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ABSTRACT

This thesis conmpleted implementation of au amgphiltious
ship-to-shore simulation (called SHIPSHOR) for use on an IBH
Personnel Conmputer. The investigation included a descrip-
tion cf the physical system being rodelled, an explanation
cf the lcgic used by the model, a validation section, sensi-
tivity analysis, and a thorough documentation section.

The model 1is functioning and produciry credibhle output
as exhibited in the validation chapter. It 1is cagpable of
operating under a variety of conditions to produce results
which illustrate the tuild-up ashore of personnel arnd fire-
fover versus tinme. Its main application, as suggested
within, 1is for use as a decision aid to the coamnander in
cperational planning and to the staff officer in procurement
rlanning.

Tc be effective, SHIPSHOF needs continuous wvalidation
and mcdification. Mcdel building is an evolutionary process
wvhich shculd not cease until the usefulness of the mecdel Las
expired. '
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A. TEE FROELEAM

"Hew would increasing the number of ampihibious ships
impact c¢n an amphirious landing?", "vhat happens if
ees?","suyppcse we c¢nly had x number of trdop helicop-
ters ... 6 2% One way toc answer gquestions like these is to
actually conduect landings wunder the different <conditions
desired. However, the cost of a single landing exercise is
enormous, and to run many operations would gquickly devour
the entire defense budget. The next best option for
obtaining answers to the problem above is the use of cne of
the B®many tools available in a large class of decision
support aids. That instrument, which has Lecoae extrenmely
important wheu used properly, is the computer simulation.

Before continuing, it is necessary to clarify sonme
terms, which have cver time, acquired different connota-
tions. A model 1is a representatioa of am entity or situ-
ation Ly  something else that has relevant features or
properties of the original [Ref. 1: p.10]. Simulation is an
analytic technigue using the mathematical and logical acdels
wvhich represent a real system in order to study the
processes over periods of time. Neither definition implies
the use of a computer, however, for the purposes of this
text the terms will carry thkat implication [Ref. 1: p.9).
Modelling is the prccess by whick an analyst arrives at a
sodel or sizulation [Bef. 2: p.9].

A podel or simulation can be distinguished by its ulti-
mate purgose. Listed in Figure 1.1 [Ref. 1: p.10) are some
cf the more common ones.

12




TEA RIMENTATY,
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Figure 1.1 Purpose of Simulation.

The pilitary applications of simulations acre primarily
concentrated in the operations category. The goals of an
operational type model are brokemn down as in Figure 1.2
[Ref. 1: p.13].

L osemarnionu w0t |

) CROLP 0PINION
EVALUATION ADVOCACY FORECASTING FORAT 10N '&w:J
0L ORA? JOM €R0$3-OHECT AO xR
A0 SHAXTDOWN vAL10ATIoN O SRAINS TON ORGANIZAT JOMAL
W URISTICS OUER € THODS COMAMICAT 10N

Pigure 1.2 Goal of an Operational Model.

!

Of the goals 1listed above, the most important one for
military purposes is the planning and evaluation category.
Some of the most prevalent uses under planning and

13
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evaluaticn are technical evaluation, doctrinal evaluation,
force structure evaluvation, and planning. These classifica-
tions of simulations determine the structure of the mecdel.
A model designed for research, for instance, will Le geared
toward a technically criented person who is familiar with
computers, fprograaming and the associated logic. A military
criented rlanning model must be designed for the staff
cfficer who will be, more 1likely than not, wunfimiliar with
computers and programming techni jues. This would imply the
nodel shcull be easy to use and be accompanied by the appro-
priate level documentaion for the non-technical staff
officer or decision maker. [Ref. 1: p.13]

The scenario illustrated in the first paragtaph of this
thesis was surely posed to some staff officer at
Headguarters Marine Corps. The response was probally eitler
to lock for some existing model or contract to have one
develcped. The result is that there are several progranrs in
existence which simulate the ship-to-shore movement of the
amphitious operation. They exist as a portion of a larger
conbat model or as an entity by themselves. These models,
having been written scme time ago, were developed for use on
large main frame comfputers. That fact automatically limits
the availability to the staff officer or decision maker.

With the proliferation of microcomputers, the next
logical step in the evolution of this type of 1nodel was to
provide the staff officer with the ability to run the sinmu-
lation from his desk. This would allow him to respond
rapidly to ‘'what if' type questions which are often bantered
about in T[flanning sections of aay headquarters. That
requirement was, in fact, made and a civilian contract was
let tc develop a ship-to-shore model to be run on a micro-
computer. Unfortunately, for some reason unkaown to the
author, the program that was developed was not implemerted.
It was 'shelved' at the Development Center, Quantico, Va. in

14




an unusakle form with 1little documentation. The authcr,
during his experience tour was exposed to the m>del and was
pade aware of the need to have it completed. That leads in
to the purpcse of this thesis.

B. PURPCSE

The purpose of this thesis is to complete the develop~
ment of the amphibious ship-to-shore model for wuse ¢n a
picrccomguter. This will be accomplished by using a design
process for simulaticns as if the model was being initiated
from scratch. 1Included will be the capabilities and limita-
tions of the model to ensure the decision makar has full
knowledge of the output. Finally, the finished product will
be accompanied by the appropriate level of documentation
directed at the primary user.

15




The process by which an analyst derives a model is
considered as much an art as a science. Thus, t here are no
theorems or strict rules to guide one in the develognent.
The actual steps fc¢llowed by the model builder are very
situation dependent. However, there are some basic techni-
ques which are coammcnly followed by experienced modeilers
and provide a framework for good model developnent.

The approach begins with a simple model and attempts to
evolve into a more elaborate model which more clysely resen-
tles the actual situation Leing modelled. As the nmodel
achieves the simplified goals, new problems may be identi-
fied cr greater realism may be desired which would lead to
revisions and additicns. Thus, the -evoution of a model
never really stops until it has outlived its usefulness.

Based on the defipnition of simulation in chapter one, a
simulaticn: (1) is ccncerned with the operation of systeas;
(2) is ccncerned with the solution of real world problesns;
and (3) 1is performed as a service for those interesteu in
its tehavior. From these characteristics the criteria for a
good sinulation are:

1. Simple to understand by the user
2. Gcal or purpose directed

b
B DT I

3. Robust, i.e., it does not give absurd i1nswers when

o 0"y

- ——
]

3

minor changes in parameters are made

<
&
L]

Easy for the user to control and manipulate

(3
A
2]

5. Ccmplete on important issues

‘s

¥y

6. Adartive, with an easy procedure for modi fication or

"7

urpdate
¥ 7. Evclutionary - start sinmple and hecome 10re conmplex
/ in ccnjunction with the wuser's regyuirements [Ref. 3:
P.22]
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With the above criteria ir mind, Figure 2.1 [Ref. 3:
F-24 ) illustrates a general design process feor a simulation
model. Note the flows which return to earlier st ages on the
diagranm. Those indicate the iterative procass of the
desigr. Tte following discussion will elaborate on each
step. However, keer in pind the general nature of the
process.

The most critical step in the development of a model of
a system is to define the problen. Albert Einstein once
stated that proper formulation of a problem was more impor-
tant than its solution [Ref. 3: pP.25]. One >f the most
important functions of an analyst is to translate the
problem, often vaguely stated by the decision naker, into
precise and operational terms [Ref. 4: p.51]. The analysis
tegins with specification of the goals and objectives and
the establishment of boundaries of the model. A flow
diagram which neither oversimplifies nor carries too auch
detail is the next step in the problem <formulation. Cne
should construct the model around the gquestions to be
answered rather than imitate the <real system exactly.
[Ref. 3: p.27]

At this point a decision must made whether si mulation is
the ofptiral technigque for solving the stated problenm. If a
less complicated, more direct technique exists, it should be
pursued in the name cf efficiency and cost.

Once the decision to use sipulation is mad2, the data
requirements must be analyzed. This includes data regarding
the input and output of the system as well as information
about the various components of the system [Ref. 3: p.27].
Availibilty of input data for the system must be determired
in addition to historical output data for use i1 validation
of the mcdel. In ccnjunction with the data analysis is the
identification of major variakles to be used in the system
which immediately freceed the formulation of nodel
subsystens.
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Pigure 2.1 Genmeral Design Process for a Simulation Model.
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large problers shculd be segmented into subsystems which
are as independent of each other as possible. This facil-
tates a logical development and makes validatiol much less
complicated. Without the sutmodels the entire simulation
nodel would have to ke formulated and validated at cnce - a
formidible task. The decision maker should take part in
this phase of develorment to further his knowledge of the
model and the results and to keep the builder from straying
from the purpose of the model. [Ref. 4: p.55]

After ccmbining the subsystems into the simulaticn, the
data and parameters identified ealier should be gathered to
ensure they fit into the model. If necessary some sulksys-
tems may have to be adjusted to accomodate the data and
parameters. The next stage involves choosing an appropriate
computer language with the following consideratisas:

1. Efficiency of computer translation and running sgeed

2. The difficulty of translating the description cf the
subsystems intc the computer language

3. The output desired from the sirulation and ease of
ottaining the cutput

4. The limitations of the computer hardware to use the
language '

Mcdel translaticn, coding and debugging the @model
follov. The advantage to using submodels b2comes very
evident during the debug phase. The more independent the
submodels are the easier it will be to debug on a conmponent
rasis. _

An igportant stepr in the design process 1is the valida-
tion of the simulaticn model. Validation is th2 prccess of
tringing to an acceptable level the user's cofidence on how
well the real system is being modelled. It is iampossible to
Frove that any model is a "true" depiction of a real systenm,
although a careful and thorough evaluation can build ccnfi-
dence in the simulatiecn. [Ref. 3: p.25] This area is very
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deficient in simulation models found in DOD. Empirical
tests are questionable or non-existent, and few efforts are
breing made to regquire proper validation. [Ref. M: p.189]
There are three tests that may be used to validate a
model. First, results that are produced must a2ppear to be
reasonakle based on experience. Second 1is to test any
assunrticns made about the system and third is to test the
input-output transformations. [Ref. 3: p.29] A common
methcd of validating the output is to compare it to histcr-
ical data ccllected under similar conditions. If the two
are close, the model can be accepted as a representaticn of

the real systen. The ultimate validation, however, is how
2 well the model predicts the future or how well it performs
- the analysis it wvas designed to perform. [Ref. 4: p.57)

[!F The amcunt and type of experimentation and sensitivity
analysis depend on the main purpose of the simulaticn. At
this stage, the mode€l is run using various sets of data and

parameters in a systematic manner to observe the respcase.
Cften it is at this fpcint when flaws and oversights in plan-
niny kteccme more evident requiring the builder to retrace
some sters in the design process. Deficiences i1 estimating
the validity of input parameters is a result of insufficient
or pocrly ccnducted sensitivity analysis. [Ref. 1: p.189)
The final two elements in the design proc2ss must be
included in any simulation project. Inplementation refers
to refining the model, training the user, adjusting the

model to changing conditions and ensuring that the results

. found are valid. [Ref. 3: p.33] Good documentation 1is
31 extremely valuable for facilitating changes anl gaining a
Ef‘ tasic understanding cf the model. Resources are wasted as a
® result of poor documentation. This was noted by GAO reforts

which investigated mary of the problems found with cperating
or modifying models. Even though implementaion and documen-
taion are tedious and difficult, when done properly they can

20




extend the life of a model. More importantly, they facili-
tate the use of simulation which is particularly crucial in
arL eavircumert heavily oriented toward the need of users.
[Ref. 1: p.191]

In tke <chapters which follow, the procedure outlined
above will be modified slightly to fit the conditons under
waich the actual model development took place. Each phase
of ti: design process will be made apparent during the ;fes-
ertation as well as any deviations from those steps as
-xplained atove.

21




, r --,. .—
MDY (AR EMAAC MO P T, * i)

III. IBE SYSTEM

An apphibious operation is an attack launch2d fror the
sea hy naval and landing forces embarked in ships or craft
involving a landing on a hostile shore. The priaciple type
of amphitious operaticn 1is the amphibious assault which is
distiguished fronm other.types in that it involves estab-
lishing a fcrce on a hostile shore. The amphibious assault
follous a sequence of activities which consist >f planning,
embarkation, rehears<al, movement to the objective, and
finally, assault and capture of the objective. [Ref. S5:
p.1-3]

The ship-to-shore movement is the part of the assault
phase which pertains to the timely deployment of troops and
equirment from assault shipping to designated positions
ashore on the 1landing area. This movement is designed to
ensure the landing of troops, egquipment , and supplies at
the [frescribed times and places in such a manner as to
support the scheme of maneuver for operations ashore. The
sovement can be accomrlished by waterborne means, Lty heli-
copters, or by a combination of the two. [Ref. 6: p.45)

The ship-to-shore aovement is the most critical part of
the assault phase. 7Tie coordipation and control of the many
diversified naval and troop elements regquires a high degree
of very detailed planning. Such items as the linding craft
and helicopter availability, amphibious vehicle and lLeli-
copter employment, assault schedule, landing sequence,
serial assignaments (a serial is a number assigned tc an
€lement of the landing force), and vave assignments are just
a few of the areas to be plarned prior to execution cf the
lanjding. [Ref. 5: p.11-7)
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The ship-to-shore movement is further divided into two
periods, initial unloading and general unloading. The
initial unloading period is prisarily tactical in nature and
therefore must be responsive to the landing force reguire-
ments ashore. A tactical situvation is where ths troops and
equipment going ashcre are prepared to fight. They are
organized in combat units and execute a set plan for the
purécse,cf forcibly taking the beach and landing zones. it
is during this period that the landing force is =stablishing
a foothcld ashore and the unloadiny of units is very selec-
tive. The general unloading period is logisticil in nature
and invclves the timely delivery of needed supplies and
equipment. During this tipme period, the majority of comkat
troops are established ashore and are involved with the
execution of the operational plamn of attack. A beachhead
exists and is considered a more secure rear area vwhere
supplies and equipment continue to arrive in sulport of the
combat troops at the front.

There are several descriptive categories of waves!
involved in the movement of forces and equipaent ashore
according to the landing plan. These categories actually
divide tlke entire landing force and their eguipment into
major grougs to prcvide flexibility, organization, and
contrcl of the 1landing. Three of these categories are
conce.tned with troops and their initial combat supfplies.
These are scheduled, cn-call, and noanscheduled waves.

Two cther categories of waves are are concerned with
unloading of supplies. These are called floating dumps and
landing force supplies which cnly apply to the water-torne

1A wave consists of a nuater of landinf craft cr heli-
copters which are to ke landed simultaneously. The size of
a wave is limited by keach or landiny zone Capacity and the
availirility of vehicles. Tactical uUnit integrity is rpara-
mount when constructirg a wave.
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means of delivery. They are not involved wit: the actual
initial comtat landing.

The water-borne 1movement is broken down into all five
categories. These include:

1. Scheduled waves =--Scheduled waves are formations
wvhich consist of landing ships, 1landing c¢raft, or
apphibious velicles which contain troops, egqguipment ,
and supplies tc be landed at a predetermiied time and
place. Their landing begins at H-hour and continues
fcr a relatively short period of tinme.

2. 0On-call waves --On-call waves include laading shigs,
arphibious vehicles, or landing craft containing
troors, eguipment, and supplies for which an early
need ashore is anticipated, but for which the time or
place cannot te accuately predicted. Tie comnmander
wvill call for these waves at the desired time and
place depending on the situation ashore.

3. Neonschedyled upits --Nonscheduled units are those
landing force elements and supplies held in readiness
during the initial unloading, but not included in
scheduled or cn-call waves. The probable sequence of
landing nonscheduled units is deteramined 1 uring plan-
ning, however, the landing of these units is directed
from shore vhen the situation dictates.

4. Eloating dumps --Floating dumps are emergency
supplies prelcaded ir landing craft, ampaibious vehi-
cles, or in landing ships.

- 5. Llapding force supplies --landing force supplies are

those supplies remaining on assault shipping after

initial combat supplies and floating dumd>s have been

i unloaded.

§3 As the amphibious force noves into the objective area

o the different types cf ships move into various sea areas.

. Sea areas are used tc minimize possible interfer2 nce between
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various components of the amphibious task forc2 and other

supporting forces. Figure 3.1 [Ref. 5] shows these areas.
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Anphibious Task FPorce Areas.

Some definitions of the various sea areas follow. The
10D (line of departure) is a designated line off-shore
approximately parallel to the beach. From this 1line,
successive loat waves are dispatched for their final move-
sent to the beach. The waves travel in boat lamnes which
extend eaward from the beach to the LOD and acre the same
width as the beach. Approach lanes are extensions of the
toat lanes from the 10D to the transport area.

Landing ships are initially staged in the outer landing

area and when instructed, move to the amphibiois launching




area. This is located seaward of the LOD and parallel to
the leach. Landing ships move in this area parillel to the
10D at about 15 knots and discharje the amphibious vehicles.
which make up the initial assault waves. (see Figure 3.1)

Transports move from the outer transport area, where
they were initially staged, into the inner traisport area.
This area is as close to the leach as the hydrograrhy? and
eneny situation will permit since boat operaticns must be
conducted at a very slow speed or at a dead stop. Landing
craft are loaded and launched from this area and proceed to
the LCD via approach lanes. (see Figure 3.1)

All amphibious vehicles and landing craft aove to the
10D at times designated by the landing plan. Movement fronm
the LCD is controlled by various control officers located
along the way arnd waves move according to their category
(scheduled, on-call, nonscheduled) at appropriate tinmes.
Those times have been computed based on the number of vebi-
cles the teach can accomodate, speed of the vehi: les, scheme
of maneuver, etc. If the wave is comprised of amphitious :
vehicles there is no turnaround, which means that those
vehicles proceed inland and do not return to th2 ship. If
the wave is made up cf boats, after unloading they return to
the transport areas fcr subseguent loads. Figaire 3.2 is a
diagram cf the process.

"he helicopter wpovement is broken down into three
’3\ grougs. This movement is normally completed during the
- initial unloading period when tactical?® considzrations are

gg the dcrinant factors. Once the helicopter~borne movement is

k?ﬁ completed, transport helicopters are employed for tactical

o

b - - .

Q_ =Bydrogggghy %s the description of the ical condi-
o

h -
N tiops of a such as the depth, type ofpbg;tom (sandy,
¥ rocky), currents, etc.

. Jlactical refers to a high state of combat readiness
saintained while executiry a combat plan. The assumption is
made that there will ke contact with enemy forces.
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Pigure 3.2 Boat Landing Process.

and logistical requirements as needed by the landing force.
] Categcries for the air movement include:

1. ‘§§hggglgg ¥aves — This category consists of those
assault elements of the landing force, together with
their initial combat supplies, vhich will be landed
by helicopter. Tiaes, places, and formations for
landing have been determined. Scheduled 1landing
begins at a sgecified time and continues until all
elements in this category are landed.

Op-call wvaves --This category consists of those heli-
copterborne units with their initial combit supplies,
or emergency supplies, whose need ashore at aun early
hcur is anticipated, but whose time and place of
¢ landing cannot be accurately predicted. On-call waves
may interrupt other lapding categories based on the
urgency of the reguirenment. On-call elements are
held in readiness aboard shipping and are landed when

LA

I "N e ird
N
.

Can s o
o o0

called by the appropriate level coamander.

. 11-'. . %
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3. QNonscheduled units --Nonscheduled units consist of
any remaining units of the 1landing force and their
initial combat supplies which bhave not been included
ip either the scheduled or on-call categories. This
category can re¢ interrupted or temporarily suspended
because of unfcreseen circuamstances in the situation
ashore.

The shipping carrying the helicopters initially moves to
the helicopter transport area which 1is generally seaward of
the ocuter transport area. (see Figure 3.1 ) From this area,
heliccpters comprising the first assault waves are readied
and spotted on the flight decks. On signal, tro>ps enplare,
and helicopters are launched. Flights of heliccpters
rendezvous about their parent ship and then proceed as
predeterzined waves. They travel via designated helicopter
lanes and control Gfoints enroute to the 1landingy zone.
Figure 3.3 [Ref. 7: p.3]) is a diagram of this process.
The helicopter waves pick wufp attack helicopter prctection
that provides ground fire suppression. The waves land, are
unloaded, and return to the ships to refuel and englane
subsequent troop serials.® A schematic of this process is
found in Figure 3.4 [Ref. 7: p.121].

LCAC (landing craft air cushion) would launch fron
greater distances than boats because of their speed. They
would operate much like helicopters in that they can travel
inland tc off load troops and equipment instead of stopping
at the beach. They wculd also be able to return to shipping
for subsequent loads.

L)

"

s .. %A serial is a designator_ (number) given 1o a_ conmkat
.- unit or a piece of equipment for the purpose of assignment
b~ - to a carrier going o shore. This provides control and
" organization during the landing phase of the op2ration. A
' & wave is made up of "many serials.

F.".
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’ENCLOSURE 2 (Helicopter Landing Diagram) to Tab D (Vertical Assault Plan)
to Appendix 5 (Landing Force Landing Plan) to Annex R (Amphibious Operations)
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Figure 3.3 Helo Flight Lanes.
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Troops & Land ¢ Land
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Figure 3.4 Helo Flight Plan.
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IV. IBE MODEL

The ship-to-shore model attempts to simulate the process
descrited in chapter 3 of this paper. Preparition of the
model for use 1involves construction of the. serials and
assault saves which is done manually as they would tke prior
to an operation. This process is the basis for the largest
of three data files used in the simulation. Unf ortunately,
construction of the serials and waves is a very time
consuming process and has not teen automated at this tinme.

Two cther data scurces are needed to run the model. One
file contains parameter values which are not subject to
change. A helicopter time factors table which [prcvides
expected times for various evolutions such as loading or
unloading is an example of the type of data found in this
file. The last source of data is found within the progranm
itself as either a line of code or as an interac-tive query.
This data is of the type that may be changed easily for
various types of analysis. '

The model utilizes 35 subroutines to attempt to trams-
late reality into mathematical computations. A diagram of
the mcdel in very general terms is found in Fijure 4.1 The
first sutroutine in the program reads the data from the wave
and serial file and the parameter file. Also t he variatle
data is entered within the first section of the progran.
The second subroutine initializes the arrays and clocks to
e used Lty the timing and activity subroutines based on the
inforration found tlte wave data file. These subroutines
essentially complete the set-up and initialization of the
sodel.
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Cnce the model enters the EXEC subroutine it ccntinues
the timesevent® procedure until all waves have been landed.
The EXEC subroutine is the control routine in which all
waves eventually pass. Based on the class of tne wave (air
cr surface) and the current activity (load, launch, unload,
return, or arrive back ship), the EXEC subroutine will send
the wave in gquestion to the proper subr cutine for
panipulation.

Prior to going to one of the activity subroutines, the
program queries whether certain flags have been set. 1f
they have been set, «cne of the following routines could be
called. Five are fecr helicopter waves and four are for
surface waves. They are:

e RESTARI(helo) , BESTART(surface): Restart timing for
waves that have teen stalled by the lack of deck spots
{hrelo or surface). Since in reality there are not

E§" epougihn deck spots to accomodate all of the assault
: belicojters (landing craft), subseguent waves must wait
for sufficient s=rots to load. : :

. e STOCH(helo) / SICCl(surface): These subroutines start
e the on-call waves to load after the final scheduled
Sﬁ wave has begun tc load.

e HALISH (helo) ,/ HALTSL(surf): Stall remainiag scheduled
waves when one or more on-call wvaves interrupt the
scheduled categcry. As in reality, on-call waves can
treak in when called for. The model allows £flags to be
set to sirulate this process.

SISH(helo) , STSl(surface): Start schedulel waves that

have keen stalled due to on-call waves intecrupting the

seguence. More than cne on-call wave can interrupt at

P gitaden v o o oot
. e
Vi @l
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1
3

STime/event refers to the computation of time_ regquired
to complete a certain event such as loading _a helicoOpter.
That time is added tc a continuous running “clock to deter-
mine the time at which that event will také place.
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different times so the HALTSH{L)/STSL(i) subroutines
can ke called more than once.

- e HCKID (helo): Reevaluates deck spot employnent if the
current wave does not occupy all spots available. It
calls WSPOT which calculates the number of spots to be
used ir the current wave.

One last subroutine will be called prior to the activity
subroutines. This is the MSCRT routine which acts as the
master sort routine. It takes the 1lowest time from s=ix
other times/event sort routines and that becomes the next
event which 1is prccessed by the appropriate activity
subroutine.

There are three time sort routines common to tae heli-
copter activities and three time sort routines commcn tc the
surface activities. They all sort through the waves identi-
fying the wave with the earliest time for the next evexrt.
That wave is placed c¢n the top of the gqueue from which MSORT
then [fpicks the 1lowest time out of the six time sort

) routines. 1listed belcw are the sort subroutines:

[ 4

Scheduled helicopter wave sort routire.

. n-call helicopter wave sort routinz.

ty It

0
. Nonscheduled helicopter wave sort routine.

Scheduled surface wave sort routine.

I It I I
10 tn 'z 10 hkn

in
In 10 Io Io Io
VRN

[ [ ]
[T O T I [ I [ ]
s

On-call surface wave sort routine.

e INSCRT: Nonscheduled surface wave sort routine.

The activity subrcutines process each wave based on its
ciass, activity code, and category (scheduled, on-call, or
nonscheduled). There are five major activity sulkroutines
for each class (air or surface). Each activity sutrcutine
calls other secondary routines and the appropriate time sort
routine as determined by the wave category. Once the wave

has ccrpleted an activity subroutine, it returns to the EXEZC

subroutine and the cycle begins again. Thus, each wave will
eventually cycle thrcugh five subroutines.
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The following is a summary of the activity subroutine
and their supporting routines:

e HRLD: The purpose 1is tc load (or attempt to load) a
belicopter wave from available flight deck s pots of the
shipping. Loading will not be initiated if (a) no deck
spots are currently available or if (b) insufficiert
belicorters of the proper type to carry the serials are
present at the time. HRID <calls the appropriate time
sort routine (HSSORT, HCSORT, or HNSORT) and sukroutine
SPO1S. The SECTS routine identifies whether all the
deck spots are curently being employed for loading. A
flag is set to indicate whetner deck spots are avail-
able cr not.

e HLNCH: This rcutine launches a helicopte: wave from
shirs and determines the time it will arrive at the
landing 2zone(s). It determines the number of deck
srots made available to subsequent waves and restores
those spots. Also it reevaluates tne loading tire for
a wave being 1lcaded which had employed all of the

remaining deck spots. HLNCH calls the appropriate time
sort routine (HSSORT, HCSORT, or HNSORT) and HICDCK and

e
gt o

RESTIART. HLODCK sets up signals that will initiate a
reevaluation of the deck spot employment in the event
fﬂ that the current wave was not employing the last avail-

akle deck spot. Those signals will trigger the use of
BCKLID which is called from EXEC. If the current wave
was occupying tlke remaining deck spots, a flag is set
to call RESTART from EXEC. RESTART allows suksequent
waves to employ deck spots which will be vacated by the
current wvave,

Ve

e HOUNLD: HUNLD determines whether or not 1landing zones

are still occupied by previous waves and if so delays
the landing of the current wave until the pertinent
zones are free tc use. Also it calculates the length
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of time necessary for this wave to unload (constrained
ty the size of the landing zone). HUNLD calls the

. appropriate time sort routine (HSSORI, HCSORI, or
HNSCRT) .

e HRIN: The purpcse is to print a running total of the
perscnnel ashore and the firepower ashore. Alsc HRTN
calculates the time that the vwave will return to the
area of the shirring and hence be available fcr forma-
tion cf subsequent waves. It calls the appropriate
time sort routine (HSSCORT, HCSORT, or HNSORI).

e HARIV: HARIV returns helicopters to the heliccpter
fools for use in forming subsequent waves after
degrading the number of helicopters to reflect mainte-
nance losses. It also initiates the 1loading process
for sutsequent waves. HARIV calls the appropriate time
sort routine (HSSORT, HCSORT, or HNSOKT).

The surface activity subroutines operate in lasically
the same manner (the first letter for surface activities is
. B iustead cf H). Since the following routines are so
simiiar to the heliccpter routines, only the differences
will Le pointed out.

e ERLL: The purpcse is to load the landing craft in a
sipilar fashion to the HRLD for helicopters. . It calls
the appropriate time sort routines (LSSORT, LCSORT, or
INSCRT) and the subroutine WELDEK. WELDEK calculates
the well decks to be used by landing craft of each wave
and indicates whether there are sufficient openings or

. ._" no t -

:E: e BLNCH: This routine launches the surface warves from the
P}: shirgs. It calls the appropriate time sort routine
7;“ (LSSORT, LCSORT, or LNSORT) .

s o EUNID: BUNLD determines if the beach is ofpen for
N landing and off-loads the wave if it is possible. It
N calls the apprcpriate time sort routiize (LSSORT,
r;t ICSCRT, or LNSORT).
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e ERIN: ERTN prints the running total of personnel ashore
and the firepower ashore. Also, it returns the Ltoats
to the shigs. It calls the appropriate time scrt
rcutine (LSSORT, LCSORT, or LNSORT).

e B2RIV: This routine returns the boats to th2 Loat fools
for subsequent uvse. It calls the appropriate time sort
stbroutine (LSSCET, LCSORTI, or LNSORT).

Cnce each wave has cycled through the five helicopter
activities cr the five surface activities, they are assigned
a very large value in their time array. This prevents then
from recycling. The program will end wher the last nonsche-
duled surface wave has gone through all activities. At that
point, all personnel in the wave data file will be ashore.
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A. GERNEEAL

The purpose of validaticn® of a model is to bring to an
acceptable level the user's confidence on how w21ll the real
system is reing modelled [Ref. 3: p.291]. A common method
and perhaps the best is to compare the results >f the model
with historical datae. However, after some research it was
discovered that there is a 1lack of historical data
concerning actual ship-to-shore operations in the Marine
Corps. Although there is data collected for reports which
are required after training exercises, none of the pertinant
information 1is retained after the reports have been
compiled.

The next best method available to verify this model was
to ccrrare the results to another sophisticated simulatiorn
designed and refined to run on A laige main irame computer.
Several such models exist and the results atilized in this
thesis are found in a study which employed one of those
models [Ref. 9].

This section will be divided into two major subsecticns
for the purposes of organization. The first will Dbe
concerned with verification and will cover an initial fhase
using a simplified test data set and the second phase will
use pcre complicated input data. The second major suksec-

tion will involve sensitivity analysis of the model.

KIEAAE

T
o

7

¢Although there are man¥ authors vho distingaish Letween
“verification" and "validation" a model, there is no
consistent use_of the terms in the ‘1terature. Therefore
the terms will be used 1nterchan3eably in this thesis and
have the same meaning [Ref. 8:
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B. VALIDATION
1. Initial Phase: Simplified Input File

The initial rhase of the verification analysis is
designed to ensure the model 1is operating corr2ctly for a
simplified case whick can be coamputed by hand. A simrle
landing plan will nct test all the routines within the
Frogran. However, the ma jor routines will be exercised to
demonstrate that the tasic logic is working.

The input data for the model for this phase is
located in Table I . As one can observe the landing plan is
reduced to essential information only. Data file T-1.CAT
remains unchanged and the interactive input provides the
parameters necessary to run this test. At this point many
acronyss will appear in the text and tables. Appendix 2
contains a glossary of those acronyms that will be
encountered.

Using the data in the Helo Time Factors Table (Talle
XVIII), hand calculations vwere made to determine the tinme
that each wave would land and unload in the LZ from the time
the wave was lozded cn the ship. Also the number of troops
keing unloeded was «ccmputed at this tinme. Table II gives
the results of the model and those of the hand calculations.

It is obvious by the results of this extremely
simple run that the podel is at least functioning in a tasic
mode. . 1To attempt to verify a coaplex landing plan by hand
calculations would be ludicrous. Therefore the =tmethod
alluded to in the introduction of this chapter, comparison
with historical data, would be the best way to verify a

large landing plan. However, since there 1is a lack of

4

ok

histcrical data, ancther more sophisticated simulation was
employed.
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TABLE I
Input Parameters for Sinmplified Test
Lapd’ng Plan Iest
. Carrier Numbe:
. BavesSerial % Bers Iype Carriers  Dest
Scked helo #1/#1 10 CH-46 2 R=1
Scked helo #1/%2 10 CH-46 2 R=-1
Sched helo #2/#1 10 CH=-46 2 R=1
Scted helo #2/#1 10 CcH-46 2 R=-1
Sched surf #1/#1 10 LCcu-8 2 G=1
On-call helo #1/#%1 10 CH-46 2 R=-1
On-call surf #1/#1 10 LCH-8 2 G-1
Nonsclked helo #1/#1 10 CH=-46 2 R-1
Nonsched surf #1/#1 10 LCH-8 2 G=-1
Iprut raraneters Values

Operaticnal deck sgots 60
Heliccpter Launch distance 10 NY
Shore to landing 2zcne distance 2 NN
Boat launch distarce 8 NM
Landing zone size Unlimitel

v Beach size Unlimited

f; Number of carriers

= Helcs 12

" Eoats

l“ Boat launch hour

E}{ Helo launch hour
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TABLE 1I
Results c¢f Simplified Data Set Run

Time of unload # parscnnel
on 1Z/beach ashore

Fave dodel Hand ¥oi:1l Hang
Sched relo #1 21 21 2) 20
Scted helo #2 27 27 40 40
Cn-call helo #1 29 29 5) 50
Nonsched helo #1 38 38 60 60
Cn-call surf #1 55 55 70 70
Nonsched surf #1 55 55 80 80

2. fhase Twc: Cecppariscn to large Scale Simulaticn

A computerized amphibious assault model (CAAN) was
used in the study in [Ref. 9]. CAAY utilized a corgputer
language <called GPSS (General Purpose Simulation Systenm)
which is designed sfpecifically to run sinulations. Since
the study was mainly concerned with the air portion of the
anphibious landing, all of the results deal with
helicoroter-borne assaults cnly. This is not a problen
since SHIPSHOR has the ability to run in an all helicopter
aode, all surface node, or a combination of the two. Thus,
for the purposes of the validation, only the heliccpter
operaticn of SHIPSHOR will be utilized. Althoagh this is
not considered an ideal situation, the results from cther
sinuvlaticn models were not available.

Several sets of results were contained in the
Anphibious lift Factors Study. Four of these will ke used
to make the conmpariscrs. An attempt was made to duplicate
the CAAH 1inputs in order to reach some viable conclusicns
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about the ccmparisons. Duplication was not possikle in all
cases. However, the input parameters that were used by
SHIFSHOR came very clcse to those used in CAAl.

A case base was used as a standard for comrarison.
It consisted of a set of input parameters whica prcduced a
profile cf the progress of the landing. The base case was
then compared to other situations to obsevre the effect on
the laﬁding profile. Table III contains the lase case.

TABLE III
Base Case for CAAM and SHIPSHOR Comparisyns
Number of Belicopters
Launch Dist CHz46 CH=53D CHz33E Attrition
S0 NM 156 80 32 0
Speed (type load) Operatonal Nua ber of
) Internal External Deck Spots 1z's
120 kts 100 kts 114 3
Beach to LZ Size of Landing
Distance Zone
1 S NN Infinite
-
-
-
L4
3
R The following section will present four situatioms
i involving different input frarameters for both CAAM ani
x} SHIPSHOR. The parameters will be 1listed followed by the
.- grarhic presentation cf each case.
:
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a. CAAM vs SHIPSHOR: General Comparison
Number of Helicopters

1. Base Case: 156 CH-46, 80 CH-53D, 32 CH-53%
2. 1.5 Wing: 108 CH-46, 64 CH-53D, 32 CH-53E
3. 1.0 Wing: 72 CH-46, 48 CH-53D, 16 CH-53E

NUMBER OF HELICOPTERS: CAAM
L o/
e 7
.'r‘-‘ = -
/
8 f—-‘—-—— ) l‘
® J
‘..4""“ t"'""!
g 5 i 4’.‘
_ 8 / ol --—-"'/
o 2 e g
z. // e /
(zD : i e /l
&) —————///" 1 ’J;' —_— BASE
[ et e 1 1.5 WING
& 3 / = TR D e 1.0, WING
o /] L
« /I l/
[ ‘.I.............. — .....1' Z - Sl oy
// /
81/ /A S A— ————— S —
2l /
{
, |
0 100 200 300
! TIME

Figure 5.1 Rumber of Helicopters: CAAN.
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Rumber of Helicopters: SHIPSHOR.
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Heliccpter launch Distance

1. Base case: 50 NN i

2. Alternate case #1: 35 NN
3. Alternate case #2: 15 NHM

HELICOPTERS LAUNCH DISTANCE: CAAM

’w" l,-' /

= — 50 NM
o 5 — V1 .
5 § ----- 15 NM
x
W
a
_ [ 17
. <" § F
o Q7
.:{_ /
S | /
"o 100 200 300

TIME

Pigure 5.3 Helicopter Launch Distance: CAAN.




HELICOPTER LAUNCH DISTANCE
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Figure 5.4 Helicopter Launch Distance: SHIPSHOR.
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Operatiocpal Deck Spot

(17

1. Base case: 114 operational deck sjyots

2. Alternate case #1: 176 operational deck spots
3. Alternate case #2: 57 operational deck spots

OPERATIONAL DECK SPOTS: CAAM

8 =
©0 // //
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| ,/ / -— 114
7% ! / e 57
% g // Jf' ......... 176 .
8 A /f 7
x p';
[FY} /4
Q. -
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-
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Figure 5.5 Operational Deck Spots: CAAM.
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Figure 5.6 Operational Deck Spots: SHIPSHOR.




Mix of lLaunch Distances and Number of Helos

1. Base case: 50 NM and 156 CH-46, 80 CH~-S53D, 32 CH-S3E
2. Alternate case #1: 35 NM and

108 CH-46, 64 CH-53D, 32 CH-53E
3. Alternate case #2: 15 NM and

72 CH-46, 48 CH-53D, 15 CH-53E

MIX OF LAUNCH DISTANCES AND NUMBER OF HELOS: CAAM
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/’217
/ i
77 J

6000
!
t
\
t
\
4

5000

....... o L
A N B T 5/‘ ‘o

PERSONNEL

4000

3000

2000

0 100 200 300
TIME

o Figure 5.7 HMix of Launch Distances and # Helos: CAAM.
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Figure 5.8 Mix of Launch Distamnces and # Helos: SHIPSHOR.

Although not exactly alike, CAAM and SHIPSHOR
tend to exhibit similar behavior when changing parameters as
shown within each graph above. Additionally, comparison
betveen CAAM and SHIEFSHOR under like conditions lemonstrates
that the models are froducing similar landing profiles. The
next section will depict the similarities and differences
through direct comparison.
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E. CAAM vs SHIPSHOR: Direct Comparison

The next set of graphs shows a direct comparison

of CAAM and SHIPSHrR for the parameters used above. A ten
percent confidence interval around the CAAM profile frovides
a means of judging the performance of SHIPSHOR.
BASE CASE: CAAM VS SHIPSHOR
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Pigure 5.9 Base Case.
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Figure 5.10 1.5 #ing and 1.0 Wing.
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15 NM LAUNCH DISTANCE: CAAM VS SHIPSHOR
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3 Figure 5.11 15 B8 launch Distance and 35 NM Laanch Distance.
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15 NM/1.0 WING: CAAM VS SHIPSHOR
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Figure 5.13

15 ¥8/1.0 Wing and 35 NM/1.0 Wing Distance/Number Mix.
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The SHIPSHOR model, as exhibited above, tracks
retween the confidence 1limits for the most part. The
kiggest discrepencies between the two models is fourd in the
first 30 or 40 minutes of the landing. CAAM displays a
rapid, almost instantaneous, build-up where SHIPSHOR is more
gradual. This may Le explained Ly the wmanner in which
SHIPSHOR increments the initial waves at one minute afart.
Lepending on deck spot and helicopter availibility, addi-
tional time delays may te encountered. Thus, tae resulting
build-ur ashore is slower.

At this proint one can conclude taat the two
models, for the particular data used, produce similar
results. However, as discussed earlier in this thesis, one
can nct conclude that SHIPSHOF is a fully valiiated rmcdel.
That won't happen until the wmodel is in use and has been
modified to reflect data from actual operations. There are
many possikle ways tc disclaim the validity of this model.
Althcugh CAAM was used in a study that was published, there
is ©pothing that guarentees the validity of CAAM. What
should le recognized by the above analysis is that the
confidence level in SHIPSHOR has been raised to that of
CAAM. Since the authors of the study based tieir conclu-
sions c¢n the output of CAAM, there is no reason at this
point to discount the output of SHIPSHOR.

C. SENSITIVITY ANALISIS

1. General

The purpose of sensitivity arnalysis is to determine
the sensitivity of our results to the values of the rarane-
ters used. It normally consists of a systematic varying of
the fparameters of interest and observing the response of the
model. If the responses of interest vary greatly with
slight variations or vary in a manner not expected by
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experience, then there may exist justification for expendi-
ture cf more time to cktain better results. [Ref. 3]

The approach cf this thesis to sensitivity analysis
is twcfcld, graphical and nunmerical. A graphicil presenta-
tion of the landing profile with different parameters gives
an overall rpicture «cf the effect of changing input values.
The opumerical analysis involves the selection of an MOE
(neasure of effectiveness). The changes observed in that
MOE with a change 1in a particular value of input give a
numerical feel for the sensitivty.

There are a syriad of MOE's for an amphid ious ofera-
tion. They depend or the desires of the commander, plarner,
or in this case, the user of the model. The commander nmay
want tc know the number o_L troops ashore at a given time in
the orperatior. The planner may want to know the total time
required to get a certain number of troops ashore.

For the purposes of this thesis the MOE will be the
nunber of personnel ashore at three hours into the opera-
tion. The first several hours of a landing ar2 most crit-

ical and from the author's experience would be cf concern
to a ccmmander of the operation. The choice of a different
MOE would rroduce different semsitivity relations in the
results. Under one MOE a comparison of two sets of input
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EQ Farameters may be greater than under a different MOE since
@Q the profile of the landing is a step function.

%% The pictoral represntation will be cutofi at the 200
- minute pcint to enable observation of the first three hours
Sg; in the landing. The pumerical method will introduce a term
jﬁ used fcr comparison rurposes. It will take the form of:

o Change in MOE

ﬁa. Sensitivity Index = =-------cccccccccccao--

b o

Change . input parameter
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'Sensitivity Index = =—===-mecceccmcc e e e e cc—e e
Change in input paranmeter

The methcd of presentation will show a set of curves
reflectirg the change of a single parameter froa a kase set
of parameters. Then a table will follow with the numerical
values of the sensitivity index.

Since there is a large number of parame:ers, there
is an even greater rumber of conbinations of fparameters
producing different sets c¢f results. Therefore the
follcwing analysis will present only a small subset cf all
possiltle ccmbinations.

2. Crarhics and Mumerics

The base case for the sensitivity anal ysis which
follows is contained in Table 1V . The subseguent situ-
ations list only the rarameters of interest, then the graph
of the different cases, followed by the numerics.
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TABLE IV
Input Data for the Base Case
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1. Base case: Helicopter time factors table
2. Alternate #1: load time 6 minutes
3. Alternate #2: load time 10 minutes
3 4. Alternate #3: Load time 15 ainutes
5. Alternate #4: LCouble helo time factors table

HELO TIME FACTORS
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0 ' 50 100 150 200

Figure 5.14 Helicopter Time Factors.




Sensitivity Index:

Parameter

Base:

Alterpate #1:
Alternate #2:
Alternate #3:
Alternate #4:

Change in Parameter

(ir pinutes)

Base - Alt #2: £
Alt #1 - Alt #2: 4
Alt #2 - Alt #3: &

Base - Alt #3: 10

TABLE V

Number personnel ashore (3 h

6894
7110
6542
64 04
6266

Change in MOE

(¢ troops ashore)

352
568
138
490

Helicopter Time Factwrs

s.)

Seis. Index

(42 E/para.)

-71
- 142
-28
-49
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each size

1. Base case: 6 LVIs
2. Alternate #1: 2 LVTs
3. Alternate #2: 4 LVTs
4., Alternate #3: 8 LVTs
S. Alternate #4: 10 LVTs
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Pigure 5.15 Beach Size.
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TABLE VI
Sensitivity Index: Beach Size

parampeter Number personnel ashore (3 his.)
Base: 6894
Alternate #1: 5604
Alternate #2: 6534
H Alternate #3: 6894
[g Alternate #4: 7097
by s
ol
-
!! Change in Parameter Change in MOE Seis. Index )
(in LyTs) (4 troops ashore)  (M2E/para.)
Base - Alt #: 2 360 + 180
Alt #1 - Alt #2: 2 930 +465
Alt #2 - Alt #4: 6 563 +94
Alt #1 - Alt #4: 8 1493 + 187
Alt #1 - Alt #3: 6 1290 +215

R
- ooty Tl -, e
UL AL AR P

it P e s A
AL e (e
oty i el S HE [ 4
OO RO
3 SN O RS

e

62

i

E

'
3
N
u_"‘
b
L .
[N
13




1. Base case: 48 CH-U46 Helicopters
2. Alternate #1: 6 CH-46 Helicopters
3. Alternate #2: U4 CH-U6 Hélicopters
4. Alternate #3: 3 CH-46 Helicopters
5. Alternate #4: 2 CH-U46 Helicopters

LANDING ZONE SIZE
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6000
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4000

2000

TIME

% Pigure 5.16 Landing Zone Size.




TABLE VII
Sensitivity Index: Landing Zone Size
Pagapeter Number personnel ashore (3 his.)
Base: 6894
Alternate #1: 6532
Alterpate #2: 5866
Alternate #3: 5650
Alternate #4: 5495
Change in Parameter Change in MOE Sers. Index
4 (ip CB=U46s) (# troops ashore) (M0E/paza.)
h Base - Alt #1: 42 362 -9
e Alt #1 - Alt #2: 2 666 - 333
[ Alt #2 - Alt #3: 1 216 -216
Ej'. Alt #3 - Alt #u4: 1 155 - 155
2 Alt %1 - Alt #3: 2 882 - 294
J Alt #1 - Alt #4: &4 1037 - 260
% Alt #2 - Alt M: 2 371 -186
R
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Cperational Deck Spots

1. Base case: 100
2. Alternate #1: 176
3. Alternate #2: 114
4. Alternate #3: 60
5. Alternate #4: 20

OPERATIONAL DECK SPOTS
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6000

.
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_.,-’. Heenee- | 1716
] - s e e 114
-« /; """" 60
["‘“ — T,
100 150 200
TIME

Figure 5.17 Operational Deck Spots.
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TABLE VIII
Sensitivity Index: Operational Deck Spots E
Parapmeter Bupber personnel ashore (3 his.)
Bacse: ’ 6894
Alternate #1: 6394
Alternate #2: 6894
Alternate #3: 6404
Alternate #4: 5866
Change in Parameter Change in MOE Seis. Index
(in deck spots) (# troops ashore) (1) E/para.)
Base ~- ALt #1: 76 0 0 )
. Alt #1 - Alt #2: 62 0 0
Alt $#2 - Alt #3: 54 490 -10
Alt #3 - alt #4: 40 538 -11
Alt #1 - Alt #3: 116 882 -7
Alt #1 - Alt #4: 156 1037 -6
Alt #2 - Alt #%4: S4 37 -4
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Number of 6 Helicopter Sized Landing

1. Case #1: 6 helicopter size / 1 landing zones
2. Case ¥2: 6 helicopter size / 2 landing zones
3. Case #3: 6 helicopter size / 3 landing zones
4. Case #: 6 helicopter size / 4 landing zones

SIZE AND NUMBER OF LANDING ZONES
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Pigure 5.13 Number of 6 Helicopter Sized Landing Zonmes.
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TABLE IX

fﬂ Ser :tivity Index: # of 6 Helo Sized LIs

E Pazaneter Yumber personnel gﬁhgg_ (3 his.)

ﬁ% Case #1: 6266

- Case #2: 6394

e Case 13: 6532

Sﬁ Case #4: 6532

8

o

e

o

F4 Change in Parameter Change in MOE Ser1s. Index

= (in & 12s) (4 troops ashore)  (4QE/para.)
Case #1 - Case #2: 1 128 +128
Case %2 - Case #3: 1 138 +138
Case #3 - Case #4: 1 0 0
Case #1 - Case #3: 2 266 +133
Case #1 - Case #4: 3 266 +89
Case #2 - Case #4: 2 138 +69
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Helicopter Sized lLanding Zones

1. Case #1: 4 helicopter size / 1 landing zones
2. Case #2: 4 helicopter size / 2 landing zones
3. Case #3: 4 helicopter size / 3 landing zones
4. Case #4: 4 helicopter size / 4 landing zones
SIZE AND NUMBER. OF LANDING ZONES
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Figure 5.19

Runber of 4 Helicopter Sized Landing Zones.
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TABLE X
Sensitivity Index: # of 4 Helo Sized LZIs

Parameter Number personnel ashore (3 his.)

Case #1: 5866

Case #2: , 866

Case #3: 6756

Case #4: 6756

Change in Parameter Change in MOE Ser1s. Index
(in # 1is) (# troops ashore) (40E/para.)

Case #1 - Case #2: 1 0 0 )

Case #2 - Case #3: 1 890 +890

Case #3 - Case #4: 1 0 0

Case #1 - Case #3: 2 890 +445

Case #1 - Case #4: 3 890 +297

Case #2 - Case #4: 2 890 +445
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Heliccpter Launch Distance

1. Base case: 10 NM
2. Alternate #1: 20 NM
3. Alternate #2: 30 NM
4. Alternate #3: 40 NM
5. Alternate #4: S0 NM

HELICOPTER LAUNCH DISTANCES
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Figure 5.20 Helicopter Launch Distance.
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TABLE XI
Sensitivity Index: Helicopter Launch Distance

Paraneter Jumber personnel ashore (3 azis.)

Base: 6894

Alternate #1: 6532

Alternate #2: 64 04

Alternate #3: 6266

Alternate #4: 6004

Change in Parameter Change in MOE Seis. Index

(in NM) (2 trcops ashore) (MQE/para.)

Base - Alt #1: 10 362 -37
- | ALt #1 - Alt #2: 10 128 -13
Alt #2 - Alt #3: 10 138 -14
: Alt #3 - Alt #4: 40 538 -11
b Alt #1 - Alt #3: 20 266 -14
- Alt #1 - Alt #: 20 528 -18
& ALt #2 - Alt #4: 20 400 -20
3 Base - Alt #2: 20 490 -25
s Base - Alt #3: 20 628 -21
= Base - Alt Mi: 40 890 -23
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Number of Helicopters

1. Base case: 130 CH-46, 63 CH-53D, 27 CH- 53E
2. Alternate #1: 156 CH-u46, 80 CH-53D, 32 CH-S53E
3. Alternate #2: 108 CH-46, 64 CH-53D, 32 CH-S53E
4. Alternate ¥3: 80 CH-46, 40 CH-53D, 15 CH- 53E
5. Alternate #4: 72 CH-46, 48 CH-53D, 16 CH-S3E

NUMBERS OF HEULICOPTERS
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TABLE XII
Sensitivity Index: Number of Helicopters
Parapeter Number personnel ashore (3 h:s.)
Base: 6894
Alternate #1: 7110
Alternate #2: 6670
Alternate #3: 6007
Alternate #4: 6266
Change in Paranmeter Change in MOE Seis. Index
(ro unit) (8 troops ashore) (M2E/para.)
Base - Alt #1; +216 N/A .
Alt #1 - Alt #2: -224 N/A
Alt #2 - Alt #3: -663 N/A
Alt #3 - Alt #4: +259 N/A
Alt #1 - Alt #3; -1103 N/A
Alt #1 - Alt #4; -844 N/A
Alt #2 - Alt #4; -404 N/A
Base - Alt #2: -224 N/A
Base - Alt #3: -887 N/A
Base - Alt #4: -628 N/A
Note: Since there were three parameters cktang:d at
3g$l§égefggr%gg 32ﬁgmfga{ogoognﬁkecgg%51Efv1ty
index. However, an idea of the model's response
can be obtained’from the change in MOE values.
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1. Base case: 130
2. Alternate #1: 108
3. Alternate #2: 72
4. Alternate #3: 54
5. Alternate #4: 36

NUMBER OF CH-46 HELICOPTERS
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Figure 5.22 Number of CH-46 Helicopters.
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TABLE XIII

Sensitivity Index: Number of CH-46 Helicopters
Paranmeter Number personnel ashore (3 h:is.)
Base: 6894
Alternate #1: 6670
Alternate #2: 6670
Alternate #3: 5987
Alternate #4: 5599
Change in Parameter Change in MOE Sei1s. Index

(ip % of CH-46s) (8 trogps ashore) (42 E/para.)
Base - Alt #1: 22 224 -1
Alt #1 - Alt #2: 36 0 0
Alt #2 - Alt #3: 18 683 -38
Alt #3 - Alt #4: 18 298 -17
Alt #1 - Alt #3: t4 683 -13
Alt #1 - Alt #4: 72 1071 -15
Alt #2 - Alt #4: 3¢€ 1071 =30
Base - Alt #2: 58 224 -4
Base - Alt #3: 76 907 -12
Base - Alt #4: 94 1295 -14
& 76
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Number of Eeaches

Base case:

Alternate #1:
Alternate %#2:
Alternate #3:

£ W NN a
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4000

2000

NUMBER OF BEACHES
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Pigure 5.23

Nusber of Beaches.
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TABLE XIV
Sensitivity Index: Number of Beaches
garanpeter Number personnel ashore (3 h:is.)
Base: ) 6894
Alternate #1: 6894
Alternate #2: 7097
Alternate #3: 7097
Change in Parameter Change in MOE Sei1s. Index
(in Leaches) (¢ troors ashore) (4QE/para.)
Base - Alt #1: 1 0 0
Alt #1 - Alt #2: 1 203 +203
Alt #2 - Alt #3: 1 0 0
Alt #1 -~ Alt #3: 2 203 +102
Base - Alt #2: 2 203 +102
Base - Alt #3: 3 203 +68
L
9. 78
e AR A R R e e e




landing Craft Launch Listance

1. Base case: 2 NN
2. Alternate #1: 6 NM
3. Alternate #2: 8 NM
4. Alternate #3: 10 NM

LANDING CRAFT LAUNCH DISTANCES

Q
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@
_—:‘_;gj:.t
8o e
w ©
Z
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o 3l e 16 NM
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- |10 NM
i 3 —
0 50 190 150 200

TIME

Figure 5.24 Landing Craft Launch Distamce.

vy
-

AT

-

R UL R

]

[ )

2
t "y

79




TABLE XV
Sensitivity Index: Landing Craft Laanch Distance

Parameter Number personnel ashore (3 h:s.)
Base: 6894
Alternate #1: 6894
Alternate #2: 6534
Alternate #3: 6244
Change in Parameter Change in MOE Seis. Index
(in NN) (¢ troops ashore) (4) E/para.)

Base - Alt #1: U4 0 0
Alt %1 - Alt #2: 2 360 180
Alt #2 - Alt #3: 2 290 145
Alt #1 - Alt #3: 6 650 109
Base - Alt #2: 6 360 60

s Base - Alt #3: 8 650 82
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¥ith the abcve type analysis, one co1ld readily
cbserve how the model reacts under different parameters.
The sensitivity index is a value which provides a weighting
scheme in crder to rate the effects of going fron one set of
parameters to another. The sign of the sensitivity index
indicates how the model responds. A positive sign indicates
improvement in the fperformance of the 1landing plan when
going frcm one set of parameters to another. A negative
sign would indicate a decrease in the MOE, thus the plan is
not imprcving.

The sensitivity analysis was conducted wutilizing a
set of base conditions from which a parameter was changed to
cbserve the effect. Table XVI lists the parameters altered
which had the greatest effect within each different set of
parameters. For instance, within the set of altered parame-
ters for beach size, the greatest efiect occurred wher the
size of the beach was increased from 2 LVTs to 4 LVIs (465
rersonnel ashore / minute load time). Thus, tie effect of
making a change decreased as the size of the teach increased
keyond a 4-LVT sized beach. The other param2ters listed
follcw sipilar logic.

The parameters in Table XVI are listed in criler of
increasing sensitivity index. This indicates : he relative
impact of changing a parameter by one unit as compared to
the other alitered parameters. Thus, the least sensitive
parameter is the charnge of operational deck spots from 114
to 60 (11 frersonnel ashore / operational deck spot). The
greatest sensitive parameter is found by incieasing the
number of 4-helo sized 1landing zones from 2 to 3 (890
perscnnel ashore / 4-helo sized LZ).
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TABLE XVI

Altered Parameters Yielding Greatest Effect in MOE

Change in Parameter

Op deck spots: 114 to 60

Helo launch dis.: 10 to 20 NM
Number CH-46s: 72 to 54

# of 6-helo sized 1Zs: 2 toc 3
Tige factors: 6 to 10 min.
Boat launch dis: 6 to 8 NN
Numter reaches: 2 to 3

LZ size: 6 to 4 CH-46s

Beach size: 2 to 4 LVTs

# of 4-helo sized 1Zs: 2 to 3

Absolute Vilue of
Sensitivity Index

(PA=Personnel ashorej

1

37

38
138
146
180
203
333
465
890

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

NONON N NN N NN N

da2ck sgpot
NY

Ci-ue

LI

min.

Nd

beach
Ci-4¢€

LVT

Lz
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VI. MODEL DOCUMENTATION

A key tc usakility of any computer software is documen-
taticn. [Ref. 10). The gemeral community of con puter nodel
develcpers and mnpodel researchers has not beern overly
concerned with issues of model documentation. This has
severly hardicapped thé utility and acceptence o many valid
models, and also, allowed some invalid models to te used.
However, a subgroup cf computer model developers, simulation
nodelers, have reccgnized that good documentation aids in
€stablishing the validity of simulation models and in
increasing usage rates [Ref. 11: p.21)

Since a mwmodel's developers are frequently not the
models's ultimate wuser, concise documentaion is essential
for effective model use. An article by Louis Fried recom-
mends that nmodel documentation should at a minimum prcvide
the user and ahalyst views [Bef. 12]. Proper documentaion
involves the use of four typres of manuals which provide
information for four different classes of audiences. These
consist cf managers (decision makers), users, aralysts, and
programmers. Each ranuval should include some common topics
such as a table of contents which can be expanded ufpcn or
modified according tc requirerents of the specific model.
Terms of each manual stould be directed towards the audiernce
cf interest. The following will briefly sunmarize the
thrust of the four types of manuals.

In the decision-paker's environment, the main gcal of a
manual is to assist managers to make decisions. To acccm-
piish this end, the manual must describe the m>del and its
applications to managers (those who sponsored the mcde and
those who @may be interested in a developed model). The
manual should provide managers with sufficient information
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to permit them to accurately assess the model input regquire-
ments (tire, money, and other resources), available outputs,
and the accuracy and precision of the results. Decision
makers can use this manual to Jjustify the employment of the
model and in evaluaticn of the results. [Ref. 13: p.2]

A user is interested mairly in deriving results from a
model for specific arrlications . The user's manual mtst
contain sufficient information to allow the users tc emgploy
the model intélligently and accurately. The user, although
occasionally unfamiliar with computer technigques, must be
informed of the model's 1logical structure, general sinula-
tion aprroach, and any assumptions and limitaions affecting
the model's applicakility. It is not necessary to have
details c¢f the analysis or programming beyond the fprepara-
tion of input data and interpretaion of model results.
[Ref. 13: p.2]

The primary purpcse of a programmer's maiual is for
maintenance and modification of the nmodel. Since a
progrémmer must correct any errors discovered 1iuring model
usage and possibly convert the model for use on anctter
computer, the guidance provided bty the manual should te on
tvo levels. The micro level should contain details of what
happens in each routine thus providing facts about what
cccurs in e€ach of tte parts of the model on an individual
kasis. The macro level gives an overall discussion of the
processing techniques used and their relationships. Thus,
it provides a grasp of how everything is tied togetker high-
lighting areas vulnerable to change. ([Ref. 11: p.3)

The analysts manual is the source document for an
analyst who is primarily interested in the analytical tech-
niques and algorithms used in a model. This manual should
explain the ejuations used in the model and the nethcds used
for verification and validatien. It is not necessary to
include details such as input and output formats or fprogram-
ming details involving language syntax. [Ref. 13: p.3)
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The decision on which types of manuals are reguired
depends upon the individual model and should be made on a
case-by-case basis. Although the main audience for the
ship-to-shore model will be decision-makers and asers, there
exists the need for the programmer's manual as well. The
analyst's pmanual would not offer anything differ:nt from the
cther three, therefore it was deemed unnecessary. The docu-
mentaticn for this model will be of a combined format with
sections directed at the respective audiences.

Each section will be based on recoumended outlines found
in [Ref. 13] with whatever modifications arc rnecessary. The
sections will be self-contained and pertain to each of the
three classes of audience to facilitate ease of use. The
entire mcdel documentatios s found in appendices A through
F and can ke removed as a sepacate unit.
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VII. COBCLUSIONS

A. SUMHARY

The r[proper construction of a simulaticn nodel is a
formidible task. It involves many facets other than the
writing of code which 4is supposed to reflect a real life
systen. There are numerous activities reguired prior to the
Frogramring stage which are vastly more important.
Lefiniticn cf the prcktlem is probably the most critical step
in the frocess and should involve a great deal of effort.
All too often a piece of software is developed in a vacuunm
withcut regard to the user and the actual problem which is
to be sclved. This tends to reduce the crediblility of
simulaticns and their usage.

This thesis attespted to demonstrate the proper fproce-
dure in the construction of a model. Although, the model
was already in existence, the procedure outlined in chapter
II was employed as much as possible. In some resrects it
was more difficult to start with a nearly finished product,
learn the code, dissect the logic, flow chart the model, and
then work forwvard through the model builling stegs.
Hovever, the fprimary purpose of this research was to
complete the amphibious ship-to-shore model for wuse on a
microcomguter. To accomplish that end it was necessary to
start vith the existing simulation.

Based oL the pmaterial presented in this th2sis, it is
felt ty the author that SHIPSHOR is basically a good repre-
sentaticn of tkhe ship=-to-shore movement of an amphitious
landing. From the results of the validation and sensitivity
analysis and in conjunction with the aathor's ex)erience, it
is concluded that SHIFSHOR has a great deal of potential and
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is a viable decision aid. It also has room f>r expansion
and ccntinued inmprovenments. The next section will address
the areas for future enhancements and applicability.

B. FUTURE ENHANCEMENIS

As discussed in the beginning of this thesis, zodel
develorment is a continuous process. During the conduct of
research and analysis of SHIPSHOR, many areas for possitle
future enhancements were realized. Some of the more rpromi-
nant cnes are:

® More sensitivity analysis

e Improve any area discovered during additional sensi-
tivity analysis

e Elimipation of some of the limitations of the nmodel
that were encountered

e Frploy stochastic modelling of the various time factors
which are currently expected values

e Use the Basic Compiler to improve the spe2d of execu-
tion of the model ‘

e Add a stochastic attrition subroutine option ‘

» Autcmate the wave and serial assignment takle which
forms the basis for the landing plan file

C. FUTUEE APPLICATICAS

The main reason for the development of SHIP5HOR was for
use in a study which was to assist procurement plarnning.
There was nothing sgpecific planned beyond that objective.
Currently, most U.S. models are designed for aiding analysis
involved in hardwvare procurement and force siz> determina-
tion. Houwever, there is a broad range of uses for simula-
tions which have Leen overlooked by U.S. military
organizations.
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The Soviets have for many years utilized molels as part
of an integrated system of decision aids for the commander.
SHIPSHOR is a type cf model which could lend insight into
operational planning for the ccmmander and his staff. Once
the mcdel has gained the necessary confidence of the pcten-
tial users, it could be used to hélp a commander make deci-
sions regarding various options he wmay be considering.
Choices such as the number of LZs, size of 1Zs, number of
Feaches, number of helicopters, etc. could be run through
the &nodel to observe the effects on the MOE of chcice.
Then, Lased on those results, the commander cail make deci-
sions for the landing.

Another possible application is related to predictive
planning. The model could be used as a gauge :o determine
if the landing is prcceeding as desired. If the actual
landing is not progressing according to the predictions of
the model, the comzander could make adjustments to get back
on his schedule. Of course, any use of this mydel will be
depend on its reputation and credibility. A good repuéation

will only be formed after continued validation and
modification.
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GLOSSARY OF ACRONYHNS

Acronynm Definition

CH-46: A twin-turbipe powered, tandem rotor assault trans-
port helicogter. It has a cruising speed of 1290
kts. Under ideal conditions it has a max payload
of 4280 1lbs. The max number of troops (the
primary paylcad) it carries is 17.

CH-53L: A twin~-turbine powered, single main rotor assault
cargo heliccpter. It has a cruising speed of 150
kts. Under ideal conditions it has a max paylcad
of 13761 1bs. The max number of troops it carries
is 57. The normal payload of the CH-53 is cargo.

CH-53E: Same characteristics as the CH-53D with the excep-
ticn of the payload. The max payload of this
aircraft is 16000 1bs.

LARC: A wheeled anmphibious vehicle. It can carry apgrox-
imately ten troops. The primary mission of this
vehicle is for use on the beach by the unit that
controls the beach organization.

IcH-6: Landing craft, mechanized. This is a flat tottoaed

boat used to transgort vehicles and trcops to
shore. The € designates the size of th2 craft.

2 1CM-8 Same type of landing craft as the LcM-6 with the

excepticn of the size. The 8 indicates that it is

[ ]

a larger craft than the LCM-6. It can carry a tank
where the LCl-6 casnnot.
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1CO:

IHA:

ILPD:

1PH:

1sD:

IST:

Landing craft, utility. Carried on lacger amgphib-
ious ships although it is a self contained unit.
This is the largest of the flat-bottored landing
craft used to discharge troops and vehicles ashore.
It can carry two tanks.

Helicopter assault ship. It has a heliccpter
flight deck as well as a loading dock for landing
craft. The ship actually floods its well deck in
order to launch the landing craft. It disrlaces
abtout 30000 tons and can carry 2000 combat troops.
It is approximately the size of a WWII aircraft
carrier.

Landing ship with intermal 1loading docks for
launching landinj craft. It has a smill two spot
flight deck for helicopter operations, however does
not carry its own aircraft. It displaces 17000
tons and can carry 900 troops.

Helicopter assault ship without loading docks. T
has extensive medical facilities. Since it has no
loading docks, it can not carry heavy eguipment.
It displaces 18000 tons and can carry 2000 trcogs.
The first of the class was actually a ccnverted
WWII aircraft carrier.

Landing ship with internal loading docks for
landing craft. It has a small one spot flight deck

for resupply. It displaces about 1300 tons and
can carry 350 troogs.

landing shig, tank. Originally designed in WWII,
it can land tanks and other vehicles directly onto
the beach through a bow ramp. It has a spall cne
spot flight deck for resupply. LSTs displace 8200
tons and can carry akout 350 troops.

90




[T ST T T

LV

Landing vehicle, tracked. This is trul; ar amphkib-
ious landing craft that has tracks for movement off
the beach. The current model, LVIP-7, is desigmned
for carrying 25 troops from the amphipious ships
into land combat. It 1is completely enclosed to
preovide all-around armor protection from shrapnel
and small arms.? '

TThe
[Ref. 7).

aktove definintions are found in [Ref. 1] and
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B. INTBCDUCTION

'j The ship-to-shore nodel was initiated by :he Analysis
qf Suppcrt Branch of the Marine Corps Development Center,
;: Cuantico, Va. in suppcrt of the Aaphibious Lift Study. The
i original mcdel was delivered in an unusable form which
3 Frompted revision by the author. The purpose >f the rodel
ﬁf is to simzulate the mcvenent of units of various sizes from
&Y

L

A
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anphikious shipring to shore via surface and heliccpter
transportation.

The purpose of the decision-maker's manual is to ccmmu-
nicate to managers the capakilities oI the ship-to-shore
model. To attain this, the <contents of this section will
describe the model, its development and experimentation, and
current applications.

C. MCDEL DESCRIPTION

1. Capakilities

The model, called SHTPSHOR, can be used : ¢ determine
build-up of troops and firepower ashore versus time. It can
also ke used to compare the effects of changes in the numkter

and size of 1landing zones (beaches), numbers of carriers,
numbers c¢f amphibious ships, distances from launch, deck
Ffﬁ spot utilization, and attritionm. These capabilities of the
g model are concerned with utilization in the >lanning of
HII : operations as well as use during the execution of the plan.
The model accomplishes the above tasks through a series of
subroutines which calculate the time for certain events to
cccur, then executes those events sequentially. (See Figure
E.1) A detailed explanation of the subroutines zan be found
in the programmer's section.

The ship-to-shore model can be utilized in studies
involvinc-amphibious cperations to determine opti mum carrier
number, launch distance mixtures, deck spot utilization,
etc. The model could also be employed in a planning mode to
predict approximate troop tuild-up ashore jiven the unit,
distance of launch, number of carriers, nuaber of deck

€pots, e€tc. This cculd be useful in planning an oreration
o as well as gauging tlte progress of the landing.
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Pigure B.1 Flov Chart of Model Routines.
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Input data is broken down into three categorieé.
The largest group of data is found in the landinjy plan file.
The file requires the manual construction of serials and
assault waves in a specific fornmat. The format is found in
the 'help' file (Appendix E) and the user's manuil (Appendix
B). An example of tle file is listed in Figure B.2 .

18,517,1:8,32,35,1878,AR,R, 8, L.R-1, 615
1s,3748,128,37,35,1878,A,A,8, 1 ,R-2,615
15,378,128,37,375, 1879,A,A.8, I ,R-I,615
25,317,128, 33,35,1878,A,A,8, 1 .R-1,41S
75,348,178,33,35,1878,A,A.8, 1 ,R-2, 615
2s,378,128,37,35,1878,A,A,8, I ,R-3, 615
38,317,280,66,70,3560,A, 8,9, 1,R-1, 1230
35,748,280,66,70,3560,A,8,9,1,R-2, 1270
IS, 783,280,466, 70,3560,A,B,9, 1 ,R=3, 1230
45,1021,50,948,5476,37414,A,B,8, I,R-1, 360
45,1025,50,948,5476,37414,A,B,9, I ,R-2, T60
48,1070,50,948,5476,37414,A, R, 8, [ ,R-T, 360
55,329,11~,4:,:4,841,A,A /,I,R—1.651
S5,35%,112,42,34,841,A,A, 7, [ ,R-2,65
55:389,112,42.34.841,A.A.7.I.R—Z.éSl
43%,729,112,42,74,831,A,A,7.1.R-1, &51
45,359,112,42,334,841,.A,A.7. I, R-2, 651
45,789,112,32,74,831,A,A, 7, I R=T, 451

79, 1021,62.561, 3276, 23015, 4,A, 2, 1 ,R~1,225

Figure B.2 Example of Landing Plan.

Two other data sources are needed to run the model.
Cne file contaius parameter values which are not subject to
change and is called T-1.DAT. See 'help* file for the
format. Figure B.3 is a listing of that file. A helicopter
time factors table which provides expected times for various
evolutions is an exasple of the type of data f£>und in this
file. |

The last data source i3 found within the progran
itself as either a line of code or as an interactive query.
This data is of the type that may be changed easily fecr
various types of analysis. See 'he .p' file and Figure B.U4 .
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C:TYFE T-1.DAT

P 7e8,.9.7.7.2,9.9.7.2.9.7.4,8,7,7,8,2,7,7,4, 2,7, 0,1, 1.1, 1,1.0,1,0,0,1,200,0, 2
101,000, 8,000,1,2,1,1,1,0,0.0,0,0,0,0,0
0,0,0,1,1,4,4,4,4,1,1,1,5,8,10,4,4,4,4,4,4,1,1,1

120,100,100,8,9,12,11,27,20
1,101,1,1.1,4,10,10,10,10,10,1,1,1,1,1,1,0,10,10,10,10,10,0,%5,5,5,5,5,1,2,2.2.2
Sol1,10000,00 00000,

c:

?igure B.3 Example of Data File T-1.DAT.

RUN

¥ DF SERIAL LINES OF DATA FOR SCHED,ON-CALL, % NONSCHED WELD THEN SURFACE:49,23,0,40,0,0

Setup 17907

¥ DF SHIPS BY TYPE (LHA,LFH,LSD,LPD,LST):S,7,1,9,t

ST TURNAROUND SCHED HELD WAVE: {4

¥ OF BEACHES AND ¥ OF LANDING IONES:4.,7

HELD LAUNCH DISTANCE, BOAT LAUNCH DISTANCE, AND SHORE TO LI DISTANCE:S0,2,5

LHOUR AND HHOUR:017000,0

¥ DF WAVES IN ORDER SCHED, ON-CALL, NONSCHED HELD THEN SURFACE:23,10,0,19,0,0

¥ OF HELDS THAT CAN DCCUPY AN L1 AT ANY ONE TIME BY TYPE (CH44, CHS3D, CHS3E, UHIN):10,8,3,14

¥ OF CARRIERS BY TYPE (CH44,CHS3D,CHSIE, UHIN,LYT,LCNA,LENS,LCY,LST,LARD) £ 155,80,32,0, 249,52, 3942, 28,0, 12
% DF SURFACE CRAFT THAT CAN OCCUPY A BEACH AT ANY ONE TINE BY TYPE (LVT,LCM4,LCM8,LCU,LST,LARC):4,5,4,2,1,4

INPUT DATA FILE NANE:LPE.DAT
DUTPUT FILE NAME:TESTI

Figure B.4 Example of Interactive/Line Input Data.

The output of the model can be modifiel to reflect
the on-going utilization. For exmaple, if the MOE is
build-up ashore, the output could be personnel and firepower
ashore at given times. This data could be printed or sent
to a file for use in a graphics program to F[plot the
Fuild-up. See Figure B.S .
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Figure B.5 Example of a Graph of Build-up Ashore.

Total time tc land a particular sized force could be
cbtained for several different s2ts of input data. Then a
graph could be made ccmparing the various sets of inputs to
obtain sensitivity apalysis for the desired parameters. For

details cf the coding requirements see the user's manual.
3. Aégggggiggg and limjitations

Assumptions which affect the results of the model
are as fcllows:
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purpose.

Helicopter and bcat time <ractors are expected
values as cpposed to stochastic valaes. This
assunption is considered reasonable since the
factors are used many tinmes. This lends itself to
the use of averages according ¢to the central limit
theoren.

There is an attrition rate which 1is p:edetermined
and set as a constant. This designates mechanical
and/or combat attriticn. The value used is lLased
on experience and not on any factual data therefore
it is ccnsidered an assumption.

All time calculations are assumed to b2 rounded to
the nearest zinute.

Environmental effects are assumed to negligitle
which igplies load limitations of the helicopters
and landing craft are based on an averaje day.

limitations of the model depend highly on the model

The followirg are the major limitations:

In order to run the surface portion of the model,
there must Le a sufficient number of carriers to
land the scheéduled and on-call waves.

Each heliccpter wave nmust use the sime type of
helicopter. Since the model <computes all activi-
ties and times based c¢n a particular wave, the
speed of the aircraft must be the sane.

Once the 1lcads are assigned to a wave and heli-
copter type, they can not be switched during the
sigulation. Therefore, unlike the fl2xikility in
reality of switching loads to availakble craft, the
model does nct have that capability.

Waves and serials are not designated t> a fpartic-
ular ship. Therefore, the simulation looks at the
total number of deck/well spots £for the entire
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amrhibious fcrce instead of those individual ships
tc which craft are assigrned to load.

e The current edition is limited to a maximum of four
landing zones or beaches. This can be modified by
making a change in the coding.

D. DEVELCEMENT AND EXPERIMENTATION

The ship-to-shore model is currently the £irst
revised edition. The original was developed by General
Research Company for use in the Amphibious Lift Factcrs
Study at the Developaent Center Quantico, Va. The devel-
opers turned over the product in an unusable form with a
raucity cf documentation. The current form was revised by
the authcr. It involved variable identification and then
constructicn of a detailed flow chart to understand the
logic of the model. Enhancements included interactive
input, output to a file, a detailed documentation secticn, a
'help' file, and conversion to IBM disk operating syster for
an IEN PC.

2. JVerification and Validation

The validaticp conducted on the model :-onsisted of
two rhases. The ipitial phase involved the testing of a
simplified landing fplan which could be checked Ly hand
calculations. The results showed that the model performed
the rasic computations as it was designed.

The second fhase of the wvalidation utilized the
results cf another, 1large scale simulation. Since histcr-
ical data did not exist, it wvas necessary tc¢ congare
SHIPSHOR against another simulation (CAAN) to verify the
oatput. CAAM was used in a study conducted by the Marine
Corps in 1983 (see [Fef. 9] ). The method for comparisor
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was a graphical technique in which the output from each
model was used. The parameters for the simualation were
similar so that a direct comparison could be made. A ten
rercent confidence interval was placed around the output
from CAAM to provide a feel for the similarities.

The results of the above procedure prodiced ocutputs
which were very close. There is no way to place a numerical
value on the compariscns that would make any sense. Thus,
the method employed for phase two of the validation is more
subjective than objective. Hovwever, the coafidence in
SHIPSHOE, lased on the validation <conducted, should ke as
high as that of CAAM.

Finally, sensitivity analysis was conducted on
SHIPSHCE using a variety of rarameter sets to observe how
the mcdel behaved. The results wvere portrayed grarhically
which prcvided a feel for the performance of th2 simulation
when conducted under different conditions. This analysis
demonstrates which [faranmecvers affect the model greatly and
which Rave a lesser influence cn the results.

The details of validation and sensitivity analysis
can be fcund in Chapter V of this thesis. The analysis was
pot, by any stretch of the imagination, all encompassing.
That would regquire a considerable amount of study due to the
large number of parameter combinations that might le tested.

:3 However, the analysis that vas conducted can be repeated
under many conditions of interest to give further enlighten-
pzent to the user of tke model.
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Current interest in the ship-to-shore 11odel exists

in the plans and operations section of HQMC for amphiticus

T
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lift planning. The =model can provide a desk-top decision
aid fcr immediate 'what if' type questions.

100

LR N IR

R I s s s ot Ann e PR PP ies S vTrlT-“ ey
e

P’

oy «s'a
A a f %
AL S




DO Dyl O LR Sy

——————
7

[paiernn pugy

2. Additiopal Arplications

The model «cculd nave application during an amphib-
ious landing to deternine the progress of the laading. This
would also frovide historical data for continued validation
and refinement of the model. Additionally, wutilization in
the fplanning phase of an operation could provide a ccmmander
with estimates of the time involved to_ land his forces using
a particular scheme of maneuver. He could investigate the
effect of changing various input parameters within the model
to aid 1in his decision process. For instance given his
force size, he may wint to determine the minimim number of
heliccpter landing zcnes which would give him an acceptatle
ruild-up ashore.

Automation of the «construction of th2 wave and
serial assignment tatles would reduce the large amount of
time reguired for input data preparation. This would result
in a self-contained ship-to-shore model with realistic
combat.uses.

¥. EHEFERENCES

See M.S. thesis Ly Major S. M. Ritacco, USMC, 1984, N2S.
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original mcdel was delivered in an unusable form which
rrompted revision by the authcer. The purpose >f the model
is tc sipulate the movement of units of various sizes from
amphitious shipping to shore via surface and heliccpter
transportation.

The purrose of tie user's section is to provide nonpro-
gamming users of the ship-to-shore model with the infcrna-
tion pecessary to use the model effectively. T> acconmplish
this end the following section will describe the model, give
details for the model input data, explain the model output
data, and give some sample runs and examples.

C. DESCRIPTIICN OF TEE MODEL

1« Cverview

a. Model Identification

The model documented in this manuil is pnamed
SHIPSHOR. It is designed to simulate the wmovemernt cf men
and equirmert via helicopters and surface craft from amghib-
ious shipping to shore during an aaphikious landing.
' SHIPSHOR is written in Microsoft Basic and designed to be
used cn an IBM PC. However, it can be modified to run cn any
pc which car be converted to run MIcrosoft Basic formatted
for MLCS. Currently SHIPSHOR has no relation to any ctter
nodels.

. FPhysical System Highlights

The majcr activities during a siip-to-shore
tovenment for either helicopter-borne or surface-borre units
are listed in Figure C.1

The first activity is the loading paase. This
Ltu. takes rlace aboard the amphibious shipping located in its
designated sea echelcn area. It consists of the loading of
ool troogs and/or equipment aboard helicopters or surface craft.
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The launching phase follows loading i1nd invclves
the launch and rendezvous of the <carriers in order to
froceed to shore as an entire wave. Once the wave is
constituted it travels via prescribed routes fo  dEs
destipation.

Approach, 1landing, and off-loadiny transgires
next at the appropriate destination. This phase of the
amphitious landing is where combat attrition is most likely
to occur. ©Goth landing craft and helicopters are most vuln-
erable in a static situation while troops and equipment
cff-1lcad.

The return transit takes place for 1ll carriers
e€excert LVI's (amphibious tracked vehicles) which [froceed
inland. Upon return to anmphibious shipping the transports
must wait for an opening on the flight deck or the well-deck
to land (dock). The vehicles will then rvrefuel and prepare
for their ©npext trip ashore. The cycle is then regeated
until all necessary assault waves are ashore.

Each class of wave (scheduled, on-call, and
nonschedtled) will execute all the events listed above. The
order in which each class of wave will commence the cycle is
normally (1) scheduled, (2) on-call, and then (2) nonsche-
duled. However, on-call and nonscheduled waves can inter-
rupt the sequence depending on the situation ashore.

C. Model Applicability

The model, called SHIPSHOR, <can be used to
determine tuild-up cf troops and firepower ashore versus
time. It can also be used to compare various changes in the
nunber and size of landing 2zones (beaches), numbers of
carriers, nunbers of amphibious ships, dist ances fron
launch, deck spot utilization, and attrition. These capa-
bilities of the model are concerned with the utilization in
the r[rlanning of oferations as well as use during the
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execution of the plan. The model accomplishes *+he above
tasks through a series of subroutines which calculate the
time for <certain events to occur, then it executes those
events sequentially. (See Figure C.2) A detailed explana-
tion ¢of the subroutines can be found in the progracmer's
secticn.

The ship-to-shore model can be 1tilized in
studies invclving amphibious ofperations to determine optimunm
carrier numbker, launch distance mixtures, deck spot utiliza-
tion, etc. The model could also be employed in a plarning
mode to rredict approximate troop build-up ashote given the
unit, distance of launch, number of carriers, number of deck
spots, etc. This could be utilized in the planning phase of
an operation to provide a conmander with estimates of the
time invclved to land his forces using a particular scheme
of maneuver. He cculd investigate the effect of changing
varicus input parameters within the model to aid ir his
decision process. For instance given his force size, he may
want to determine tle micimum number of helicopter landing
zones which would give him an acceptable build-up ashore.

d. Input and Output

There are three rLasic categories of data ingput
for SHIPSHOR. The landing plan data file is the largest and
most impcrtant. It contains the wave and serial data which
are such items as personnel, wave number, destination, fire-
power sccre, type of carrier, class of the wave, etc. The
second data file is called T-1.dat and is made up of all the
parameter data which is not 1likely to change »>ften. The
third source of input data 1is either interactive infput or
line input (to change parameters within ccde). This data
consists of parameters which will be changed often during
sensitivity analysis.
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Figure C.2 Flowv Chart of the Model.
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The output of the model can be 1odified to
reflect the on-going utilization. For exmaple, if the MOE is
build-up ashore, the output could be personnel and firepower
ashore at given times. This data could be printed or sent
to a file for use in a graphics program to plot the
build-up. See Figure C.3 .

PERSONNEL BUILDUP ASHORE
HELO LAUNCH DISTANCE: 50 NM
-
o
8
(=]
28l
Z
=z s
@)
o
& 8
-+
Sl
S
1 L 1 ] 1 1 L 1 1 1
100 200 300 400 500
TIME (MIN)

' ¥igure C.3 Graph of Build-up Ashore.

Total tise to land a particular sized force
could Le olktained for several different sets of input data.
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Then a graph could te made ccmraring the varid>us sets of
inputs to ckttain sensitivity analysis for the desired param-
eters. For details of the <coding requirenments, see the

programmer's or user's sectionm.

2. Methodology

a. Physical System Details

The follcwing gives more details for the rhys-
ical system being modelled and is an elaboration of Physical
System Higklights section:

e Loading phase: The loading phase can only take
flace if there are sufficient carriers availatle
to load the entire wave. Also, there must be the
requisite rumber of deck (well-decki: spots to
acconmodate the carriers which are to load. Gnce
those conditions have been met the first activity
can be comrleted.

.
I

aunch phase: No additional details.

e Unloading fphase: The conduct of this pi1ase derends

uron two restrictions. The beach or landing zone
must te large enough to accomodate the current
vave. If the preceeding wave is still fresent,
the landing area may not be 1large enough which
will cause a delay. Also, the current wave may be
too large Lty itself which means only a limited
nunber of boats or helicopters can off-load while
the other vehicles await an opening.

e Return phase: No additional details.

®
[F3]
-
H
’.‘-
1<
to
o

ack phase: This phase can J2e ccopleted
when there is a sufficient number of deck spots
(well or flight) to accomodate the returning
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vehicles. Once the wave of vehicles has landed
the cycle can repeat itself.

¥. Model Logic and Data Flow

The model utilizes 35 subroutines t> attempt to
translate reality intc mathematical computations. A diagram
of the model in very general terms is found in Figure C.2
The first subroutine in the program reads the data from the
wave and serial file and the parameter file. Also the vari-
able data 1is wentered withia the first section of the
Frogran. The second subroutine initializes the arrays and
clocks to bLe used by the timing and activity subroutines,
tased on the information found the wave data file. These
subroutines essentially coaplete set-up and initialization
of the model.

Once the model enters the EXEC subroutine it
continves the time/event procedure until all waves have been
landed. The EXEC sulroutine is the control routine in which
all wvaves eventually fass. Based on the class of the wave
(air or surface) and the current activity (load, 1launch,
unload, return, or arrive back ship), the EXEC sukroutine
will send the wave in guestion to the proper subroutine for
panipulaticn.

Prior to going to one of the activity sutrou-
tines, the program gqueries whether certain flags have been
set. If they have been set, c¢ne of the following routines
could e called. Five are for helicopter waves and four are
for surface waves. They are:

e RESTART(helc) / BESIARTI(surface): Restart tiaming
for waves that have been stalled by the lack of
deck spots (helo or surface). Since 1in reality
there are nct enough spots available to load all
of the assault carriers at one time, subsequent
waves may be delayed. This routine restarts
timing after such a delay.
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e STOCH (helo) , STOCI (surface): These subroutines
start the o¢n-call waves to 1load afte: the final
scheduled wave has begur to load.

e HALISH (helc) / HALTSL(surf) : Stall remaining
scheduled waves when one or more on-call waves
interrupt the scheduled category. As in reality,
on-call waves can break in when called for. The
model allows flags to be set to simulate this
Frocess.

e SISH(helo) , SISL(surface): Start schaduled waves
that have teen stalled due to on-call waves inter-
rupting the sequence. More than one on-call wave
can interrupt at different times so the
HALTSH (L) /S1SL (L)Y subroutines can be called more
than once.

o HCKLD({helo): Reevaluates deck spot eaploymernt if
the current wave does not occupy all spots avail-
able. It calls WSPOT which calculates the numker
cf spots to be used in the current wave.

One last subroutine will be <called prior to the
activity subroutines. This is the MSORT routine which acts
as the master sort rcutine. It takes the lowest time from
six other time/event sort routines and that becomes the next
event which 1is prcressed by the appropriate activity
subrcutine.

There are three time sort routines common tc¢c the
heliccpter activities and three time sort routines ccmmcn to
the surface activities. They all sort through the waves
identifying the wave with the earliest time for the next
event. That wave is placed cn the top of the gqueue from
wvhich MSCET then picks the lowest time out of ¢t he six time
sort routines. Listed below are the sort subroutines:

e HSSORT: Scheduled helicopter wave sort routine.
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e ICSORT: On-call surface wave sort routi ne.

e LNSORT: Nonscheduled surface wave sort routine.
The activity subroutines process each wave lased
on its class, activity code, and category (scheduled,
on-call, c¢r nonscheduled). There are five major activity
subroutines for each class (air or surface). Each activity
subroutine calls otker seccndary routines and the agpro-
priate time sort routine as determined by the ware category.
Cnce the wave has ccmpleted an activity subroutine, it
returns to the IXEC subroutine and the cycle begins again.
Thus, €ach wave will eventually cycle through. five
subroutines.
The following is a summary of the activity
subroutire and their supporting routines: -
e HRID: The rurpose is to load (or atteapt to 1load)
a helicopter wave from available flight deck spots
of the shipping. Loading will not be initiated if
(1) no deck spots are currently available or if
(2) insufficient helicopters of the proper type to
carry the serials are present at the tinme. HELD
calls the appropriate time sort routine (HSSORT,
HCSORT, or HNSORT) and subroutine SPOQTS. The
SEOTS routine identifies whether all the deck
spots are curently being employed for loading. A
flag is set to indicate whether deck spots are
availakle cr not.

e HINCH: This routine launches a helicopter wave

frem ships and determines the time it will arrive
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at the landing zone(s). It determines the numker
of deck <srcts made available to subsequent waves

. and restores those spots. Also it reevaluates the
lcading time for a wave being loaded which bhad
employed all of the remaining deck spots. HBLNCH
calls the appropriate time sort routine (HSSORT,
HCSORT, or ENSORT) and HLODCK and RESTAKT. HIOICK
sets up signals that will initiate a reevaluation
of the deck spot employment in the event that the
current wave was not employing the last availakle
deck spot. Those signals will trigger the use of
HCRLD which is called from ZXEC. If the current
wave was occupying the remaining dec< spots, a
flag is set to call RESTART from EXEC. RESTART
allows subsequent waves to employ deck spots which
will be vacated by the current wave.

e HUNLD: HUNLD determines whether or not landing
zcnes are still occupied by previous waves and if
sc delays the landing of the current wave until
the pertinent zones are free to use. Alsc it
calculates the length of tire necessary for this
wave to unload (constrained by the size of the
landing zone). HUNID calls the appropriate time
sort routine (HSSORT, HCSORT, or HNSORT).

e HRTN: The fpurpose is to print a running total cf
the personnel ashore and the firepower ashore.
Also HRTN calculates the time that the wave will
return to the area of the shipping and hence be

available for formaticn of subsequent wvaves. It
calls the appropriate time sort routine (HSSORT,
HCSORT, or HNSORT).

'.r' 1 - "l'l'- .
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e HARIV: HARIV returns helicopters to thz heliccpter

tasically

pcols for use in forming subsequent waves after
degrading the nunber of helicopters to reflect
maintenance losses. It also initiates the lcading
Frocess for subseguent waves. HARIV calls the
appropriate time sort routine (HSSORT, HCSORI, or
HNSORT).

The surface activity subroutines operate 1in

the same @pmanner (the first letter Zor surface

activities is B instead of H). Since the following routines

are sc similar to the heliccpter routines, only the differ-
ences will le pointed out.

.......
............

BELD: The purpose is to load the landing craft in
a similar fashion to the HRLD for helicopters. It
calls the appropriate time sort routines {(ISSOEKT,
LCSORT, or LNSORT) and the subroutine WELDEK.
WELDEK calculates the well decks to be used by
landing craft of each wave and indicates whether
there are sufficient openings or not.

BINCH: This routine launches the surface waves
from the =shirps. It calls the appropriate time
scrt routine (LSSORT, LCSORT, or LNSORT).

BUNLD: BUNID determines if the beach is cpen for
landing and offloads the wave if it i s possible.
It calls the appropriate tinme sort routine
(1SSORT, LCSORT, or INSORT).

BERIN: BRTN prints the running total of personnel
ashore and the firepower ashore. Also, it returns
the boats tc the shirs. It calls the approrriate
time sort routine (LSSORT, LCSORT, or L NSCRT).

BARIV: This routire returns the boats to the boat
fFools for subsequent use. It calls the
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appropriate time sort subroutine (LSSORT, L1CSORT,

or LNSGRT) .

~Once each wave has
copter activities or the five
assigned a very large value
Erevents them from recycling.
last nonscheduled surface wave

cycled through tha five heli-
surface activities, they are
in their time array. This
The program will end when the
has gone through all activi-

ties. At that point, all personnel in the wave data file

will te ashcre.

3. Assumptions and Lipitations

a. System Related

Assunmpticns which
nodel are as follows:

e Helicopter and boat

values as opposed to
assumption 1is considered

factors are used many

affect the results of the

time factors are expected
stochastic values. This
reasonable since the
tinmes. This lends itself to

the use of averages according to the central linmit

theoren.

e There is an attrition rate which is predetermined

and set as a constant.

This designates mechanical

and/or combat attrition. The value used is kased

on experience and not

on any factual data therefore

it is ccnsidered an assumption.

e All time calculations
the nearest minute.

e Environmental effects
which implies 1load 1li

are assumed to be rounded to

are assumed to negligikle
mitations of the helicopters

and landing craft are based on an averaje day.

Limitaticns of the

model depend highly on the

model purpose. The following are the major limitations:
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e In order to run the surface portion of the model,
there must Le a sufficient number of carriers to
land the scheduled and on-call waves.

e Fach helicorter wave must use the sime tyre of
helicopter. Since the model <computes all activi-
ties and times based on a particular wave, the
speed of the aircraft must be the same.

e Once the 1lcads are assigned to a wav2 and heli-
corter type, they <can not be switched during the
simulation. Therefore, unlike the flexibility in
reality of switching loads to available craft, the
model does not have that capability.

e Waves and serials are not designated to a partic-
ular ship. Therefore, the simulation looks at the
total number of deck/well spots for the entire
amprhibious fcrce instead of those individual ships
to which craft are assigned to load.

e There is a max of four landing zones or beaches

- that can be used for any landing. his can be
nodified if more are desired by making a change in
the code.

Y. Model Parameters

The model rarameters must agrze with each other.
For example, the parameter TA (number scheduled helo waves)
must reflect the nunter of waves found in the serial data
input file. If a parameter value is changed, :aution must
be exercised to ensure other values are not affected in an
adverse manner. This becomes very apparent when the landing
Flan data file is changed. That change affects the numkter
of wave parameters, the number of serial parameters, and a
host c¢f cther values. The 'help' file gives guidance along
these lirnes.
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C. Output Limitations

As with any model, results from th2 simulation
nust be used judiciously. The model output is only as good
as its validation and verification. Even then, no model is
perfect and results must be used cautiously. SHIPSHOR must
underqo a rigorous validation and subsegquent modifications
in a series of actual amphibious operations before its

predictive capabilities are verified as reliable.
d. Restricticns on Model Use

As with any model the current model should be
considered as an approximation of a complex process which
contains many variables. It is not designed to rproduce
results cn which policy can be based. It is, however, to be
used to give an estimate where only a bad guess would exist
cthervwise.

L. HCDEI IRPUT DATA

1. General Description

Input data is broken down into three categories.
The largest group of data is fcund in the landiny plan file.
The file requires the manual construction of serials and
assault waves in a specific format. The format is found in
the 'help' file and the user's manual. An example of this
file is listed in Fiqure C.4 .

Two other data sources are needed to rua the model.
Cne file ccntains parameter values which are not sulkject to
change and is «called T-1.dat. See 'help' file for the
format. Figure C.5 is a listing of the file. A heliccpter
time factors table which prcvides expected times for various
evolutions is an exanmple of the type of data found in tiais
file.
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15,517,128, 35,35,1878.R, 8.9, 1.R-1,5615
15,748,178, 3%, 35, 1878.A.A,8, I ,R-2,615
1s,3779,128,33,75,1878.A,A,8, I ,R-3,615
38,217,128 35.1878,A,A,8,1,R-1,615
25, S48, 18R, IS, 1878,A,A,8,1,R-2,415
-s,378,128,33,35,1878,A,A4,8,1,R-3,615
36,717,280,46,70,3550,A4,8,9,1,R-1, 1230
78, 748, 280, &6, 70, 3560,A4, 8,9, 1,R-2, 1270
35,783,280, 66,70,3I560,A,8,9, 1 .R-3, 1230
45, 1021,50,948,5476,37414,A, 8,8, 1
45,102%,50,948,5476,37414,A, 8,8, 1
4S,1070,50,948,5476,37414,A, 8,8, 1

58,329, 112.4-.*4 841,A,A
5S5.2759,112,42,74,841,A,A,
55,339.112,42,24,841,A.A,
nq.?:7,11:.4:.f4 841,A,A
65.729,112,42,74,941,A,A
bS._EQ 112,4Z2,724,941, A.A

L1021,52,3561, h;a.~gul

Figure C.4 Example of landing Plan Data File.

C'TYFE T-1.DAT
F.7.8,7.7.7:2,9,%47.2.9.7,8,8,7,7,8,2,7.7,8,.2,7,1,1,1,1,1,1,1,1.1,1.0,1.2,1.1. 2,
Telel,1,04041,1410,1,1,1,0,0,0,0,0,0,0,0
n,0,0,1,1,4,4,4,3,1,1,1.5,8,10,4,4,43,4,4,4,1.,1.,1

120, 100,100,8,9,12,11,20,20 '
1,1,1,0,140,48,10,10,10,10,10,1,1,1,1,1,1.0,10,10,10,10,10,0, «5.5.5.1.8.2,2.2
oIS IO NP IR HOS TS IS T TR I IR R |

c:

Pigure C.5 Example of Data File T-1.DAT.

The last data source is found within the progran
itself as either a line of code or as an interactive query.
This data‘ is of the type that may be changed easily for
various types of analysis. See 'help' file and Figure C.6 .
The data scurces are summarized in Table XVII .
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RUN

§ OF SERIAL LINES DF DATA FDR SCHED,DN-CALL, % NONSCHED HELD THEN SURFACE:49,23,0,40,0,0

Setup 19507

¥ DF SHIPS BY TYPE (LHA,LPH,LSD,LPD,LST):5,7,1,9,1

1ST TURNARDUND SCHED MELD WAVE:I4

¥ OF BEACHES AND ¢ DF LANDING IDNES:4.,7

HELD LAUNCH DISTANCE, BDAT LAUNCH DISTANCE, AND SHORE TD LI DISTANCE:30,2,3

LHOUR AND HHBUR:017000,0

b DF WAVES IN DRDER SCHED, ON-CALL, MDNSCHED HELD THEN SURFACE:23,10,0,19,0,0

§ DF HELOS THAT CAN DCCUPY AN LI AT ANY DNE TIME 8Y TYPE (CH44, CHS3D, CHS3E, UWIN):10,8,3,18

¥ DF CARRIERS BY TYPE (CH44,CHS3D,CHI3E, UHIN,LVT,LCNG,LCNS, LCY,LST,LARD) £ 156,80, 32,0, 249,52, 3942, 28,0,
§ DF SURFACE CRAFT THAT CAN DCCUPY A BEACH AT ANY DNE TINE BY TYPE (LVT,LCM4,LCNS,LCU,LST,LARC):4,35,4,

12
21,4

NPUT DATA FILE NANE:LPE.DAT
DUTPUT FILE NANE:TESTI

Figure C.6 Exansrle of Interactive/Line Input Data.

TABLE XVII

Summary of Input Data Sources
Y Category Name Data Hedia
b
. Landing plan LPE.DAT Disk Fi le
1 Fixed parameters T-1.DAT Disk File
g Interactive - Terminal
L: Program lines === Listing
|
i
- 119
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2. Detailed Descriptions
a. landing Flan Data File

The landing plan file <contains tie wave and
serial data which is rrocessed by the model. It has tyre of
carriers, number of personnel, wave number, destinatiocn,
etc. fcr each serial going ashore. Its purpose is to
provide the model with the troép unit, equipment, and trans-
portation information which will be ‘moved ashore' by the
simulaticn.

Each line in the data file contains twelve
pieces of information which the model reguires. These are
explained as pact c¢f an example 1listed in figure C.7 .
Figure C.7 is a part of a 'help' file which 1located on the
same disk as the main program and is for use in zonstructing
the data file. A copy of the ‘help' file is 1located in
Appendix E.

t. Fixed Parameter Data File T-1.DAT

This data file contains parameter values which
are not subject to ccastant change. The three major tables
of this type are tle helicopter time factors, toat time
factors, and operaticnal deck spot tables. The first two
provide the expected times for various evolutions to utilize

o T LT,
2 3 PR I I ) o
PR et ettt

AP

and. the last gives tke deck spots under various conditions.
Tables XVIII, XXX, and XX list the data which ace read from
T-1.DAT, The purpcse of this file is to read data into
various arrays within the grogram which will be used to
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compute event tinmes.
The first two lines of the T-1.DAT file refe. to

7

Lot o

; Table XX The data is listed in the file row by row from the
L{ table. Thus, the first twelve values come from row cne of
&: the takle. The next line contains data from table XVIII It
ﬁ? is listed in the same manner as Table XX except the first
;ﬂ
g

. v
#
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ture land the

THE FOLLOWING IS AN EXAMFLE OF THE DATA INFUT FOR ALL WAVE
INFORMATION, THE FIRST LINE OF LETTERS ANDI' NUMBERS IS AN ACTUAL LINE OF
IATA FOUND IN THE LFE.DAT FILE, THE CORRESFONDING LETTERS WILL EXFLAIN
EACH COLUMN OF DATA.

AR R
A ' é ' 6 rﬁ 1é ' % yGrHrI Jy K ’ L
Al THE NUMBER INDICATES THE WAVE ¢ AND THE LETTER REFERS TO THE

CLASS OF THE WAVE (S=SCHEIWLED, 0=0ON-CALLs N=NON-SCHEID'),MORE
THAN ONE LINE OF DATA (CALLED A SERIAL) CAN BE OF THE SAME WAVE
NUMBER, EACH SERIAL RUNS SEQUENTIALLY FROM 1 TO THE LAST SERIAL

THE CLASS,
:H RESERVED FOR FUTURE USE.
ce NUMBER OF FERSONNEL IN FARTICULAR SERIAL OF A FARTICULAR WAVE
n-F3 RESERVETN FOR FUTURE USE.
G: MODE OF TRANSFORTATION., (A=HELO,» S=SURFACE)
H! CATEGORIES OF CARRIERS, A THROUGH K CORRESFOND TO 1-11., (1=CH44E

2=CH53Dy 3=CHS3IEs 4=UHIN, 5=LVT,» 6=LCM-4y 7=LCM-8, B=LCUs 9=LST,
12;%ARC; 11=LCAC). CARRIER TYFE MUST BE THE SAME FOR THE SAME

It NUMBER OF CARRIERS IN THE SSERIAL

J: TYFE LOAD (I=INTERNAL: E=EXTERJALs C=COMBINATION)

Ki DESTINATION‘ (B-1 THROUGH B-4 REFERS TO REACHES #1 THROUGH $4
AND R-1 THROUGH R-4 REFERS TO LANDING ZONES #1 THROUGH #4)

L ~ WEAFONS UNIT VALUE (WUV-FIREFOWER SCORE)

END OF FILE

R# T7=0,01/0,09 14:55:59

Figure C.7 Format for the lLanding Plan File.

four values come from the f£irst rov of the table. Lline four
lists three helicopter speeds then six landing craft speeds.
The vehicles for vhich these speeds are listed are: CH-53,
CH-4¢, UHIN, LVT, LCN-6, LCH-8, LCU, LST, and LARC. The
last tvo lipes of the file contain data from Table XIX They
are also listed by row. (see Figure C.5 )
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TABLE IVIII
Helicopter Time factors in Minutes

Iype of Load

Aelo save operation Internal Exterpal Combined
(1) Land in zcne 0 0
(2) Disetbarx troogs (cargo) ]
{3) Takeoff/rendezvous frcm L2 4
(4) Maneuver/land ship 1

{6) Takecff/rendezvous froam ship
(7) Haneuver/land in L2Z

0
1 1
4 4
1 1
(5) Refuel/embark troops {cargo) 5 8 10
4 ]
4 ]
{8) Safety clearance time 1 1

c. Interactive Data

Although this source is not a file, it is the
final means used to assign values to the remiining vari-
ables, Once the first tvo files are prepared, the model is
loaded into the computer and initiated. The prograns will
query the user to input data for the parameters which are
most likely to change during any type of analysis. An
alternative is to change the «code vithin the progras itself
vhere scme of these values are found. The'parameters that
are requested by the interactive input are listed in the
Table XXI“.
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TABLE XIIX
Boat Time Pactors in Minutes
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Boat vave operation

(1) Land at beach (ot LZ)

(2) pisesbark troogs/load

{3) Rendezvous for return

(9) Dcck time to ship (vell deck)
(5) Refuel/esbark ttoops/load

(6) Circle and rendezvous

(7) Laod at beach

(8) Safety clearance time

S
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3. Pata Collection and Maintenance
.2, Data Sources

Twvo documents npst be completed prior to
construction of the landing plan files. These docurents are
the Heliccpter Rave and Serial Assignment Table and the
landing Craft and Amphibious Assignment Table ( [Ref. 10:
p-29) ). They are normally prepared during ¢t he fplanning
phase of the amphibious operation. Once these d>cuments are
conpleted, the necessary data exists for compilation of the

landing plan file.
The preparation of the preceeding tio docurments

is a very large, time consuming endeavor. It is extremely
complex and its intricacy goes up exponentially as the size
of the unit. Unfortunately, an automated system for this
task does not exist at this tinme.
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TABLE XX
Orerational Deck Spots

Internal External Combijy ation

Loading Loading Loading
Shir type A B C D A B C D A B C D
LHA(#1) 9 7 4 9 s 7 2 9 9 7 2 9
LEB(#2) 7 4 4 7 7 4 2 7 7 4 2 7
LSD(#3) 1 1 1 1 11 1 1 1T 1 1 1
LEL (#4) 2 1 1 2 11T 11 1 1 1 1
LST (#5) 11 11 0 0 0 O 0O 0 0 O

Helo types: A=CH46E B=CH53D C=CH53E D=U1 1N

Sources for the remaining data file and interac-
tive fparameters depend on the make-up of the fleet, rumkter
of helicorters and landing craft available, distance to
launch, etc. Fixed values such as the helicopter tinme
factors are expected values found in Marinpe Corps
Fublications such as reference 7 dealing with arrhitious
operations.

r. Updating Erocedures

Each time a new landing plan file is used, all
the raragpeters pertaining to the number orf waves, the numker
of serials, the nunmter of landing craft for scheduled and
on-call waves, the name of the landing p.an file, etc. must
te changed to ccnform to the new data. If this 1is not
acconmplished an error will occur identifying the line in the
code where an inconsistency was found. Most of t hose values
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TABLE XXI
Interactive Parameters
gégﬁéﬁf Paranmeter Name Definitioy
i TA Sched helo serial #
2 CA On-call helo serial #
3 NA Nonsched heloc serial #
4 T Sched surf serial #
5 cs On-call surf seri al #
6 MS Nonsched surf serial #
7-12 NUS(J) Ship type (five t ypes)
13 TRNH1 1st turnaround wi ve
14 INB Number of beaches
1e NLZ Number of 1Zs
16 ASATIS Helo launch Adisti nce
17 LODLIS LVT launch distance
18 LZD1IE Shore to LZ distance
19 HSWAVE Sched wave #
20 RCWAVE On-call wave #
21 HNWAVE Nonsched wave #
22 LSRAVE Sched wvave #
-, 23 LCWAVE On-call wvave #
i 24 LNWAVE Nonsched wave #
S 25-28 HGF (1) % helos max in L2
p- by type (4 types)
ﬁ 29-38 AT (1) % carriers by tyse
- (10 types)
g 39-4y LGF (1) % boats max at bz2ach
o by type (6 types)
¥
E:?
;Z are found in the interactive mode which helps to prevent
i those tyres of errors.
!
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Other parameters can be <changed for sensitivity
analysis purposes. Since there is such a 1larje number of
parameters, all possible comkinations have not been exreri-
mented with. Therefore, there exists the chance that a
certain contination c¢f parameters will produce an error.

E. MCDEL OUTPUT DATA

1. General Description

The output of the model can assume a variety of
forms depencding upor the immediate purpose of : he run. A
detailed print out cf each wave and its status at various
times can e obtained by changing the PRINT command to
IPRINT ip line 3692 cf the program as explained in Appendix
C. Currently this output is suppressed to expedite the time
to run tke simulation.

Ancther form of output is the output data file. The
current edition cf the model sends the time, total ferscnnel
ashore, and total firepower ashore to a file for use in
graphic rresentations. The program will prompt the user to
input that data file name during the intializa:ion of the
model.

2. [Letailed Description
a. Printed Cutput Data

The following terms wused in Table C.8 are
defined:

e Kave: The vave pumber currently being processed

e Activity: 1=1o0ad, 2=launch, 3=unload, Y=zreturn,
S=arrive. Describes the landing activity currextly
teing conducted.

e Mode: 1=helc, 2=surface. Describes whether the current
vave is helo or surface.
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e Min: The time of the current activity.
e EASH: Personnel ashore.
e FIREWR: Firepower ashore and percent firepos er ashore.

RS A
B

MIN 23 CLASS 1 WAVE 10 ACTIVITY 1 MODE 1
MIN 25 CLLASS 1 WAVE 9 ACTIVITY 2 MODE 1
MIN 2& CLAGS 1 WAVE 11 ACTIVITY 1 MODE 1
MIM 28 CLASS 1 WAVE 10 ACTIVITY 2 MODE 1
FIM 29 CLASS 1 WAVE 12 ACTIVITY 1 MODE 1
MIMN 31 CLASS 1 WAVE 11 ACTIVITY 2 MODE 1
MHIM =2 CLASS 1 WAVE 13 ACTIVITY 1 MODE 1
MIM Z4 CLNAGS 1 WAVE 12 ACTIVITY 2 MODE 1
MIN 35 CL.ASS 1 HWAVE 14 ACTIVITY 1 MODE 1
MIN 27 CLASS 1 BAVE 173 ACTIVITY 2 MODE 1
MIK =8 CLASS 1 WAVE 14 ACTIVITY 1 MODE 1
MIN 41 CLASS 1 WAVE 1 ACTIVITY = MODE 1
MIN 42 CLASS 1 WAVE 2 ACTIVITY 3 MODE 1
MIN 475 CLASS 1 WAVE 1 ACTIVITY 4 MODE 1
FASH Total: 384
time:
FIREFWR HORE 1845 TL2FH2TE-O2
MIN 4% ClLASS 1 WAVE 2 ACTIVITY = MODE 1
MIMN 43 CLASS 1 WAVE = ACTIVITY 3 MODE 1
MIN 47 CLASS 1 WAVE 15 ACTIVITY 1 MODE 1
MIKN 45 CLASS 1 WAVE 2 ACTIVITY 4 MODE 1§
FASH Total: 768
time: 15
FIREFUWR ASHIORE T490 5. 5924485E-02
FITH 45 CLASS 1 WAVE = ACTIVITY 3 MODE 1
FITM 1% CLASS 1 WAVE 4 ACTIVITY = MODE 1
Figure C.8 Exasple of Output.

k. Output Data File

The name of the output file is deterained by the
user vhen the prompt queries for output data file name. The
to the
first column is the time in minutes of the

data which is sent ouvtput file <consists of three
columns. The
off-loading ashore «c¢f a particular wave. The second and
third columns ccntain the
total firepower ashore for the time listed in the first

column.

total personnel ashore and the

An example is found in figure C.9
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29.00
37.00
41,00
47,00
95.00
63.00
65,00
71.00
73.00
77,00
85.00
87,00
89,00
23.00
99.00
101,00
111,00
128,00
139,00
149,00
163,00
185,00
215,00
218.90

225,00

384,00

768,00
1016.00
1856.,00
2006.00
2342.00
26%4.00
3030,00
2216,00
3216.00

2552.,00 .

3693.,00
4053.00
430%9.00
4565.00
44345.00
4957.00
ol47.00
5402.00
762,00
9866.00
£128.00
£266.00
646%.,00
5607.,00

0.03
0.07
0.10
0.16
0.18B

0.22
0.27
0,30
0.31
0.31
0.32
0.32
0.37
0.39
0.41
0.46
0.46
0.30
6.30

0.54
0.54
0.9%
0.57
0.57

G.

SAMPIE RUN

VARIABLE NAMES

See Section

Pigure C.9

I of Appendix E.

P I L TR AL L R I I L TP ISR
------

Example of Output File.

See Chapter V of thesis.

ARD LOCATIORS
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APPENDIX D
PROGRAMMER'S MANUAL
A. TABLE OF CONTENTS
B. Intrcduction L] L] L ] L - - * * - L] L] L] - - * - - L - - 130
C. Model specificaticDsS o« ¢ ¢ « ¢ « o« o o o o « =« o « o 131

D. Model description . 132

Te OVEIVIEW « o o o « o o o o o o o« o o o o o o o o« 132
2. General 109icC flOW « o« ¢ o « o« o o o ¢« o o & « o 132
E. Description of routines « « <« o« ¢ o ¢ ¢ ¢ o ¢ ¢ & o o 134
F Data base desCrirtion « ¢ ¢ ¢ « o ¢ o « o« o« o« o« o o« 158
Ge SoUICE LiSting < o o o o o o o ¢ o o ¢ o o s o o o« o 163
He Glcssary of varialles « o« o« e ¢ o o« o o« o o o o o o 164

I. Model test results - . . . L . L 2 L 4 - - . - L] L 4 . L] L 2 16u

B. IBIECDUCTION

The ship-to-shore model was initiated by :he RAnalysis
Support Branch of the Marine Corps Development Center,
guantico, Va. in suppcrt of the Amphibious Lift Study. The
original mcdel was delivered in an unusable form which
frompted revision by the author. The purpose >f the model
is to simulate the bmcvement of units of various sizes from
amphikious shipping to shore via surface and heliccpter
transfportation.
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The purpose of this manual is to provide prcgramrer
perscnnel of SHIPSHOF with the information n:cessary to
eifectively maintain and modify the model. Although the
flow diagram of the entire model exists, due to its bulk it
was nct included in this thesis. However, the author will
maintain a copy of tlte flow diagram if one has n2ed of it.

C. MCDEI SPECIFICATICH

The following prcvides a short summary of the model
specifications.
1. Eurrose

The purpose of SHIPSHOR is to simulate a1 amphitious

ship-to-shore movement.
2. Host Systenm

IEM Personnel computer

w
.
i

rocessing reguirements .

IBM PC with €4K RAM and a printer
4. lapguage
Microsoft Basic

5. capabilities

e Cbserve build-up of personnel and firepower ashore

e Sensitivity analysis for operational planniag

e Time sequence of each landing activity for each wave
e Fredict troop build-up to gauge progress of landing

6. limitations

e Must have sufficient surface carriers to laad scheduled
and on-call waves
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e Fach helo wave must use the smae type of hel icorter
e loads assigned tc a particular wave cannot be switched

D. MCDEL DESCRIPTIOER

1. Cverview

The model dccumented in this manual is npnanped
SHIPSHOR. It is designed to simulate the movement of men
and equipment via helicopters and surface craft from amphib-
ious shipping to =shcre during an amphibious landing.
SHIPSHOER is written in Microscft Basic and designed to be
used cn an IBM PC. Hcuwever, it can be modified t> run cr anv
pc which can be converted to run MIcrosoft Basic formatted
for MDOS. Currently SHIPSHOR Las no relation to any ctter
models.

2. General logic flow

The model utilizes 35 subroutines to attempt to
translate reality intc mathematical computations. A diagram
of the rgodel in very general terms is found in Figure L.1
The first subroutine in the program reads the data from the
wave and serial file and the parameter file. Also the vari-
able data is entered withip the first section of the
progranm. The second subroutine initializes the arrays and
clocks to be used by the timing and activity subroutines,
Fased on the information found the wave data file. These
subroutines essentially complete set-up and initialization
of the model.

Cnce the ncdel enters the EXEC subroutine it
continves the time/event procedure until all waves have been
landed. The EXEC sulroutine is the control routine in which
all waves eventually rpass. Based on the class of the wave
(air or surface) and the current activity (load, 1launch,

unload, return, or arrive back ship), the EXEC sutroutine
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nbrout frne suorout fne end return prepera
abroutire twr-rm
Calls time Clnc time Calls time c-m time Cafia tine
wssomn wesont, | |ussomy ‘neadar, | [wssonyt mesdar. | [nssoey 'n Hssonl neaimn
or WeRT sng’ or HWSORT, or HNSORT, or MNSORT, or WeoRT,
902‘“;:'{‘""" Clnc ‘acﬁ Pr!nt'l
. spots spots wremt
Tculetion
roytines ”ktinc' touh ashors.
Ang RESTART
D wrfe INOH surf UNLD: ourf BRTN: sur? BARTIY: 1
load sutroutine lsuncn of f 10ed lr\d‘l deposit cergo errive enip,
norout f ne subroutine end rat prepere
abrouting turreround
i i .

Cella time Colla time Cella time Cella tine Calls time
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Figure D. 1

Flow Chart of the Model.
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will send the wave in guestion to the proper susroutine for
panipulaticn.

Frior to going to one of the activity 5 ubroatines,
the program queries whether certain flags have been set. If
they have been set, one of nine routines could te called.
Five are for heliccpter waves and four are for surface
waves. They are shown in Figure D.1 . The next secticn
will descrite each rcutine fcund in the model in jreater
detail.

E. TLCESCEIPTION OF RCUTINES

The following routines are listed in order ol appearance
in the frcgran. When two routines appear separated by a
slash, thke first 1rcutine refers to helicopters and the
second refers to surface. The reason for this format is due
to the similarity in the logic of the routianes. Flow
diagrams of all the routines are held by the autancr if
needed.

a. Purpose

The initial portion of this routine reads values
from the T-1.DAT file, interactive input, and input found
within the code itself. These values are used 'to dimersion
arrays. used for landing plan data and set up initial condi-
tions for the simulation. SETUP then opens the landing plan

file for input of tlke values contained in that file. The
) Lasic language reads each line from the file as a character
- string, prcceeds to strip off individual pieces, converts
P those pieces into numerical values, and then assigns them to
arrays fcr later use. This procedure continues until the
end of the data file is reached at which time the file is

Pl

closed.
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Another purpose for this section is : o normalize
IHOUF, HHOUR, and CHCUR Ly setting the lowest time tc zero.
It then adjusts the other times to reflect their original
differences between the variables.

E. 7Type function

This 1is a routine that is part »>f the nmain

Frogram. It is not a subroutine or other type of function.
Cc. Calling rcutines
None
d. Called rcutines
Calls INITIAL.
€. Files created or used

This routine uses two files for inpat: T-1.CAT
and the landing plan file. It also creates a file for
cutput of the time, number of personnel ashore, and fire-
power ashore which is used for graphical bresentation.

f. Flow diagran

Available but not contained in this manual.

N 2. PBoutine Napme: INITIAL

o

o a. Purpose

:L This routire has several functions to perforn
il within the model framework.

EF e It initializes the time sort arrays which are used to
ii. track the waves as they progress through the various
'; activities.

Q? e It initializes the deck spots and well de:zk spots for
JA

" use by the load activity.

[

b

»

e
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e It computes times for landing craft to launch from the

shigs.
- e It ensures sufficient landing craft for scheduled and

cn-call vaves are available in the landing plan file.

e It initializes the following arrays: SSH, SCH, SNA,
§si, sCL, and SNA. These arrays store the serial
nunker and its ccrresponding wave number for each line
cf input from the landing plan data file. They are
used throughout the program to keep track of all the
serials in a particular wave.

E. Type function
This function is a subroutine.
c. Calling routines
INITIAL is called Ly SETUP routine.
d. Called routines
. INITIAL calls HSSORT, HCSORT, LSSORT, LCSOKT.
€. Files created or used
None

f. Flow diagranm

.

Available but not contained in this manual.

i |

3. FEoutine Name: Fave fime sort routipes
HSSORT: Scheduled helicopter waves time sort

BCSCRT: On-call helicopter waves time sort

NEA s Dl e it R by

ENSCRT: Nonscheduled helicopter time sort

I1SSCRT: Scheduled surface waves time sort

Y

ICSCRT: On-call surface waves tiae sort

T
¥ B
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INSCRT: Nonscheduled surface waves time sort
a. Purpose

The purpcse of the time sort routine is to find
the event with the lowest time amongst all waves within a
particular class (e.g. HSSORT will search through the sched-
uled helicorter waves 'looking' for the lowest time for the
next event). Once tlat wave has been identified, the infor-
mation pertaining to its wave number, classification, time
to next event, load factor, mode, etc. will be transferred
to the MCLOCK array which stores the same info-mation fronm
the five other time scrt routines. The MCLOCK array is tten
used ty the MSORT routine .

k. Type function
Subroutine
c. Calling rcutines

Each activity subroutine calls th: time sort
routine according to the class of wave that it is prccessing
at the tinme. Fer inpstance, HRLD (helicopter load routine),.
will call BSSORT, HCSCRT, and HNSORT depending an the class
of wave keing processed.

d. Called rcutines
None

€. Files created or used

-:. None
E? f. Flow diagranm
@ Available but not contained in this a1 anual.
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4. Foutine Name: EXEC

a. Purpose

EXEC 1is the central control routine of the
nodel. It controls the flow of all waves by calling the
proper routine according to the class and mode of the wave
which has the 1lowest time for the next .event. EXEC first
checks whether certain flags have been set or not. These
flags cr signals are ccncerned with special conditions such
as lack cf sufficient helicopters, lack of deck spots, etc.
If the flags have been set, the proper subroutine will be
called tc make adjustments in the time accordingly. The
subroutine MSORT is then called to provide the wave which
has the lowest time for the next event. EXEC then rcutes
that wave tc the activity subroutine for processi ng.

k. Type function

This function is considered the main progranm.
c. Calling routines

None
d. Called rcutines

EXEC calls or can call the followiag routines:
HCKLD, SINSH/STNSL, STOCH/STOCL, STSH/STSL, RESTART/EESTAKT,
MSORT, HELD/BRLD, BLNCHE/BLNCH, HUNLD/BUNLD, HRIN/ERIN,
HARIV/EARIV.

e. Files created or used
None
f. Flow diagram

Available but not contained in this manual.
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5. Foutire Name: HRLD/ERLD

a. Purpose

This routine is designed to load (o: attempt to
load) a helicopter (surface) wave from available deck (well)
spots on the ships. Iloading will not occur if (1) there are
no deck (well) spots or (2) there insufficient carriers of
the frorer type to carry the current wave.

t. Type function

Subroutine
c. Calling rcutines

These routines are called from EXEC.
d. Called rcutines

HRLD calls HSSORT, HCSORT, HNSORT, SPOIS and
BRLD calls 1SSORT, LCSORT, LNSORT, WELDEK.

€. PFiles created or used
None
f. Narrative

This subrcutine is called from EXEC when MSCRT
indicates that the current wave scheduled for 1loading has
the lcwest time amongst all other waves. Th: sukroutine
first checks the class of the vave to be loaded and then the
deck spot availalkility. If spots are not available the wave
must wait for reactivation by RESTART (BESTART) as soon as
the sfpots become available. If the spots are availakle, the
routine ccmpares the number of carriers and type that are
needed with the numker cf that type in the carrier gcols.
If the number of carriers is insufficient to lift the wave,
the wave sort array is advanced by 10 minutes to await
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return of suflicient carriers. If either insufficiency case
cccurs, the appropriate wave time sort routine is called to
determine the i:ext wave for processing.

For the case of enough carriers and spots to
load the currenc wa'e, the wave parmeters are set for ready
to locad and lcunch. SPOTS is called to compute the tinme
interval neede.. to lcad, DLTIME. Upon return to HRLD (ERLD)
the time interval to load'is added to the cucrent tinme,
HOUR, and the zesults are [placed in the appropriate wave
time sort array. This information is then sent through the
approrriate wave time sort routine to determine the lowest
tine for the next event.

g. Flow diagran
See Figure D.2 .

6. Foutine Name: SPOTS/KEIDEK

a. Purpose

This pair of routines determines the helo (well)
deck spots that are available for use by the wave teing
processed by HRLD (BFLD). If the épots are avail akle a flag
is set and control is returned to the calling routine
(HRLD/EE1D) . If spots are available, the time necessary to
load CLTIME, is computed then <control is returned to the
calling routine. DITIME is a global variable and availatle
throughcut the prograr.

k. Type function
Subroutine
C. Calling rcutines

SPOTS/WEILEK is called by HRLD/BRLD.
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MRLq
(Holo wave loed routine)

cleer £ of helos ,{NCAR(1)),
n wave l. et helo pools,

=AP(])

k class,
C, of wave,
€l

I

Loag afther on-cell or
nonacheduted wave,
Simi tar log‘Ic to that
of scheduleg wave.

return
Get first Ying, M, of serial *
cata to be carried Dy wave: M
= SSH(W,2)
Set code to awalt reloed end
wave time to HOLD and FSH to
Ars deck . 1st Vine of':sgsll for this
wiffebis > WG,
for Io,dlnq. no FSH-S§H(H.2) U
yss | <>
| Moo Moy | Cat) appropriata

1

wave class tims
sort: CALL HSSORT

Get most severe losd
factor: LDY=SSA(M,4)

Do
aufficlient
helos remain
fn helo

Subtrect helos from pool &

p11-3015255A TR

NCAR( 1) =NCAR(T)+SSA(M,d)

Dou& reloading 4 sst code:
HICLK(W,2)aH] u(v 2)+10
H LR

+ €11 appropriate weva

Class time sort: CALL return
HSSOR) -

Set weve 7, cooe
wave clock cate

Subtract helos from pool & spe
clock olu. for al) I: AP
HICLX (W, I+6)=NCAR{(

Set flsg slgﬂﬂ.rl n‘(thlos wave cen launchs

Mt {9 neceesery for this wavs to Yoao end
find ¢, NS, of deck spots that ere to be

used by this wavs and {f any Ceck spots
remain avalledls for sudbsequent waves

C:Il SPOTS to deternina time iIntervel, DTIME,

Arg spols

avallanle yes
for rext

wave? DS:0 <>

[cc-c, wwew, VSET=0, WTYP=TYP, WNS=NS, W.DT=LDT |
L

. )
Set time to leunch end sertal Vine #: ]
H1CLK(W,2)=HOURSDLYIME, FSHaM

[1r this te teat wave of this type, set signels |

[T cat1 aooroprtate wave cisss tise sort |

Figure D.2
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d. Called rcutines
None

€. Files created or used
None

f. Flow diagranm

Available but not contained in this 1nanual.

a. Purpose

These routines launch a wave from ships and determines the
time it will arrive at the landing site. It determines the
number of deck (helc or surface) spots made available to
subsequent waves and restores those spots. Also it reevalu-
ates the 1loading time for a wave being 1loadel which had
emplcyed all of the remaining deck spots.

. Type function

Subroutine
c. Calling rcutines

These routines are called from EXEC.
d. Called routines

HLNCH calls HSSORI, HCSORT, HNSORT, HICDCK ani
BLNCH calls LSSORT, 1CSORT, LNSORT.

€. Files created or used

None
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f. Narrative

These routines are called from EXIC when the
time for launching the current wave is lowest among all
cther classes of waves processed by MSORT. The subrcutine
first checks the <class of the wave and then gets the first
line c¢f serials in that wave to be carried. The number and
type of carrier is ottained from the wave time sort array.
A launch signal is placed in the serial lines for this wave
and the load factor is extracted from the wave time sort
array. 7Tle time interval, DT, from launch to arrival at the
12 is computed using the various input data such as launch
distance, carrier speed, load time, etc.

Before setting the appropriate wav2 time sort
array (helos only) tc the arrival time at the LZ, a check is
made to see if all the deck spots are in use by the current
wave. If so, then the launching of the current wave would
make availatle a certain number of spots for the next wave.
If not all the spots are in use, the routine HIODCK is
called to reevaluate the helicopter deck spot employment to
deterpine how many <spots will be available after launch of
the current wave.

Finally, the time to 1load is determined by
adding DT tc the current time, HOUR, and setting the prorger
code £for launch. A call to the appropriate wave time sort
routine follows these computations. Any deck spots used by
the currnet wave are then restored upon launch.

g. Flow diagram

See Figure D.3 .
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HUNCH
{Helo launch routine)

Get first fine, M, of serial dats to be
carried by wave: MsSSH(W,2)

Get type (TYP) & 4 of helos in wave from
wave clock data: NCAR(TYP)=HICLK(V,TYP+§)
for non-zero HICLK(W,1+6)

Set wave feunch stgnaf: SSA(M,7)=] (for afl
wave serial fines}, Get foad factor, LOT,
{rom wave clock cats,

Cafculste time Interval, DT, from ehip to L2

n minutes):
OT«(ALADIS+LZD1S)#60/HSPD(LDT )+ HTF(6,LDT) +
HYF(7,L0T)

0tg this

wave ultnue hid

rnﬂntng no

sva a e
losd? C: cc
and Y:wv

yes =

Sot at nals WSET=1 (to call RESTART), Clear
s CC=0, WWs=0 Cfl' , WHlrQ, Set deck
spot sveiitofitty: pSe1

.

Launch efther on-call or
nonscheculed wave 1n
simfisr manner

CALL HLOOCK: where 1f CC«0 then return;: If
not, zero CCl and Wi, ]f nvo cooo of wave,
WWe? (8! H n

ond 11 wave 18 t H!CLK(W 0).
~lthonutcc1-c and set Wl = W
g return

¥

Set time and code (3) for srrival st LZ:
HICLN(W,2)=HOUR+DT, HICLK(VW,3)=3, Calf
eDDr'oprlete veve class time sort

3

Gat 7 & type (lold tyno) of deck wotl (PAC)
thst were In use Dy thla wave gr or to
this faunch: PAC*HEST(LD YVP
MOSILLOT TYR)

Restore a1 deck
spota: for sll

J,K:
HOST(J,K)=HEST(J,K)

Compare PAC
with 7,
(NCAR(TYP)),
of 'helos In

Restore onfy those deck apota that were
being used by this wave (1e make thes
avaiTsble now, afong with proportions!
oeck spots of
othor locd tpybn and holo t]mx
{ «NCAR }/PAC for
NOSY(J.K)-NOSY(J.K)‘M(HESY(J,K) HOSY(J.K)

Figure D.3
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a. Purpose

These routines determine whether or not landing
sites are still occupied by previous waves and if sc, delays
the landing of the current wave until the pertinent zores
are free to use. Also it calculates the length of time
.necessary tor the current wave to unload (constrained by the
size c¢f the landing 2zcne).

E. Type function

Subroutine
c. Calling rcutines

These routines are called from EXEC.
d. Called rcutines

HUNLD calls HSSOKT, HCSORT, HNSORI and BUNLD
calls LSSORT, LCSORT, LCSORT.

€. Files created or used
None
f. Narrative

These rcutines are called from EXIC when the
time for 1landing at the landing site is lowest apmong all
cther classes of waves processed by MSORT. The subroutine
first checks the class of the wave and then gets the first
line of serial data in that wave to be processed. The
nunber and type of carrier is cbtained from the wave tine
sort array.

Next, each line of serial data is examined to

determine its destination. If one of the laading zcnes/
teaches is occupied by a prior wave, the wave time sort
144




time is added to the current tinme,
and the
Finally, the
and placed in

set to "return to shig",
routine is called.
unload is computed

ky suksequent waves to determine

for ‘fcrmaticn of subsequent waves.

145

array is set to await clearance of the 1laading =ite.
Contrcl then returns to EXEC.

- If all of the 2zones are clear, HUNLD/BUNLD
computes the land anpd unload time interval, Z[ IME. That

HOUR, the event code is
appropriate wave time sort
time for completion of the
an érray which is checked

occupancy of the landing

site.
g. Flow diagranm
See Figure D.4 .
9. FEoutine Name: HETN/ERTN
a. Purpose
The purpcse of these routines is to print a
running total of tie perscnnel ashore and th? firefpower
ashore. Also HRTN calculates the time that the wave will
return tc the area of the shipring and hence be availakle

BEIN calls

Y. Type function
Subroutine
C. Calling rcutines
These routines are called from EXEC.
d. Called rcutines
HRTN calls HSSORT, HCSORT, HXSORT ani
15SO0RT, ICSCRT, LNSOKI.




HUNLD
h«elo off-load routfne)

Handle on-catl &
nonscheculed waves In
simtlar manner

Get first 1ine, M, of serlal data 1o be ] : return
carried by wave, M=SSH(W,2)

Get ¢, NCAR(1), of helos in wave clock
cata’for all f: NCARCI)=HICLK(W,I+6)

T

Clear gelay table and landing Zone tabla
for s} I,J,x: DLASAT(I,J,X)=0 for aliK:
ZONE (K)=0

no Does next
oo
to ml:ﬁ9

<>

ITIME = © '
From seria) 1ine dats, get helo type
(n lo?d factor (LDT), and
cestination of serla) (feST): 2VIME = MAX(DTIME(X)) over all landing
1e6CA(M,3); LDT=SSA(M,5); rones, K
DEST=SSA(M,E) I
!
fa zone fred TaiTy ¥ of hetes Thto sot ",",',:.‘,f"t,“:.,'t'}',,"‘,;",',,".éiﬂ =
avio
L QUABAT(LLLDT.DEST) < HICLX(V,2)oHOR » ZT1
(DEST) sHOUR yes 2%:?:76.1521.0 ST “
N s e set to delay subsequent wavas Into
v J O] o Z0ME(DEST) 1 appropriste LZ unti) tnis wava finishes
land{ng operationt for all X for wnich
| JONE(X)ols IN(X)aMICLX(VW,2)
Set wava landing time to awalt clearing v
1he gom: CLX(W,2)=ZN(DEST) ¢
HICLK(V,3)=) c-“ IDD"O?"I" wave cless | Cal) appropriste weve clasa time sort ]
ne sort,
- raturn
b
-
L
q
N R
h" Find type, I, of helos In wave for a!)
- landing zones, K: DYIME(K) » @
\“ i
X
L -
|
s
9
L.
g

P

6, 0,

T

Pigure D.4& Flov Diagram of HUNLD/BUNLD.
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€. TFiles created or used
None
f. Narrative

These routines are called from EXZC when the
time fcr unload completion is lowest among all other classes
of waves processed by MSORT. The class of wave is checked
and the time interval necessary to return to the ship is
calculated.

The running totals of personnel ani firepower
ashore are tallied and sent to either the screen or the
printer. The <code indicating that unloading has been
completed is set. Finally, the wave time sort array is
updated with the time interval to arrive back at the ship

and the aprropriate wave <class time sort subroutine is
called.

g. Flow diagram

See Figure D.5 .

a. Purpose

These rcutines return the carriers to ‘their
respective fools for use in forming subsequent waves after
degrading the number of helicofpters to reflect attrition

losses. It also iuitiates the loading process for subse-
quent wvaves.

t. Type function

Subroutine
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FRTN
(Helo wave clear L7 & return)

Determine time Interval for wave to
return to ship: DT=HTE(3,])+HTF(4,]1)+
(LZDIS+ALADIS)*60/HSPD(1)

» Handle on-call and
nonscheouled waves In
simtlar manner

Y

Get first 1ine, M, of serlal data that
was carried by wave: M = SSH(W,2) return

Set serfal 1ine signal that serfal has
Tanded ashore: SSA(M,7)
AGd to total personnel ashore over all
LZ and beaches: PASH=PASH+SSA(M,2)

Add to total firepower ashore over all
LZ and beaches: SFASH=SFASH4SSA(M,0)

!

I Advance serifal 1ine count: M = Me} ]

Does next
serfal dsts
1ine belong
to this

Print “Personnel Ashore® snd “F irepower
Ashore®

Set wave sfonal that this wave's serisls
are sshc-g: HICLK(W,0)=2

{0 g

.

T

Set wave ciock to time weve will arrive
back at ship: HICLK(V,0)=DT+KRDUR

': Set cooe (5): WICLK(V,3)s5
2
: | Cott sppropriste wave class tive sort |
.
= i k—'
P return
8
) -
Figure D.5 Flow Diagram of HRTN/BRTN. .
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€. Calling rcutines

These routines are called from EXEC.
d. Called rcutines

HARIV calls HSSORT, HCSORT, HNSORI and EARIV
calls 1SSOKI, LCSORT, LNSORT.

€. Files created or used
None
f. Narrative

These rcutines are called from EXEC when the
time for arrival back to the ship is the lowest among all
other classes of waves processed by MSORT. The class of the
wave is checked. If the returning wave is of the scheduled
class, the numkter and type of carriers are placed in a
carrier pool. At this point reduction of the returning
carriers can be made Lty an attrition factor. Currently the
nodel is set to place all of the returning carriers into the
pool. However, by changing line 4310 (helo) or line 6660
(surface) ir the program, the attrition can be set to what-
ever value desired.

Next, tlke returning wave time sort array is set
to a higk value to prevent that wave from being processed
again. If the current wave is the last of the class, the
approrriate wave time sort roucine 1is called ani contrecl is
returned tc =XEC. Ctherwvise, the routine finds the next
wvave to load and sets the proper codes.

g. Flow diagranm

See Figure D.6 .
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HARIYV

(Helo wave srrive back &t ship)

Determine
class, C, of

Handie on-call &

= return
nonscheduled waves In
similgr sanner

¢ and type of helos returning to
° s (for future use): TH-1

[

X

Get 1st line of serfal date for next
scheduled wave: M = FSH: vV » SSA(M,1)

-

Set 1st nr!ll dlu l)lms for this wvave:

Set t!lbd‘.rx noo\
nelo pools for all 1: P(!)-AP(I)

1s mth
seriel dats
ine pert If
this wmeve's

=5 i

Get helo type: 1-SSA(N,3) I

.

" v Ty
SO GG

vy
RPN
"l..’l" .

oty

Y

.

IR0 TS
.,

fnfintty: WICLK(W, 2)-L 1€

dicked

&“loci “ndg

12 ®

yos | SSEY
yos ‘ 1]

o
[ Allow for losses: NHe, SeNH ] Reset FSH3 wﬂ?cum
F SH=F SHOLD helos remalin
—-—4 in tﬂon:‘
Return wave helos l Tate pool:
eS80 RS R |
Subtract helos from j
TS RlS e P(1)eP(])- ssou
uc‘! t of \® e
POIST THENY, =l s T thia
Tast seris!
! 1ine? MiTA
yes .
Set returning wave clock time to

<>

Mas last Are on-c,ll
seris) of waves be
this class
been

yes

[so tise ang code for wevs to 12ed:
HICLK(W,2) "HOLR: HICLK(V,3)e1

[ Cell appropriste wave time sort

]

L Roset FSH: FSH=M

)

L

Call scneculed wave time sort ]

Figure D.6
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11. Foutine Name: RESTAFT/EESTART

a. Purpose

This pair c¢f routines is wused to restart timing
for waves stalled by insufficient helicopter deck =sgcts or
landing craft well deck sfois. If there are not enough
deck/well spots available, this routine adjusts the time to
load ky adding a time increment onto the wave sort array.
Essentially, this action delays the 1loading unt il a reass-
essment determines the availitilty of spots for the wave
which is next to load.

These routines also serve a second functicn and
that is to add an increment of time to the wave sort arrays
when switching from one class to another. This short delay
is desigped as a break in the process to simulate the shift
from cne class of wave to another.

r. Type function

Subrontine
€. Calling rcutines

This routine is called from EXEC.
d. Called rcutines

RESTART calls HSSORT, HCSORT, HNSORT and BESTART
calls 1SSORT, LCSORT, LNSORT. '

e. Files created or used
None
f. Flow diagram

Available but nect contained in this sanual.
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12. hFoutine Name: STOCH/STCCL

a. Purpose

These routines initiate on-call waves to load
after the final scheduled wave commenced to load. A sigral
is set by HRLD (BRLD) when the last scheduled helo/surface
wave has begun the lcading activity. This routine then sets
up the on-call waves to begin the loading process. If the
signal for on-call waves to interrupt the scheduled waves

has been set, this rcutine would return immediately to EXEC
and not te used.

¥. Type function

Subroutine
c. Calling rcutines

These routines are called from EXEC.
d. Called rcutines

These routines call RESTART/BESTART.
€. Files created or used

None
f. Flow diagranm

Available but not contained in fhis pnanual.

a. Purpose

The purpcse of these two subroutines is to start
the ncnscheduled helo/surface waves after the final cn-call

vave tas commenced tc load. A signal is set by HRLD (EKLD)
which tells the EXEC when the =st on-call wave has started
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loading. EXEC then calls this routine to set wufp the
ponscheduled waves fcr loading.

t. Type function.

Subroutine
C. Calling rcutines

These routines are called by EXEC.
d. Called rcutines

These routines call RESTART/BESTART.
€. Files created or used

None
f. Flow diagranm

Available but not contained in this nanpual.
a. Purpose

The function of these two routines is to restart
scheduled waves that have been interrupted by on-call waves.
If the flag is set to have on-call waves break intc the
scheduled wave sequence, the scheduled waves are temporarily
halted Lty another routine. Oonce the designated c¢n-call
waves are ccmplete, the scheduled wave sequenc2 resumes by
the calling of STSH/SISL.

E. Type function

Subroutine
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c. Calling rocutines
These routines are called from EXEC.
d. Called routines
These routines call RESTART/BESTART.
€. Files created or used
None
f. Flow diagranm
Available but not contained in this asanual.
a. Purpose

This routine reevaluates the helizopter deck
spot employment if the current wave does not occupy all of
the srots. By doing this the model can determine how many
additicnal spots ave available for the next wave. This will )
indicate that either the next wave can load or a delay will
be encountered caused by a lack of deck spots. As socn as -
€enough srots are available a flag will be set to initiate
loading cf the next wave.

E. Type function

Subroutine

c. Calling rcutines

This routine is called by EXEC.
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-~ This routine calls WSPOT.
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€. Files created or used
None
f. Flow diagran
Available but not contained in this nanual.
16. EBoutine Name: HLODCK

a. Purpose

HLODCK is a short routine which sets up addi-
tional signals reguired to «call HCKLD <from EXEC. Those
signals indicate whether there are any available deck spots
left after the current wave has loaded.

t. Type function
Subroutine
C. €4lliing rcutines
This routine is called froa HLNCH
d. Called rcutines
None
€. TFiles created or used
None

f. Flow diagran

Available but not contained in this manual.

3 17. Foutine Name: HSPOT

° a. Purpose

;; This routine calculates the number of helo deck
ﬂ; spots to be used by the current wave and then how many
L]
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remain for use by the next wave. This provides inforration
required by HCKLD tc determine whether the next wave can
load cr has to delay until the current wave launches.

Y. Type function
Subroutine
c. Calling routines
This routine is called by HCKLD.
d. Called routines
None
€. Files created or used
None

f. Flow diagranm

Available but not contained in this nanual.

1€. Eoutine Name: HALTSH/HALISL

a. Purpose

\ These routines will stall the remaining sched-
ﬁ! uled waves when they are interupted by on-call waves. LE
the flag is set to interrupt scheduled waves, this routine
is called prior to ccmmencement of the on-call waves. Then

X
T

P

v
oA

DA .0

once the on-call vaves designated to interrugt have

completed lcading, a flag will be set to call STISH/SISL
which restarts the stalled waves.

«
B

t. Type function

™
i

| Subroutine
)
3
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P
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c. Calling rcutines
This routine is called from EXEC.
d. Called routines
None
€. Files created or used
None
f. Flow diagranm

Available but not contained in this nanual.

F. DATA EASE DESCRIPTION

1. [Iile pame: Landipg Elap data file

a. Purpose

Input data is broken down into three categories.
The largest group of data is fcund in the landinj plan file.
An example of this file is found in D.7 . The landing plan
file contains the wave and serial data which is processed by
the mcdel. It has type of carriers, number of personnel,
wave runmter, destination, etc. for each serial going ashore.
Its purpose is to r[provide the model with the troop unit,
€quigment, and transportation information which will be
'moved ashore' by the simulation.

k. Format

The landing plan (file reguires the =ranual
constructicn of serials and assault waves in a specific
format. Each line in the data rfile contains tielve fieces
of inforwation which the rodel regquires. These are
explained as part of an example listed in the ‘help' file
under landirg plan file (Section B). This informatica is
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15,717,189,322,35,1878.A,A,8, T .R-1, 415
15,7248,12 8.?;.34.1878 A,A,B, IR~ 2.615
15,378.128, +A 8. I,R-3,615
28,317.128, A8 I,R-1,613
25,348,128, g A8 I, R-2,615
25,378,128.;,.-4 1878 A,A B, I,R-Z,615
38,317,280,86,70,3550,A, B, 9, I ,R-1,1230
_8.748.280 &b6,70,3560), A.B ?.[,R-2,1270
I8,I7837,280,486,70,3560,4, B.?.I.R-Z, 270
45,1021,50, 948.4476._7414.A.B.8.I,R 1,360
45,1029,50,948,54746,27414,A,R. 8, R-2,760
45,1070,350,948,5476,27414,A,R,8,1,R-3,360
25,229, 112.4-.44 841,A,A,7,I,R-1,651
35.339,112,42,24,841,A,A, 7, I,R-2,651
$95,.789,112,42,34,841,A.A,7,1,R-3, 4651
£5,729,112,42,24,8481,A,08,7,I,R—-1,4651
65,799.112.42,.74.931.A.A, 7, I . R-2,4851
HS.TEQ 112,42, 24,841, A, A, 7, I ,R=-3, 4651
5,102 l.c_,4c1,¢ ﬂ.~-015 FRoA, 2 I,R-1,229

Pigure D.7 Example of landing Plan Data File.

also located on the same di sk as the main program and is for
use in constructing the data file. A copy of the 'help'
file is located in Appendix E.

c. Routines
This file is called by the SETUP rout ine.

d. UOpdating

h A

Each time a new landing plan is used, all the

raranmeters rertaining to the number of waves, the number of
landing craft for scheduled and on-call waves, the name of

¢« s
"
-

o r
.
»

E?{ the landing plan file, etc. must be changed t> conform to
Ff the nev data. If this is not accomplished an error will
[8. occur identifying tle line in the code where an inconsis-
E?: tency vas found. Mcst of those values are found in the
ﬁ; interactive node vwhich helps to prevent those type of
& errors.
@
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a. Purpose

This data file contains parameter values which
are not subject to ccnstant change (see Figure D.8 ). The
three nmajor tables of this type are the helicopter tinme
factors, toat time factors, and operational deck spot
tables. The first +two provide the expecied times for
various evolutions to utilize and the last gives the deck
spots under various conditions. Tables XXII, XXIII, and
XXIV list the data which are read from T-1.DAT. The purpose
of this file is to read data into various arrays within the
program which will be used to compute event times.

e 7.7.4,2

. 0,0,0,0.0
b1.1,1,5,8,10,4,8,4,4,4.4,1,1,1
2,11.20,20
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Pigure D.8 Example of Data File T-1.DAT.
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s t. Format

The first tvce lines of the T-1.DAT file refer to
Table XXIV . The data is listed in the file row by row from
the table. Thus, the first twelve values come {rom row one
of the taSle. The next line contains data from table XXII .
It is 1listed in the same manper as Table XXIV except the

—r
1
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first four values come from the first row of the table.
line four 1lists three helicopter speeds then 3ix landing
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TABLE XXIIX
Helicopter Time Factors in HMinutes

Iype of Load

Helo save operation Internal Exterpal Combined
(1) Land in zcne 0 0 0
(2) Disesbark troofs (cargo) 1 1 ]
{3) Takeoff/rendezvous frce L2 4 4 ]
(4) Maneuver/land <hip 1 1 1
{5) Refuel/embark troops (cargo) 5 8 10
{5) Takecff/rendezvous from ship 4 4 4
{7) Maneuver/land in 12 4 4 ]
(8) Safety clearance time 1 1 1

craft ‘speeds. The vehicles for vwhich these speeds are
listed are: CH~53, CH-46, UHIN, LVT, LCM-6, LCM-8, LCU, LST,
and LARC. The last twvo lines of the file contain data from
Table XXIII They are also listed by row. Saction C of
Appendix E contains the format for the T-1.DAT file.

F- c. Routines

&

2 This file is called by the SETUP rout ine.

-

9 d. Updating

- Updating is not necessary unless different tize

s factors are desired fecr use.

e

L

-

g

"

V'

b

b,

P .

9 160

b

\'_'

i

-

L

i

b S e E e e T e U I R e ]
"..-_‘. D e -‘_'-‘.'-‘. ‘..\'--‘ Wt Lk *;_' . .L‘-.Q“:.".'-:.:.L Tt L) RPN AL YR YTV GO S WL o S R | P
i SR P WP WAL O o W LW G VOT Y R R




TABLE XXIIIX
Boat Time Pactors in Minutes

Boat type ,

Boat waye opecation LYT LCB-5 LCH-8 1CU LST LABC [LCAC
(1) Land at beach (or LZ) 1 1 L IR | 1 1 1
(2) bisesbark troagrs/load ] {0 10 10 10 10 15
(3) Rendezvous for return 1 1 1 1 1 1 0
(9) Dcck time to ship (vell deck) 0 10 10 10 10 10 10
{5) Refuel/embark troops/load 0 5 5 S 5 5 15
(6) Circle and rendezvous 1 2 2 2 2 2 t
{7) Land at beach 1 1 1 1 1 1 1

1 1 1 1 1 1 1

(8) Safety clearansce time

3. Iile Name: Interactiveslime input

This data source is found within the prograr itself as
either a line of code or as an interactive query. The data
is of the type that mzay be changed easily for various types
of analysis. Although this source is not a file, it is the
final means used to assign values to the remaining vari-
ables. Once the first two files are prepared, the model is
loaded into the coaputer and initiated. The program will
query the wuser to input data for the parameters which are
rost likely to change during any type of analysis. An
alternative is to change the code within the program itself
vhere scre cf these values are found.

a. Format

Figure D.9 contains an example of the interac-
tive input vhile the parameters that are requested are
listed in the Table X1V .
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TABLE XX1IV
Orerational Deck Spots

Internal External Combilr ation

Loading Loading Loading
Shir type A B C D A B C D A B C D
LHA(#1) 9 7 4 9 g 7 2 8 g W 2 9
LEB(#2) 7 4 4 7 7 4 2 7 7 4 2 7
LSD (#3) 1 1 1 1 1T 1 1 1 11 11
LEL(#4) 2 A 1 2 11 11 L T
LST (#5) LI B R 6 0 0 O 0 0 0 O

Helo types: A=CH46E B=CH53D C=CH53E D=U{ 1N

¥*. Routines
None
c. Updating

Updating of this input data is relatively
simple. The majority of parameters which woull need to be
changed will be reguested by the interactive gqueries.
Cthers can be changed by a direct overwrite in the program

listing.
3 G. SCURCE LISTING
E See Appendix F.
=
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RUN

¥ OF SERIAL LINES OF DATA FOR SCHED,DN-CALL, % NONSCHED HELD THEN SURFACE:69,23,0,40,0,0

Setup 17907

# DF SHIPS BY TYPE (LHA,LPH,LSD,LPD,LST):5,7,1,9,1

13T TURNAROUND SCHED HELD WAVE:14

¥ OF BEACHES AND # DF LANDING 1DNES:4.,7

HELO LAUNCH DISTANCE, BDAT LAUNCH DISTANCE, AND SHORE TO LI DISTANCE:30,2,5

LHDUR AND HHDUR:017000,0

% DF WAVES IN DRDER SCHED, ON-CALL, NONSCHED HELO THEN SURFACE:23,10,0,19,0,0

% DF HELOS THAT CAN DCCUPY AN L1 AT ANY DNE TINE BY TYPE (CHA4, CHSID, CHS3E, UMIN}:10,3,B,16

% DF CARRIERS BY TYPE (CHA4,CHS3D,CHSIE,UH!N,LYT,LCNG,LCNS, LLY,LST,LARC) : 156,80,32,0,249,52,3942, 28,
% DF SURFACE CRAFT THAT CAN OCCUPY A BEACH AT ANY DNE TINE BY TYPE (LVT,LCM4,LCN8,LCU,LST,LARC) 8,3,

0,12
12,1,

INPUT DATA FILE NANE:LPE.DAT
QUTPUT FILE NAME:TEST!

Figure D.9 Exas_ _le of Interactive/Line Inpmt Data.

H. GLOSSARY OF- VARIAELES

See Section F of Appendix E.

I. MHODEL TEST RESULIS

See Chapter V of this thesis.
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TABLE XXV
Interactive Parameters
Order of C o sas
Beguest Paraneter Name Defipitiol
1 TA Sched helcr serial #
2 CA On-call helo serial #
3 NA Nonsched helo serial #
4 TS Sched surf serial #
5 Cs On-call surf serial #
€ NS Nonsched surf serial #
7-12 NUS (1) Ship type (five t ypes)
13 TRNBE1 1st turnaround wive
14 NNB Number of beaches
15 N1Z Nuaber of liZs
16 ASALIS Helio launch dista nce
17 LODLIS LVT launch distance
18 LZD1S Shore to LZ dictance
19 HSWAVE Sched wave #
20 HCWAVE On-call wave #
21 HNWAVE Nonsched wave #
22 LSWAVE Sched wave #
23 LCWAVE On-call wvave #
24 LNWAVE Nonsched wave #
25-28 HGF (1) $ helos max in L?
by type (4 types)
29-38 AT(I) % carriers by tyre
(10 types)
39-44 LGF (1) % boats max at bzact
. by type (6 types)
" |
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'HELP' FILE

A. TABLE OF CONTENTS

E YRelp Eidle Jisthllg .« weslm o o & @ o o = o = 2 = - 166
€. Zanding Plap Bidle < o & @ ¢ o o » & = « s @ » s = = (67
Pe T-1.IAT File o o ¢ a ¢ o o o @ @« o « a o o« o« o « « « 168
E. Inrut ParametersS .« o « o o o o o o « o o « o « o o « 169
Pa | SubEcutdMnels o o - @@ ='s m S 9 e s v v Bm e e e 8 W2
G. TVariabdie LASE < ¢ o @ = = @ ® ¢ 9w o | @ - s e = s K

He Wave ClocCk PAra@MeEte€rS =« o o o o o o o o o o o o« o « 180

E. GENEFRAL

The ‘'help' file was developed to assist a user oI the.
model with guestions that will probably arise during orera-
tion. One can find the information while still on the
computer without having to rely on a manual. A listing of
the 'help' file is found in Figure A.1 .
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10 INFUT "DO YOU DESIRE HELFT (Y OR N)“:As$

20 IF As$="N" THEN GOTO 140 ELSE FRINT " VARIABLE LIST=1; FROGRAM INFUT DATA=2; T
1 DATA=3"

%0 FRINT"WAVE DATA=4; SUBROUTINE LIST=%: EXIT=4"

40 INFUT "ENTER DESIRED INFO #"3;X:ON X GOTO $0,60,70,80,90,180

=0 OFEN *1",1,"C:ALFHA.DAT":1GOTO 100 -
40 OFEN "I",1,"CsINFUT,DAT":1GOTO 100

70 OFEN “1",1,"C:TI.DAT":GOTO 100

80 OFEN “I",1,"C:LANDATA.DAT":GOTQ I00

90 OFEN "1",1,"C:SUBROU.DAT"

100 FRINT:FRINT"TO SCROLL HIT °'Y® WHEN °CONTINUET' SHOWS. ANY OTHER KEY TO EXIT
"tFRINT:FRINT =
110 FOR I=1 TO IS :LINE INFUT #1.L$:IF LEFT$(L$,X)="END" THEN CLOSE #I1:GOTO 40 E
LSE FRINT L$:NEXT

I20 INFUT "CONTINUET™"§Z$:IF Z$="Y" THEN GOTO 110 ELSE CLOSE #1:GOTO 40

IZ0 FRINT “BY"

140 END

813

-‘Il'tl' FS

o7

Figure E.1 Help Pile Listing.
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C.

LANDIRG PLAB FILE
ture land the
THE FOLLOWING IS AN EXAMFLE OF THE DATA INFUT FOR ALL WAVE

INFORAATION, THE FIRST LINE OF LETTERS AND NUMBERS IS AN ACTUAL LINE O

DATA FOUND' IN THE LFE.DAT FILE. THE CORRESFONDING LETTERS WILL EXFLAIN

EACH COLUMN OF LATA.

0”’D’DQ’DDié;éi};i?.;:35;:35;ié5é;é;é;.é;:I;&:-i;éié’QQ0000’00’0’
As BoCol sE v F oBoHsIsdy Ko L

Al THE NUMBER INDICATES THE WAVE # AND THE LETTER REFERS TOD THE
CLASS OF THE WAVE (S=SCHEDULED, 0=0N-CALL» N=NON-SCHED) ,MORE
THAN ONE LINE OF DATA (CALLED A SERIAL) CAN BE OF THE SAME WAVE
NUHRER. EACH SERIAL RUNS SEQUENTIALLY FROM 1 TO THE LAST SERIAL
THE CLASS.

R} RESERVED FOR FUTURE USE.

c? NUHMBRER OF FERSONNEL IN FARTICULAR SERIAL OF A FARTICULAR WAVE

0-F3 RESERVED FOR FUTURE USE.,

G MODE OF TRANSFORTATION. (A=HELD» S=SURFACE)

H:  CATEGORIES OF CARRIERS., A THROUGH K CORRESFOND TO 1-11, (1=CHA4&E
2=CHSIDly I=CHSIEy» 4=UHINy S5=LVYT» &=LCH-éy 7=LCH-8y 8=LCU,» 9=LST,
62;&ARC; 11=LCAC). CARRIER TYPE MUST BE THE SAME FOR THE SAME

It NUMBER OF CARRIERS IN THE SERIAL

J TYFPE LOAD (I=INTERNAL» E=EXTERNAL,» C=COMRINATION)

K? DESTINATION! (B-1 THROUGH BR-4 REFERS TO REACHES #1 THROUGH $#4

AND R-{ THROUGH R~4 REFERS TO LANDING ZONES #1 THROUGH #4)
WEAFONS UNIT VALUE (WUV-FIF:FOWER SCORE)

L
END OF FILE
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D. 1-1.LAT FILE

THIS HELP FILE COVERS THE INPUT FILE CALLED DATA.T-I. THE
INFORMATION CONTAINEQ IN DATA.T-1 OEALS WITH PERMANENT VALUES SUCH AS
THE HELD TIME FACTORS, BOAT TINE FACTORS, ETC. THE DATA INPUT WILL BE
EXPLAINED IN THE OROER IT IS CALLED FOR BY THE PROGRAM.

SRRLISBARIRSNNRRRRNNRRRSRIRRLLLILILLLLILLILIILLLILILLLY

PROGRAM VARIABLE  DEFINITION LOCATION IN DATA.T-I
LINE ¢
50 HOS(1,J,X)  HELD DECK SPOTS LINS T & 2

10 HTF (L, ) HELD TINE FACTORS LINE 3

90 HSPO(J) HELD SPEEDS LINE 4 (15T 3 DATA POINTS)
100 BSPOLD) BOAT SPEEDS LINE 4 (DATA POINTS 4-9)
220 LTF(I,) BOAT TINE FACTORS LINES 5 & &

GENERAL INFOD:

"THE DATA IN PROGRAM LINE 40 IS LISTED ROW BY ROW FROM THE HELD
DECK TABLE FOUND IN APPENDIX B. THE SUBSCRIPTS REFER TO VALUES AS
FOLLOWS: " YPE SHIP, J=TYPE LOAD, K=TYPE HELOD. THE FIRST TWELVE VALUES
IN THE DAY.. 'ILE CONES FROM THE FIRST LINE OF VALUES IN THE TABLE. THE
SECOND TWELVE FROM THE SECOND RON AND SO ON.

PROGRAM LINE 70 INPUTS DATA FROM THE HELO TIME FACTORS TABLE
FOUND IN APPENDIX B. THE SUBSCRIPT I REFERS TO THE TYPE OF OPERATION
AND J REFERS TO THE TYPE LDAD. THE FIRST RON OF THE TABLE FORMS THE
FIRST THREE VALUES IN THE DATA FILE. THE SECOND THREE THE SECOND ROW
AND SO ON,

HELD SPEED VALUES ARE FOUND IN LINE 90 OF THE PROSRAM. THE
SUBSCRIPT REFERS TO THE BENERAL TYPE OF HELO. J=I IS A CH-33, J=2 I§
A CH-4&, AND J=3 IS A UHIN. THE SECOND GROUP OF DATA FOUND IN LINE 100
IS THE BOAT SPEEDS. THE SUBSCRIPT REFERS TO THE TYPE OF BOAT. I=1 IS
AN LVT, =2 IS AN LCH-b, =3 IS AN LCH-8, =4 IS AN LCU, I=5 IS AN LST,
AND I=4 IS A LARC.

PROGRAM LINE 220 INPUTS THE BOAT TIME FACTORS. THE SUBSCRIPT I
REFERS TO THE TYPE OF BOAT WAVE OPERATION AND J REFERS TD THE TYPE OF

*:t: BDAT, THE DATA FOUND IN THE FILE IS LISTED ROW BY ROW FROM THE TABLE.
E::n ' THUS, THE FIRST POW IN THE TABLE IS THE FIRST FOUR VALUES IN THE DATA
ke FILE AND 50 OA.

L

i';, END OF FILE
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E. TINEUT PARAMETERS

The followind table identifies the input eparameterss line number
locationy and a3 brief descrirtion of each variable, these variables
nust be initiated prior to running the model,

Variable Line

Name Noe. DIefiniton
ALADIS 102 Iistance from ship to shore for heles (.m)
ASADIS 102 Distance from shirp to shore for LCAC (nn)
AT(I) 140 Initial # of carriers that wilil rarticirate in
landing (I=tyre carrier)
BSFD(I) 100 Boat cspeed (I=tuype hoast! 1=LVYT» 2=LCH-4&, I=LCM-9,» 4=
; LCUs 5=LSTs 4=LARC)
cA 40 Total & of lines of serial data for 3ll on-call
helo waves
CHOUR 112 Time for startind first LCAC wave
CLZDIS 102 " Distance from shoreline to lcac LZ {(nm)
’ CS : 40 Total # of lines of serial data for 31l on-call
surf waves
CSFI 102 LCAC sreed -
DLADIS 102 histance boat must travel from shir to shore (rm)
HCWAVE 110 Total # on-call helo waves
HGF (1) 142 $ helos by tyre that can land and unlcsd
simultaneously in LZ (I=helo ture)
HHOUR 106 Time for starting first helo wave
HI 112 Very large value to rrevent info to be consideraed
in time sort (320090)
HNWAVE 110 Total ¢ non-sched helo waves
HOLD 112 Same as HI (=146000)
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HOS(IsJeK) 40 Oreratignal deck srots for helo ors (I=shir turey
J=ture loading! internalrexternals combination;
K=ture helo)

HSFI(I) 90 Helo sreeds (I=ture load! l=internal: 2=externals
J=combination)
HSWAVE 110 Total + sched helo waves !
HTF(I) 70 Table of helo time factors (see serzrate table)
LCWAVE 110 Total # of on-call boat waves
LGF(I) 190 $ of boats by ture that canm unload simultaneously at :
ruumbered teach or LCAC LZ ;
LHOUR 104 Time for starting first boat wave (excluding LCACs)
LNWAVE 110 Total # of non-sched boat waves
LSWAVE 110 Total + of sched boat uwaves :
LTF(I) 220 Roat time factors (I=boat wave oreration: 5
J=tyre boat) 1
LZDIS 102 -Ilistance from shoreline to helo LZ (rm) 2
MS - 40 Total % of lines of serial data for non-sched !
surf waves 1
NA 4G Total % of lines of serial data for non-sched 3
. helo waves 3
NBT 80 § boat tyres (3) ;
NCLZ 80 $ of lcac lz’s available to current landing eplan 5
NCT 80 $ lcac tures (1) E
NHT 80 t of helo tures(d) ;
NLT 80 $ of LVUT tueres (1) :
NLZ 80 $ of 1z's available to current landind =lan !
NMER 89 :lg; numbered beaches available to current landing 5
NST 80 t shies total from which can off load N

A A o T

]

!

3
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MUS(I) 62 $ of shirs by ture from which off-loading occurs
(I=ture of chiry 1=LHA» 2=LFH+ 3=LSL, 4=LFD. S=LST)

0CHCK 144 Sidrzl identifuind whether on-call helos zre teo
follow scheduled (OCHCK =0) or bresk into sched wave
seauence (0CHCK=2), If =2 then times must be
srecified for esch on-call wesve to commence
oreration

OCHTAER(I) 144 Time for on-c2ll helo wave to commence oreration
if not following seauence (I=wave #). scheduled
waves are delaved until on-call nrerztions

completed

- 0CLCK 144 Signal identifwing whether on-call boats are to

[, follow scheduled (OCLCK =0) or breal inte sched wave
. seauence (OCLCK=2). If =2 then times must he

i srecified for each on-casll wave to commence

Tl oreration

- SSPI(I) 102 "Shir speed (I=ture shir! 1=LHAy 2=LFHy 3=LSD, 4=LFD,
' : _ 5=LST)

3

TA 40 Total & lines of serialifed dats for sched hele waves

o TRNH1 80 The ¢ of the first scheduled helo wave in first

I turnaround wave

TRNS1 80 The ¢+ of the first scheduled surf wave in first
turnaround wave

- TS 40 Total # lines of serialized data for sched surf waves
A

- wpsS(I) 144 Well deck seot array (I=tyre shir)

h:\
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does,

Name

BARIV

BLNCH
BRLD
BRTN
BUNLD
EXEC
HALTSH

HALTSL

HARIV
HCKLD

HCSORT
HLNCH
HLODCK

HNSORT
HRLD

h L

....................
..............

F. SUBRCUTIRES

This file lists all of the subroutines within the erodran
code and their location by line number, The short
descrirtion dives 3 deneral summary of what the routine

More detailed descirtions of the maJor routines

Routine Line

No.

6630

BESTART 7930

5400
4990
6160
5790
2270
7900

6360

4270
8390

3480
3700
84640

3550
2550

.......
........

are contained in the model documentation.,

Descrirtion

Arrive back shier-surf

Restart timindg for surf waves stalled for
insufficient well deck spots

Launch-surf

Loadind-surf

Deposit cardo-surf

Arrive/unload lz-surf

Controls subroutines and timing of model

Stall remaining sched when on-call told to
start before comrletion of sched air

Stall remainind sched when on-call told
to start hefore comeletion of sched surf

Arrive back at shimr-air

Reevaluates dech s;ot enplouvment if
current wave does not occurvy 31l sepots

Sort routine for on-call air
Launch routine for air

Sets up recalculation and sidnals to call
hckld from exec called from HLNCH

Sort routine for non-sched waves-air

Load subroutine for air

172
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HRTN 4610 Derposit cardo subroutine-air

HSSORT 3400 Sort routine for sched air

HUNLD 4060 Unload at 1~ subroutine

INITIAL 470 Initializes all arrays and sort routines
LCSORT 4860 Sort routine for on-call surf

LNSORT 4920 Sort routine for non-sched surf

LSSORT 4800 Sort routine for sched surf

MSORT 34630 Master sort routine-comrutes next event
from all other sort routines

RESTART 7080 Restart timind for waves stalled bu
insufficient helo deck srots

SETUF 10 Initial input of data from data fiies
and within prodram

SFOTS J200 Calculates ¢ of srots to be used-czlled

) by HRLD
. STOCH 7750 Start on-call helo after final scheduled

: wave bedan to load

STOCL 7750 Start on-c3all surface after final
scheduled wave bedan to load

STSH 7840 Restart scheduled waves after stall in
HSLTSH (air)

STSL 8320 Restart scheduled waves after stall in
HALTSL (surf)

STNSH 7820 Start non-scheduled helo after final

on-call wave bedan to load

STNSL 8280 Start non-scheculed suyrface waves after
final on-call wave bedan to load

WELDEK 5320 Calculates # spots to be used for surface

l ]
T
(GO0 - LE S AR

& craft (called by BRLD)

- WSFOT 8710 Calculates ¢ srots to be used by air
f: (c2lled by HCKLD)

o

T,y
-
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G. VARIABLE LIST

The following table eprovides s listind of the rrogram varishles and
their mesninds., It conteins all the masdor variables and wmust uf the
lesser variables.,

f Activity! helo (lzlosdy2=launchs3I=arrive LZrd4=derocit
cardorS=arrive pack shir), surfsce (1=launch rreboats2=
arrive beachs3=derosit cardosrd=arrive back shir(eucert
lvt’s)sS=reload from well-deck)

ACODE Code for next event! l=start loasding wavesr2=zlsunch loaded

wavesd=reach destination(LlZ)r4=comrlete unlodding and
start return trirrS=arrive back shir

ALADIS Distance from shie to shore for helos(nm)
AF(I) $ of carriers in rpoo0l for future use (I=tgre cavrier)
ASADIS Distance from shir to shore for LCAC(nm)
AT(D) Initial & of carriers that will rarticirste in landing
(I=tyre carrier)

BEGNSH =1 is flag to bedin non-sched helo wave (subroutine EXEC)
BEGOCH =1 is flad to bedin on-call ielo wave (subroutine EXEC)
BEGOCL =1 is flad to bedin on-call surf wave (subroutine EXEC)
BEGNSL =1 is flad to bedin non-sched surf wave (subroutine EXEC)
REGSH =1 {s flag to bedin sched helo wave (subroutine EXEC) .
BEGSL =1l is flad to bedin sched surf uwave (subroutine EXEC)
BSFI(I) Boat sreed (I=ture boat)
c Class of wave(l=sciedy 2=on-cally 3=non sched)
CA Total & of lines of serial data for all on-call helo waves
cc Freserves C
cCi Class of wave in subroutine HCKLD
CHOUR ‘Time for starting first LCAC wave
CLZDIS Distance from shoreline Lo LCAC LZ (nnm)

3 CS Total ¢ of lines of serial data for all wn-csll surf waves

- CSFD LCAC sreed over dround

E DBAT ~ Tally ¢ of boats into landing zone

f; DEST " Destination

o DLAEAT Delay table

:i DLADRIS Distance boat must travel from shir to shore(nm)

9 DLTIHE Time needed to luad wave (sudroutine HRLE)

;; us Deck srots available code (0=nar l:ues)
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DTINME Time interval tu unlosd LI

DTH(I) Uslue assidned from LTF(IsJ) (vbost time factors)

or Time interval for wave to relurn Lo shir

EASH Running total of the btyse load

FCH $ of first line of serials to be carried in on-call helo
wave

FCL $ of first line of serials to ce carried in on-c2ll surf
wave

FHH ¥ of first line of serials to be carried in non-schend helo
wave

FML $ of first line of serials to be carried in non-sched curf
wave

FSH $ of first line of serials to be carried in sched helo
wave

FSL $ of first line of serials to be carried in sched surf
wave

HICLK(WyN) Sched subarray for helo info (w=uwave ¥» n=uave info -see
serarate exrlanation epade)

H2CLK(WsN) On-call subarray for helo info (w=zwave #» n=wave info -see

f serarate explanation rpade)

H3CLK(U:N) Norn-sched subarray for helo info (w=wave #rn=wave info
-see serarate eveplanation rade)

HCWAVE Totzl & on-¢3ll helo waves

HEST(LDT»TYF) Teme array for same info as HOST(LOT,TYF)

HGF (D) $ helos by tuere that can land and unload simultsnecusly in
LZ (I=helo ture)
HHOUR Time for starting first helo wsve
HI Very larde value to eprevent infu to be considered in time
sort (32000)
HNWAVE fotal ¢ non-sched helo waves
HOLD Same as HI (=16000)
HOS(I,»JsK) Orerational deck spots for helo ors (I=shir turey J=tyre |

logding: internalsexternsly comoi K=tyre helo)

|
HOST(LDTsTYF) Totasl ¥ of all of deck srots (LDT=tyre loadindlinternal, E
2:ternaly combinationi TYP=ture helol |

> HOUR Currert time in minutes
f: HSFD(ID) Helo spweds (l=ture load)
i: HSWAVE Total § sched helo waves
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HTFL(D)
I

LATE

LICLK(WIN)
L2CLK(WsN)
LICLRK (W N)

LCUAVE
Loty
LGF(I)

LHOUR
LNUWAVE
LS
LSWAVE
LTF(I)
LZDIS .
]

MCLOCK(I+N)

MODE

MS

NA

NBT
NCAR(I)
NCLZ
NCT

NH

NHT
NLSET

Table of helo time factors (cee serarste tatle)
Counter

Very larde value to prevent info to be counsidered in time
sort (17000)

Sched subarray for surf wave infc (W=wavedsr N=wave dats-
see serarate exrlanation) :

On-ca3ll subarray for surf wave info (W=zwave ¥y M=wave
data -see serarate exrlanation

Non-sched subairaw for surf wave info (W=wave #y N=uwszve
data- see serarate exeslanation

Total # of on-call buat waves
Wave load factor (l=internals 2=zexuternaly J=combinat’on)

$ of boats by tyre that can unload simultaneocusly at
nunbered besch or LCAC LZ

Time for starting first boat wave (excluding LCACs)
Total # of non-sched boat waves

Wave & = SSL(N,2)

Total # of sched boit waves

Boat time factors (I=boat wsve orerations J=ture boat)
Distance from shoreline to helo LZ (nm)

1st line of serial data Lo be carried by wave (M=FSH or
FCH or FliH)

Master clock subarray (i=1 to &y l=sched helosy 2=on-call

helur 3=non-sched helor 4=scied surfy S=un-call surfy 4=
non-sched surfi nzwave data-see separate exrlanation)

Atr=1ly suyrf=2

Total # of lines of serial data for nun-sched surf waves
TJotal ¢ of lines of serisl data for non-sched helo waves
boat tures (5)

carriers of tupe I

of LCAC LZ's available to current landing rlsn
LCAC turpes (1)

e e G W

$ of helos returning by ture
 of helo tuyres(4)

Flad to sidnal tedin non-sched surf wzaves after on-call
waves comeleted
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NLT

$ of LYT tures (1)

NLZ $ of LZ’s available to current landing rlan
NNE $ of numbered beaches avsilable to current landing rlan
NS $ of dechk srots Lo e nsed for this wave (subroutine HRLID)
NSA Counter for non-sched helo inrut
NSS Counter for non-sched surf ineut
NSSET Flag to signal bedin non-sched helo waves after on-call !
waves comeleted !
NST $ shies total from which can off load ’
NUS(I) ¥ of shirs by ture from which off-losdind occcurs (I=tyre
of shirs 1=lhay 2=1rhy 3I=lsdy 4=1lrdy S=lst)
0A counters for on-call helo serials
QCHCK Sidnal identifving whether on-call heles are to follow
scheduled (OCHCK =0) or bresk into sched wave seauence
(0CHCK=2).,1If =2 then times must be srecified for each on-
call wave to commence oreration
OCHTAR(I) Time for on-call helo wave to commence oreration if rot
followind seauence (I=wave #). Scheduled waves are
delaved until on-call oreraticns comrleted
0CLCK Sidnal identifwing whetihier on-call boats are to follow
- scheduled (QCLCK =0) or break into sched wave seauence
(OCLCK=2), If =2 then times must be srecified for easci on-
call wave to commence oreration
0CSET Sidnal
OCTINM LICLK(Ns2) + ZTIME = time rext event rplus time to unload
on beaches
0s Counters for on-call surf serials
FAC $ and tere(load) of deck seots in use by the current weve
prior to launch
FASH Rurnning total of rersonnel ashore
P(I) Fools of helos (i=helo ture)
RMFRC Fractional availability of deck srots
SA Counters for sched helo serialized data
SCAC(I D) Storade arrgys for seriglized inerut data for ovn-call helo
waves, {(J=following valuesiQ=WUVy lzuave ¥y 2=personnelr
J=tyre carriers 4=} of carrierssy 3=ture losd:
- §=destination: 7=launch signali I=¢ of serial line
g of data)
bl SCH(Is1) Wave # of each line of data for on-call helo wave
o (I=wavet)
fi waves comrleted
L]
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SCH(I2)

SCL(I+1)
SCL(I2)

8CS(I+J)

SEASH
SFASH
SNA(I+J)

SNH(I»1)

SNH{I»2)

SSH(Is1)
SSHITI,2}

SNL(I+1)
SNL(I+2)

SNS(I+J)

8s
SSA(I+ M)

SSET
SsL(I.1)
SSL(I2)

SSFD

First line of serialized data for each on-call helo wave
(I=wave §)

Ture carrier for on-call surf wave (I=uave #)

First line of serialized data for esch on-call surf wave
(I=wave #) .

Storade arrays for serialized inrut data for on-call surf
waves. (J=followind values!i!O=WUVy l=wave #y 2=rersonnel,
J=tyre carriers 4=% of carriers: S=ture loads
6;d§sti?ationv 7=launch signalé I=% of serial line

0 ata

Total eauirment ashore
Runnind total of firerower ashore

Storade arrays for serialized input data for non-sched
helo waves., (J=followind values!0=WUV, 1=zuave &
2zrersonnely I=tupe carriersr 4=% of carriersy S=tyre losds
6?d§sti?ationv 7=1launch sidnali I=% of serial line

0 ata

Wave § of each line of dats for non-sched helo wave
(I=uave )

First line of serialized data for each non-sched helo wave
(I=zwave §)

Wave ¢ of each line of data for sched helo wave (l=zwave #)

Firet line of serialized data for each scied helo wave
(I=uave §)

Type carrier for non-sched surf wave (I=wave §)

First line of serialized data for each non-sched surf wave
(Tzwave §)

Storade arrays for serizlized inrut data for non-sched
surf wives, (J=followind valuesiO=UUVs l=uave $,
2=rersonnelr J=tyre carriery 4=§ of carriersy S=tyre
l?agvtﬁidestinationv 7=launch sidnalé [=4 of serial line
0 ata

Counters for sched surf serialized data

Storade arrays for serialized inerut dJata for sched helo
waves., (J=followindg values!0=WUV,» {=wave $y 2=rersonnel,
3=ture carrierr 4<% of carriersy S=tyre load:
6?d§sti?ationv 7=1launch sidnali I=% of serial line

0 ata

Flag for calling restart
Tyre carrier for scihed surf wave (I=zuave })

First line of serialized data for each sched surf wave
(I=wave §)

Shir s»eed
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SSS(IyJ) Storade arrays for serialized inrut dats for sched surf
waves, (J=followind values!O0=WUV, l=wave %y 2=rersonnels
J=tyre carriersy 4=% of carrierss S=tyre load,
b=destinationy 7=launch sidnali I=% of serisl line

of data)

TA Total % lines of serialized datz for sched helo waves

TRNH1L The ¢ of the first scheduled helo wave in first turnaround
wave

TRNS1 The % of the first scheduled surf wave in first turnaround
wave

T8 Total & lines of serialized daya for sched surf waves

VULADIS Distance from launch to shore of landing craft

W Counter for wave #

Wh Well deck availability code (0=nos 1=yes)

woseo Uel} deck srot array (I=tuyre shir)

o WosT Well deck seots total in the fleet

WEST ‘ Well dechk srots total in the fleet

WwLoT : Load tyre beind emploved by current wave

WNS 4 deck srots beind emploved by current wave

WSET Sidnal to call restart (=1)

WTYF Ture carrier being emploved by current wave

wu Freserve w (wave #) in subroutine HRLD

wut Sidnal used to setur (subroutine HCKLD)

ZNCD) Time table for landind in zone (I) (tiwe unluad comrletie)

ZONE(D) Landingd zone sidnal (I=LZ tyre) (l=free to land in)

ITIME Max time to unload over all landindg :zones in use

3
" .

e o

- e

-l ;.
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H. WAVE CLOCK PARAMNEIERS

The wave clock parameters are found in six arrays.
There is an array for each class (F) and for both helo
and surface modes. They are of the form HICLE(W,N).
The table below is a breakdown of the coding for N.

N Value Value and code for wave clock parameter

) Signal: O=wave not loaded yet
1=wave is or has loaded
2=wave has offloaded cargo ashore

1 Wave number
2 Time of next event (future time)
3 Code for next event:

1=start loading wave
2=launch loaded wave
. I=reach destination
4=complete unload and start return ship
S=arrive back at ship area

4 Wave load factor (helo only):
1=internal loading
2=external loading
J=combination load

. <] Mode of transportaion (use by master clock):
P 1=helo
’ 2=sur face
6 Class of serial (master clock):
i=gschedul ed
2=on-call
I=non-schedul ed
6+1 Number of helos of type I in wave

END OF FILE
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APPERDIX E
PROGRAN LISTING

S "PROGRAM THAT WRITES TO FILE :27 AFR 33:DATSHIF.BAS

& 'SM RITACCO

7 "INITIAL IMNPUT ROUTINE LINES 0-3470

20 DEF FNX3=MID3(Al1S3, INSTR(ALS,",")+1)

IO DEF FNY3$=STR$(L)+CHR$(4)+AlS

49 DEFINT A-Y:INFUT"#% OF SERIAL LIMES OF DATA FOR SCHED,.ON-CALL, % NONSCHED HELO
THEN SURFACE:",TA,CA,NA,TS,CS,.MS

42 DIM SCA(CA,7),SSA(TA,.7),885(TS,7),SC3(C5,7),5SNA(NA,7) ,SNS(MS, 7) .HOS (S, 3, 4)

43 DIM MUS(S) ,HTF(8,3I),LTF(8,8) ,HSFD(3),BSDP (&) ,DLARAT (4,3,7) ,HOST (3, 4)

S0 PRINT"Setup";FRE(F) :OFEN"I", 1,"T-1.DAT

60 FOR I=1 TO S:FOR J=1 TO 3:FOR K={ TO 4: INFUT#1,HOS(I,J,K)

537 NEXT:NEXT:NEXT: INPUT"# OF SHIFS BY TYFE (LHA,LPH,LSD,LPD,LST):",NUS(1),NUS(2)
,NUS (Z) ,NUS (4) ,MUS (5)

70 FOR I={ TO 3:FOR J=1 TO 3:IMPUT#1, HTF(I,J):NEXT:NEXT

80 MHT=4:NLT=1:NBT=S:NCT=0:NST=S: TRNSI=10: TRNS2=10: INPUT"1ST TURNAROUND SCHED HE

LO WAVE: ", TRNH1

82 INPUT"® OF BEACHES AMD # OF LANDING ZONES: " ,NNB,NLZ

70 FOR J=1 TO 3: INFUT#L, HSPD(J):NEXT

100 FOR I={ TO NLT+NBT+NCT: INPUT#1,BSFD(1):NEXTRUN

101 INFUT"HELO LAUNCH DISTANC:Z, BOAT LAUNCH DISTAMCE, AND SHORE TO LZ DISTANCE:"
,ALADIS,LODDIS,LZIDIS

102 NEXT:SSPD=20:ASADIS=8:VLADIS=2: DLADIS=8:CLZDIS=!

104 CSPD=10

106 INFUT"LHOUR AND HHOUR: " ,LHOUR,HHOUR

110 INFUT"#® OF WAVES IN ORDER SCHED, ON-CALL, NONSCHED HELO THEN SURFACE:",HSWAY

E, HCWAVE, HNWAVE , LSWAVE , LCWAVE , LNWAVE

112 CHOUR={7000: LATE=17000:HI=Z2000: HOLD=146000: VS=1

114 VC=2:VN=3:DIM SSH(HSWAVE, 2) , SCH(HCWAVE, 2) , SNH (HNWAVE , 2) , SSL (LSWAVE, 2)

120 DIM SCL(LCWAVE,2),SNL (LNWAVE, D)

130 DIM HICLK (HSWAVE,NHT+4&) ,H2CLK (HCWAVE , NHT+&) , HICLK (HNWAVE , NHT+4)

132 DIM LICLE (LSWAVE,NLT+NBT+NCT+4) ,LICLK (LCWAVE,NLT+NBT+NCT +4)

134 DIM LSCLK (LNWAVE,NLT+NBT+NCT+4) , OCHTAB (HCWAVE)

140 DIM AT (NHT+NLT+NBT+NCT) , AP (NHT+NLT+MBT+NCT) , P(NHT+NLT+NBT+NCT) , HGF (NHT)

132 DIM LGF(NLT+NBT+NCT),WDS(NST): INPUT"# OF HELOS THAT CAN OCCUPY AN LI AT ANY

OME TIME BY TYFE (CHA4&, CHS3D, CHSJIE, UHIN):" , HGF{1),HGF (2),HGF (T), HGF (4)

144 WDS(1)24:WDS(2)=2: WDS(3) =3:WDS(3) =%5: WDS(T)=7:0CHTAB (1) =18

1S5S0 OCHCK =)

180 INFUT"® OF CARRIERS BY TYPE (CH44,CHSID,.CHSIE,UHIN,LVT,LCME,LEME,LCU,LST,LAR

C):",AT(1),AT(2) ,AT(Z),AT(4) ,AT (%) ,AT (&) ,AT(7) ,AT(8),AT(F),AT(10)

190 INFUT"# OF SURFACE CRAFT THAT CAN OCRUPY A BEACH AT ANY ONE TIME BY TYPE (LY

T,LCM&,LCMA,LCU,LS T, LARC) : " LGF (1) ,LGF () ,LBF !3) ,LBF (8) ,LGF /9 ,LGF (&)

220 FOR !=i TO 8:FOR J=i TO é&:INPUTH#L, LTF(1,J):MEXT:NE(T:CLOSE 1

2I0 PRINT CHR$(12):

232 ' IF EDF(2) THEN END

240 ZZ%="SETUP-A"

2%0 As=a“LFE"

2%2 INFUT"INFUT DATA FILE NAME:", INFILES

2580 OFEN"1",1,INFILES

262 INFUT "OQUTFUT FILE NAME:" ,QUTFILES

270 SS=1:SA=1:0S=]:0A=1:NSS=1:MNSA=]

289 INFUTHL.AS:LINE INPUTH1,A18:IF LEFT3(AS,1)="E" THEN CLOSE 1{:NSA=NSA-1:GOTO 4

70

270 IF LEFTS(AS,1)="T"THEN 280

SO0 FOR Isi TO S:2(D)=VAL(Al8):Al18=MIDS(ALS, INSTR(ALS, ", ") +1) tNEXT: Z (D) =Z ()

TO0Z IF LEFTS(Als,1)s“S"THEN GOSUR T20 ELSE GOSUB 40

S04 TWUYV's=TWUY ' +WUY

Ti0 GOTO 280

I3 IF RIGHTS(AS,1)="0"THEN 740 ELSE IF RIGHTS(AS,{)a"N"THEN IZ0

330 Al$=MIDS‘AL$,J):FOR J=> TO 9

-

SI2 Z(S)m):2(8)=0:SS5(5S,J)=Z(J) 1NEXT:SS5(S5, 1) sVAL (AS) :k'=T
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336
240
342
z44
T4¢
%0
352
%4
356
360
370
72
374
376
80
a2
384
386
390
392
74
I96
400
410
420

FOR J=1 TO 3 STEF 2:X3$=FNX3

GOSUR 400:SSS(SS, k) al: Kak+1:NEXT: S35 (SS, 0) =WUV:SSnSS+1: RETURN
A1$=MIDS (A13,T):FOR J=0O TO S
Z(5)=0:2(4)=):5CS(0S,J)=Z(J) tNEXT:3CS(0S, 1) aVAL (AS) :K=aT

FOR J=1 TO 8 STEP I:X$=FNXS$

GOSUB 400:SCS (0S, K) =L:K=kK+1:NEXT:SC3(0S, D)) =WUV:0S=05+1: RETURN
A13=MIDS (AlS,T):FOR J=0 TQ S
2(3)=0:2(4)=0:SNS (NSS, J)=Z (J) :NEXT:SNS (NSS, 1) =VAL (AS) :K=3

FOR J=1 TO 3 STEP ZI:X$=FNXS$

GOSUB 400:SNS (NSS, K) =L : K=K+1 :NEXT: SNS (NSS, 1) =WUV:NSS=NSS+1: RETURN
IF RIGHTS/(AS, 1)="Q"THEN 180 EL3E IF RIGHTS(AS, 1)="N"THEN I90
Als=MIDS(A13,3):FOR J=0 TO ©
Z(2)=0:2(4)=0:SSA(SA,J)=Z(J) :NEXT:SSA(SA, 1) =VAL (AS) 1 K=3

FOR J=1 TO 8 STEP 2:X$=FNXS

GOSUR 400:SSA(SA,K) =L:K=aK+1:NEXT:SSA (SA, D) =WUV: SA=SA+1 :RETURN
Als=MIDS (AlS$,3I)tFOR J=0 TO I
Z(T)=N:Z(4)=0:SCA(0AJ)I=Z (J) tNEXT:SCA (DA, 1) =VAL (AS) : K=

FOR J=1 TO 8 STEP 2:X$=FNXs$

GOSUB 400:SCA (DA, ) =L: K=K+1 :NEXT: SCA (0A, 0) =WUV: 0A=DA+1: RETURN
Als=MIDS(A1$,3):FOR J=O0 TO 5
2(S)=0:Z(4)=0:SNA(NSA,J)=Z(J):NEXT:SNA (NSA, 1) =VAL (AS) :K=3

FOR J=1 TO 8 STEP 2:X$=FNXS$

GOSUB 400:SNA(NSA K) =L : K=i+1: NEXT:SNA (NSA, 0) =WUViNSA=NSA+1 : RETURN
IF K=4 THEN L=VAL (A1$):Al1s$=FNX$:RETURN

IF K=3 THEN L=ASC(LEFTS(A18,1))-64:A18=FNXS:RETURN

IF K<{:&6 THEN 440 ELSE GOSUB 4460:X$=RIGHTS(A18,3):IF Xes="B-1" QR X$="R-1" THE

N L=! ELSE IF X$="B-2" QR Xs="R-2" THEN L=2 ELSE IF X$="B-3" QR X$="R-~3" THEN L=
Z ELSE L=4

420

GOTO 450

440 X$=LEFTS(AlS,1):IF X$="C"THEN L=3 ELSE IF X$="]"THEN L=l ELSE IF X$="E" THEN

L=2

4590
460
4569
470
480
490
FOR
g00
02
<10
g0
30
40
250
g%2
69
80
290
g2
34
&00

Al$=FNX$:RETURN
WUVS=FNXS:Als=_EFTS(ALS LEN(ALS)-LEN (WUVS) =1 : WUV=VAL (WUVS) : RETURN
"INITIALIZES TIME CLOCKS AND TIME CLOCK PARAMETERS LINES 470-1280

OFEN QUTFILES FOR QUTFUT AS #2

LLHOUR=LHOUR : HHHOUR =HHOUR

T (1) =LLHOUR: T(2) =HHHOUR: T (Z) =CCHOUR:FOR Ia] TO Z:U(1)=4-I:NEXT:FOR J=1 7O 23:
I=1 TO Z:1IF T(I+1):>T(1) THEN SWAP T(1),T(I+1):SWAP U(1),U(l+1)
NEXT:NEXT:FOR I=1 TO Z:T(1)=T(I)-T(3)tON U(1) GOSUB 3J10,320,350:NEXT
ERASE T:ERASE U:GQTO S40

CCHOUR=T (1) : RETURN

HHHOUR=T (1) : RETURN

LLHOUR=T (1) :RETURN

GOSUP S59:G0TO 2270

TAT (1) =180 AT (D) =100t AT (D) =100t AT (4) =50 AT (5) =200 AT (6) =81: AT (7) wbd: TRNS1I=10
"TRMHI =7 :NaNHTHMLT+MBT+NCT:FOR 1= TQ N:AF(1)=AT (1) tNEXT
NeNHT+MLT+NBT+NCT:FOR [=1 TO N:AP(I)=AT (1) :NEXT

FOR I=1 TO $:MCLOCK (I 2)=LATEINEXT

FOR =1 TO HSWAVE:HICLK (I ,2)=LATE:NEXT:FOR I=1 TO HCWAVE

HICL "¢, 37 = ATEINEXT:FOR [=sl TO HNWAVE:HICLE (1,2)=LATE::NEXT

FOR (=1 TO LSWAVE:LICLK(1,2)=LATE:MEXT:FOR I={ TO LCWAVE:LZICLK(I,2)sLATE
NEXTIFOR [=! TO LMGAVE LICLF (1, D) =LATEINEXT

L 510 FOR b =% TO NLZ:IN(K) O NEXT

W, 530 30SUR 1470

- 630 J=HHHOUF

" 540 FOR N=t TO TRHH1~1

h %0 HICLE (N 1) mNzHICLY (N, 2} 2J s HICLK (M, Th =Lt RECLE (N, )=l s HICLY (N, 8) =11 =g+

] &0 NEXT:GOSUS 1299

< &70 IF OCHCY 2 THEN T1n

o 480 FOR !=l TO HCHWAVE

-

b

{

y .

{)
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&9 HICLK (I, 1) =1:H2CLK (I,2)=0CHTAEB (1) +HHHOUR:HZCLK (1,3 =1 : HZCLK (I, Z) =1
572 HICLK (I, 46)=2
700 MEXT:FCH=1:G6035UB 1I60:G07TQ 720
710 GOTO 72
720 L=NLT+NBT+NCT:L1CLK (1,2)=LLHQUR
730 FOR M=1 TO LSWAVE
740 LICLK (N, 1)=N:L1CLK(N,3)=2: LICLK (N I)=2: LICLK (N, 6) =1
"7%0 LS=SSLIN,2):FOR I=1 TO LsNCAR(I)=0:F(I+NHT)=AP (I+MHT):FOR K=1 TQ NMBR
752 DBAT(I,K)=0:NEXT:NEXT
760 IF LS=T5 THEN 820 ELSE IF S53(LS,1)<>N THEN 820 ELSE I=SSS(LS,I)-NHT
770 IF I{=0Q THEMN FRINT"MO MO DATA":STOF
780 IF P(I+NHT) »=SSS (LS, 4) THEN 810 ELSE J=SSS(LS,1):L1CLK (J,2)=HOLD
790 IF 3SS(LS-1,1)<:SSS(LS, 1) THEN 800 ELSE LS=LS-1:555(L3,7)=0:60TQ 792
800 FSL=LS:PRINT"LS";LS:" - Insufficient Scheduled landing craft":STOP
810 MNCAR(I)=NCAR(1)+SS5(LS,4) :SSS(LS, 7)=1:DEST=SS3(LS,s)
812 DBAT(I,DEST)=DBAT(I,DEST) +S55(LS,4) :F(I+NHT) =P (I+NHT) -SSS (LS, 3):LS=LS+1
814 GAQTQ 760
820 FOR I=1 TO L:AP(I+NHT)=P (I+NHT) :L1CLK (N, I+&)=NCAR(I):IF NCAR(I)<>O THEN II=l
830 NEXT
B840 FOR K=1 TO NNB:DTIME(K)=Q:FOR I=1 TO L
3%) IF DBAT(I,K)<=0Q THEN 880
8460 DBAT(I.K)=DRAT(I,K)-LGF(I)
870 DTIME(K)=DTIME (K)+LTF (1, 1) +LTF(2,[)+LTF(8,1):G0T0 8%0
880 NEXT:NEXT
890 ZTIME=):FOR K=1 TO L:IF DTIME(K)>ITIME THEN ZTIME=DTIME (K)
00 IF N=_LSWAVE THEN OCTIMsLIiCLK(N,2)+ZTIME:GQTO 930
L 10O NEXT:IF N=|_SWAVE THEN OCTIM=L{CLK(N,2)+ZTIME:GOTO 220
P20 LICLK(N+1,2)=L1CLK(N,2)+2ZTIME
9TO IF SSS(LS, <10 THEN 940 ELSE LICLK(N+1,2)=HDOLD:GOTQ 9%50

740 NEXT
9SO IF NCT=0 THEN PRINT"Boat pool":AP (%) :AP (&)1 AF(7) ;AP (B) ;AP () :AF 110) ELSE FRI
= MT "Boat pPool";AP(I) AR (&) AR (7)1AF(B) ;AP (?) ;AP (10) s AR (11)

T2 GQSUB 1520

9%6 IF C35=0 THEN FCL=HI:FMLsHI:GOTO 12246

7&0 IF SCS(1,1)=0 THEN FCL=HI:FML=HI:G0TQ 1226

70 LaNLT+NBT+NCT: L2CLK (1,2)=0CTIM

780 FOR N=1 TO LCWAVE

990 LICLK ¢, 1) =1t L2CLK (N, 3) =2 L2CLK (N, ) =2: LICLK (N, 6) =2

1000 LC=SCLIN,2):FOR I=1 TO L:MCAR(I)=O:P(I+MHT) =AP (I +NHT):FOR k=1 TQ NMP
1002 DBAT(I,K)=0: NEXTINEXT

1010 IF LC=CS THEN 1100 ELSE IF SCS(LC,1)¢:N THEN 1100

1020 [=SCS(LC,T)-NHT:IF [-.=) THEN LFRINT"MQ DATA":G0OTQ 122%

1070 IF P (I+NHT) *sSCS(LC, 4) THEN 1099

1030 J=SCS(LC,1):L2CLK (J,2)=HOLD

1050 IF SCS(LC~i,1)v.SCS(LC, 1) THEN 1070

1060 LC=C~1:3CS(LC.,7)=0:GOTO 10T0

1070 FCL=LC:LFRINT"LC";LC:" Insufficient on-call craft"

1080 GOTO 1270

1990 NCAR (1) =NCAR([)+SCS(LC, 4) :F (I +NHT) =P (I +NHT) -SC3 (LC, 3) :SC3(LC,7) =1
1092 DEST=SCS(LC.&):DBAT(I,DEST)=DRAT (I ,DEST) +SC3(LC,4):LC=LC+1:G0T0 1010
1100 FOR I=1 TO L:AP (I +NHT) =P (I +NHT) :L2CLK (N, [+4)=NCAR(I)

1102 IF NCAR(I) .0 THEN II=!

1110 NEXT

L o 4
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L, 1120 FOR k=1 TO NNB:DTIME(K)=0:FOR I=1t TO L

- 1170 IF DRAT(I,K)< =) THEN 11460

- 1140 DBAT(I,K)=DBAT(I,k)-LGF(I)

[ 1190 DTIME (:) =DTIME(H )+ TF (1, 1) +LTF(2, [)+LTF(8,1):60TQ 1130

3 1150 NEXT:MEXT

- 11790 ITIME=:FOR k=1 TO L:IF DTIME(H) ITIME THEN 2TIME=DTIME(})
s 1180 MEXT
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1182
1170

200
1210
1220
1222

1224
1220
1240
1230

1252

1294
1260

IF N=LCWAYE THEN NSTIM={ ICL} (N,2)+ZTIME:GOTO 1220

LICLE (M+1 ) =t 2CLK (N, Z)+ITIME

IF SC5(LC,2)7:0 THEN 1210 ELSE LICLK(N+1,2)=HOLD:GOTO 1220

NEXT

IF NCT=() THEN FRINT

GOSUEB 1380

IF MS=0 THEN FML=HI:GOTO 1240

IF SNS(1,1)=0 THEN FML=HI:LICLK(1,2)=LATE

FOR I=1 TO NST:WDST=WDST+WDS(I)XNUS(I) :NEXT:WEST=WDST

PASH=0: SEASH=0: SFASH=0:FOR I=1 TO NST:FOR J=1 TO 3:FOR K=1 TO NHT
HOST(J,¥)=HOST(J,K)+HOS (I, J,K) ANUS (1) :HEST (J,K)=HOST (J,.K)
NEXT:NEXT:NEXT:FOR I=1 TO 4:IF I4=3 THEN MCLOCK(I,3)=1 ELSE MCLOCK (I,T)=2
IF I=1 OR I=4 THEN MCLOCK(I,%)=1 ELSE IF I=2 OR I=5 THEN MCLOCK(I,&)=2 ELSE

MCLOCK (I,6) =T

1279
1272
1280
1289
1270
1300
1310
1320
1330
1340
330
1239
1260
1370
1280
13790
1400
1410
1412
1420
1370
1437
1440
1430
14560
1470
1480
1490
1492
150Q
1810
1819
1820
1520
1540
1320
1360
1962
1970
1277
1580
90
1600
1610
LD

NEXT
DS=1
RETURN

TIME=LATE:FOR W=1 TO HSWAVE

IF HICLK(W,2)>=TIME THEN 132

TIME=HICLK (W, 2) : ACODE=HICLK (W, 3) : HWAVE =W

NEXT

MCLOCK (1,3)=TIME:MCLOCK (1, 1)=HWAVE: MCLOCK (1, 3)=ACODE: H1CLK {(HWAVE, 2) =HOLD
MCLOCK (1,5) =1 :MCLOCK (1,56)=1

IF ACODE=4 THEN H1CLK (HWAVE, 2)=LATE

RETURN

"PRINT“HCSORT"

TIME={ ATE:FOR W=1 TO HCWAVE

IF HZCLK (W, 2) =sTIME THEN 1400

TIME=H2CLK (W, 2) : ACODE=HICLE (W, 3) tHWAVE =W

NEXT

MCLOCK (2, 2) =TIME:MCLOCK (2, 1) =HWAVE : MCLOCK (2, J) =ACODE : HZCLK (HWAVE, 2) =HOLD
MCLOCK (2,3) =1 s MCLOCK (2, 6) =2

IF ACODE=4 THEN HICLK (HWAVE, 2)=HOLD

RETURN

.

TFRINT"HNSORT "

TIMEsLATE:FOR W=1 TO HNWAVE

IF H3ICLKM(W,2)  =TIME THEN 1480

TIME=HICL} (W,2) : ACODE=HICLK (W, 2) : HWAVE =W

NEXT

MCLOCY. (3,2)=TIME: MCLOCK (2, 1) =sHWMAVE : MCLOCY. (3, T) =ACORE: HICLK (HWAVE, ) =HOLD
MCLOCK (Z,S) =1 :MCLOCHK (2, 6) =7

IF ACODE=5 THEN HICLK (HWAVE, ) =LATE

RETURN

‘FRINT"LSSORT"

TIME=LATE:FOR W1 TO LSWAVE: IF LICLK(W,Z) =TIME THEN 1550

TIME=L 'CLK (W, 2) : ACODE=L 1ICLK (W, T) : LWAVE =W

NEXT

MCLOCK (4, 2)=TIME:MCLOCK (4, 1) =LWAVE: 1MCLOCK. (3, 2)=ACODE: LICLK (LWAYVE, 2) =HOLD
MCLOCH ¢4,8)=2:MCLOCK ‘4,5)=3: IF ACODE=4 THEN LICL! (WAVE,Z)={ ATE

RETURN

"PRINT"LCSORT" .

TIME=LATE:FOR W=l TO LCWAVE:IF LICLK(W.2) "=TIME THEN 1810

TIME=LICLY (W,2) : ACODE=LICLY ‘W, T) : LWAVE =W

NEXT:MCLOCK S, 2)=TIME:MCLOC! (%, 1} sLWAVE: MCLCCH (S, 3)sACORE: LICLE (LWAVE, 2} =HC
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1612
1620
1628
15627
1620
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1730
1760
1770
1780
1790
1800
1810
1820
1820
1849
1830
18460
1870
1880
1890
1900
1910
1920
13?30
1929
1940
2270
2280
2299
2300
2710
2320

TIO

2740
2780
226D
2570
2380
2390
2400
2410
2420
2470
2440
2430
2440
2470
2430
2430

MCLOCK (S, 5)=J:MCLOCK (S, §)=2: IF ACODE=4 THEN LICLE (LWAYE, 2)=LATE

RETURN

'COMPUTES ARFAYS FOR WAVE #'S AND SERIAL # OF {ST SERIAL
IF TA=0 THEM 1480 ELSE W=1:SSH(W,2)=1:SSH(W, 1) =W: IF TA=D
FOR I=1 TO TA:1IF 55A(I,1)=W THEN 1470

IF SSA(I.1)=) THEN 14680

WalW+1:SSH(W,2)=1:SSH (W, 1) =W

MEXT

IF CA=Q THEN 1720 ELSE W=1:SCH(W,2)=1:SCH(W, 1)aW: [F CA=D
FOR I=1 TO CA:1IF SCA(I,1)=W THEN 1720

IF SCA(I,1)=0 THEN 1730

WeW+1:SCH(W,2)=1:SCH(W, 1) =W

NEXT .

IF NA=O THEN 1780 ELSE W=1:SNH(W,2)=1:SNH(W, 1)=W: IF NA=O
FOR I=1 TO NA:IF SNA(I,1)=W THEN 1770

IF SNA(I,1r=0 THEN 1780

WeW+1:SNH(W,2) =T SNH (W, 1) =W

NEXT

IF TS=0 THEN 1830 ELSE W=1:SSL(W,2)=1:5SL (W, 1)=5SS(1,3
FOR I=1 TO TS:IF SSS(I,1)=W THEN 1820

IF SSS(I,1)=0) THEN 1830
W=W+1:SSL (W, D) =1:SSL (W, 1) =38S(1,T)

NEXT

IF CS=0) THEN 1880 ELSE W=1:SCL(W,2)=1:SCL (W, 1)=8SCS(1,3)
FOR I=1 TO €S:IF SCS(I,1)=W THEN 1870

IF SCS(I.1)=0) THEN 1880
W=W+131SCL(W,2) =I3SCL (W, 1)=SCS (I,

NEXT

IF MS=) THEN {930 ELSE W=1:SNL(W,2)=1:SNL (W, 1)=SNS(1,3)
FOR I=1 TO MS:IF SNS(l,1)=W THEN 1920

IF SNS(I,1)=) THEN 1930
W=W+13SNL (W, 2) =12 SNL (W, 1) =SNS(1,3)

NEXT

RETURN

"EXEC SUBROUTINE-CONTROLS TIMING AND EXECUTION OF MODEL
IF HOUR=_ATE THEN CLOSE #2:STOF ELSE FTIME=ITO000
IF FTIME- HOUR THEN CLOSE #2:STOP
IF CCl<>0 THEM GOSUB 83I90

IF BEGNSH=1 THEN GOSUER 7820

IF BEGOCH=1 THEN (30SUP 7730

IF BEGSH={ THEN GOSUB 7860

IF WSET X0 THEN GOSUB 7080

GOSUR S&3T0: IF MODE=2 THEN 24%0
IF AY1 THEN 2770

GOSUB I3S0:G0T0 2270

iF A»2 THEN 229790

GOSUE T700:GOTQ 2270

IF A5 THEM 2410

GOSUR 3040:G0T0 2270

IF A4 THEN 2430

GOSUB 44610:GOTO 2270

IF A.S THEN STOP

GOSUR 4270:GNTO 2270

IF A1 THEN 2470

GOSUR 3970:G0TO 2279

IF AXT THEN 2490

GOSUR Z400:60TQ 2270

IF A*T THEN 2310

185
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2T0O0
2510
2820
2830
2540
2543?
2530
2540
2570
2980
2570
2600
2610
2620
2630
2640
2650
2660
2670
2680
2682
2690
2700
2710
2720
2730
2740
2730
EL3E
27460
2770
2730
2790
*800
2810
2820
2830
2840
28%0
2860
2870
2880
879
2900
2702
2710
2?20
27970
2740
29%0
27960
2?70
2780
2290
000
010
020
0350
T040
SO0

GOSUR S770:GQTO 2270
IF a:4 THEMN 2330
GOSUB 61460:G0TQ 2270
IF A3 THEN STOF
GOSUEB 4630:G0TQ 2270

*HRLD

FOR I=1 TQ NHT:NCAR(I)=0:F(I)=AF(1):NEXT:LDT=)

IF Cx1 THEN 2730

M=SSH (W, 2) 1 WeSSA (M, 1)

IF DS<:0 THEN 2610 ELSE HI1CLK (W,3)=1:HICLK (W,2) =HOUR+10: FSH=SSH (W, 2)
GOSUB 400:RETURN

IF SSA(M, 1)<3W THEN 2480

I=SSA(M,3)

IF P(I):=SSA(M,4) THEN 26%0

H1CLK (W, 1) =W: H1CLK (W, 2) =HOUR+101 H1CLK (W, 3) =1: GOSUB 34001 RETURN
F(I)=P(1)-SSA(M,4) :NCAR (1) =NCAR (1) +S3A (M, 4)

IF SSA(M,S)>LDT THEN LDT=SSA(M,S)

IF M=TA THEN 2480 ELSE M=M+1:GOTO 2610

HICLK (W, 1) =Wt HICLK (W, 3) =2: HICLK (W, 4) =LDT: FOR I=1 TQ NHT

AP (1)=F (1) 1HICLK(W, I+4) =NCAR (1) :NEXT

FOR I=1 TO NHT:IF NCAR(I)<)0 THEN II=!

NEXT

H1CLK (W, 0) =1

GOSUB 3200

IF NS=) THEN DLTIME=10:H1CLK (W,3)=1sHICLK (W,0) =0

IF DS=0) THEN CCe1:WW=W:WSET=0:WTYF=I1:WNS=NS:WLDT=LDT

H1CLK (W,2) =*HOUR+DLTIME : FSH=M: [F W=HSWAVE AND OCHCK=0) THEN OCSET=1: ;'  H=1
IF W=HSWAVE THEN NSSET=1:BEGNSH=1

GOSUB 3400

RETURN

IF C>2 THEN 3010

MCSSCH (W, 2) 1 W=SCA (MC, 1)

IF QCHCK=2 AND SSET=0 THEN GOSUB 7900

IF DS<:0 THEN 2830 ELSE H2CLK (W,3) =1:HICLK (W, D) =HOUR+ 10t FCH=SCH (W, 2)
GOSUB T380:RETURN

IF SCA(MC,1)<:W THEN 2900

I=SCA(MC, D)

IF P(1) =SCA(MC,4) THEN 2870

HICLK (W, 1) =W:H2CLK (W, ) *HOUR+ 101 H2CLIK (W, S)=1:GOSUB 3480:RETURN
FtI)=P (1) -SCA(MC,4) 1NCAR (1) =NCAR (1) +SCA(MC, 3)

IF SCA{MC,S) LDT THEN LDT=3CA(MC,S)

IF MC=CA THEN 2700 ELSE MC=MC+1:G0TO 28I0

HICLK (W, 1) =Ws HZCLK (W, 3) =2 HICLK (W, 4) «LDT:FOR [=1 TQ NHT

AP (1) =P (1) :H2CLK (W, 1+6) sNCAR (1) : NEXT

FOR I=1 TO MHT:IF NCAR(I)< 0 THEN IlI=l

NEXT

HICLK (W, ) =1

IF WeHCWAVE AMD OCHCK=Z AND SSET=! THEN SSET=2:;BEGSH=1

GOSUB 3200

IF NS=0) THEN DLTIME=10:HICLK (W,2) =11 HICLK (W, 0) =0

IF DS=) THEN CC=2:Wh=W:WSET =01 WTYF=11; WNSeNS: WLDT=LDT

HZCLK (W, Z) =sHOUR+DLTIME: FCH=1IC: IF -~ HCWAVE TMEN 3000

IF QCHC)'=Z AND FSH< HI THEN SSET=2:PEGSH=1 ELSE MSSET=1:PEGNSH=1
GOSUB T480:RETURN

IF FMH =HI.THEN STOF

MN=SNH (W, 2 s WeSNA(MN, 1)

IF DPSZ. 0 THEN Z0%0 ELSE HTCLK (W, T) w1t MICLM (W, 2)=sHOUR+ 10 FMHaSNM (W, 2)
GOSLE TSS0:RETURN

IF SNAMN, 1} "W THEN T110

186




I060 I=SNA (MM, I) : IF & (I):=SNA (MM, 4) THEN 1080

070 HICLK (14, 1) =bjs HICLK (W, T) =HOUR+17: HICLK (W, 3)=1:GOSUB TSS0:RETURN
030 P(I)=F (1) ~SNA (MN, 4) : MCAR (1) =MCAR (1) +SNA (MM, 3)

050 IF SMA(MN,S) *LDT THEN LDT=SNA(MN,S)

100 IF MM=NA THEN 3110 ELSE MN=MN+1:GOTO ITOSC

T110 HICLE (W, 1) =W: HICLK (W, I) =22 HICLK (W, 4) =LDT

T120 FOR I=1 TO NHT:AFR(I)=F (1) :HICLK (W, I+4&) =NCAR(I):NEXT

I130 FOR I=1 TO MHT:IF NCAR(I)<>Q THEN Il=I

3140 NEXT

T150 HICLK (W, 0) =1

3160 GOSUB 3200

3170 IF NS=0 THEN DLTIME=101HICLK (W,3) =1:HICLK (W,0) =0

3180 IF DS=0 THEN CC=3:Wi=W:WSET=0:WTYF=I1:WNS#NS: WLDT=LDT
3189 *

T190 HSCLK (W, 2) ="HOUR+DLTIME: FMH=MN: GOSUR J%50: RETURN

I200 IF HOUR}1%0Q THEN CLOSE #2:STOP

3210 J=0:FOR I=1 TO NHT

3220 IF NCAR(I)=0 THEN 3240

I2I0 J=J+1:TYFPe]

3240 NEXT

I2T0 IF J>1 THEN 3260

3260 °

270 NS=HOST (LDT, TYF)

3289 IF NS=0 THEM RETURN

I290 IF NS:NCAR(TYP) THEN 3310

3300 FOR J=1 TO T1FOR K=1 TO NHT:HOST (J,K)=0:1NEXT:NEXT:DS=0:G0TO 330
3310 RMFRC!=(NS~NCAR(TYP)) /HOST (LDT,TYP):FOR J=1 TO I:FOR K=1 TO NHT
3312 HOST(J.K)=RMFRC ' XHOST (J,K) sNEXT:NEXT

3320 DS=i

3320 "PRINT"RMFRC";RMFRC!, "NS" ;NS

IT40

3330 DLTIME=D e
3360 IF NCAR(TYP) =) THEN 3380

7370 DLTIME=DLTIME+HTF (%,LDT) :NCAR (TYP)=NCAR (TYF)-NS:GOTO 3360
3330 RETURN

3390 STOP:RETURN

399 °

I300 TIMESLATE:FOR W=1 TO HSWAVE

T410 IF HICLK(W,2)>=TIME THEN T430

T420 TIME=HICLY (W, 2) tACODE=H1CLK (W, 3) s HWAVE =W

T4TO NEXT

b~ T440 MCLOCK(1,2)=TIME: IF HWAVE:HSWAVE THEN RETURN ELSE MCLOCK (1.1)=HWAVE:MCLOC) (
. 1,2)=ACODE: H1CLK (HWAVE, 2) =HOLD: MCLOCH (1, %) =1 : MCLOCK (1, &) =1

- T4%0 IF ACODE=6 THEN HICLK (HWAVE, 2)=HOLD

.j T460 RETURN

:, za70 ¢

b, 480 TIME~ATE:FOR W=] TO HCWAVE

2470 IF HIL K (W,2) =TIME THEN IS5t0

2500 TIME=AZCLE (W, Z) : ACODE=HICLK (W, 3) : HWAVE =W

3510 NEXT

55320 MCLOCK((Z,2)=TIME: IF HWAVE:GHCWAVE THEN RETURN ELSE MCLOCK (T, 1) =HWAVE:MCLOCK (

- -

2. ) =ACODE: HICLK (HWAVE, 2) sHOLD: MCLOCK (2, 3) =1: MCLOCH (2, 6) =2

g

v
e
[ S

b TSI IF ACODE=&6 THEN HTCLK (HWAVE, Z) =HOLD
[ 3240 RETURN

; - :349 °

b-" 580

e TT60 TIME=LATE:FOR W=1 TO HNWAVE

970 IF HICLY (W, 2) . =TIME THEN 7399
3380 TIME=HICLM (W, 2) : ACODE=HTCLK ‘W, 7) tHWAVE =W
TE90 MEXT
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MCLOCK (T, 2)=TIME: IF RWAVE HMWAYE THEN RETURN ELSE MCLOCH (T. 1) =HUAVE: MCLACH (

2y =) =ACODE: HOCLY (HWAVE , 2) =HOLD: MCLOCH (3,S) =1 : MCLOCY (T, 5) =T

610
420
3629
36320
2640
3659
660
670
3480
630
MIN"
2674
699
3700
3710
720
I
37320
37480
I7%0
3780
3770
2780
790
T800
5810
3820
=]

It s
2840
2830
3860
870
>880
2890
M0
3910
=1
720
3320
T740
TI%0
J960
370
980
390
3992
4000
4002
2010
4020
3070
40z
anT4
40430
4042
30T0
oA

IF ACODE=& THEN HICLE (HWAVE, Z)=HOLD
RETURM

'MSORT

TIMEsSLATE:FOR 1=t TO 6

IF MCLOCK (I, 2) =TIME THEN 3470

TIME=MCLOCK (1,2) e Jd=I

NEXT

IF TIME=LATE THEN END

HOUR=TIME : Ww=MCLOCK (J, 1) :t AsMCLOCK (J, 3) : C=MCLOCK (J, &) : MODE=MCLOCK (J, 8) : FRINT"
s HOUR, "CLASS";C, "WAVE";W, "ACTIVITY"; A, "MODE" ; MODE

RETURN

"HLNCH
IF C*-1 THEM 2310
M=eSSH(W,2):FOR I=1 TO NHT:IF HICLK(W,I+86)7>0 THEN NCAR(I)sHICLK (W, 1+&) : TYP=

NEXT

"FRINT"No carriers"iNCAR(TYP) ; TYP

IF SSAM, 1) <:W THEN 3770

SSA(M,7)=1:IF M=TA THEN FSH=Hl:GOTO 3770 ELSE M=M+1:GOTO 37%0
LDT=HICLK (W, 4) : DT=(LZDIS+ALADIS) X60/HSFD (LDT) +HTF (&,LDT) +HTF (7,LDT)
IF C=CC AND W=WW THEN WSET=1:CC=0:WW=0):DS=1:CCL1=O: WW1=)

GOSUB 8640

HICLK (W, 2)=sHOUR+DT1HICLK ‘W, 3) =3: GOSUB 3400:GATO 3990

IF C>2 THEN 3710

MC=SCH(W,2Z) +tFOR I=1 TO NHWT:IF HICLK (W, 1+6)<>0 THEN NCAR(I)=H2CLK (W, I1+&): TYF
MEXT .

IF SCA(MC, 1) 7 W THEN T840 :

SCA(MC,7)=1: IF MC=CA THEN FCH=Hl:GOTO 2840 ELSE MC=MC+1:G0TO 3840

LDT=HICLK (W, 4) : DT=(LZDIS+ALADIS) t60/HSFD (LDT) +HTF (4,LDT) +HTF(7,LDT)

IF C=CC AND W=WW THEN WSET=1:CC=0:WW=0: DS=]:CCL=0: WWl=D

GOsSuUB 3640

H2CLK (W, 2) =HOUR+NT: HICLK (W, 2) »3: GOSUR T480

GOTO 2990

MN=SNH (W, Z) 1FOR I=1 TO NHT:IF HICLK (W, 1+48) >0 THEM NCAR(1)=HICLK (W, I+&): TYF

NEXT

IF SNA{MN, 1)< W THEN 29%0

SNA(MN, 7'=1: IF MN=NA THEM 2990 ELSE MN=MN+1:GOTO 970
LDT=HICLK (W, 3) : DT=(LIDIS+ALADIS) $60/HSFD (LDT) +HTF (&, LDT) +HTF (7, LDT)
IF C=CC AND W=sWW THEN WSET=1:IC=0:bjWe: DS=1:CCL=0: WWL=0
GOSUR S6&40

HICLE (W, 2 =HOUR+DT : HICLK (W, 7)) =T: GOSUR TS50
FAC=HEST(LDT,TYP)-HOST(LDT, TYP

IF NCAR(TYF)<FAC THEN 3020

FOR J=1 TO Z:FOR K=l TO MAT:HOST(J,K) sHEST (J, k) tNEXTIMEXT
[F DS=1 THEN GOSUE 7080

PETURN

RMFRC ! sNCAR(TYF) /FAC

FOR J=1 TO T:FOR k=1 TO PINT

HOST (J,K)=HQST(J 1) +RMFRC ' # (HEST (J. K) ~HOST (J,#))

IF HOST(J,I)) "HEST(J,K) THEN HOST(J,F)=HEST(J,.})

NEXT:NEXT

[F DS=1 THEN GOSUB 7080

RETURN
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4120

"HUNLD

IF C:2 GOTA 7%40 ELSE IF C!1 THEN GOTQ 7370 ELSE M=SSH(W,D)

WeSSA M, 1)

FOR I«} TO MHT:NCAR(I)=HiCLK (1, I+«4):FOR J=1 TO I:FOR Kei TO NLZ

DLABAT (1,J,K)=0:NEXT:NEXT:NEXT

FOR K=1 TO NLZ:ZONE(K)*O:NEXT

IF SSA(M, 1)<:W THEM 4140 ELSE l*SSA(M,3)

LDT*S5A (M. 5) : DEST=55A (M, &) : IF DEST<eNLZ THEN 4130 ELSE FRINT"DEST";DEST:STO

IF IN(DEST) *HOUR THEN HICLK (W, 2}*IN(DEST) :HICLK(W,3)=3:GOSUB J400:RETURN EL

SE DLABAT(I,LDT,DEST)«DLABAT(1,LDT,DEST)+55A(M,4):I0MNE(DEST)«1: IF M=TA THEN 4140
ELSE MeM+1:G0OTO 4110

4140
41%0
41560
4170
4180

FOR I=1 TO NHT:IF NCAR(I)<>0 THEM LeI

NEXT

FOR Keil TO NLZ:DTIME (K)«Q:NEXT

FOR kel TO NLZ:FOR Jel TQ I:FOR I=1 TOQ NHT

IF DLABAT(I,J,K)<e0 THEN 4190 ELSE DLABAT(I,J,K)«DLABAT(!,J.K)-HGF(I1):DTIME

(K)=aDTIME(K)+HTF (1,J) +HTF (2,J) +HTF (8,J) : GOTO 4180

4190
200
4210
4222
4230
4240
220
2560
42469
427
280
4270
4700
4710
4720
3320
4340
4330
4360
4770
=80
4799
4400

NEXT:NEXT:NEXT

ITIME=O:FOR Kel TO NLZ

IF DTIME(K) >ITIME THEN ITIMEeDTIME (K)

NEXT:HICLK (W, 2) sHOUR+ITIME: HICLK (W, 3)=4:FOR K=t TO MLZ
IF ZONE(K)=l THEN ZIN(K)eHICLK (W,2)

MEXT

"PRINT "Nr of Helos";HICLK(W,L+4)

GOSUB J400:RETURN

RETURN

IF C>1 THEN 4450

FOR THel TO NHT

IF HICLK (W, TH#4)=) THEN 437

NHeHICLK (W, TH+&): IF WieTRNH]1 THEN 47372

NH= 1! SNH

AF (TH) «AP { TH) +NH .
NEXT:HICLK (W, 2)sLATE

"FRINT"Helo Pooli "1AF(1)1AP(Z)1AP(Z) AP (4)

IF MaTA THEN FSHeHI

IYAL=0: JeO:FOR I=l TO HSWAVE:IF HICLE(I,0) 0 THEN 4380
JaJ+l:IVAL=1:IF Jal THEMN FSHaSSH(I,2)

NEXT: IF IVALe() THEN GOSUB T400:GQTQ 4480

IF QCHCK=Z AND SSETe«1 THEM GOSUR Z400:RETURN

MeFSH: FSHOLDaFSH: WeSSA(M, 1)t IF Wed QR HICLK(W,0):0 THEN 4470 ELSE SSH(W,J) =

FSH:FOR le«1 TO NHT:P(1)=AP (1) sNEXT

4410
44210
4470
3440
445G
4440
3470
4480
4490
4T00
S10
432
43720
az4an
4320
4T30
ag7n

IF SSA(M,1)<IW THEN 444

I=554(1,3)

IF P(]):«S5A(M,4) THEN 44350 ELSE F3H<FSHOLD:GQSUR 3400
PETURN

F(l)aP(1)-SSA(M,4):IF MeTA THEN 4440 ELSE MeM+1:G0TQ 4410
HICLK (W, 1) «W: HICLK (W, 2} «HOQUR: HICL} (W, 3) =1 :GOSUB 4003 FSHaM:RETURN
FSH=HI:GOSUB J400

FETURN

IF C>2 THEN 4340

FOR THel TQ NHT

[F HICLE (W, TH+&) «) THEN 45320

AP ITH) sAF ( TH) +HZCLK (W, TH+ &)

NEXT:HICLK (W, 2) =LATE

IF MC=CA THEN FCHeHI

GOSUB TI80:RETURN

FOR TH=1 TO NHT:IF HICL! ‘W, TH+&) =0 THEM 4380

AR (TH) nAR { TH) ¢HZCLY ‘W, TH+&)
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=30
4320
45600
4609
4610
4520
4570
44640
44642
45444
4430
46460
4664
4570
4480
44650
4700
4710
)

4712
4714
4720
47350
4774
4740
4730
4760
)

47462

NEXT:HICLE (W, 2) sLATE
IF MN=NA THEN FMH=HI
ALL=1:G0SUER TISO:RETURN

DT=HTF (3, 1) +HTF (3,1) + (LZDIS+ALADIS) ¥60/HSFED (1)

IF C31 THEN 36%0

M=SSH (W, 2)

55A (M, 7)=2: DEST=SSA(M, &) 1 FSH(DEST) =PSH (DEST) +55A (M, 2) : FASH=PASH+SSA (M, )
SFPH! (DEST) =SFFPH' (DEST) +SSA (M, 0) : SFASH! =SFASH! +GSA (M, 1) : FF | =6FASH ! / TWUV !
IF M=TA THEN 4450 ELSE MmM+1:IF SSA(M,1)=W THEN 4530

PRINT"FPASH Total:";FASH:PRINT "time:";HOUR

FRINT"FIREFWR ASHORE";SFASH!,PF!

FRINT #2,USING "######.##" ; HOUR; PASH; FF!

HICLK (W, 0) =2

H1CLK (W, 2) =DT+HOUR: H1CLK ‘W, 3) =%: GOSUB 3400; RETURN

IF C32 THEN 47%0

MC=SCH (W, 2

SCA (MC, 7)=2: DEST=SCA(MC, &) : PSH(DEST) =PSH (DEST) +SCA (MC, 2) : PASH=PASH+SCA (MC, 2

SFFH! (DEST) =SFFH! (DEST) +SCA (MC, 0) : SFASH ! =SFASH ! +SCA (MC, 0) : FF ! =sSFASH ! / TWUY!
IF MC=CAR THEN 4720 ELSE MC=MC+1:IF SCA(MC,1)=W THEN 4710

PRINT"FASH Total:";FASH:FRINT "time:";HOUR

PRINT"FIREFWR ASHORE" ;SFASH!,PF!':HZCLK (W, 0) =2

PRINT #2,USING "#####¥. #8" ; HOUR; FASH PF!

H2CLK (W, 2) =DT+HOUR: HZCLK (W, 3) =3: GOSUBR 3480:RETURM

MN=SNH (W, 2)

SMA (MN, 7)=2: DEST=SNA (MN, &) : FSH(DEST) =sFSH (DEST) +SNA (MN, 2) : FASH=PASH+SNA (MN, 2

SFASH! mSFASH!+SNA (MN, O) :PF ! =sSFASH ! /TWUV!': IF MN=sNA THEN 4770 ELSE MN=MN+1:IF

SNA(MN, 1) =i THEMN 47460

4770
4780
3734
4790
4739
4800
4810
4829
4870
830

4840
4842
4830
4840
48461
4870
4880
4830
10

4900
49032
4910
4370
4921
3370
474¢
49%0
]

4950
39462

PRINT"PASH Total:";FPASH:FRINT "time:"3;HOUR
FRINT"FIREFWR ASHORE";SFASH! PF'tHICLK (W,0) =2
FRINT #Z,USING "######. 84" ; HOUR{PASH; PF!

HICLK (W, 2) =DT+HOURt HICLK (W, 5) =»B: 50SUB T3460:RETURN

FRINT"LSSORT"

TIMESLATE:FOR W=l TO LSWAVE:IF LICLK(W,2):=TIME THEN 4830

TIME=L1CLYK (W, 2) : ACODE~L1CLK (W, J) : LWAVE=W

NEXT: IF MCLOCK (4, 1)=LWAVE AND MCLOCK (4,2)=TIME AND MCLOCK (4,7)=ACODE THEN 3

MCLOCK (4,2)=TIME:MCLOCK (4, 1) =LWAVE: MCLOCK (4, 3) =ACOPE: L1CLK (LWAYE, 2) =HOLD
MCLOCK (4,3)=2:MCLOCH (4,5)=1: IF ACODE=A THEN L1CLX(WAVE,Z2)=LATE
RETURN

"LCSORT

TIME=LATE:FOR W=1 TO LCWAYE: IF LICLK(W,2) "=TIME THEN 4350

TIME=LZCLE (W, 2) : ACODE=LICLK (W, 3) t LWAVE=W

MEXT:IF MCLOCK(S,1)=LWAVE AND MCLOCK (3,2)=TIME AND MCLOCK (S, T)=ACODE THEN 3

MCLOCK (S, ) =TIME:MCLOCK (S, 1) sLWAVE :MCLOCK (%, ) =ACODE: LICLY. (LWAVE, 2} =sHOLD
MCLOCK (S,%) =2:MCLOCK (S, 6)=2: IF ACODE=6 THEN LICLK (LWAVE, ) =LATE
RETURN

‘LNSORT

TIME=LATE:FOR W=l TO LNWAVE: IF LJCLM(W,2)'=TIME THEN 4930

TIME=LTCLY ‘W, 2) : ACODE=LICLK (W, 3) : LWAVE=W

MEXT: [F MCLOCK (b6,1)=LWAVE AND MCLOCK (&6,2)=TIME AND MCLOCH (b, 7) mACODE THEN

I

MCLOCH (4,2} =TIME:MCLOCH (4, 1) =sLWAVE : MCLOC} 14, ) =ACODE: LICLY (LWAVE, 2! »HOLD

MCLOCH (&6,5)=2:MCLOCY (6,4)=T: IF ACODE=S THEN LTCLY (LWAVE, Z)=LATE

190




4370 RETURN

49380

4990 L=NLT+MBT+NCT:FOR I=1 TO L

3292 NCAR(I)=0:P ([ +NHT) =AP (I +MHT) :MEXT:MCAR=0: [F CX{ THEM S120

JOo0 IF FSLi=HI THEN STOP

S010 L3=SsL (W, 2)

SO20 IF WR<:0 THEN S040 ELSE LICLK(W,T)=1:L1CLK (W, 2)=HOLD

S0I0 GOSUBR 4BOO:RETURM

5040 IF SSS(LS,1)«W THEN 3070 ELSE I=SSS(LS,7T)~-NHT

J0S0 IF PUI+NHT)<3SS(LS,4) THEN LICLK (W, 1)=W:LICLK (W,2)=HOUR+10:L1CLK (W, Z)=1:G0OSU
B 4BOO:RETURN

S060 PLI+NHT) =P (I +NHT)-S3S(LS,4) :NCAR(1)=NCAR (1) +SS5(L3,4) :MCAR=MCAR+SSS (L3, %)
S062 IF LS=TS THEN 3070 ELSE L5=LS+1:G0T0 S040

J070 LICLK (W, 1)=W:LICLK(W,3)=2:FOR I=1 TO L

SOT72 AP (I+NHT) =P (I +NHT) : LI1CLK (W, I +&) =NCAR (1) : NEXT

J0B80 GOSUR IZT20:IF WD=0 THEN CCC=1:WWW=W:GSET=0

S090 LICLK (W, Q) =1

J100 LICLK (W,2)=HOUR+DLTIME:FSL=L5: IF W=L3SWAVE AND OCLCK=0 THEM LCSET=1:BEGOCL=1
ELSE IF W=LSWAYE THEM NLSET=1:BEGNSL=1

J110 GOSUR 4800:RETURN

J120 IF Cx2 THEN 3240 ELSE LC=SCL (W,2)

J120 IF WD<:0 THEN 5130 ELSE L2CLK(W,3)=1:L2CLK (W, 2)=HOLD

Z140 GOSUB 343&60:RETURN

J1350 IF SCS(LC, 1)< W THEN 3180 ELSE I=SCS(LC,Z)-MNHT

i J150 IF P(I+NHT)<SCS(LC,4) THEN LI2CLK (W, 1) =W:LICLK (¥, 2) =HOUR+10: L2CLK (W, Z) =1 : GOSU

B 4B40O:RETURN

d J170 PCI+NHT) =P (1 +NHT)~-SC3(LC, 4) :NCAR(I)=NCAR (1) +SCS(LC. 4) : MCAR=MCAR+SCS (LC, 4)

< S172 IF LC=CS THEN %180 ELSE LC=LC+1:G60T0 S1S0

= 9180 LICLK (W, 1)=W:L2CLK(W,3)=2:FOR I=1 TO L

J182 AP (I+NHT) =P (I+NHT) : LICLK (W, I+6)=NCAR (1) :NEXT:GOSUR S720:IF WD=0 THEN CCC=.:

Pt 1 AUPAPRBCIRRIRS | W S o ol g 3T
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g WHW=W¢ GSET =0 .
- . $190 L2CLK (W, 2) =HOUR+DLT IME: FOL=UC: LICLE (W, 0) =1
S200 IF W=LCWAVE AND OCLCK=2 AND LLSET=1 THEMN LLSET=2:BEGSL=1

- 3210 IF WOXLCWAVE THEN 32T

ST T

F. 220 IF OCLCK=2 AND FSL<:HI THEM LLSET=2:BESSL=1 ELSE NLSET=1:BEGNSL =1
;- €230 GOSUB 4860 :RETURN .

J240 LN=SNL (W, 2)

J3250 IF WD<O THEN 3270 ELSE LICLK(W,T)=1:LICLE (W, 2)=HOLD

J260 GOSUR 4?20:RETURN

SIT0 IF SNS(LN, 1)< W THEN 3300 ELSE I=SNS(LN,3)=NHT

S280 IF P(I+NHT)<SNS(LN,4) THEN LICLK (W, 1) =W LICLK (W. ) =HOUR+10: LTCLK (W, 3) =1:GOSU
B 4920:RETURN

T290 PUI+NHT)=F (I+NHT) =SNS (LN. 4) : NCAR (1) =aNCAR (1) +SNS (LN, 3) : MCAR=MCAR+SNS (LN, 4)
S272 IF LN=MS THEN IT00 ELSE LN=LM+1:G60TO 3270

T300 LICLE (W, 1) =W LTCLK (W, 2)=2:FOR I=1 TO L

E302 AP (I+NHT) =P (I #NHT) :LTCLK (W, I+4) =MCAR (1) :NEXT:GOSUR STZ0: IF WD=) THEM CCC=T:

TR
el N

o £
SRR Y e &

:: WiWaW: GSET=0 p
- 3160 LICLK(W,2) =HOUR+DLTIME: FML=LN:LICLF (W, 0} =1: GOSUB 3920:RETURN i
5319 - N
TII0 PRINT"WELDEF " tNS=WDST:DLTIME=r: IF NS<=MCAR THEN WDST=0 ELSE WOST=WDST-MCAR )
STI0 FOR I=1 TO NLT+NBT+NCT:IF NCARCI)< 0 THEN DTM(D)=LTF(S.I) ELSE DTM(I)=0
T340 NEXT:IF WDST=0 THEN S370 ;
%3%0 FOR I={ TO NLT+NBT+NCT:IF DTM(I)'DLTIME THEN OLTIME=DTM(I) E]

ST60 NEXT:RETURN

J370 WD=0:NRES=0:FOR I=1 TO NLT+NBT+NCT:NRES=NRES+NCAR(I)

SZ72 IF NRESYNS THEN 3730 ELSE DLTIME=CLTIME+DTM(I} :NRES=NREZ-NT
S330 NEXT

LT90 RETURHM
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S400 DT=0:MCAR=0: [F C:1 THEN S320 ELSE LS=33LIW,2):FOR I=1 TO MLT+NBT+NCT:NCAR (I
Y=LICLEK (W, [+6) s NEXT

S410 [F SS3(LS5,1)=W THEN 33S(L5,7)=1:[F L3S=TS THEM 430 ELSE LE=L.3+{:G0TO %310
2420 FOR I=t TO NMLT:IF NCAR(I):{:0 THEN D=LODDISK&U/BSFD(I)+LTF (S5, 1) +LTF(7,1) 1 MCA
R=MCAR+NCAR(I) ELSE D=0

S4Z0 IF D:DT THEN DT=D

440 NEXT

2430 FOR [=NLT+1 TO MLT+NBT+NCT

J432 IF NCAR(I)<:>0Q THEN D=DLADIS2&60/BSFD(I)+LTF (& 1)+LTF(7,1) :MCAR=MCAR+NCAR(I)

ELSE D=0

S460 IF SSL (W, 1) "NHT+NLT+NBT THEN D=ASADIS2460/BSFD(1)+CLZDISES0/CSFD+LTF (&, 1) +LT
F(7.1)

J470 IF D>DT THEN DT=D

S480 NEXT

2470 IF SSL(W,1) NHT+NLT+NBT THE'l I=NLT+NBT+NCT:DT=ASADIS2460/BSFD(1)+CLIDIS2460/C
SPD+LTF (&, 1) +LTF (7, 1)

3200 IF CaCCC AND WmsWwWW THEN GSET=1:CCC=0:WWW=0:WD=1

S910 L1CLK (W, 2) =HOUR+DT: L1CLK (W, 3) =T7: GOSUB 4800:G0OTO 27460

SS320 IF CX2 THEN 3640 ELSE LC=SCL(W,2):FOR I=1 TO NLT+NBT+NCT:NCAR(I)sL2CLK (W, I+
&) tNEXT

LA _‘ud

9220 IF SCS(LC,1)=W THEN SCS(LC,7)=1:1lF LC=CS THEN 99570 ELSE LC=LC+1:G0T0 2230

-
S240 FOR I=1 TO NLT:1F NCAR(I)<>0 THEN D=LODDIS*560/BSFD(I)+LTF (&, [} +LTF (7,1} MCA
RsMCAR+NCAR () ELSE D=0

S2%0 IF D>DT THEN DTaD

9960 NEXT

SS70 FOR IsNLT+1 TO NLT+NBT+NCT:IF NCAR(I)<»0O THEN D=DLADIS260/BSFD(I)+LTF (4, 1)+
LTF(7, 1) :MCAR=MCAR+NCAR (1) ELSE D=0

2280 IF SCL(W.1)>NHT+NLT+NBT THEN D=ASADIS2460/BSPD(1)+CLIDISK&0/CSPD+LTF(4,1)+LT
F(7,1) ’

€299 IF DXDT THEN DT=D

500 MEXT )

610 IF SCL(W, 1) *NHTINLT+NBT THEN I=NLT+NBT+NCT:DT=ASADIS240/BSPD(1)+CLIDIS260/C
SFD+LTF (6, 1) +LTF (7. 1)

L6207 IF C=CCC AND WsWliW THEN GSET=1:CCC=0:WWWa)sWD=1

63O LICLY (W, 2) =sHOUR+DT 1 LICLK (W, 3) =71 GOSUB 4860:60TO S760

2540 LMaSNL(W,2):FOR I=1 TO NLT+NBT+NCT:NCAR(1)sLICLK (W, I+&) tNEXT

650 IF SMS(LN, 1)=W THEM SNS(LM,7)=1:[F LNsMS THEN 2690 ELSE LN=LN+1:G0TO Z4%0
%660 FOR =1 TO NLT

T662 IF NCAR(I)< 0 THEN D=LODDIS2460/BSFD(1)+LTF (6, I+LTF(7,1) tMCARSMCAR+NCAR (1)
ELSE D=0

570 IF D>DT THEN DT=D

%4680 NEXT

%690 FOR [=aNLT+1 TO NLT+NBT+NCT .

T692 IF NCAR(D) “0 THEN D=DLADISR&0/BSFD(1)+LTF (&, 1) +LTF(7,1) sMCARSMCAR+NCAR (1)
EL3E D=0

%700 IF D°DT THEN DT=D

710 NEXT

720 IF SNL(W, 1) "NHT+NLT+NBT THEN [aNLT+NBT+NCT:DT=ASADIS240/BSPD (1) +CLIDIS280/C
SFD+LTF (&, DY +LTF (7, 1)

€770 IF D>DT THEN DT=D

S730 IF C=CCC AND W=WwWwW THEN GSET=13:CCC=0:WWW=O:WDs]

€790 LICLK (W, 2) sHOUR+DTLICLK (W, 2) =33 GOSUB 4729

%760 SFACSWEST-WDST:IF MCAR:SPAC THEN WDST=WDST+MCAR ELSE WDST=WEST

%770 IF WDST WEST THEM WDST=WEST

7390 RETUFN

£739 °

T T
[

P

[ ET90 LaNLT+NBT+NCT

i €300 INSNNBSNCLZ:IF €32 THEN s000 ELSE IF €1 THEN S910 ELSE L35=S5L (W, 2!
e, 810 FOR Ixt TO L:NCAR(1)sL1CLI (W, 1+&) :MEXT:LICLY (W,0) =]

L €320 FOR [=1 TO L:FOR k=1 TO IN:DBAT(I,F)=0sMEXTINEXT
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€970 FOR K=l TO ZMN:LZONE (&) =0:NEXT

S840 IF SS3/LS.1): W THEN S870 EL3E [=5551L35,7)~-NHT

S8S0 DEST=SS5(LS.%):IF LIN(DEST) *HOUR THEN LICLK(W,2)sLIN(DEST) :LICLK (W, 2)=T:G05
UR 4800:RETURN

=840 DBAT (I,DEST)=DBAT (1,DEST) +53S (LS, 4) :LZOME (DEST) =1

£852 IF LS=T5 THEN %870 ELSE L35=LS+i:GOTO 5840

=870 GOSUB 4090

TE80 LICLK (W,2) sHOUR+ZTIME:LICLK (W, 3) =4:FCR Ke1 TO IN

882 IF LZIONE (K)=1 THEN LIN(K)=sLICLK(W,2)

890 NEXT: RINT"NR OF CRAFT";LICLK(W,LL+4)

£900 GOSUB 4800:RETURN

£910 LC=SCL (W, 2)

$920 FOR I=1 TO L:NCAR(I)=L2CLK (W, I+&):FOR K=1 TO N

£930 IF SC3(LC, 1)< W THEN $960 ELSE I=SCS5(LC,3)-NHT

£940 DEST=SC5(LC,&):IF LIN(DEST) *HOUR THEN L2CLK(W,3)=LIN(DEST):LICLK (W, 3)=T:GOS
UB 4860:RETURN

£9%0 DBAT (I ,DEST)=DBAT (I,DEST) +SCS5(LC,4) : LZONE (DEST) =1

£9%2 IF LC=CS THEN %940 ELSE LC=LC+1:GOTO $930

$960 GOSUB 5090

$970 LICLK (W, 2) =HOUR+ZTIME: LICLK (W, 3) =4:FOR K=1 TO IN

£972 IF LZONE(K)=1 THEN LZN(K)sL3ICLK (W, 2)

$980 NEXT:FRINT"NR OF CRAFT";LICLK(W,LL+&)

£990 GOSUB 48501RETURN

£992 DBAT (1,K) =0:LZONE (K) =0:NEXTINEXT:LICLK (W, 0) =1

6000 LN=SNL (W, 2) :

6010 FOR I=1 TO L:NCAR(I)=L3CLK (W, 1+4):FOR Kel TO IN

6012 DBAT (I,K) #0:LZONE (K) s0:NEXT:NEXT:LICLK (W, 0) =1

&020 IF SNS (LN, 1)<>W THEN &0%0Q) ELSE I=SNS (LN, J)-NHT

40T0 DEST=SNS(LN.&):IF LIN(DEST) HOUR THEN L3ICLK(W,2)=LIN!DEST) tLICLK (W, T)=3:GOS
UB 4920:RETURN .

&040 DBAT (I,DEST)=DBAT (1,DEST) +SNS (LN, 4) 1L ZONE (DEST) =1

6042 IF LN=MS THEN 60%0 ELSE LN=LN+1:GOTO &039

6050 GOSUB 4090

6050 LICLK (W,2) sHOUR+ZTIME: LICLK (W,3) ®4:FOR Key TO IN

6062 IF LZONE(K)w1 THEN LZN(K)=LICLK(W.2)

4070 NEXT:FRINT"NR OF CRAFT":LICLK(W,LL+&)

6080 GOSUBR 4920:RETURN

4090 FOR I=1 TO L:IF NCAR(I)<>O THEN LLs=I

4100 NEXT:FOR kK=1 TO ZIN:DTIME(K)sO:NEXT

6110 FOR K=1 TO ZN:1FOR I=1 TO L

6120 IF DBAT(I,K)<=0 THEN &130 ELSE DBAT (I,K)=DBAT (I,K)-LGF (I):DTIME (K)«DTIME (})
SLTF (1, D+LTF (2, D +LTF (8, 1) 160TO 6120

6130 NEXT:NEXT

6130 ZTIME=O:FOR K=1 TO IN:IF DTIME(K)ITIME THEN ZTIME=DTIME (K)

6150 NEXT:RETURN

5129 °

$180 DT=(: ZNsNNB+NCLZ: ZIG=0: ZIGNAL=):FOR I=1 TO NLT+NBT+NCT

6162 JAVE(I)=0:NEXT:IF Ci1 THEN 4320

6170 LS=SSL (W, 2)

6180 3SS(LS.7)=2:DESTSSS (LS, &) 1PSH(DEST) =FSH (DEST) +S5S (LS. 2) : PASH=PASH+SSS (LS. 2
)

4132 SFFH' (DEST)=SFFH! (DEST) +SSS (LS. ) 1 SFASH ! »SFASH' +SSS (L5, 0) :FF!'aSFASH! /TWUV'
5184 IF SSS(LS,.I) =NHT+NLT THEN ZIGNAL=1 ELSE IAVE(SSS (LS, T)-NHT)={

5190 IF 5SS(LS, T) CNHT+NLT+NBT THEN ZIG=1

&200 IF LSsTS THEN &220

6210 LSeLS+1:IF SSS(LS.1)=W THEN 130

62230 FRINT"FASH Total:":FASH:FRINT "time:"{HOUR

A270 FRINT"FIREFWR ASHORE":SFASH',FF!

L2273 PRINT #Z,USING "#Wusunh, #u: HOUR: FASH:FF!

4240 IF ZIGMNAL=®1 THEN 3700
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G280 IF ZIG=1 THEM I[=NLT+NBT+MCT:DT=LTF(Z,1)+LTF(43,1)+ASADIS*&60/BSFD(IY+CLZDISYS
0/C3FD:GOTO 6290

6240 FOR I=] TO NLT+NBT+NCT

6262 IF ZAVE(1)=0 THEN 4280 ELSE D=LTF(3, 1) +LTF (4, 1) +DLADISX&0/BSFD(])

$270 IF D*DT THEN DT=D

4280 NEXT

290 L1CLK(W,2) =HOUR+DT:L1CLK (W,3) =%: GOTO 4310

6300 LI1CLE (W, 2) =LATE

6310 LICLK (W, 3)=2:GOSUB 48001 RETURN

I20 IF €32 THEN 6480

4330 LC=SCL (W, 2)

4340 SC3(LC,7) =2:PASH=PASH+SCS (LC, 2) : SEASH=SEASH+SCS (LC, ) : SFASH ! aSFASH ! +SC5 (LC,
0) sFF ‘=SFASH' /TWUV!

4342 IF 5CS(LC,T)<=NHT+NLT THEN ZIGNAL=1 ELSE ZAVE (SCS(LC,3)=NHT)=|

43%0 IF SCS(LC,T) >NHT+NLT+NBT THEN ZI1G=1

6360 IF LC=C5 THEN 4380

8370 LC=LC+1:1F SCS(LC,1)=W THEN 6340

6380 FRINT"PASH Total:";PASH:FRINT "time:":HOUR

4390 PRINT"FIREFWR ASHORE";SFASH!,FF!

4378 PRINT #2,USING "#####%. 98" ; HOUR; FASH; FF!

440 IF ZIGNAL=1 THEN %480

6410 IF ZIG=1 THEN I=NLT+NBT+NCT:DT=LTF (3, 1)+LTF(4,1)+ASADISX&0/BSED (1) +CLIDISES
0/C5FD: GOTO 6450

6420 FOR =1 TO NLT+NBT+NCT:1F ZAVE(1)=) THEN 4440 ELSE D=L TF(3,1)+LTF (4, 1) +DLAD
1S860/BSFD (1)

4430 IF D:DT THEN DT=D

5440 NEXT
6450 L2CLK (W,2) =HOUR+DT:L2CLK (W.3) =S: GOTO 4470

54460 LICLK (W, 2)=LATE

6470 LICLK (W, ) =23 GOSUR 43401 RETURN

5480 LM=SNL(W,2)  °

6470 SNS (LN, 7)=2:PASH=PASH+SNS (LN, 2) s EASH=EASH+SNS (LN, ) s SFASH ! =SFASH ! +SNS (LN, )
tPF ! =SFASH! /TWUV!

4492 IF SNS(LN,3I)<=MHT+NLT THEN ZIGNAL=1 ELSE ZAYE (SNS (LM, 3)=NHT) =1

4800 IF SMS(LM,3) *NHT+NLT+NBT THEN Z1G=1

6510 IF LN=MS THEN 4330

&5T0 LN=mUN+1:1IF SNS(LM, 1)=W THEN 6490
6520 PRINT'FASH Total:";PASHi1FRINT "time. " iHOUR:DT=0

6540 FRINT"FIREFWR ASHORE"j; SFASH!,FF!

4%44 PRINT WZ.USING "#WN###. 98" 1HOUR: PASH] FF

4SS0 IF ZIGNAL=1 THEN 6510
6530 IF ZIG=1 THEN [=NLT+MBT+NCT:DT=LTF (3, 1)+LTF (4, 1)+ASADIS40/BSPD (1) +CLZDISES
0/CSPD1GOTO 4600
4579 FOR I=1 TO NLT+NBT+NCT
&%72 IF IAVE(D) =) THEN &%%0 ELSE D=sLTF (3, 1)+LTF(4,1)+DLADIS¥40/BSFD(D)
6589 IF D*DT THEM DT=D
5890 NEXT
£600 LICLK (W, 2 =HOUR+DT:LICLEK (W, 3) =51 GOTO 620
4610 L3ICLK (W, D) =LATE
6620 LICLK(W,0)=2;G0SUB 4920:RETURN

5629 °
6430 IF €31 THEN 4810
4630 FOR TB={ TO NLT+NBT+NCT:IF L1CLK(W,TB+&)=0 THEN 54680
6650 NB=LI1CLK /W, TB+&) 1 IF WYTRNS1 THEN 44670
L6400 NB=_ 9tNBR
&&70 AR (TR+NHT) =AF (TR+NHT) +NBR
6630 NEXT:LICLE (W,2)=LATE
5687 IF NCT=) THEN FRINT
4700 IF WeLSWAVE THEM GOSUB 3800:RETURN ELSE GOTO &720
4710 IF SSLIW, 1) NHT+MLT+MEBT THEN &739
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&720 WaW+1:IF WXLSWAVE THEN 4800
&770 IF LICLE (W, 0) =0 THEN FSL=3SL (W, 2):G0TO 4710 ELSE 4720
4740 FOR I=1 TQO NLT+NBT+NCT:F (I+NHT)=AF (I +NHT) : NEXT
67TH IF SSS(LS, 1YW THEN 6779
6750 I=SS5(L5,T)-NHT: IF F(I+NHT) »SSS(LS, 8) THEN 4780
4770 RETURN
6750 FUI+NHT) =P (I +NHT)-SSS(LS,4): IF LS=TS THEN 4790 ELSE LS=LS+1:G0T0 47%0
4790 LICLK (W, 1) =Wz LICLK (W, 2) =HOUR: L1CLK (W, 3) =1: GOSUB 4800:FSL=L5: RETURN
6800 FSL=HI:GOSUB 4800:RETURN
48110 IF Cx2 THEN &%460
4820 FOR TB=1 TO NLT+NBT+NCT:IF LI2CLK (W, TB+4)=0 THEN 4840
480 AR (TB+NHT)=AP (TB+NHT) +L2CLK (W, TB+4)
4840 NEXT:LICLK(W,2)=LATE
680 IF LC=CS THEN FCL=HI
68460 IF W=LCWAVE THEN GOSUB 4840:RETURN
4870 LC=FCL:W=SCS(LC, 1) IF W=O THEN 4930 ELSE IF 3CL (W, 1) NHT+NLT+NBT THEN 4890
6830 W=W+1:FCL=SCL (W, 2) :GOTO 46870
4390 FOR I=1 TO NLT+NMBT+NCT:P (I+NHT)=AF (I+NH1. tNEXT
6700 IF SCS(LC,1)<W THEN 6940
4210 I=SCSILC, 3)=-NHT:IF P(I+NHT) »>=SCS(LC,4) THEN 4930
4920 RETURN
6970 P(I+NHT)sF (I+NHT) ~-SCS(LC, 4):IF LC=CS THEN 4940 ELSE LC=LC+1:G0TO 4500
$740 LICLK (W, 1) =W LICLK (W, 2)=HOUR:L2CLK (W, 3)=1: GOSUB 4840:FCL=LC:RETURN
$950 FCL=HI:GOSUB 48560:RETURN
4950 FOR TB={ TO NLT+NBT+NCT
69462 IF LICLK (W, TB+6) {0 THEN AP (TB+NHT)=AF (TR+NHT) +LICLK (W, TB+4)
! 6979 NEXT:LICLK (W, 2)=LATE
6980 IF LN=MS THEN FML=HI
4990 IF WsLNWAVE THEN RETURN ELSE LN=FML:W=SNS(LN,1)
7000 IF W=) THEN 7070 ELSE IF SNU (W, 1) *NHT+MNLT+NBT THEN 7020
7010 W=W+1:FML=SNL (W, 2) :GOTO 7000
. 7020 FOR I=1 TO NLT+NBT+NCT:F (I+NHT)=AP (I+NHT) :NEXT
7030 IF SNS(LN,1)<XW THEN 7060
7040 I=SNS(LN,3)-NHT3IF P(I+NHT)<SNS (LN, 4) THEN RETURN
7030 P (I+NHT) =P (I +NHT)-SNS (LN, 8): IF LN=MS THEN 7040 ELSE LN=(N+1:G0TO 70T0
7060 LICLK (W, 1) =W LICLK (W, J) sHOUR: LSCLK (W, 3)=1:GOSUB 49203 FML=LN: RETURN
7070 FML=H1:GOSUB 4920:RETURN
7079 *
7080 WSET=0:J)=1
7090 CVAL=0:FOR I={ TO HSWAVE:IF HICLK(I,3Z)>1 THEN 7120
TI00 HICLK (I, ) =1 HICLK (I, D) =HOUR+J: IF J=1 THEN Ke]
7110 J=J+S5:CVAL=L
71320 NEXT: IF KIHSWAVE OR GQVAL=0Q THEN 7170
7120 IF MCLOCK (1,3)=1 OR MCLOCK (1,2)=4 THEN 71460
7140 IF HICLK (K, 23) 'MCLOCK (1 ,2YTHEN 7170
7150 HWAVE=MCLOCHK (1,1) s HICLK (HWAVE, 2)=MCLOCK (1, )
7132 'FRINT"Sched Wave":HWAVE:" Time";HICLK (HWAVE,.2):" Code”iHICLK (HWAVE, )
7160 GOSUB <400
7170 WSET=0: IF FCHsHI THEN 7280
7180 IF CVAL=1 AND QOCHCK=0 THEN RETURN
7199 IF OCHCK=T AND SSET=0) THEN 7280
7200 CVAL=0:FOR I=1 TO HCWAVE: IF HICLK(1,32) 1 THEN 7230
T210 HICLK (I, T) =i HICLK (L, J) =sHQUR+J: IF J=1 THENMN K=
7320 J=J+S:CVAL=]
TITO NEXT:IF KIHCWAVE OR CYAL=0) THEN 7280
7240 IF MCLOCK(Z,T)=l THEM 7270
73SD IF HICLY. (¥, 20 "MCLOCK (Z,2) THEN 7230
7260 HWAVE=MCLOCK (2, 1} tHICLK (HWAVE, 2)=MCLOCK (2,2
732862 'FRINT"On-Call Wave":HWAVE:" Time";HICLK (HWAVE,2):" Code":HICLY (HWAVE, T:
ToT0 GOSUR T4a8o
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7230
73270
7300
4 1s]
7320
330
7280
7330
7360
7379
7380
7390
7392
7800
7410
7420

WSET=: IF FMH=HI OR HNWAVE=) THEN RETURN

CVAL=0:FOR I=1 TO HNWAVE:IF KICLK(I,3) 1 THEM 7T20

HICLK (I.3) =13 HICLK (1,2)=HOUR+J: IF J=1 THEM Kal

J=J+S1CVAL=1

NEXT:IF K HNWAVE OR CYAL®=0 THEN RETURN

IF MCLOCK (3,3)=1 THEN 7360

IF HICLK(K,2) JMCLOCK (3, 2) THEN RETURN

HWAVE =MCLOCK: (3, 1) 1 A3CLK (HWAVE, 2) sMCLOCK (3, 2)  *

GOSUB 3550:RETURN

MC=SCH (W, 2)

W=SCA(MC, 1) .

FOR I=1 TO NHT:NCAR(I)=HICLK(W,I+&):1FOR J=1 TO 3:FOR K=1 TO NLZ
DLABAT (1,J,K) =m0s NEXT: NEXT:NEXT

FOR K=l TO NLZ:ZONE(K)=0:NEXT

IF SCA(MC,1)<>W THEN 7430 ELSE I=SCA(MC,3)

LDT=SCA (MC,S) :DEST=SCA (MC,4) : IF IN(DEST) "HOUR THEN HICLK (W,2) =ZN(DEST) : H2CL

K{W,3)=33:GOSUB TAB0:RETURN ELSE DLABRAT(I,LDT,DEST)=DLABAT(I,LDT,DEST)+SCA(MC,4):
ZONE(DEST)=1:IF MC=CA THEN 7420 ELSE MC=MC+1{:GOTO 7410

7420
7440
74%0
7860

FOR I=1 TO NHT:IF NCAR(I)<>0 THEN Ls!

NEXT

FOR K=1 TO NLZ:DTIME(K)=QiNEXT

FOR K=1 TO NLZ:FOR J=! TO I:FOR I=1 TO NHWT

7470 IF DLABAT(I,J.K)<=0 THEN 7480 ELSE DLABAT(1,J,K)=DLABAT (1,J,K)~HGF(I):DTIME
(K) =DTIME (K) +HTF (1, J) +HTF (2,J)+HTF (8,J) : GOTQ 7470

7480
74990
7500
7310
7312
7820
7330
7540
7320
73460
7370
7380
7382
7%90
7600
7610

NEXT:NEXT:NEXT

ITIME=O:FOR K=1 TO NLZ

IF DTIME(K) *ZTIME THEN ZTIME=DTIME ()

NEXT:HZCLK (W, D) =HOUR+ZTIME t H2CLK (W, 3)=4:FOR k=1 TO NLZ

IF ZONE(K)=] THEN ZN(K)=HICLK(W,2)

MEXT

'PRINT "Nr of Helos”jHICLK (W,L+&)

GOSUR T380:RETURN

RETURN

MNSSNH (W, 2)

W=SNA (MN, 1)

FOR I=i TO NHT:NCAR(1)=HICLK(W,I+4):FOR J=1 TO T:FOR K=l TO NLZ
DLARAT(I,J,K)=OsNEXTINEXT:NEXT

FOR k=i TO NLZ:20NE(K)=01NEXT

IF SNA(MN, 1)< W THEN 7420 ELSE I=SNA(MN,T)
LDT=SNA(MN, %) :DEST=SNA(MN, &) s IF IN(DEST) "HOUR THEN HICLK(W,2)=IN(DEST):HICL

b AW, J)=T: 6OSUP TSTO:RETURN ELSE DLABAT(I.LDT,DEST)=DLABAT(I,LDT,DEST)+SNA(MN,8):
IONE (DEST) =13 [F MN=NA THEN 7420 ELSE MN=MN+1:GOTO 7400

7420
74620
74640
7430
7460

FOR I=1 TO NHT:IF NCAR(I)<:0 THEN L=l
MEXT '

FOR V=1 TO NLZ:DTIME(K)=)INEXT
FOR K=1 TO NLZ:FOR J=1 TQ S:FOR I={ TO MHT
IF DLAPRAT(I,J,k)<=) THEN 7470 ELSE CLAPAT(I1,J,+)=0LARAT(I,J,K)~HGF (I1):DTIME

(K)=DTIME (1) +HTF (1, J) +HTF(2,J) +HTF (8, J) :1GOTO 7640

7670
7480
74630
7700
7702
T710
7T0

TTT0

7780
783
T
TEeD

NEXT:NEXTINEXT

ITIME=Q:FOR K=1 TO NLZ

IF DTIME () >ITIME THEN ZTIME=DTIME (¥)

NEXT:HICLK (W, 2)=sHOUR+ITIME:HICLK (W, 2)=4:FOR =1 TO NLZ
IF IONE(K)=1 THEN IN(K)=HICLK(W,D)

NEXT

‘PRINT "Nr of Helos":HTCLK(W,L+4&)

GOSUB TSZO:RETURN

RETURN

PRIMT"STOCH" : BEGOCH=t s IF QfCHCh == THEN RETUFM
IF OCHC! =% THEN FCH=1:GOTN ~73)
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77?70 FOR 1=1 TO HCWAVE:1F HICLK (1,3)=4 THEN HI2CLEK (I, T)=1:H2CLK (1,1) =1
7780 MEXT:G0TO 7310

7790 NC3SET=0:FOR 1=1 TO HCWAYVE: 1F HICLK(1,2) =) THEN H2CLK (I, 1)=1:H2CLK (1,3)=HOLD
tHIZCLK (1,3) =

7800 NEXT

7810 GOSUB 7080:RETURN

7819 °

7820 PRINT"STNSH" :FMH=1: BEGNSH=0: NSSET=0

7850 FOR 1=1 TO HNWAVE:HICLK (1, 1)=]:IF HICLK(1,0)=) THEN HICLK (]I, 2)=HOLD:HICLK (1
, )=t

7340 NEXT

7850 GOSUB 7080:RETURN

78359 *

78480 FRINT"STSH": BEGSH=)

7870 FOR I=1 TO HSWAVE

7872 IF HITLK(1,0)=0) THEN HICLK (I, 1) = IsHICLK(I,2)=HOLD:HICLK(I,3) =1 s FRINT "HICLK (
I.1)"sHICLE (L, 1), "HICLKE (1,3) "3 HICLK (1, 2)

7880 NEXT

7890 GOSUB 7080:RETURN

7899 °

7900 FRINT"HALTSH":SSET=1

7910 FOR I=1 TO HSWAVE

7912 IF HICLK(1,0)=0) THEN HICLK(I,1)=I:HICLK(I,2)=HOLD:HICLK(I,3)=4:FRINT"HICLE (
I, D" HICLK(L, 1), "HICLK(I,3) "sHICLK (I, D)

7520 NEXT:RETURN

7929

7950 PRINT"BESTART":GSET=):J=1: IF FSL=HI THEN 8020

7940 CVAL=)IFOR I=1 TO LSWAVE:IF LICLW(I,3) <1 THEN 7970

7950 LICLK(D,2)=HOUR+J: IF J=1 THEN K=]

7960 J=J+S:1CVAL®Y

77970 NEXT:iF KILSWAVE OR CYAL=) THEN 8020

7980 1IF MCLOCK (4,7)=1 OR MCLOCK (4,T)=4 THEN 8010

7990 IF LICLK(K,2) *MCLOCK (4,2) THEN 3020

8000 LWAVE=MCLOCK (4, 1) :LICLN(LWAVE,Z)=sMCLOCK (4, 72)

8002 FRINT"Sched Wave";LWAVE:" Time"i:LICLK(LWAVE,2)1" Code":L1CLK (LWAVE,?T)
8019 GOSUR 4800

8120 GSET=0: IF FCL=HI THEN 9129

€070 IF OCLCK=Z AMND LLSET=0 THEN 81219 .

8040 CYAL=DIFOR I=1 TO LCWAVE:IF L2CLK(1,2)7 1 THEN 3070

30%0 LICLK (1, 2)=HOUR+J: IF J=1 THEN K=]

80460 J=J+S:CV/AL®Y

8070 NEXT: IF K LCWAVE OR CVAL=) THEN 8120

3080 IF MCLOCK (S,l)=1 THEN 3110

09 IF LICLK(K,2) MCLOCK(S,2)THEN 8120

3100 LWAVE=MCLOCK (S, 1) : LOCLK (LWMAVE, 2) =MCLOCK.(S.2)

8102 FRINT"On-Call Wave":LWAVE:" Time";LICLKI(LWAVE, )1 " Code"sLICL}) (LWAVE,T)
8110 GOSUB 4840

8120 GSET=0: IF FML=HI OR LNWAVE=©Q THEN RETURN

8120 CVAL®)1FOR I=1 TO LNWAVE: IF LICLK(I,2)- 1 THEN 3140

8140 LICLK(I,2)=HOUR+J: IF Jml THEN K=l

3190 J=J+S:1CVAL=|

8160 NEXT:1F K:LNWAVE OR CVAL= THEN RETURN

8170 IF MCLOCY.(4,3)=1 YHEN 8300

8180 IF LICLK(K,2) "MCLOCK (&6,2) THEN RETURN

8177 LWAVE=MCLOCK (6, 1) tLICLE (LWAVE, 2) sMCLOCK (5, 23)

920 GOSUB 4920:RETURN

2210 FRINT"STOCL": PEGOCL=): IF OCLCx.=> THEMN FETURN

8220 IF QCLCH=0) THEN FCL=1:GOTD 8I%90

9270 FOR I=1 TO LCWAVE:IF LICLK(I,J)=6 THEM LICLK (I, S)=1:L2CLK(1,1) =}
9240 NEXT:GOTO 82790
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8250 LCSET=0:FOR I=1 TO LCWAVE:IF LICLK(I,0)=) THEN L2CLK(I,1)=1:L2CLK (I,2)=HOLD
tLZCLK (I, )=t
250 NEXT
8270 GOSUB 7930:RETURN
8279 °
9280 PRINT"STNSL":FML=1:BEGNSL=0:NL.SET=0)
8290 FOR I=1 TO LNWAVE:LICLK(I,1)=]:IF LLJCLK(I,0)=) THEN L3ICLK(I,2)=HOLD:LICLK (I
13 =L
8300 NEXT
8310 GOSUB 79I0:RETURN
8319 -
8320 PRINT"STSL":BEGSL=0
8320 FOR I=1 TO LSWAVE
8332 IF LICLK(I,0)=0) THEN LICLK(I,1)=lsLICLK(I,2)=HOLD:LICLK(I,3) =1 :PRINT"LICLK(
I,1)"3LICLK (T, 1) "LICLK(I,3) "3 LICLK(I,3)
8340 NEXT
8330 GOSUB 7930:RETURN
8339
83560 PRINT“HALTSL":LLSET=1
8370 FOR I=1 TO LSWAVE
8372 IF LICLK(I,0)=) THEN LICLK(I,1)=I:LI1CLK(I,2)=HOLD:LICLK(I,3) =6 FRINT "LICLK(
I,1)"3LICLK (T, 1), "LICLK (L, 2) *3LICLK(I,3)
8380 NEXT:RETURN
8389 *
8390 FOR J=1 TO 3:FOR K=1 TO NHT:WHOST(J,K)=HOST(J,K)sNEXT:NEXT
8400 IF CCi1>1 THEN 8480
8410 IF HICLK (WWL,2)=HOLD THEN RETURN
8420 HACLK=HICLK (WW1,Z) tNCAR(WTYP)=HICLK (WWL, WTYP+4&) : GOSUB 8710
8470 IF NS=0) THEN DLTIME=100
8440 HWBCLK=HOUR+DOLTIME: IF HACLK{=HBCLK THEN WDS=1:G0TQ 84210
8450 FOR J=1 TO 3Z:FOR K=l TO NHT
84352 HOST(J,K) sWHOST (J,K) s NEXTINEXTs HIULK (WWL, 2) =HRCLK
8460 PRINT HACLKHBCLK: IF MCLOCK (1, 1)=wil] THEN MCLOCY(1,2)=HBCLK
8470 GOTO 8620
8480 IF CC1:2 THEN 8340

. 8490 IF HICLK(WW1,2)=sHOLD THEN RETURN

8300 HACLK=HICLK (WW1,2) :NCAR(WTYP) sHICLI (WWL , WTYP+4) 1 GOSUB 8710
8%10 IF NS=0 THEN DLTIME=100

8520 HBCLK=HOUR+DLTIME: IF HACLK{=sHBCLK THEN WDS=1:GOTO 9620
8330 FOR J=1 TO T:FOR k=i TO NHWT

83532 HOST(J,K)sWHOST (J, K) sNEXTINEXT: H2CLK (WW1 , 2) =HBCLK

8340 IF MCLOCK (2, 1)=WW]l THEN MCLOCK (2, 2) =HBCLK

8330 GOTO 8620

8360 IF HICLK(WW1,2)=HOLD THEN RETURN

8370 HACLK®HTICLK (WW1, 2) s NCAR (WTYP) =sHICLE ‘WW1, WTYP+4) : GOSUB 8710
8380 IF NS=0 THEN OLTIME=100

8590 HBCLK=HOUR+DLTIME: IF HACLK<=HBCLK THEN wWDS=1:GOTO 8420
8600 FOR J=1 TO 5:1FOR k=1 TO NHT

8602 HOST(J,K) =WHOST (J, ) sNEXTINEXTt HICLK (WW1 , 2) sHBCLK

84610 IF MCLOCK (3, 1)=WW]l THEN MCLOCK (J,2)=HBCLK

8620 IF WDS=0) THEN 0S=0)3:CC=CCl:WW=WW]l ELSIZ CC=):WW=030S=1 1 WSET=1
84620 CCl=01WW]l =01 WNS=0): WTYP=O: WLDT=0: RETURN

8637

8640 IF CC=0 THEN RETURN ELSE CCl=03WWl=D

8630 IF CC:1 THEN B&70

8660 IF HICLK (WW,3)¢ 2 OR HICLK (WW,0)< 1 THEN RETURN ELSE 8700
8670 IF CC:Z THEM 8490

8680 IF HMICLK(WW,3)- 2 OR HICLK(WW,0) <1 THEN RETURN ELSE 8700
8690 IF HICLK(WW,Z)< 2 OR HICLK (WW,0)- "1 THEN RETURN

8700 CC1=CC:WW1=WW: RETURN
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LIST
8709
8710
8712
8720
8730
8740
8742
8730
8740
8770
8780
8790
8800
8802
8819
8820
8830
8840
88%0
8860
Ok

8701-8860
’

WPAC=HEST (WLDT,WTYP) -WHOST (WLDT, WTYP)

IF WNS<WFAC THEN 8730

FOR J=1 TO J:FOF K=1 TO NHT:WHOST (.J,K) sHEST (J,K) :NEXT:NEXT:GOTO 8770
RMFRC ! sUWNS/WPAC

FOR J=1 TO 3:FOR K=1 TO NHT

WHOST (J, K) =WHOST (J, K) +RMFRC! ¥ (HEST (J, K) ~WHOST (J,K))

IF WHOST (J,K) THEST(J,K) THEN WHOST (J,K)sHEST (J,K)

NEXT:NEXT

NS=WHOST (WLDT, WTYP)

IF NSYNCAR (WTYP) THEN 8800

FOR J=1 TD 3:FOR K=i TO NHT:WHOST(J,K)=sO:NEXT:NEXT:WDS=0:GOTO 8810
RMFRC ! = (NS-NCAR (WTYP)) /NS:FOR J=1 TO 3:FOR K=1 TO NHT

WHOST (J, k) sRMFRC ! #WHOST (J, ) : NEXT 1 NEXT: WDS=1

DLTIME=D

IF NS=0) THEN RETURN

IF NCAR(WTYP)<=uy THEN 8840
DLTIME=DLTIME+HTF (%, WLDT) INCAR (WTYP) =sNCAR (WTYP) -NS:GOTO - 8830

PRINT WDS;CC1jWh1;CC:WW;WSET; WNS: RETURN

GOTO 8850
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