m ssions,
categorized as either casualty evacuation, energency resupply or
pl anni ng m ssions are assigned at (1).

Once a nmission is scheduled, a request is sent through the
respective set requirenment for aircraft block to the availability bl ock
requesting an aircraft be assigned for that mission. |If an aircraft is

avail abl e for tasking, the availability block will release it to neet



the request. Once the availability block has released an aircraft into
the systemit noves to the respective mission profile block where the
aircraft is provided with an initial paranmeter set. Al other
paraneters required to undertake the m ssion are set separately in the

FOB paranmeter section, which is discussed |ater
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This slide describes the procedure for scheduling non-routine
contingency missions. There are two parts to the process. The first is
the non-routine mssion profiles. Here mission tables are used to
control the scheduling of the mssions (see (1) and (2)). Each table
represents a different m ssion type (AOB casualty evacuation, TOB
casual ty evacuation, AOB energency resupply, TOB energency resupply, and
TOB planning). The structure of these tables is identical to those in
the SFOB set m ssion paraneters bl ock.

The second part of the process is the set requirement for aircraft
bl ock. As is seen at (3), this block is a series of linked | ogical AND
and OR nodes. The block receives inputs fromthe mssion profile block
(requests for aircraft) and outputs a ‘1" if an aircraft is requested
and a ‘0" if not, to the availability block. If nore than one aircraft
is requested the output will remain a ‘1" until all current requests are
filled.

The nmechani smfor setting up a request for an aircraft through the
i nput and route test blocks is identical to the mechani smperformed in

the SFOB and therefore is not described here.



AOB Routine Supply Requirements

Arroyo Center: PM-1302-A RAND

Li ke the procedure for queuing non-routine aircraft, the procedure
for routine aircraft is a two-step process. The first is the routine
non-trailet supply mssion block at (2), which controls the rel ease of
supplies into the system and therefore requests aircraft to conduct the
supply missions. The second is the set requirement for aircraft block
at (3), which is nade up of connected |ogical OR gates that are used to
send aircraft requests to the availability block. This second step is a
simpler version of the set requirement for aircraft block that is used
for non-routine m ssions.

VWhen supplies are release fromthe supply-timng block they are
nmoved into the test supplies block, which registers that supplies are
waiting for transport and requests an aircraft through the set
requi renent for aircraft to the availability block. Once an aircraft
arrives, the | oad cargo bl ock assigns the maxi num anpunt of supplies
possible to the aircraft. This amunt however cannot exceed either the
total amount available for transport or the total cargo capacity of the
assigned aircraft. Since an aircraft may hold nore supplies than the
requi renent for a single base, if supplies for other bases have been
rel eased, the aircraft will visit the |oad cargo bl ocks for those bases
and | oad supplies up to its remaining capacity. Once an aircraft is

fully | oaded or no additional supplies are required, the aircraft is



rel eased fromthe nission area. |If there are additional supplies still
requiring transport, a second aircraft will be released fromthe

avai l ability bl ock.
A simlar approach to the above is used to transport supplies from

the FOB to the SOF teans (TOB).



Set Parameters and Load Supplies
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The set parameters and | oad supplies block perfornms simlar
functions to the set paraneter blocks in the SFOB. The AOB and TOB
casualty evacuation paraneters are set at (1) and (2) respectively. The
AOB and TOB energency resupply paranmeters are set at (3) and (4), and
the TOB pl anning paraneters are set at (5). Finally, the routine supply
paranmeters are set at (6).



Routing Aircraft from FOB to AOBs
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This slide describes the mechani sm by which aircraft are routed
fromthe FOB to the advanced operating bases and SOF teans and then
back.

Aircraft enter the block fromthe FOB through the Conlln control at
(1) and (2). Upon entering, a test is performed to deternine the first
AOB assigned to the aircraft. When a destination is deternined, the
aircraft is sent to the corresponding flight to AOB bl ock (shown in
blue). The contents of these blocks are identical to those in the
aircraft SFOB-FOB routing and so are not describe any further here.

Aircraft returning froman AOB enter the block through one of the
i nputs (depending on the AOB) at (3). Here the aircraft is tested in
the test next destination block to deternm ne whether it has conpl eted
its entire set of assigned missions or if it is required to visit other
bases. In the case where it is required to visit another advanced base,
the aircraft is flown to that base through one of the pink flight to ACB
bl ocks at (4). |If no additional advanced bases require visits by the
aircraft, it is sent back to the FOB through one of the flight to FOB
bl ocks (shown in yellow) at (5). The information links at (6) route

i nformati on between the FOB and each AOCB.
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There are two types of advanced operating bases, the one shown in
this slide (which is the sinpler) and one that is simlar in structure
to an FOB (i.e., one in which aircraft are allocated to the base and the
base is tasked with maintaining the operational status of its |ower
echel on bases). Due to the simlarity of the second type of AOB to the
FOB, it is not discussed here.

Aircraft arrive at the AOB fromthe FOB through the Condln
connector. Upon arrival, the get mssion block at (1) determ nes
whet her the mission type is routine or non-routine. Non-routine
m ssions are routed to the contingency nission type block at (2) where
the mssion type is further broken down into the individual contingency
types.

Casual ty evacuation and planning mssion types are routed through
the hold type block at (3) to their respective mssion blocks at (4) and
(5). However, since casualty evacuations can be conducted to AOBs and
to SOF team | ocations, the determ ne casevac destination block at (5) is
used to distinguish between the destinations. |If the casualty
evacuation mssion type is to one of the SOF teans, the aircraft is
directed to that team through the ConlQut connector. The conduct

casevac operation block is used to conduct casualty evacuations at the



FOB. Energency resupply contingency mssions are processed in a way
that is simlar to that of the casualty evacuation nissions at (6).

If the missionis determined at (1) to be a routine supply m ssion
the aircraft is routed to the AOB unl oad supplies block at (1). Here
the supplies for this particular base are unloaded into the base conbat
servi ce support depot and the aircraft is returned to the FOB- AOB
aircraft routing block through the output at (8). The unload supplies
procedure and the contents of the depot is described on the next slide.

Aircraft returning to the AOB fromone of the SO teans enter the
block at (9) and are imediately routed to the FOB-AOB aircraft routing
bl ock.
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VWhen an aircraft enters an AOB with a routine supply mission, it is
routed to the test |ocation block shown at (7) on the previous slide.
This block is used to deterni ne whether the supplies are for the AOB or
for one of the lower level SOF teams. |If the supplies are for an SOF
team the aircraft is routed out of the AOB to the particular SOF team
If the supplies are for the AOB, the aircraft noves to the AOB unl oad
supplies block shown at (1) and in detail at (2).

The AOB unl oad supplies bl ock processes aircraft on a first-cone
first-served basis. The gate bl ock ensures that only one aircraft is
processed at a time. At (2) the Con5Qut connector is used to nove the
supplies fromthe aircraft to the AOB supply depot shown at (3).

The depot consists of a supply storage tank. Supplies enter
t hrough the Con8In connector and are consumed in the AOB usage bl ock
shown at (5). The insert at (4) illustrates the initial supplies and
current supplies in storage. The Con20Qut connector is used to transfer
i nformati on about the status of the storage depot to the reporting
section.

The AOB usage bl ock at (5) periodically (usually 8 hours) depletes
t he depot supplies by a fixed amount representing the supplies that
woul d ordinarily be consumed by the base during that period. The bl ock

operates by creating a single simulation itemat the start of the



simulation. This itemis assigned a predeterm ned consunption value in
the set attribute block. A constant block is used to provide this

val ue, (180.1 in the exanple shown). The itemthen noves into a

conti nuous 8-hour | oop. During each loop the get attribute block is

used to renove supplies fromthe depot.
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At the lowest |evel of the structure are the special operating
force (SOF) teanms. These teans, usually prearranged in groups of five
can either be administered by the AOB directly above themin the conmand
chain, or by the FOB, which is two | evels above them Either way, the
teans operating basing (TOB) structure shown in the slide is unaffected.

The TOB structure consists of an aircraft routing block at (1) and
up to five SOF teans at (2). The aircraft AOB-TOB routing bl ock
receives aircraft and coordi nates their novenent between the SOF teans.
The SOF teans fulfill the mssion (contingency or supply) assigned to

the arriving aircraft, and consune supplies.
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The aircraft AOB-TOB routine block is essentially no different from
either of the routing bl ocks discussed thus far. As with the others,
the difference is the nunber of bases the routing block controls. In
this case it is the five SOF teans.

Aircraft arriving from hi gher echel on bases arrive through the
Conlln connector at (1). Here aircraft are tested in sequential order
to determine their first assigned SOF team (see the next slide for
details). Once a teamis determ ned, the aircraft noves into the
appropriate flight to TOB bl ock (shown in blue). The aircraft then
exits the routing block through one of the connectors at (2) and heads
toward its specified SOF team

Aircraft arriving at the routing block after visiting an SOF team
enter through one of the connectors at (3). The actual connector used
depends on which SOF teamwas visited. The arriving aircraft here is
then tested in the test next destination block at (6) to determ ne
whet her or not it has conpleted its entire mssion. |If it has, it is
sent back to the AOB through the corresponding flight AOB block and the
Con8Qut connector at (5). |If the aircraft has not conpleted its entire
mssion, it is noved to the determ ne next TOB assi gnment bl ock where
the next SOF teamto visit is found. Once found, the aircraft noves to

the appropriate flight to TOB bl ock (shown in pink), which sinulates the



flight to the next SO-F team The aircraft then | eaves the routing bl ock
t hrough the appropriate connector at (2).

Data relating to the content of the storage depots at each of the
SOF teans is nonitored at (7). The information collected here can be
sent directly to an output file for further analysis and/or displayed on

the screen during the execution of the simulation
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VWhen aircraft arrive at the aircraft AOB-TOB routing bl ock a

determination is nade as to their first assigned SOF team

Here the arriving aircraft’s parameters associated with the SOF

teans are tested sequentially until a SOF teamis found. Once a teamis

found the decision switch associated with that particular teamis

changed from*'1 to ‘0" effectively routing the aircraft to that team

If the test for SOF team4 fails,

assigned SOF teamis team5

will

t he procedure assumes that the

The illustration in the slide indicates that the current aircraft

be routed to SOF team 2.
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The structure to deternmine the next SOF teamto be visited by the
aircraft is simlar to what is used to deternmne the first SOF team
destination on the previous slide.

Here, aircraft enter through the Conlln connector and are tested
sequentially until the next SOF teamis found. The exanple shown in the
slide indicates that the next SOF teamto be visited is Team 4, since

the switch relating to that teamis set to ‘0.
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The SOF team operating base is the | owest |evel of the nodel
Aircraft that arrive at this base through the Conlln connector are
tested in the get mission block at (1) to determ ne whether their
m ssion i s contingency or supply. Contingency missions are routed to
t he conduct contingency operation block at (2) and supply m ssions are
routed to the unl oad supplies block at (3).

The conduct contingency operation block consists of the sinple wait
bl ock that hold the aircraft for the preset tine and a set attribute
bl ock that resets the contingency nission paranmeters indicating its
successful conpletion. The unload supplies block at (3) transfers the
supplies fromthe aircraft to the supply depot at (4). Once conpleted
the update visit block at (5) resets the supply parameters to indicate
t he m ssion has been conpl et ed.

Once the mssion is conpleted the aircraft is returned to the AOB-
TOB routing bl ock through the Con2Qut connector at (6).
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In preparing a SOFAADM si mul ation, specific data representing the
Speci al Force Group inplenentation nust be entered into several of the
nmodul es. This section describes the process anal ysts shoul d adhere to

when devel opi ng and runni ng a SOFAADM si nul ati on.



Preparing a SOFAADM Simulation
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There are essentially eight steps that nmust be undertaken before a

simul ati on shoul d take pl ace.

Set the nodel configuration

Set aircraft type paraneters

Set non-routine contingency mssion profiles

Set routine supply paranmeters, including delay tines
Set di stance paraneters between bases

Set FOB, AOB and SOF Team supply consunption rates

Set simulation output requirenments

© N o 0k w DN PRE

Run the simul ation

The follow ng slides describe each of these steps.



Set the Model Configuration
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Here the variant of the nodel the analyst is using nmust be
configured to represent the structure of the Special Force G oup (SFGQ
being simulated. This step is by far the | ongest and the npst
difficult. The problemis that nost of the SFGs operate differently
with different command structures and different supply processes. The
nodel rmust be configured to accommodate all of these differences.

This slides illustrates the differences between three SFGs. The
structure at (1) is the sinplest of the three. The configuration here
i ncludes two forward bases, each of which adm nisters two advanced
bases. There are no SOF teans explicitly nodeled in this variant. The
variant at (2) again has two forward bases, but each of these now
admi ni sters three advanced bases, each of which in turn adm nisters five
SOF teans grouped into a teans operating base nodule. The variant at
(3) contains three forward bases each of which adnministers up to two
advanced bases and a nunber of SOF teans.

If the SFGto be nodeled is simlar in basic structure (sane nunber
of forward, advanced and SOF team bases and sinilar supply requirenents)
to the variant currently used, the analyst should only have to nodify
the nodel’s internal paraneter sets to represent the new SFG (see steps

2-6). If however, major changes are required, it is recomended that



t he anal yst build a new nodel variant using the conponent nodul es of the

current variant as buil ding bl ocks.



Set Aircraft Type Parameters
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There are two ways in which the aircraft type can be set.

1. If a single aircraft type is to be used or analysts wish to
randoni ze the sel ection between the five default types, then the
configuration at (1) is reconmended. Here the set attribute block
connector is linked to an i nput random nunber bl ock, which is used to
determ ne the aircraft type.

2. If nmultiple aircraft types are required and anal ysts want to
force the determ nation of specific types, then the configuration at (2)
shoul d be inplemented. In this case, a series of configurations simlar
to those at (1) are linked in parallel and a constant block is used to
determine the aircraft type instead of a random bl ock. The exanple
shown in this slide illustrates that two aircraft type will be created,
type 1 Chinook CH 47 and type 4 Sherpa C 23.
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This slide describes the procedure for inplementing non-routine
contingency mission profiles. Here the mission tables that are used to
control the scheduling of the m ssions (see (1) and (2)) mnust be
configured to represent the frequency of the specific mssion type.

Al t hough only one mission type is shown in the slide, there are three
basi c mi ssion types (casualty evacuation, energency resupply, and

pl anning). The structure of a typical table is shown in the insert at
(3). Wthin each table the time units is given in days. Consequently,
the ‘Y Qutput’ values vary after every 24-hour period of sinulation
real -tinme. The values thenselves represent the base in which the
mssion is to be conducted. A zero entry is used to represent the case
where no mission is being scheduled. Finally, analysts nmust place a

val ue for each day of the simulation period.



Set Routine Supply Parameters
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The supply-timng block at (2) is used to control the rel ease of
supplies into the system This block functions in isolation to the
remai nder of the simulation. |Its only connection to the sinulation is
t he ConlQut out put connecter, which sends a val ue representing the
amount of supplies to be released to a particular base to the test
suppl i es bl ock.

Wthin the supply-timng block, the set attribute bl ock and the
random del ay bl ock conbine to set the timng for the rel ease of
supplies. The random paraneter at (3) represents the nunber of days
t hat rmust pass before supplies can be released. The insert illustrates
that the delay value is currently an integer value between 8 and 10
i nclusive. Consequently, between 8 and 10 days nust pass before the
next amount of supplies is released. Analysts vary the rel ease of
supplies by adjusting the mn and max integer val ues.

Since the aimof the nodel is to sustain the bases, the amount of
supplies rel eased nmust equal the amobunt consuned during the wait period.
To calculate the required supplies, the daily-consuned supply is
multiplied by the delay tine. Analysts need to enter the daily supply
requi renent into the constant block connected to the equation bl ock

These adj ustnments nust be copied to all the supply-timng bl ocks.



Set Flight Distance Parameters
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This slide describes a typical flight block. Al flight blocks are
simlar to the one shown. The only difference between these bl ocks is
the di stance that needs to be traveled. This parameter shown at (1) rnust
be updated to reflect the current basing structure. The exanple in this
slide indicates that the distance between two bases is 800 nm Since
this value is used to calculate the flight tine (at (2)) between two

specific bases, it nust be updated in all instances of the flight block



Set FOB, AOB, and SOF Team Consumption Rates
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There are two types of base consunption paraneter sets that need to
be updated. The first is for consunption at the AOB and SOF teans, and
the second is for consunption at the FOB

For the AOB and SOF teans, consunption paranmeters are found within
t he usage bl ock, which is part of the conbat service support depot
bl ock. The consunption ambunt is entered into the constant block at (1)
and the consunption period is entered into the wait block at (2). In
t he exanmpl e shown 180.1 | bs will be consumed by the base during each
period. The consunption period is usually set at 8-hours.

For the FOB, the consunption paraneter is found within the FOB
unl oad supplies block at (3). This block is simlar to that of the
consunption bl ock for the AOB and SOF teans, however since this block
interacts with the supply depot through the drop cargo bl ock a negative
val ue must be used. |If a positive value is used the result would be an

increase in total supplies rather than a decrease.



Set Simulation Qutput Requirements
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The setup of a typical output is shown at (1). The anounts of
supplies in the depots enter through the control inputs. These val ues
are sent to both the simulation graphical display shown at (2) and the
file out block at (3). An output timer block shown at (4) is used to
synchroni ze the output to file. This block is a continuous |oop that

out puts an hourly count to the output file.



Run Simulation
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The final step is to run the sinmulation. The simulation setup
dialog is displayed in this slide. Analysts need to enter values for the
four discrete event paraneters, end sinmulation at tine, start simulation
at time, nunmber of run, and the global tine units. Once values for each
of these have been entered the run now button is used to conmence the

si mul ati on.



SECTION FOUR

Case Studies
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In this section three case studies are presented: Thail and,

Col onbi a, and the Congo. These studies are for illustrative purposes
only; they are not intended to represent Special Forces deploynents in
any way.

For each study the SFG nodel configuration is presented along with
a map of the area indicating notional |ocations of forward and advanced
bases, and an exanple set of results for SFOB-FOB aircraft.

For each of the studies the follow ng experinental procedure was
used.

1. Establish a baseline fleet size for each of the aircraft types.
A baseline sinulation is one in which only routine supply mssions are
conducted. Baseline results are presented in colum ‘R in the result
secti on.

2. Once a baseline fleet is established the non-routine planning,
enmergency resupply, and casual ty/ nedi cal evacuati on m ssions
(represented as ‘P, ‘E', and ‘M or ‘C in the result section) are
added sequentially. The neasure of effectiveness is the aircraft

avail ability variabl e.
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This slide illustrates a hypothetical Special Forces deploynment to
Thail and. One of the first considerations is to configure the nodel so
that it captures the organizational and geographical nature of the
i ntended operation. 1In this case, we have a map depicting where desired
FOBs woul d be | ocated (Takhli and Ubon) and the AOBs that will be
supported (Chiang Mai, Nan, Udon Thani, and Nakhon Phanom). The node
configurati on shown above captures this structure of an SFOB at
Si ngapore supporting two FOBs and then each FOB supporting 2 AOBs. From
this information the nodel er al so needs to know the di stance between the
nodes so that flying tine can be calculated internally to the nodel

Addi ti onal characteristics of the Special Forces depl oynent that
t he nodel er needs to know are the nunber of soldiers by Iocation, the
frequency and details of non-routine mssions, and the operational data
of feasible aircraft alternatives. Partial results of running this
particul ar nodel are shown above in the Aircraft Availability section
The results are for the SFOB to FOB |inkages with the key neasurenent
being the percent of tine at |east one aircraft is available for
tasking. Fromthe chart we see the fleet sizes of two different
aircraft, i.e., G23 Sherpas and CASAs. The first colum, “R’, is when
the tasking is only for routine supply mssions. The |evel of

availability required is a subjective risk assessnent that a commuander



nmust establish. |f a commander decided that availability nmust be at

| east 50% then the mininumfleet size is 5 C23s or 2 CASAs. If the
conmander was confortable down to a 35% availability level, a fleet size
of 4 C-23s would be sufficient. Again this is a subjective assessment
based on individual paranmeters. Since all the availability nunbers in
the colum are positive, the basic nmssions can be acconplished with
even the smallest fleet size, i.e., 3 CG23s or 1 CASA. However, it is
likely that a commander will want sone reserve capability to neet

unf oreseen requirenents.

Next non-routine or contingency m ssions are considered by adding
themone at a tinme to the mssion taskings. Thus the second col umm,

“R, P", is where non-routine planning mssions have been added to the
usual routine resupply mssions. |If the comander’'s risk |evel renmined
where he required at | east 50% availability, then the basic fleet size
woul d have to increase by one C23 to a total of 6 ( or by one CASA to
total of 3). Wen the block is labeled “failed” this nmeans the nissions
could not be net with that fleet size.

Movi ng across the colums to the right we increnentally add
contingency missions of energency resupply, “E’, and casual ty/ nedica
evacuation, “M, to the mission mx. Gyven the possibility of all these
contingency m ssions being possible along with a risk |evel of at |east
one aircraft being avail able 50% of the tinme, the required fleet size
woul d be 6 C23s or 3 CASAs.
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This slide illustrates a hypothetical Special Forces deploynment to
Col onbi a. The chosen base structure depicted here includes an SFOB
linked to two FOBs, which in turn adm nister three AOBs each. As in any
particul ar regional scenario, the geographical |ayout of bases will be
driven by terrain and avail abl e airbases. W see here that the
di stances between the bases varies quite a bit.

Addi ti onal characteristics of the Special Forces depl oynent that
t he nodel er needs to know are the nunber of soldiers by l|ocation, the
frequency and details of non-routine mssions, and the operational data
of feasible aircraft alternatives.

Partial results of running this particular nodel are shown above in
the Aircraft Availability section. The results are for the SFOB to FOB
i nkages with the key neasurenent being the percent of tine at |east one
aircraft is available for tasking. Fromthe chart we see two different
aircraft are nodel ed--C- 130s and CASAs. In the first columm, we see
that either one G130 or one CASA is sufficient down to 70% availability
when only the routine supply nissions are considered. Factoring in al

three types of contingency mssions, two C 130s or 3 CASAs woul d be
required to maintain at |east 50% availability.
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The third case study depicts a hypothetical Special Forces
depl oyment to the Congo. The chosen base structure depicted here |inks
an SFOB to three FOBs. Two of the FOBs administer two AOBs each, while
the third FOB supports a single AOB. As in any particul ar regiona
scenari o, the geographical |ayout of bases will be driven by terrain and
avai | abl e airbases. The challenge here is the SFOB supporting three
di spersed FOBs.

Addi ti onal characteristics of the Special Forces depl oynent that
t he nodel er needs to know are the nunber of soldiers by l|ocation, the
frequency and details of non-routine mssions, and the operational data
of feasible aircraft alternatives. 1In this scenario only the CG47 is
consi der ed.

Partial results of running this particular nodel are shown above in
the Aircraft Availability section. The results are for the SFOB to FOB
i nkages with the key neasurenent being the percent of tine at |east one
aircraft is available for tasking. 1In the first colum, we see that two
C-47s are needed to stay above 50% avail ability when only the routine
supply m ssions are considered. To neet all three types of contingency
m ssions, an additional C47 would be required to maintain at |east 50%

avail ability.
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Taken from Extend™ Si mul ati on software for the next mllennium (see
references), the follow ng are descriptions of sone of the nost comonly
used Extend™ nodel i ng bl ocks in the SOFAADM

1. The executive block is the heart of the discrete event node
and nust be placed to the Ileft of all other blocks. The
executive block allows the duration of the sinulation to be
controlled by the end time or by another nunber that can
specified in the executive bl ock dial og.

2. The generator bl ock provides itens for the sinulation at
specified inter-arrival times. In the sinulation SOFAADM al
items are created at the start of the simulation using this
bl ock and the resource bl ock described next.

3. The resource bl ock holds and provides itenms to be used in the
simulation. It is used as part of the open system The bl ock
is used to set the initial nunber of aircraft in the nodel

4. The input random nunber generates integers or real nunbers
based on the selected distribution. In the SOFAADM t his bl ock
is used to specify the aircraft type entering the system

5. Itens to be passed out of the sinulation are sent to an exit
bl ock. The total nunber of itenms absorbed by this block is

reported in its dial og.
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11.
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13.
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15.

This control block allows the passing of itens between

si mul ati on nodul es.

The get attribute bl ock displays and/or renmoves attributes in
items, then passes the itemthrough. The attribute value is in
the dial og and output to the A connector.

The set attribute (5) block is used to set the attributes of
items passing through it. Up to five attribute nanes and

val ues may be assigned to an itemw th this bl ock

The set attribute block sets the attributes of itenms passing
through it. Up to seven attribute nanes and val ues may be
assigned to an itemw th this bl ock. However, unlike the set
attribute (5) block, only one attribute can be set using the A
connect or .

The change attribute block is used to change an items
attribute value then pass the itemthrough. The attribute to
be changed is specified by the user. Attributes val ues can

ei ther be increnented, decrenented, nultiplied or divided.

The equation block outputs the result of an equation entered in
the dialog. The equation nmust be of the “Result = formula”.
The DE equation bl ock cal cul ates an equati on when an item
passes through it. The inputs to the equation can be fromthe
items attributes, values, priority, or fromone of the five
val ue i nput connectors. The result of the equation can be
optionally assigned to an attribute

The activity delay bl ock holds an itens for a specified anmount
of time, then releases it. The delay tinme is the value in
dialog, or if connected, the value at the D connector when the
itemis received. The connector overrides the dial og.

The activity delay attribute bl ock works the sane as the
activity delay block described in (13) except it interacts with
an items attributes.

The sel ect DE output block selects the input itemto be output
at one of two output connectors based on a decision. The item

at the input is passed through the sel ected output.
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The sel ect DE input block selects one input to be output based
on a decision. The itemthat is present at the selected input

i s passed through the output.

The select DE input (5) block is sinmilar to (15) except it
allows the output to be selected fromup to five inputs.

The sel ect DE output (5) block is simlar to (16) except it
allows the input to be passed to up to five outputs.

The conbine (5) bl ock conbines the itens fromfive different
sources into a single stream

The conbi ne bl ock conbines the items fromtwo different sources
into a single stream

The attribute queue block is a queue where itens with a
particular attribute have a higher priority than other itens.
If there are no attributes to prioritize, this becones a sinple
first-in-first-out (FIFO queue.

The FI FO queue block is a queue where itens are passed through
on a first-in-first-out basis.

The count items bl ock passes itens through and reports the
total nunber of itens passed in its dialog and at the #
connect or .

The gate block allows a specified nunber of itenms to be in a
section of the nodel at any one tinme. This block is used to
restrict the passing of itenms into a systemthat allows only a
speci fied nunber of itens in that systemat any tine.

The add bl ock suns the values at the three inputs and outputs
the total.

The subtract block subtracts the bottominput fromthe top

i nput and outputs the result.

The sel ect input block selects its output to be either of the
two i nputs based on a threshold test. The bl ock essentially
acts like a switch. The value to be output is deternined by
conparing the value of the T connector to a critical value in
the dial og. Wien this value is less than the critical val ues,

the top input is used, otherwi se the bottominput is used.
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The sel ect output block passes the input value to one of two
out put connectors based on a threshold test. The out put
connector is selected by conparing the value of the T connector
to critical value that is specified in the dialog. Wen the
value of the T connector is less than the critical value, the
top output is selected, otherw se, the bottomoutput is

sel ect ed.

The select input (5) block selects its output to be one of five
i nputs according to the value of the T connector. The top
input is selected if the T connector is 1, and the bottom i nput
is selected is the T connector is 5.

The sel ect output (5) block passes the input value to one of
five outputs according to the value of the T connector. The
top output is selected if the T connector is 1 and the bottom
output is selected if the value is 5.

The deci sion bl ock nakes deci si ons based on the inputs and
internal logic defined by the user. The dialog allows the
followi ng test conparing Ato B: greater than, greater than or
equal to, equal to, less than, |ess than or equal to, and not
equal .

The | ogi cal OR block perforns the |ogical OR operation on its
inputs. |If either of the inputs is greater than 0.5, the
output is 1, otherw se, the output is O.

The I ogi cal NOT bl ock perfornms the | ogical NOT operation. |If
the input is greater than 0.5, the output is 0, otherw se, the
out put is 1.

The | ogi cal AND bl ock perforns the | ogical AND operations. If
each of the two inputs is greater than 0.5, the output is 1

ot herwi se, the output is O.

The hol di ng tank bl ock accunul ates the total of the input

val ues, and allows a requested amount to be renmoved, if it is
avai | abl e.

The constant val ue bl ock generates a constant val ue at each

step. Users specify the constant value in the dialog (the



default constant is 1). |If the input is connected, the input
val ue is added to the constant in the dialog.

37. The file output block wites data fromthe block to a text
file. Data can be pasted into the block, or nbdel data can be
i nput through the input connectors during the simulation. The
file name can be either entered before the sinulation or |eft
blank. If the fine name is left blank the nodel will pronpt
for a file nane at the conclusion of the sinmulation.

38. The file input block reads data froma text file and wite it
into the block’s table. Once the data is in the table, it can
be used in the nodel.

39. The input data bl ock generates a curve of data over tinme froma
tabl e of values and acts as a | ookup table.

The reader is rem nded that the above are only brief descriptions
of the nodel blocks. For a nore conprehensive description please refer

to the Extend docunents |listed in the References.
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Commonly Cited Output Variables

Average aircraft queue length.

Average aircraft wait time for scheduling.
Maximum aircraft queue length.

Maximum aircraft wait time for scheduling.
Current number of aircraft waiting for scheduling.
Total number of aircraft arrivals.

Total number of aircraft departures.

Percentage of time there was a least one aircraft available.

O © NN, R WD =

Frequency of non-routine contingency missions.
10. Percentage increase in aircraft workload over routine supply missions.

Arroyo Center: PM-1302-A RAND

A nunber of output variables are commonly used; definitions are

sel f-expl anatory.
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Commonly Used SOFAADM Parameters

1. al —a6 16. residual cargo
2. amedivac 17. resupply
3. aresupply 18. rindex

4 at)fpc 19. supply

5. daily hours 20,1 — 10
6. f1-1f3 )

7. Aflight hours 21. tmedl?fac
8. flight time 22. total time
9. fmedivac 23. tresupply
10. medivac 24. type

11. mindex 25. wait time
12. origin

13. pindex

14. planning

15. random delay

Arroyo Center: PM-1302-A RAND

al — a6: These are used as indices for the advanced operati ng bases.
Dependi ng on your inplenentation you may have to increase this
nunber. These variables are used for two functions, (1) to indicate
that an AOB must be visited as part of a contingency mssion, and (2)
to represent the anmount of supplies that needs to be transported to
that particul ar base.

amedi vac: The anedi vac variable takes values ‘0’ or ‘1" and indicates
that a casualty evacuation nmission to an advanced operating base has
been schedul ed. When anedivac is set to ‘1 the nodel wll
interrogate the variables al — a6 to determ ne which of the bases
contai ns the casualty.

aresupply: The aresupply variable works the sane as for amedi vac. The
only difference is that aresupply indicates that an energency
resupply m ssion has been schedul ed i nstead of an casualty
evacuation. Again al — a6 is used to determ ne which base requires

t he supplies.

atype: This variable indicates the type of aircraft that is being
used. The default nodel has five aircraft types avail abl e, Chi nook
CH 47, Black Hawk UH 60, Hercules C 130, Sherpa C 23 and the CASA CN\
235. The simulation represents these by the indices 1 — 5

respectively.
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daily hours: This variable indicates the maxi mum nunber of flight
hours per 24 hour period an aircraft undertake. Once this val ue has
been exceeded the aircraft nust stand-down for the remai nder of the
peri od.

fl1 — f3: These variables are used as indices for the forward
operati ng bases. Depending on your inplenmentation you nay have to

i ncrease this nunber. These variables are used for two functions, (1)
to indicate that an FOB nust be visited as part of a contingency

m ssion, and (2) to represent the amount of supplies that needs to be
transported to that particul ar base.

flight hours: This variable is a cunulative variable for the nunber
of flight hours an aircraft has undertaken in a 24-hour period. At

t he commencenent of each 24-hour period this value is reset to zero.
This variable is used in conjunction with daily hours to deternmine if
an aircraft has exceeded its flying linmt.

flight tinme: The flight tinme variable holds the actual ampunt of tine
an aircraft nust fly between bases.

fnedivac: This variable is a binary variable. By default it is set to

‘0'. It is set to 'l if a casualty evacuation mission is queued to
an FOB.

nmedi vac: This variable is a binary variable and its default value is
‘0'. The variable is set to ‘1" if a casualty evacuation mssion is
gueued.

m ndex: This variable indicates either fromwhich FOB or which ACB
the casualty evacuation is to occur

origin: This variable indicates the originating base of an aircraft.
It can take one of three values, ‘0 indicates the aircraft
originated at the SFOB, a ‘1’ indicates an FOB aircraft, and a ‘2’

i ndi cates an ACB aircraft.

pi ndex: The variable indicates the location of the planning neeting.
The variabl e usually indicates an FOB or an ACB.

pl anni ng: The planning variable is binary. A ‘0 indicates that no
pl anning mssion is scheduled and a ‘1’ indicates that a planning
mssion is current. This variable does not specify where the neeting

is to take place.
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random del ay: This variable is used to regulate the routine supply
m ssions. The delay is usually in days and represents the nunber of
days either an FOB, AOB, or SOF Team nmust operate without being re-
suppl i ed.

resi dual cargo: This variable indicates the total amount of supplies
a specific aircraft can hold. For the five aircraft types used in the
nodel Chi nook CH 47, Bl ack Hawk UH 60, Hercules C 130, Sherpa C- 23,
and CASA CN- 235, the residual cargo values are 22,000, 2,640, 36, 000,
3,000, 13,277 respectively.

resupply: This variable is a binary variable. Wen set to ‘1" an
energency resupply mssion is schedul ed.

rindex: This variable indicates the |ocation requiring enmergency
resupply. It usually takes the value of a FOB, AOB or SOF
Team supply: This variable is binary and when set to ‘1 indicates
that a routine supply mission is underway.
t1-t10: These ten variables are used as indices for the SOF Teans
assigned to a particular AOB. Depending on your inplenentation you
may have to increase this nunber. These variables are used for two
functions, (1) to signal that an SOF Team nust be visited as part of
a contingency mission, and (2) to represent the anmount of supplies
that needs to be transported to that particular team
t medi vac: This variable indicates that a casualty evacuati on m ssion
is underway to one of the SOF Teans. The mindex variable is used to
specify the particular SOF team
total time: This variable keep track of the total time (hrs) each
aircraft is in the system The variable is reset when it exceeds 24.
tresupply: This variable indicates that an emergency resupply m ssion
is underway to one of the SOF Teans. The rindex variable is used to
specify the particular SOF team

type: The type variable indicates whether the supply nissionis a
trailet mssion or non-trailet mssion
wait tinme: If set this variable indicates the ampbunt of stand-down
time an aircraft nust i mediately undertake. The variable is only set

when an aircraft exceeds it total daily flight hours.
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