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In September of 1977, the Directorate of Aerospace Studies (DAS) undertook

an analysis to illuminate fundamental differences between manned and ground-

launched, recoverable unmanned airborne vehicle operations. The potential to

save operating and support (O&S) costs by storing unmanned vehicles and

removing them from storage when needed was found to be foremost among the

differences. However, the implications of such a difference were not obvious

and a detailed analysis was needed before they could be understood. It was

found that the biggest shortcoming to such an analysis was the lack of a suit-

able unmanned vehicle cost methodology. This report documents the results of

the efforts of OAS to fill that void by systematizing the calculation of the

cost of doing a particular job with unmanned vehicles in a specified period of

time. The calculations are based on the most well-developed unmanned vehicle

operational concepts currently available. The methodology is unusual because

the specific nature of the job to be done by the unmanned vehicles is not of

concern. Only the number of sorties needed "on target" and the time to

generate them are important.
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1. INTRODUCTION

The prediction of costs of future manned aircraft operations, including

the personnel, equipment, and facilities required is a procedure backed by

decades of experience. The situation for costing future ground-launched,

recoverable unmanned vehicle operations is quite different. While a minor

amount of experience exists for unmanned vehicle programs based on the Viet

Nam conflict and the on-going COMBAT ANGEL program at Davis-Monthan Air Force
Base, there is not a generally accepted costing methodology for unmanned

vehicles. This is especially true for operations involving large numbers of

vehicles for no experience exists in this area. This situation has made a

meaningful cost comparison between manned and unmanned vehicles virtually

impossible.

In an attempt to rectify this shortcoming for a manned/unmanned vehicle

operational comparison, the Directorate of Aerospace Studies (DAS) developed

the effectiveness and costing methodology of the COEFUV (COst EFfectiveness of

Unmanned Vehicles) model. The effectiveness methodology addresses a fundamen-

tal operational difference between manned and unmanned vehicle operations --

the ability to store unmanned vehicles for long periods of time prior to their

use. The costing methodology represents an extensive application of analogy

and first order analysis to determine from the most detailed unmanned vehicle

operational concepts available the nature of the factors determining unmanned

vehicle operational cost. For the costing, the following areas were identi-

fied as being characteristic of unmanned vehicles:

1. Vehicle Acquisition.

2. Operating Location.

3. Launch.

4. Recovery.

5. Maintenance.

6. Operations

7. Storage.

8. Training.
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Figure I shows the fundamental relationship between model inputs, the

effectiveness methodology, the costing methodology, and the final product

which the model delivers.

The effectiveness and costing relationships for the COEFUV model are dis-

cussed in sections 2 and 3, respectively. Section 2 presents a set of equa-

tions which relate the mission to be accomplished by the unmanned vehicles,

the time available to do the mission, and the number of vehicles required.

Section 3 presents the costing equations developed by DAS for the eight cost

areas mentioned previously. An equation for each area is given with the defi-

nition of each symbol, including the proper dimensions to avoid ambiguity. A

brief discussion of each equation is also included.

The executive routine of COEFUV is built around the equations of sec-

tion 2. The COST subroutine evaluates the equations of section 3 and the

INPUT subroutine handles all program input. Program inputs are discussed in

section 4. Section 5 illustrates typical inputs with some of the resulting

output. The report is concluded with an appendix containing a commented pro-

gram listing.
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2. THE THEORETICAL EQUATIONS

One of the fundamental differences between manned and ground-launched,

recoverable unmanned vehicle operations is the potential to keep unmanned

vehicles (U/V) in storage prior to the onset of hostilities and to retrieve

them from storage as desired. This possibility provides options for the use

of unmanned vehicles not available with manned vehicles. These options

basically may be characterized by the number of vehicles initially ready to

fly and the number initially in storage. The possible configurations run from

the extreme of all vehicles initially ready to all vehicles initially in

storage. The theory discussed below will treat the implications of these

various configurations to the cost of doing a specific task in a fixed time.

Two cases will be considered in the following discussidn. They will be

denoted as the target rich (optimization) case and the constant level of

effort case. The computer code implements both.

To facilitate the presentation of the theory, seven basic quantities will

be defined initially.

E0 = the job (mission) to be done, consisting of E0 subtasks.

do = the number of days in which to do the Eo subtasks.

p = the expected number of the E subtasks done by each successful

unmanned vehicle sortie.

A = the single sortie attrition of the unmanned vehicles.

n = the number of vehicles to be retrieved from storage each day.

ds = the number of days vehicles are to be removed from storage.

rs = the sortie rate maintained by a ready vehicle while it

survives.

With these definitions in mind, consider figure 2. Depicted heuristically in

this figure are several time histories of the number of the launches per day

7



Curve a
All u/v ready at D 0

Curved
Removal rate 0 after nth day

Curve b

dP .. Removal rate = attrition
CONFLICT 

DAYS

Figure 2. Examples of Time Histories of Launches Per Day forVarious Possible Operational Strategies

required in achieving E in do days. Curve a represents the Situation of

all vehicles in!tially ready. On the first day all vehicles are launched and
recovered and relaunched repeatedly, as long as they survive, 1 at the sortie
rate rs. On succeeding days, this pattern is repeated, beginning the day
with the previous day's survivors. Curve b represents the case in which none
of the vehicles are initially ready; all are in Storage with n being removed
each day. In this case as time progresses, more and more vehicles are ready
on each successive day. Curve c represents the critical case of precisely the
correct number of vehicles being initially ready that only enough vehicles
need be removed from storage each day to replace the attrited vehicles.Finally, curve d depicts the situation where vehicles are withdrawn from
storage for only d. days. In the event that the removal rate from storagejust replaces the losses for each of the ds days as illustrated, then Such
cases will also be called critical cases.

1. A constant Probability of survival is associated with all sorties.
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It is obvious that each of these cases potentially has a different cost.

The different launch and recovery rates, storage retrieval rates, storage

costs, and so forth which are implied strongly indicate different system costs

because of differing requirements for personnel, equipment, and facilities.

Additionally, each different case will, in general, require a different total

number of vehicles with a different acquisition cost. The equations of this

section address the total vehicles required in storage (Ns) and in readiness

(Nr) on the first day to do E0 in d0 days if n vehicles are retrieved

from storage each day for ds days, beginning the first day. Each ready

vehicle is assumed to maintain a sortie rate r . Equations giving the maxi-1 s
mum required launch rate are also given.

1 Eo (1-P) rs(d-d -P

Nr rd p P ds + s r ()1_p sd Psl r cl 1-p s

where
and 1/rs

Ps P1/ s PsPtPPsPt2P single sortie survival probability of a

vehicle
2

and

PIs = the daily probability that a vehicle on the ground or its

ground facilities are not destroyed.

Psl = conditional probability that a vehicle survives ingress area

defenses given that it reaches the ingress area defenses.

1. See Anderson, Richard H., The Effects of Force Augmentation on Launch Rate
and Force Size Requirements for Recoverable Vehicles, DAS-WP-79-1, Directorate

of Aerospace Studies, Kirtland AFS, NM, Jan 1979, for a complete discussion of
the following equations.

2. The reference of footnote 1 does not consider terminal survival separately
from area survival in the definition of PS, and also combines PclPc2=pc .

9



Ps2 = conditional probability that a vehicle survives egress area

defenses given that it reaches the egress area defenses.

P = conditional probability that a vehicle survives ingress

terminal defenses given that it reaches the ingress terminal

defenses.

Pt2 = conditional probability that a vehicle survives egress

terminal defenses given that is reaches the egress terminal

defenses.

Pc1 - conditional probability that a vehicle is not lost to a system

failure during ingress given that it does not abort and is not

destroyed by the ingress defenses.

Pc2 conditional probability that a vehicle is not lost to a system

failure during egress (= P c) given that it does not abort

and is not destroyed by ingress or egress defenses.

P r = probability that a vehicle does not abort during ingress.

In the computer code the values of Psl and Ps2 are calculated from

the input quantity PSS which represents the total mission attrition due to

area defenses. It is assumed that ingress area attrition is twice egress area

attrition whence

_ -1 + /1 + 8 x PSS(2Ps 2 .(2)
si2

Ps2 T (I + P s) (3)

Similarly, Ptl and Pt2 are calculated from the input quantity TPS repre-

senting total mission attrition due to terminal defenses.

10
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-i+4 + 8x TPS

t l (

Pt2  (1 + P ti)

P is assumed to be equal to Pc2 The product is input as PC.

The number of vehicles required in storage at the start of the war is

given by

dsI-P s

Ns  = I ds  (4)
(1-P s)P s

Finally, the maximum number of launches required on a single day is given

by

Lmax= .. s .Nr(l-pS)I (5)

in the case that the removal rate from storage is less than or equal to the

critical removal rate associated with curve c of figure 1, and by

Lmax = s Nr Ps ( - Ps ) + ns(l - Ps ) (6)

otherwise. Unless raid size is a factor, the maximum required hourly launch

rate may be calculated directly from Lmax by dividing by the number of hours

in an operational day. However, unmanned vehicle employment tactics may

require the vehicles to be sent in raids of multiple penetrators. If the

launching of the vehicles in a raid is required to take place in a short

interval of time, then the implied instantaneous launch rate may exceed the

nominal hourly rate. In this case, the higher instantaneous launch rate will

be taken as the required hourly launch rate in the evaluation of the cost

equations of the next section.

11



Using these equations, the model distinguishes two cases with regard to

the nature of E09 the job to be done. The first case requires only that

E be done in do days. It represents a "target-rich" environment in which

a sortie on any day can accomplish p of the E0 subtasks. The second case

requires that E0/d0 subtasks be accomplished daily for d0 days, i.e.,

the job to be done is constant. This second case is identically the critical

case associated with curve c of figure 1. These classifications are not truly

representative of any mission, but they are a suitable approximation in most

instances. For example, strike of fixed targets is represented by the first

instance with E0 representing the number of targets to be killed. Recon-

naissance of "located targets" is an example of the second situation. The

number of targets to be reconnoitered each day, E0/do, is approximately

constant.

2.1 THE CONCEPT AND EQUATIONS FOR COST OPTIMIZATION FOR THE TARGET RICH CASE

For the target rich case, given E0, do, p , A, and rs, there are as
many ways of performing E subtasks in d0 days as there are possible

choices of n and ds. Associated with each choice is a cost. For a given

value of ds the minimum cost can be found approximately by calculating the

cost associated with various values of n. Rather than input individual values

of n, however, the program automatically varies-n from the case of curve a

(all vehicles initially ready, n=O) to the case of curve b (no vehicles ini-

tially ready, n = n ma
x ) in steps of 0.05 n max . The cost determination

is treated in the next section. The value of n max can be found from equa-

tion (2) by equating the right side to zero. The result is

(EC. Ps P 0 5 ) (7)

m ax T si rci s Pr

The cost is also evaluated for n corresponding to the critical case (attrition

equal to removal rate). This value of n , ncr, often gives the minimum

1. There is no reason to exceed the data reduction capabilities of the
intelligence system but there is always pressure for the maximum ,+nount of
intelligence possible.

12



cost. ncr may be found by multiplying equation (1) by (1-Ps), the

probability of loss of a ready vehicle on the first day assuming a sortie rate

of rs. This gives the losses for the first day, which in the critical case

equals ncr . Solving the resulting equation for ncr gives

r

n E0(1-Ps )(IPsS) (8). cr = PP P P + s -d~ r s - r s (do'ds))

Psl r c1(1 + ds - dsP s

2.2 THE EQUATIONS FOR THE CONSTANT LEVEL OF EFFORT CASE

Assuming the constant rate Eo/d o subtasks each day, equation (1) is

simplified. This can most readily be seen by considering the job done the

first day, viz., Eo/d o = eo, and setting do  1. Since eo can be

done without removing vehicles from storage, ds = 0 and

N 0e ('s) j (9
Nr r P=sprc rs PPslPrPcld 0  (9)

• -PsS 1-Ps

In the constant rate case, equation (4) remains unchanged; however, the value

of n must be calculated. Since the number of ready vehicles attrited is simply

r Eo(1-P )

n c = ( -PsS)(Nr) = 
( 0)

no r PP sl Pr Pcld o0

that many vehicles must be removed from storage each day. The same result is

obtainable from equation (8) by setting ds = d0 - 1.

The equations presented allow the total vehicles required to do Eo in

d days to be determined by summing equations (1) and (4) or (9) and (4) in

the case of a constant daily job. Additionally, equations (5) and (6) give

the maximum launch rate required which is equal to the maximum necessary

recovery rate. (Equal launch and recovery rates are desirable from common

sense arguments.) This information is necessary input to the cost equations

presented in the next section.

13/14
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3. THE COST EQUATIONS

The COEFUV cost equations for unmanned vehicles are presented in this sec-

tion. These equations were developed at the Directorate of Aerospace Studies

to provide an orderly method for considering all cost elements associated with

unmanned vehicles. They are based on the ARPV operational concepts of Boeing

and Rockwell, but should be general enough to cover almost any cases of

unmanned vehicle operation. The eight areas considered for costing in the

model are:

1. Vehicle

2. Operating location (areas not specifically covered elsewhere)

3. Launch

4. Recovery

5. Maintenance

6. Operations

7. Vehicle storage

8. Training

The general form of the equations describing the various areas are:

Vehicle:

COST = [VEHICLES] + [SPARES] + [ROT&E] + [PAYLOAD].

Operating Location:

COST = [SECURITY] + [PAYLOAD STORAGE FACILITIES] + [LOCATION START-UP].

Launch:

COST = [PERSONNEL] + [EQUIPMENT] +[RDT&E].

Recovery, Maintenance, Operations, Storage, Training:

COST [PERSONNEL] + [FACILITIES] + [EQUIPMENT] +[RDT&E].

15



Each equation is presented below with a definition of each quantity

appearing in it. All equations are based on providing a 10 year cost for the

area in question. A very brief discussion of each equation is given to

provide assistance in understanding the basis of each term. For clarity and

brevity, the equations are presented with their original symbology. The vari-

able names assigned in the program are generally close derivatives of the

original symbol. Quantities expressing rates are indicated with a dot symbol-

izing a derivative. Quantities marked with asterisks are obtained from the

evaluation of the theoretical equations discussed in the previous section.

Quantities marked with t are calculated from other equations in the program.

The derivation of some of these quantities are discussed. The notation[]+

designates the next greater integer. It is used in evaluating facility,

equipment, and personnel costs in those cases where the amount being purchased

must be treated in discrete units. It is part of the methodology of the pro-

gram to always buy complete equipment sets and facilities whenever a frac-

tional part is indicated. However, the corresponding fractional crews which

are indicated are not increased to the next whole crew, but the number of men

indicated by the fraction is increased to the next whole man.1  These

choices are not necessarily the most realistic in all situations, but they

represent a compromise which appears better than the alternatives. 2 All

costs are given in millions of dollars or millions of dollars per unit except

the mission payload storage cost which is given in dollars per pound.

A discussion following the presentations of the individual equations indi-

cates the method by which the final cost is assembled in the program.

1. This technique is exemplifed by
[(men/crew)(events/hr) (events/hr/crew)]+ =[men]+

rather than the alternative
(men/crew) [(events/hr) (events/hr/crew)] + = (men/crew) [crews +

2. If the crew sizes are small, the nature of the compromise is relatively
unimportant since it will not drive costs. If crew sizes are large, then
costs will be strongly affected by the compromise adopted, with the one selec-
ted seeming the most reasonable to the authors.

16



3.1 VEHICLE COSTS

CVT = [VEHICLES] + [SPARES] + [RDT&E] + [PAYLOAD]

logy +
= VTcv1(NVT N TV)Ig 2  + [CV2 + + [V4VT+CV5

where

CV1 = theoretical first vehicle unit cost ($M).

CV2 = 10-year spare and special maintenance cost per vehicle

($M/vehicle).

CV3 = RDT&E cost for vehicles ($M).

CV4  a recoverable payload cost per vehicle ($M/vehicle).

CV5 = expendable payload cost per sortie ($M/sortie).

Eo 0 = total number of successful events to be accomplished in do
days (events).

*NVT = total vehicles purchased minus training vehicles (vehicles).

*NTV = number of training vehicles (vehicles).

y - learning curve slope.

= expected number successful events accomplished per sortie
1

(events!sortie).

1. Xis derived from p (see section 2) by consideration of attrition.

17

* .



II

The first term of the vehicle cost equation gives the cost of the opera-

tional vehicles. It does not include the cost of the training vehicles which

are accounted for in the training costs. The per vehicle cost is based on a

log-linear cumulative average curve I which gives the average cost of a

vehicle in a buy of x vehicles as

= axb (1)

where

x = total vehicles produced.

a = theoretical first vehicle unit cost.

b = where y is the slope of thelearningcurve

Total cost is generated by multiplying both sides of equation (1) by the

number of vehicles being costed, in this case the number of operating

vehicles. Note that the x of equation (1) includes the training vehicles

since the average cost is based on the total buy.

The payload term embodies the assumption that recoverable payloads are

purchased on a one-for-one basis with vehicles and that only enough expendable

payloads are purchased to do Eo.

1. A good discussion of learning curve theory is given in Boren, H. E., and
H. G. Campbell, Learning-Curve Tables: Volume I, 55-69 Percent Slopes, The
Rand Corporation, April 1970, RM-6191-PR.

18
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3.2 OPERATING LOCATION COSTS

CSU = [SECURITY] + [PAYLOAD STORAGE FACILITIES] + [START-UP]

CIinSEC] + [C12MLS_~ [ 131

where

CII = 10-year cost per man for security personnel including overhead

for command, support, and administrative personnel ($M/man).

C12  = 10-year cost per pound for storing mission payload ($/Ib).

C1 3  = initial cost to start-up one operating location ($M).

nSEC 2 number of security personnel per operating location (men).

MLBS = pounds of mission payload per sortie (lb).

Eo 0 = total number of successful subtasks to be accomplished in d o

days.

t X = expected number of successful events to be accomplished per

sortie (events/sortie).

The operating location costs are composed of costs not more appropriately

given in other categories. Each cost is on a per operating location basis.

19
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3.3 LAUNCH COSTS

CL = [PERSONNEL COST] + [EQUIPMENT COST] + [RDT&E]LL +
= ~ S[[n L iax ]l + [LCCLmax ]CL S _~~a

hl LC LhLC +

+ 
+ 

ax + +[+

F [L 1,L 1- "La1-1~L
lax [n+ max + CL4H[L LnLSl e ]

where

CLI = 10-year cost per man for launch personnel including

overhead for command, support, and administrative personnel

($M/man).

CL2  = 10-year cost of ownership of a launcher including spares and
redundancy ($M/l auncher).

CL3  = 10-year cost of ownership of launcher accessories including

spares and redundancy ($M/accessory).

CL4 = 10-year cost of ownership of a set of mobile launch handling

equipment including spares and redundancy ($M/mobile launch

handling equipment).

CL5  = RDT&E cost for launcher equipment ($M).

n LC = number of people per launch crew (men/crew).

n LC = launch rate per launch crew (vehicles/hr/crew).

n LCC = number of people per launch control crew (men/crew).

20



nLCC = vehicle control rate per launch control crew

(vehicles/hr/crew).

n LS = number of launchers serviced by each set of launcher

accessories (launcher/accessory).

* .Lmax - maximum required launch rate per operating location

(vehicles/hr).

= launch rate per launcher (vehicles/hr/launcher).e

MHE = number of vehicles launched per hour per set 3f mobile launch

handling equipment (vehicles/hr/mobile launch handling

equipment).

t S = number of shifts of launch personnel per day (shifts/day).

t NOL = number of operating locations.

The equation for launch costs gives the launch costs per operating loca-

tion. The quantity CL5 representing the total RDT&E costs must consequently

be divided by the number of operating locations. It should be noted that S,

the number of shifts of launch personnel, is normally calculated as

S = max(l, T0/TS )

where

To 0 = number of operating hours per day (input as TO)

and

T = number of hours per shift (input as TS).

21 r
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This formulation is correct in the case where maximum launch rate is

established by the job to be done, E0.
1  However, the maximum launch rate

may be established by the need to form a raid in a given time (see the defini-

tions of the inputs RAID and TMASS in section 4). In this case, the instan-

taneous launch rate required may be higher than the average launch rate

dictated by E . This causes the program to adjust T downward to account

for the higher launch rate. This adjustment is noted in the program output

and applies also to recovery and operations costing.

3.4 RECOVERY COSTS

CR = [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] + [RDT&E]

SCRS [RC'max] ++ CR2[L
m ax  1 +

CRC L e

1C rLmax + C FLmaxl] + [CRs1
L R3 n JRS e ,  R E OLJ

where

CRI = 10-year cost per man for recovery personnel including overhead

for command, support, and administrative personnel ($M/man).

CR2  = 10-year cost of ownership of recovery area ($M/area).

CR3  = 10-year cost of ownership of recovery accessories including

spares and redundancy ($M/accessory).

1. For a job Eo and a particular strategy of removing vehicles from storage
to do Eo in d days, there is a corresponding maximum number of launches
required on at least one day (see section 2, equations (5) and (6)).

22
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CR4  = 10-year cost of ownership of mobile recovery handling

equipment including spares and redundancy ($M/mobile recovery

handling equipment).

CR5  = RDT&E cost for recovery equipment ($M).

nRC = number of people per recovery crew (men/crew).

hRC = recovery rate per recovery crew (vehicles/hr/crew).

n RCC  = number of people per recovery control crew (men/crew).

nRCC = vehicle control rate per recovery control crew

(vehicles/hr/crew).

nRS = number of recovery areas serviced by each set of accesories

(recovery areas/accessory).

*ma x  = maximum required launch rate per operating location

(vehicles/hr).

MRE 2 number of vehicles per hour serviced per unit of mobile

handling equipment (vehicles/hr/mobile recovery handling

equipment).

r e = recovery rate per recovery area (vehicles/hr/area).

S = number of shifts.

t NOL = number of operating locations.

As with launch costs, RDT&E recovery costs are input as a total cost and

must be divided by the number of operating locations so that they are reflect-

ed only once in the final recovery cost. All other aspects of recovery costs

are based upon meeting the maximum recovery rate.
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3.5 MAINTENANCE COSTS

CM [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] + [RDT&E]

- S[nMCLmax] + [nMCR RMR Lmax] maxr~ ~1

c M  MC L MCR + [M2L[ RFJ j

+ + C

CM3  C RM4[mx + LIN5-
nREJ LNoL

where

CM1 10-year cost per man for maintenance personnel which includes

an overhead factor for command, support, and administrative

personnel ($M/man).

CM2  = 10-year cost of maintenance facilities to maintain a given

launch rate per crew ($M/facility/crew).

CM3  = 10-year cost of turnaround equipment for a given turnaround

rate per crew, including spares and redundancy ($M/turnaround

equipment set/crew).

CM4  = 10-year cost of repair equipment to maintain a given repair

rate per crew, including spares and redundancy ($M/repair

equipment set/crew).

CMS RDT&E cost for maintenance equipment ($/M).

nMC = number of people per turnaround crew (men/crew).

nMC = turnaround rate per turnaround crew (vehicles/hr/crew).

nMCR = number of people per repair crew (men/crew).
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nMCR = repair rate per repair crew (vehicles/hr/crew).

nRE = numbe- of vehicles/hr in repair serviced by repair equipment

set (vehicles/hr/repair equipment set/crew).

nRF = number of vehicles/hr handled per maintenance facility

(vehicles/hr/facility/crew).

n TR = number of vehicles/hr in turnaround serviced by turnaround

equipment set (vehicles/hr/turnaround equipment set/crew).

* max  = maximum required launch rate per operating location

(vehicles/hr).

R MR = ratio of returning vehicles needing repair to total returning

vehicles.

SM = number of shifts of maintenance personnel.

Maintenance personnel costs are based on the turnaround and repair

functions. Each vehicle recovered must be processed by a turnaround crew

before being sent out again. In addition, some vehicles must be repaired

before going through turnaround. The fraction of returning vehicles requiring

repair is given by RMR. The turnaround and repair functions involve

entirely different personnel. The quantity SM, the number of shifts of

maintenance personnel (turnaround and repair) required, is given by

S M  T m /Ts

where

Tm length of a maintenance day in hours (input as TM).

and

T number of hours per shift (input as TS).

25



Maintenance facility and equipment costs are based on the quantity of

facilities and equipment needed to handle the maximum launch rate.

3.6 OPERATIONS COST

C0  = [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] + [RDT&E]

0 S TC ai+1 + [C2max + [Co .max ]+ NF41
i s  hC 6 002[ e J OL]

where

C01  10-year cost per man for operations personnel which includes
an overhead factor for command, support, and administrative
personnel (SM/man).

C02  = 10-year cost of a unit of operations facilities ($M/facility).

C03  = 10-year cost of a unit of operations equipment including

spares and redundancy ($M/equipment).

C04  = RDT&E cost for operations equipment ($M).

noc = number of people per operations crew (men/crew).

nOC = number of vehicles controlled simulataneously per operations

crew (vehicles/crew).

max  = maximum required launch rate per operating location

(vehicles/hr).

6e  = vehicles/hr serviced per unit of operations equipment

(vehicles/hr/equipment).

OF 2 vehicles/hr serviced per unit of operations facility

(vehicles/hr/facility).
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TC average time a vehicle is controlled per sortie (hrs).

t S = number of shifts.

Each vehicle is controlled or monitored for a period after takeoff and

prior to landing. It is the job of the operations personnel to perform this

function, and the number of people required to do this is used to determine

the total number of operations personnel. However, operations people also

perform other jobs such as mission planning which must be done in parallel

with the control. This fact must be reflected in nOC, the number of people

per operations crew.

As with launch, recovery, and maintenance costs, numbers of personnel,

facilities, and equipment are determined by the maximum launch rate.

3.7 VEHICLE STORAGE COSTS

CS [PERSONNEL COST] + [FACILITY COST] + [EQUIPMENT COST] +[RDT&E]
+

M[FncS F SN~ + CS3N VR1 [C r"S1 _ S5
-[CSML -- s L- -NO NoL + S4 L JJ NOL j

where

CS1  = 10-year cost per man for storage crew including overhead for

command, support, and administrative personnel ($M/man).

CS2  = 10-year cost of building to store one vehicle in the "not

ready" condition ($M/vehicle).

CS3  = 10-year cost of building to store one vehicle in the "ready"

condition ($M/vehicle).

CS4  = 10-year cost of mobile handling equipment including spares and

redundancy for one crew ($M/crew).
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CS RDT&E cost for vehicle storage ($M).

ns number of people per storage retrieval crew (men/crew).

= removal rate from storage per storage retrieval crew

(vehicles/hr/crew).

h s required removal rate per operating location (vehicles/hr).

• NOL = number of operating locations.

SNVS total vehicles stored at all operating locations (vehicles).

* NVR total vehicles in ready condition stored at all operating

locations (vehicles).

t SM  = number of shifts of maintenance personnel.

The vehicle storage cost equation applies to a single operating loca-

tion. Costs are based on the maximum rate at which vehicles must be removed

from storage and the number of vehicles stored and ready in peacetime. The

most demanding requirement for people occurs when vehicles are being removed

from storage. Hence, this function drives the personnel cost. Facility cost

is dependent upon the cost of facilities required to maintain vehicles either

in storage or in a ready condition. Equipment cost like personnel cost is

driven by the maximum required rate of removing vehicles from storage.

3.8. TRAINING COST

CT = [PERSONNEL COST] + [FACILITY COST] + [EOUIPMENT COST] [RDT&E]

= [CTIRAPTNPT + CT2PTNPTI + ECOFFRAC] +

[FRAC(CLE + CRE + CME + COE) + NTvCVl(NVT + NTV)Tg 2] + [CT3]
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where

CT1 10-year cost per man for instructor personnel including

overhead for command, support, and administration ($M/man).

CT2  10-year cost per man for pipeline trainees including overhead

for command, support, and administration, plus the cost of

travel to training center and to theater ($M/man).

CT3  = RDT&E cost for training($M).

CLE, CRE, CME, COE = cost of launch, recovery, maintenance, and

operations equipment per operating location ($M).

COF cost of facilities for operations per operating location ($M).

* V first unit vehicle cost ($M).

FRAC ratio of training operating location manning to operating

location manning.

Y learning curve coefficient.

NPT total number of mission personnel for launch, recovery,

maintenance, storage, and operations per operating location

(men).

NTV number of training vehicles purchased (vehicles).

T percent of total manpower in training at one time.

RA instructor/student ratio.

The training costs are based generally on the assumption that the train-

ing operation is a scaled down version of an actual operating location. This

is clearly seen in the facility costs and the first term of the equipment
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costs where a fraction of the corresponding operating location cost is used.

The fraction is simply the ratio of the number of people in training to the

number manning an operating location. The personnel cost is based on instruc-

tor personnel costs plus student personnel costs including travel. The number

of instructors is determined by the instructor/student ratio.

The number of training vehicles purchased is calculated from the equation

FRAC x Lmax I + 10 PL x TT x NEXIN TV : P

where

Lmax = maximum required launch rate per operating location

(vehicles/hour).

PR = probability that a vehicle does not abort due to a system

failure.

PL = number of training vehicles lost per hour of training vehicles

flight (losses/hour).

TT = number of flying hours per training exercise (hours/exercise).

NEX1 = number of training exercises per year (exercises/year).

The 10 which appears accounts for the 10 years which are being costed.

An understanding of the training vehicle cost term may be obtained from the

discussion of the vehicle cost equation in section 3.1.

3.9 SYSTEM COST

All the cost equations except those for vehicle and training costs apply

to a single operating location. The system cost must take into account the

costs for all operating locations. The final cost equation becomes
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TOTAL COST = [VEHICLES] + NOL{[OPERATING LOCATION] + [LAUNCH] +

[RECOVERY] + [MAINTENANCE] + [OPERATIONS] + [VEHICLE

STORAGE]} + [TRAINING]

where NOL is the number of operating locations and the brackets indicate the

cost from the equations just discussed.
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4. INPUT TO PROGRAM COEFUV

Input to program COEFUV is accomplished entirely by punched cards which

are handled by subroutine INPUT. Input cards fall into two groups: those

which result in numerical and alphanumerical data on the cards being assigned

to variables in the program, and those which control various aspects of pro-

gram flow with regard to input and output. The former group will be discussed

first. In a limited number of instances there will be an interdependence

between cards of the two groups. These interdependences will be made clear in

the definitions of the input quantities.

4.1 DATA INPUTS

All input to program COEFUV is based upon the function of individual

cards or groups of cards being specified by an alphanumeric identifier appear-

ing on the card or the first card of the group. For the data inputs being

discussed here, the identifier is used to associate the remaining data on the

card or the data on the following cards to the appropriate program variables.

This identifier begins in column 1 and is limited to a maximum of 10 charac-

ters. It is usually identical to the name of the program variable to be

defined. If the input value appears on the card with the identifier, it is

read from an E20.8 field beginning in column 11. In those instances when the

input values appear on the following cards, the data is read with an 8F10.0

format if numeric and an 8A10 format if alphanumeric.

The inputs constituting this group are defined below. Most of them are

related to the cost equations of section 3, a lesser number to the theoreti-

cal equations of section 2. In a few cases, the inputs relate to yet other

aspects of the program. The use of this last group of inputs should be clear

from the definitions. The default value of all numerical data quantities is

zero. The case title is preset to blanks. The order of these cards in the

input deck is arbitrary except for the associated groups of cards which must

appear together in the proper order.

Cl1 10-year cost per man for security personnel including overhead

for command, support, and administrative personnel ($M/man).
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C12 10-year cost per pound for storing mission payload ($/pound).

C13 Initial cost to start up one operating location ($M).

CL 10-year cost per man for launch personnel including overhead

for command, support, and administrative personnel (SM/man).

CL2 10-year cost of ownership of a launcher including spares and

redundancy (SM/launcher).

CL3 10-year cost of ownership of launcher accessories including

spares and redundancy ($M/accessory).

CL4 10-year cost of ownership of a set of mobile launch handling

equipment including spares and redundancy ($M/mobile launch

handling equipment).

CL5 RDT&E cost for launcher equipment (SM).

CM1 10-year cost per man for maintenance personnel including

overhead for command, support, and administrative personnel

($M/man).

CM2 10-year cost of maintenance facilities to maintain a given

launch rate per crew ($M/facility/crew).

CM3 10-year cost of turnaround equipment for a given turnaround rate

per crew including spares and redundancy ($M/turnaround

equipment set/crew).

CM4 10-year cost of repair equipment to maintain a given repair rate

per crew including spares and redundancy ($M/repair equipment

set/crew).

CM5 RDT&E cost for maintenance equipment ($M).
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Col 10-year cost per man for operations personnel including

overhead for command, support, and administrative personnel

($M/man).

C02 10-year cost of a unit of operations facilities ($M/facility).

C03 10-year cost of a unit of operations equipment including spares

and redundancy ($M/equipment).

C04 RDT&E cost for operations equipment ($M).

CR1 10-year cost per man for recovery personnel including overhead

for command, support, and administrative personnel (SM/man).

CR2 10-year cost of ownership of recovery area ($M/area).

CR3 10-year cost of ownership of recovery accessories including

spares and redundancy ($M/accessory).

CR4 10-year cost of ownership of mobile recovery handling equipment

including spares and redundancy ($M/mobile recovery handling

equipment).

CR5 ROT&E cost for recovery equipment ($M).

CS1 10-year cost per man for storage crew including overhead for

command, support, and administration ($M/man).

CS2 10-year cost of building to store one vehicle in the "not

ready" condition ($M/vehicle).

CS3 10-year cost of building to store one vehicle in the "ready"

condition ($M/vehicle).

CS4 10-year cost of mobile handling equipment including spares and

redundancy for one crew ($M/crew).

CS5 RDT&E cost for vehicle storage ($M).
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CT 10-year cost per man for instructor personnel including over-

head for command, support, and administration ($M/man).

CT2 10-year cost per man for pipeline trainees including overhead

for command, support, and administration, plus the cost of

travel to training center and theater ($M/man).

CT3 RDT&E cost for training ($M).

CVI Theoretical first vehicle unit cost ($M).

CV2 10-year spare and special maintenance cost per vehicle

($M/vehicle).

CV3 RDT&E cost for vehicles ($M).

CV4 Recoverable payload cost per vehicle ($M/vehicle).

CV5 Expendable payload per sortie ($M/sortie).

D For the cost optimization case, the number of days in which to

accomplish EO. For the constant level of effort case, the

total number of days during each of which EO is to be accom-

plished.

DS The number of days unmanned vehicles are removed from storage.

EO For the cost optimization case, the total number of subtasks to

be dealt with in 0 days. For the constant level of effort

case, the total number of subtasks to be dealt with each day.

GAMMA Learning curve slope for the vehicle cost equation.
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INNER Follows a CHGD, CHGDS, CHGEO, CHGA, or CHGRHO card to designate

that D, DS, etc., is to be varied in the inner program loop.

The number in the data field defines how many values (.50) of

the variable are to be read from the following cards with for-

mat 8F10.O. (See discussion of CHGD in section 4.2 also.)

LDOTE Launch rate per launcher (vehicles/hour/launcher).

MHE Number of vehicles launched per hour per set of mobile launch

handling equipment (vehicles/hour/mobile launch handling equipment).

MINL The minimum number of operating locations allowed by con-

straints external to the program, e.g., geographic constraints.

MLBS Pounds of mission equipment per sortie (pounds).

MLOL Maximum allowable launch rate per operating location based on

considerations exterior to the program (vehicles/hour).

MRE Number of vehicles per hour serviced per unit of mobile

handling equipment (vehicle/hour/mobile recovery handling

equipment).

NDOTLC Launch rate per launch crew (vehicles/hour/crew).

NDOTLCC Vehicle control rate per launch control crew

(vehicles/hour/crew).

NDOTMC Turnaround rate per turnaround crew (vehicles/hour/crew).

NDOTMCR Repair rate per repair crew (vehicles/hour/crew).

NDOTOC Number of vehicles controlled simlultaneously per operation

crew (vehicles/crew).
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NDOTRC Recovery rate per recovery crew (vehicles/hour/crew).

NDOTRCC Vehicle control rate per recovery control crew

(vehicles/hour/crew).

NDOTSC Removal rate from storage per storage retrieval crew

(vehicles/hour/crew).

NEXI Number of full scale training exercises per year.

NI Number of inner loop variations. (See discussion in section

4.2 also.)

NLC Number of people per launch crew (men/crew).

NLCC Number of people per launch control crew (men/crew).

NLS Number of launchers serviced by each set of launcher acces-

sories (launchers/accessory).

NMC Number of people per turnaround crew (men/crew).

NMCR Number of people per repair crew (men/crew).

NO Number of outer loop variations. (See discussion in section

4.2 also.)

NOC Number of people per operations crew (men/crew).

NRC Number of people per recovery crew (men/crew).

NRCC Number of people per recovery control crew (men/crew).

NRE Number of vehicles per hour in repair serviced by a repair

equipment set (vehicles/hour/repair equipment set/crew).
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NRF Number of vehicles per hour handled per maintenance facility

(vehicles/hour/facility/crew).

NRS Number of recovery areas serviced by each set of accessories

(recovery areas/accessory).

NSC Number of people per storage retrieval crew (men/crew).

NSEC Number of security personnel per operating location (men).

NTR Number of vehicles per hour in turnaround serviced by a turn-

around equipment set (vehicles/hour/equipment set).

ODOTE Number of vehicles per hour serviced per unit of operations

equipment (vehicles/hour/equipment).

ODOTF Number of vehicles per hour serviced per unit of operations

facility (vehicles/hour/facility).

OUTER Follows a CHGD, CHGDS, CHGEO, CGHA, or CHGRHO card to designate

that D, DS, etc., is to be varied in the outer program loop.

The number in the data field defines how many values ( <50) of

the variable are to be read from the following cards with for-

mat SFIO.O. (See discussion of CHGD, etc., in section 4.2

also.)

PC Probability that a vehicle is not lost on'a mission due to a

system failure. Contrast with PR.

PL Training vehicles lost per hour of training vehicle flight.

PLS Prelaunch survival probability per day.

PR Probability that a vehicle does not abort due to a system

failure. Contrast with PC.
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PSS Total ingress/egress probability of survival relative to area

defenses. Note that if attrition is being varied under control

of CHGA that PSS has no effect. Both area and terminal attri-

tion are contained in the values following CHGA.

PT Percent of total operational manpower in training at one time.

RA Instructor to student ratio used in training costing.

RAID For the cost optimization case, the desired raid size; auto-

matically set to one for the constant level of effort case.

ROOTE Recovery rate per recovery area (vehicles/hour/area).

RHO The number of subtasks dealt with by a single sortie given that

it arrives "on target."

RMR Ratio of returning vehicles needing repair to total returning

vehicles.

RS Vehicle sortie rate (sorties/day).

TC Average time an unmanned vehicle is under control of an opera-

tions controller (hours).

TCYCLE The number of training cycles per year.

TITLE Case title. The following card contains the case title which

will be read with an 8A10 format.

TM Length of a maintenance day (hours).

TMASS The time required to assemble a raid of unmanned vehicles into

a group of size RAID (hours).
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TO The length of the operational day (hours).

TPS Total ingress/egress probability of survival relative to termi-

nal defenses. Note that if attrition is being varied under

control of CHGA that TPS has no effect. Both area and terminal

attrition are contained in the values following CHGA.

TS Length of a work shift (hours).

TT Length of a full scale exercise (hours).

TYPE = 1 for the cost optimization case; = 2 for the constant level

of effort case.

4.2 CONTROL INPUTS

The control inputs determine printing options, indicate the end of input

for cases and for the run, and in five instances specify input options. As

with the data inputs, the function of the card is determined by the alpha-

numeric identifier appearing left justified in columns 1-10. However, unlike

the data cards, no other data is associated with the identifier. All but the

ENOCASE and ENDJOB identifiers are used to set the values of logical variables

witnin the program. The identifiers occur in pairs with one used to set a

variable true and the other false. Five pairs of control inputs are used to

specify different printing options. These options are illustrated in section

5 which shows a sample input deck and the corresponding output with all pos-

sible print statements employed. Five other pairs of identifiers are used to

alter the usual input method for the data inputs D, DS, EO, RHO, and PSS (see

definitions above).

D, DS, EO, RHO, and PSS are the pivotal parameters for investigation once

the cost inputs have been determined. They may be entered as normal data

inputs as discussed earlier, or they may be input as a series of values by use

of the CHGD, CHGDS, CHGEO, CHGRHO, or CHGA cards in conjunction with the INNER

and OUTER data cards also defined above. When this option is chosen, the pro-

gram user may input up to 50 values of one or two of the five inputs at once.

These values are then selected sequentially in the program by two do-loops,

41



one parameter per do-loop. One do-loop is logically within the other and

hence called the inner loop. The program logic is executed once for each

value of the parameter assigned to the inner loop. If a parameter is also

assigned to the outer loop, the inner loop is completely executed for each

value of the outer loop parameter. Thus, if m values of the inner loop para-

meter are input and n values of the outer loop parameter are input, m times n

cases will be evaluated. Return to normal input is achieved by using the

CONSTD, CONSTDS, CONSTEO, CONSTRHO, and CONSTA cards.

CHGA Causes the logical program variable CHGA to be set true, which

in turn a~ters the method of inputing PSS. CHGA is false by

default. See the discussion in the text above. (See also

CONSTA.)

CHGD Causes the logical program variable CHGD to be set true, which

in turn alters the method of inputing D. CHGD is false by

default. See the discussion in the text above. (See also

CONSTD.)

CHGDS Causes the logical program variable CHGDS to be set true, which

in turn alters the method of inputing DS. CHGDS is false by

default. See the discussion in the text above. (See also

CONSTDS.)

CHGEO Causes the logical program variable CHGEO to be set true, which

in turn alters the method of inputing EO. CHGEO is false by

default. See the discussion in the text above. (See also CONSTEO.)

CHGRHO Causes the logical program variable CHGRHO to be set true,

which in turn alters the method of inputing RHO. CHGRHO is

false by default. See the discussion in the text above. (See

also CONSTRHO.)

CONSTA Causes the logical program variable CHGA to be set false, which

in turn alters the method of inputing PSS. CHGA is false by

default. See the discussion in the text above. (See als .-

CHGA.)
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CONSTD Causes the logical program variable CHGD to be set false, which

in turn alters the method of inputing D. CHGD is false by

default. See the discussion in the text above. (See also CHGD.)

CONSTDS Causes the logical program variable CHGDS to be set false,

which in turn alters the method of inputing DS. CHGDS is false

by default. See the discussion in the text above. (See also

CHGDS.)

CONSTEO Causes the logical program variable CHGEO to be set false,

which in turn alters the method of inputing EO. CHGEO is false

by default. See the discussion in the text above. (See also

CHGEO.)

CONSTRHO Causes the logical program variable CHGRHO to be set false,

which in turn alters the method of inputing RHO. CHGRHO is

false by default. See the discussion in the text above. (See

also CHGRHO.)

COSTS Causes the logical program variable COSTS to be set true, which

in turn results in the cost subroutine being exercised and the

results printed. COSTS is true by default. (See also NOCOSTS.)

DATA Causes the logical program variable DAT1 to be set true, which

in turn causes the inputs discussed in the previous subsection

to be printed for each case. DAT1 is true by default. (See

also NODATA.)

DEBUG Causes the logical program variable DEBUG to be set true, which

in turn results in the printing of various intermediate results.

DEBUG is false by default. (See also NODEBUG.)

ENDCASE The last card of each case; used to terminate input for a case.

ENDJOB The last card of a data deck; used to terminate a run.
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NOCOSTS Causes the logical program variable COSTS to be set false,

which in turn suppresses cost output. COSTS is true by

default. (See also COSTS.)

NODATA Causes the logical program variable DATi to be set false, which

in turn suppresses printing of the inputs discussed in the pre-

vious subsection. DATI is true by default. (See also DATA.)

NODEBUG Causes the logical program variable DEBUG to be set false,

which in turn suppresses the printing of various intermediate

results. DEBUG is false by default. (See also DEBUG.)

NOPRINT Causes the logical program variable PRINT to be set false,

which in turn causes the suppression of printing of results for

each value of DNS in the cost optimization case. PRINT is true

by default. (See also PRINT.)

PRINT Causes the logical program variable PRINT to be set true, which

in turn causes the printing of results in the cost optimization

case for each value of DNS. PRINT is true by default. (See

also NOPRINT.)

PRINTOFF Causes the logical program variable PRTOFF to be set true,

which in turn causes the suppression of printing of various

intermediate results. PRTOFF is false by default. (See also

PRINTON.)

PRINTON Causes the logical program variable PRTOFF to be set false,

which in turn causes the printing of various intermediate

results. PRTOFF is false by default. (See also PRINTOFF.)
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5. SAMPLE INPUTS AND OUTPUTS

This section illustrates some examples of program input and output to

assist the user. Pages have been reproduced from a sample cost optimization

case (TYPElI) in figures 3-7 and a sample constant level of effort case

(TYPE=2) in figures 8-11.

Fiqure 3 shows the input values as printed by the program. Inputs

are organized by category for easy reference. The symbols < and r are used

to indicate (1) whether or not specific variables were defined for this case

(a corresponding input card actually read) or (2) whether the variable has not

been defined at all. The absence of either symbol indicates it was previously

defined for another case. This page is printed unless a NODATA card has been

read.

Figure 4 shows a summary of some important inputs as well as some inter-

mediate calculations. The name of the output-controlling logical variables are

identified in the figure. The variables associated with the DEBUG controlled

printout are not discussed in this report. Figure 5 similarly shows the results

of intermediate calculations including some designed for debugging. The logical

variables controlling the printing of this information are also shown in the

figure. Note that the maximum launch rate in this case is determined by the

raid size requirements rather than the total launches required per day. The

output page depicted in figure 5 immediately precedes the output page depicted

in figure 6.

Figure 6 shows one of the pages of intermediate cost results given for

various values of n, the retrieval rate of vehicles from storage. This page

illustrates the retrieval rate value giving the minimum total cost for doing

the input specified job (kill 3000 targets in 15 days). Although not indicated

in figures 5 or 6, this retrieval rate corresponds to the critical retrieval

rate, nCR, The cost breakout lists all eight cost areas discussed in section 3.

The printing of this page is controlled by the logical variable PRINT.

Figure 7 presents the results for the most cost effective option.
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The last four figures, 8-11 show similar pages from a TYPE=2 case, the

constant level of effort case. For this case there is only one possible

retrieval rate, hence only one set of cost figures. Print options are similar

to a TYPE=I case, although there are no DEBUG controlled outputs for a TYPE=2

case.

4
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APPENDIX

PROG3RAM COEFUV ( NPIJTOUTPJT)
C
C THIS PROGRAM IS USED TO COMPIJTE THE SYSTEM OF U/V RPrQUIRED TO MEET
C A SPECIFIC EFFECTIVENESS AND THENI TO COMPUTIE THE ;OST C! T'HE SYSTE
C M RASEP ON DIFFERENT CONCEPTS OF OPERATIONS
C
C
C THE SPECIFIC EFFECTIVENESS OF THE UV FORCE CAN BE C -A,7-'STE91ZED BY
C THE FOLLOw!NG
C TYPE =(1=STR IKE) 9 2=PECCE) 9(3=OEFEMSE SUPPPESSI(,,'
C EOx'roTAL EFFECTIVENESS PEDuIRED WHICH OEPINDS ON t4~ISS.ION
C TYPE
C RHO=NIUMgER OF TASKS ArCOMPLISHED PER SUCCESSFUL S07?IIE
C PSS=INGLE SORTIE SURVIVAL PRO8ABILITY OF AN U/V
C PAID 2 RAID SIZE
C RS aINOIVICUAL VEHICLE SORTIE RATE
C 0 =NUMBER OF DAYS AVAILABLE TO ACCOMPLISH MISSION
C

IMPLICITREAL(LvMvN)
rNTEOER MijLTNOL
INTE-GFR NONI-
COMMON /CHANGE/ NOqVARYO(S0)qNIVARY(50)
COMMON /lNJPUTS/ TYPFEODOS.RHORAID.RSTOTSTMt~r.IASSM

ILOLMINtL(JMI(7),PP.PLSPCPSSTPSDUM2(15),CL1.CL2,CL3,CL
24,CL5qNLC.NDOTLCNLCCNOOTI.CCLnOTENLS.MHEtDUN13()CP1 ,CR2,CR
33CR4,CRS,NRCNDOTPCNRCCNlOTRCCROOTENR,IM1EOUM4 (3) .CDI CO
42NOCNDOOTOCCTCgCO3,ODOTE.OOOTFCO4OU.A5( 1) ,CMI ,CM2,C'43,CM4,NMC.N
SDOTMCNTRNRENRF.RMRNMCRNDOTMCRC459nlUM6(7).CS1.CS2,CS3,CS4,
6NS~,NDOTSCCS5,OUM7(3),CI1,CI2,CI3.NSECMLBS,0UM9q),CT1,CT2,RAPT
7,PLTTNEXlTCYCLF:,CT3.OUMq(6),CV1,CV2,CV3,CV4,CV5P(iAmmAst,DUM0(4)
COMMON /WORKER/ PCI .PS1,PSToNSNVRNVSNITSLA'JG.S-MAiXSLRNO

IL ,LAMDAOSL*SLQMAX
COMMON /RESULT/ FOLKS(RSq?) ,EQUIP(89S,2) vFACIL(8,5,2)
COMMON /HEADER/- TITl-E(R)qTOOAYsCLOCKtITER8
COMMON /SwITCH/ PPIN!TCDSTSOlEeUG.DAT1.,CHGOCHGDSCHGRHOCMGEOCXG
lAPRTOFFOD,9OSORHOOEOOA, It), ISIRHOIEOIA

LOrICAL PPINTCOSTSDE3UGpDATl

LOGICAL CHCOCHGOS,CHGRMOCH6EO,CHGAgPRTOFF
DIMENSION ST4209 FOLKMa,#592) F:UIMiR,5.2)t FACIM(8,S,2)

C

NOvNIwI
10 CALL INPUT

C
C CONTROL SWITCHES - CONTROL PRINTER SELECTIONS
C
C SWITCH PRESET CONTROLS
C -- - - - - -- - - - - - - - - - - - - - -

C
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C PRINT ON PRINTING OF RESULTS AT EACH ONS ITERATION
C
C COSTS ON CALLS TO SURROUTINE COST
C
C DERUG OFF PRINTING OF INTERMEDIATE CALCULATIONS
C
C OATI ON PRINTING OF VALUES IN COMMON /INPUTS/
C
C PRTOFF OFF SUPPRESSES INTERMEDIATE OUTPUT
C

IF (PRTOFF) GO TO 20
PRINT 350, TITLE,TODAYCLOCK,RS

C

C CALCULATE RAID LAUNCH RATE
C

20 CONTINUE
SLR=RAID*TO/(PR*TMASS)
SLRMAX=RAIO/(TMASS*PR)
IF (SLRMAX.LE.MLOL) GO TO 30
PRINT 360, SLRMAXMLOL
GO TO 10

C TYPE a (I=COST OPTIMIZATION),C2=CONSTANT LEVEL OF EFFORT)
C CALCULATE PROBABTLITY OF SUCCESSFUL LAUNCH
C

30 PCI=SQRT(PC)
C
C CALCULATE INGRESS SURVIVAL PROBABILITY
C

PSI=SQRT1.08.0*PSS)-I.0)*0.S
C
C TERMINAL SURVIVAL IS TPS, INGRESS TERMINAL SURVIVAL IS TPSI
C

TPSI=(SSQT(1.*8.0*TPS)-I.O)*O.S
C

C TOTAL INGRESS SURVIVAL

PSI*PSI*TPSI
C
C CALCULNTE OVERALL MISSION SURVIVAL PROBABILITY
C

PST=PC*PSS*PLS**(I.O/RS}
C
C TOTAL SURVIVAL CONSIDERING TERMINAL DEFENSES

PSTzPST*TPS

C
C
C SET UP LOOP ON VALUE TO ME VARIED
C

IF (PRTOFF) PRINT 620
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IF (CHGO) OSAVE=OS
C
C SET UP OUTER AND INNER LOOPS
C OUTER LOOP

00 340 K2=1.NO
IF (CHGD.ANO.OD) D=vARYO(K2)
IF (CHGD.AND.OD) PRINT 64o, 0
IF (CHGOS.AND.ODS) DS=VARYO(K2)
IF (CHAOS.AND.ODS) PRINT 650. OS
IF (CHARHflAND.ORHO) RHO4VARYO(K2)
IF CCHGRHo.ANO.OAHO) PPINT 6609 RHO
IF (CHC.EO.AND.OEO) fOsVARYO(KZ)
IF (CHGEO.ANO.OEO) PRINT 670, EO
IF (CHG'A.AND.OA) A=VARYO(K2)
IF (CHGA.AND.OA) PRINT 6809 A

C
C INNER LOOP
C

IF (PRTOFF) PRINT 620
00 330 Kl=lNI

C
IF (CH'3D.ANO.ID) O=VARY(KI)
IF (CHf3OS.AND.IOS) OS=VARYcKl)
IF (CH'RHO.AND.IRHOJ RH0=VARY(KI)
IF (CHGEO.ANO.IEO) EO=VARY(KI)
IF (CH64.ANO.IA) A=VARY(KI)

C
C
C CHECK FOR VARY ATTRITION

IF (CHGA) 40,50
40 PSI=SnRTU1I.o+B.O*PSS)-1.0)*.S

PST=PCOPSS*PLS**(1I.0/RS)
50 CONTINUJE

C TEST FOR MISSION TYPE
C

G30 TO (60,150)tTYPE
C
C
C /COST OPTIMIZATION/
C
C

60 CONTINUE
IF (PRTOFF) GO TO 70
PRINT 170
PRINT 1809 EODRSPC1,PSSPS1,PSTRHORAID

70 CONTINUE
C
C CALCULATE BOUNDS ON NS NS M4AX AND NS CRITICAL
C

POK=I .0-PST
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PSTRS=PST**RS
PSTRSD=PSTO*(RS*0)
PSTPSOS=PST**(RSOOS)
PSRSODSzPSTe4 (RS* (0-OS))
PLSOS=PLS.**S
LAMOASRHO*PSI 'PR*PCI
SL=EO/LAMOA
IF (DEBUG) PRINT 390, POKPSTRSPSTRSDPSTRSDSPSRSOOSPLSOSLAMOA
I 'St
ONSMAX=(EO'POK/LAMOA)/(OS-PSRSOO*(1.0-PSTPSnS)/(1 .0-PSTRS))
DNSC=EO*QOK@(1.0-PSTRS)/(LAMOA*(1.0.US-OS*PSTRS-PSRS00S))
IF (PRTOFF) GO TO 80
PRINT 400. ONSMAXONSC

80 CONTINUE
C
C SETUP LOOP ON NS
C

IF (PRINT) PRINT 410
CTMIN=I OE100
TNSzONSMAX/20.*0
ONS:0.
DNSLASTxONS
MUL T=0
00 140 ITER8I,922
ONS:NULT*TNS
IF (DNSLAST.Lr.DNSc.ANO.ONS.GT.ONSC) GO TO 90
IF (PRINT) PRINT 4209 TITLE.TODAYtCLOC9,ONS
MULT=MULT, I
GO TO 100

90 ONSxONSC
IF (PRINT) PRINT 4309 TITLEtTODAYCLOCK9ONS

100 CONTINUE
C
C CALCULATE NVS*NVRiNVT
C

NVR=EO*POK/(LAMOA*(l.0-PSTRSn))-(OS-PSRSDOS*(1.0-PSTRSOS)/(l.O-PST
IRS) )'0NS/ 11.0-PSTRSl)
IF (PLS.F'l.I.0) NVS=DNS*OS
IF (FLS.NE.1.0) NVS=ONS*(1.O-PLS0S)/(PLSDS*(1.0-PLS))
N VT sN R.N VS

C
C CALCULATE LAUNCH RATE AVERAGE MAXIMUM AND MAXIMUm
C

IF (ONS.GT.DNSC) GO TO 110
SLAVG=NVR. (1 .0-PSTRS )/POK
GO TO 120

110 SLAVG=NVR*PSTRSOS
SLAVG=SLAVG.ONS*(I.0-PSTRSOS)/(1.O-PSTRS)
SLAVGsSLAVG* (1.0-PSTRS) /POI(

120 SLMAXsAMAX1 (SLAVGSLR)
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IF (OERUG) PRINT 440, NVTNVS*NyRSLR9SLAVG9SLMAX
C
C COMPUTE COSTS
C

IF (.NOT.cOSTS) GO TO 14G
CALL COST ITOTAL)

C
C STORE DATA
C

IF (TOTAL.GE.CTMIN) 50 TO 140
CTM IN=TOTAL
ST (1 )=TER8
ST (2) =TOTAL
ST (3) ONS
ST 14)=NVT
ST(5)mNVR
ST (6) NVS
ST 1=SLAVG
ST (8) sSLMAX
ST(9)=SLR

S.11 ST I10)=t4OL
00 130 Imi,8
00 130 J=195
00 130 K(-192
FOLKM(IJ,K)=FOLKS( Y.JtK)
EQUIM ( !J,K)=EOUIP I IJ9K)

130 FACIM(tf,K)mFACIL(IJK)
140 DNSLAST=ONS

C
C THE MOST COST EFFECTIVE SYSTEM IS
C

IF (.NOT.COSTS) GO TO 10
GO TO 260

C
C
C ,CONSTANT LEVEL OF EFFORT
C
C

150 CONTINUE
ITER8=1
SAVRAIO=RAIO
RAIO=1 .0
IF (PRTOFF) (30 TO 160
PRINT 450

160 CONTINUE
C
C CALCULATE CRITICAL REMOVAL RATE D NSC
C

PST2PSS*PC-PLS.. (1.O/RS)

60



C TOTAL SURVIVAL CONSIDEMING TERMINAL DEFENSES

C PST=PST*TPS

C INOR; S URVIVAL CON~PSIDERING5 TERMINAL DEFENSES

LAMOAPSI*PS1 *C

10PSS=PS-AR

PLS=PSPc*PS*(o/S

190 CONTINUE

SEOO/LAMOA
IF (PRTOFF) (30 TO 200

PRINT 470, DNSC
200 CONT INUE

C
C CALCULATE THE LAUNCH RATE AVERAGE MAXIMUM AND MAXIMUM
C FOR THE RECCE MISSION SLR AND SLAVO ARE CONSTANTS
C

SLAVG=EO/LAMDA
SLq-xO
SLiRMAX=Q
SLMAX=SLAVG
ONSoONSC
IF (PRINT) PRINT 42n, TITLEvTOOAYsCLOCKvDNS

C
C CALCULATE NVSv NYR9 NVT
C

NVR=EO*POK/( Cl 0-PSTQS)*LANDA)
NVSOONS*I.O-PL.SDS)/(PLSOS*(1.0-PLS))
N VTaN VR 'NVS
IF (.NOT.PRINT) 00 TO 210
PRINT 440, NVTNVSNVRSLRSLAVGSLMAX
PRINT 480

C COMPUTF COSTS
C

210 IF (.NOT.COSTS) 6O TO 230
CALLCOST (TOTAL)
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C
C STORE DATA
C

CTm INTOTAL
ST (1) aTER8
ST (2)=TOTAL
ST 3)=ONS
ST (4)=NVT
ST (S)=NVR
ST (6)aN VS
ST (7)=SLAVG
ST48)=SLMAX
ST 9)=SLR
ST( 10)=N01
00 220 Izi*8
00 220 JxI.5
DO 220 KzI,2
FOLKMt4 .j.K=FOLKSf ( IK
EOuIM(IJ,K)=EOuIP(IvJoK)

220 FACI4(Ij,K)=fACIL(I9JK)

20RAIDxSAVRAID
C
C THE MOST COST EF7FECTIVE SYSTEM IS
C

IF (.NOT.cOSTS) GO TO 10
C
C
C /PRINT mfNIMUM COST RESULTS/
C
C

260 CONTINUE
IF (PRTOFF) GO TO 270
PRINT 520, TITLETOOAYCLOCK,(ST(I),I=1.10)
N015T (10)
PRINT 530
PRINT 540, FOLKM(1,1,1),FOLKM(1,1,2) ,EQU!TM(1,I,1) ,F(UrP4(l,1,2),FOL

UQ4 ( 1.2.1) ,FOLKM(l,2,2) ,EQUTM( 1.?. 1) EOUIM(1,2.2) ,EOUIM(1,3,1) .EQUI
2P4() 3,2) .CLS
PRINT 550, FOLgt4(2,1I),FOLKp4(2,1,2),EOUIM(2,1,1) ,UIM(21,2).FOL
1KM (2.2. 1),FOLKM (2,2,2) ,EOJIM(2.2. 1) EQUIM (2,2,2) ,FOtJIM (2,3, 1) EQUI
2!4(29392) ,CRS5
PRINT 960. FOLKM(3,1,1),FOLKM(3,1,2) ,EgtJTM(3,1,1),EOUIM!3,1,2) ,FAC
IM (3. 1,1) ,FACIM (391,2) .FOLKM (3,2,1) ,FOLKM(C3,2,2) ,EOUIM (3.2. 1) EQUI
2M(3,2,?) ,C?4
PRINT 570, FOLKM(4,1,1),FOL(M(441,2) ,EQUIM(4,1,1),FY)UIM(4,1,2),FAC
IIM(4,1,1),FACIM(4,192),CSSVACI'4(4,2,I).FACIM(492,2)
PRINT 580, FOLKM(5,1,1),FOLKM(5,1,?).EGtIMt45,1,l),EOUI4(5,1,2),FAC
lIM(59l 1.) .FACrM (541,2) ,C04
PRINT 5909 FOLKM(6,1,1),F0LK4(6,1,?) FACIM(6,1,1),FACIM(6,1,2) ,FAC
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1114(69291) ,FACIM(692,2)
PRINT 600, FOLKMl(7,1,).FLKMI7,1,2),EOUlH(7,1,1) ,EOUlM(7,1,2),FAC
I I( 7, 141 ) *FACIM (7. 192) 9FOL(M( 7,2,1 ) ,FOLKM (7,2o2 gEoi IM( 7,291) 9EQU I
2M(7,2,2) ,CT3
PRINT 610, EOUIM(8,1,1),EOUIM(8,1,2) ,EOUIM(8.2,2) ,EOUIP(89392),EOU

270 CONTINUE
c
C COMPUTE TOTALS
C

NPERSaPERSCO * 0
00 280 1=198
00 280 Jzi,5
NPERS=NPERS+FOLKM (I ,J,1)

280 PERSC=PERSC#FOLKM(I9J,2)
EOLJPC=0.0
00 290 1=198
00 290 JV195

290 EOUPCEUPCEUT4(lJ,2)
EUPC=E4!UOC.CL5.CR5.CS54CO4CT3.CMS
FACLC=O.O
00 300 1*198K. ~ ~ ~ 0 300 J=FA1(,J2
TOTAL=PERsC .EQUPC.F ACLC
IF (PRTOFF) 60 TO 310
PR~INT 5104 NPERSPERSCEOUPC*FACLCTOTAL

310 CONTINUE
IF (*NOT.PRTOFF') GO TO 320
ST (1) =TOT AL
ST (2) =FO/PP40
If (!YPE.FQ.2) ST(2)=(EO*D)/RHO
ST (3) =TOTAL*RMO/EO
IF (TYPE.EO.2) ST(3)=TOTAL*RHO/(EO*D)
ST (4) =EO
IF (TYPE.EQ.2) ST(4)=EO4O
ST (5) -RHO
ST (6) 1 .O-PSS
ST (7)=TOTAL*PHO
PRINT 630, (S1(11,1=1,7)

320 CONTINUE
C
C ENO INNER LOOP KI

330 CONTINUE
C
C ENO OUTER LOOP K(2

340 CONTINUE

IF (CMGO) OS=OSAVE
G0 TO 10

63



C
350 FORMAT UIHI ,T0,BA1O.TIOO.5NOATE: ,AlO,5XSHTIME:,AIa/16H-SORTIE RA

ITE IS .F7.L..14H SORTIES / rnAY///)
360 FORMAT (41HIMAX PAID LAUNCH PATE EXCEEDS OL CAPABILJTYT50,9HSLRMA

IX a ,FA.2/TS0.9HMLOL = 9F8.2)
370 FORMAT (25H THIS IS A STRIKE MISSION///)
380 FORMAT (21H TARGETS TO oE KTLLEO9T30,F1O.O//15H NUMPER OF DAYSvT3O

19FIO.O//25H SORTIEL PATE, SORTIES/DAYTl0,Fl.l.//22H PROBABILITY OF
2 LAUNCHqT3OF13.3//?4H PROp4RILITY OF SURVTVAL9T3OFI3.3//12H INGR
3ESS PS~ql09FI.3//?9M OVERALL SURVIVAL PRnA8ILITY4T30,FI3.3//20H
4TARGET KILLS/SORTIET30,Fj2.2/,20H RAID SIZE, VEHICLEST30,F10.D/
5/)

390 FORMAT (TlO,3xP0KT20,F8.6,TlOSHPSTRST20,F8.6/TI0,6HPSTRSDT20,F
18.6/T10,7HPSTRSDS,TnFS.6TI0,7PSSOST20F.6/TIO,5HPLSOST2O,
2Fg *6/T 10 , HLAMOA ,T2O F8. 6/T1O ,2HSL. T15,FA. 1/)

400 FORMAT (2,-H MAXIMUM RETRIEVAL RATET30,Fl2.2//24H CRITICAL RETRIEV
IAL RATETj0vFl2.2)

410 FORMAT. (IHI)
420 FORMAT UlH1,TlOBAlOTloO,5HOATE:,AlOSX,5HTIME:,AIO/25H-FOR A RET

IREIVAL RATE OF qF8.2/)
430 FORMAT (lHlTlO,8A10.TIOOSHDATE:,A1OSX,5HTIME:,AIO/2SH-FOR A RET

IRIEVAL RATE OF ,FS.2,1OX,43H( (( C R I T I C A L R A T E
2) ) )/)

440 FORMAT (TIO,5HNVT =vF9.09T30,5HNVS =aF9.OT50,5HNVR =qF9.0/TlO,5HS
ILR =tF13.49T3097HSLAVG =,Fl1.4,TSO,7HL4AX z.Fll.4)

* 450 FORMAT (24H THIS IS A PECCE .14ISSION///)

460 FORMAT *(IRH TARGETS FOR RECCET30tF1O.Q//I5H NUMPER OF DAYST30,F1
10.0//25H SORTIE RATE, SORTIES/0AYT30FlF1I1//22H PROBABILITY OF LA
2UNCH9T30,F13.3//24H PROHABILITY OF SURV LVAL9T3O.E13.3//12H INGR~ESS
3 PSlT30,F13.3//29H OVERALL SURVIVAL PRO8ABlL11Y#711,F13.3//24H TA
4RGETS AC~oIIRED/SORTIEqT30,F12.2//20H RAID SIZEf VEHrCLEST30,F1O.0
5//)

470 FORMAT (24H CRITICAL RETRIEVAL RATET30*Fl2.2)
480 FORMAT (T1O,63H(NVT, SLR, SLAVG9 AND SIMAX ARE CONSTANT FOR THE RE

ICCE MISSION))
4qO FORMAT (38H THIS IS A DEFENSE SUPPRESSION MISSION///)
500 FORMAT (22H THIS IS AN EW MISSION///)
510 FORMAT (lx,135(lH-)/11H *. TOTALS FOR ENTIRE SYSTEM **9T349F7.OFl

I2.2,T79,FI6.2,T119,Fl6*2//24H *0 TOTAL SYSTEM COST *@,T37qF16.2)
520 FOPMAT (I T1O.BAIOT100,5HDATF: ,A1OSX ,HTIME: .Alo/17H-THE MOST

ICOST - EFFECTIVE OPTION IS:/,T5,16H!TFPATION NUMW3EP.T429F4.0/T5,10
2HTOTAL COST9T33,F15.?/TS,26HSTORAGE RFMOVAL RATE - fNS9T4l9F6.1/TS
3,20HTOTAL VEHICLES - NVTtT38.F8.0/T5.JoHNUm8ER OF READY VEHICLES-
4 NVR9Tl8,F8.0/T5,JIHNUMR.R OF STORED VEHICLES - NVS,T389F8.0/T5931
5HMAX AVERAGE SORTIE PATE - SLAVvT3lF9.1/TS,27HMAXIMUM SORTIE RAT
6E - SLMAX,T38,F9.I/T5,22hPA10 SORTIE qATE - SLRTl8*F9*1/TSJ2hNO.
7 OF OPERATING LOCATTONS - NOL#T41,F5.O)

530 FORMAT (/T17,3AHPERSONNFL RFfWUIREMlENTS FOR THIS OPTION9TSB,38HEQUI
IPMENT REQIJREMENTS FOR THIS OPTIONqT99937HFACILITY REQUIREMENTS FO
2R THIS OPTION/T17,JR(1H-).T58,3R(IH-),T99,38(lM-))
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540 FORMAT (7H LAUNCHTI9,6MLAUNCH, T37,F4.0,F12.2,T60,9HLAUNCHERST78,
lF4.0vFlI2.2/T19, 14wLAIUNCH- CONTROLT37.F4.OFI2.2,T60, I 1HACCESSORIES
2#T79.F4.OF2.2/T60.2*4O~1LE EOU1PtT7PvF4.0vF12.2/T60v7HRnT +EqT
382 ,F12 .2)

550 FORMAT (OHORECOVERYTI9,SHRECOVERYT37,F4.O.FI2.2,T60,I4HRECOVERY
IAREAST78.F4.OFI2.?/T19,16HRECOVERY CCNTPOLIT37,F4.09FI2.2,T60,1I
2HACCESSORTEST78,F4.OFI2.2/T60, 12HMOBlLE EGUIPT7S,F4.OF12.2/T60
397HROT * E9T82,FI2.2)

560 FORM4AT (IH0MAINTENANCET19,9HPERSONNJELT35,F6.OFI2.2,T6Ov 16HTURN
IAROUNO EG~uTPT78,F4.0,FI2.2,rIO1. I5MMA1NT StuILO!NG5,Tl 19*F4.OFl2.
22/Tlqq1IHREPAIR PERST35,F6.OFlZ.?,T60, 12HREPAIR F0UI?,T78*F4.OF
312.2/TA'0,THPOT + EiT929F12.2)

570 FORMAT (8HtOSTORAGETl9,9HPERSONNELiT37,F4,OFI2 .2,T60. I4HHANOLING
1EOulPT78,F4.0,FI2.?,T1OI, I2HCOLO STORAGF5TI 16.F7.n,F12.2/T60,7HRO
2T * E9T82,FI2.29T1O!,1iIIREA0Y STOPAC'E9Tll6,F7.0qF12.2)

580 FORMAT (11HOOPERATIONST1RQMPERSONNIELT37.F4.0,FI2.2,T60,I3HCONTR
IOL EQUIPT7F[,F4.OFI2.2,TIo1.163MCONTROL FACILVTY*T119,F4.OFI2.2/T
260,7HROT + E9T829FIR.2)

590 FORMAT (11HOOL STARTUPqT19,8mSECURITYT37,F4.0,FI2.29TIO1,14HMISS.
I FAC STOR,TlUJP10.oFl2.2/TlOII8HINITIAL ACTIVATTONqTl19oF4.0,F1
22.2)

600 FORMAT (9N0TRAININGTl9i 11HINSTPUCTORST37,F4.OFI2.2,T6O, 13HSPECI
IAL EOIJTP.T78,F4.OF12.2,T1011 17HTR.ATNING LOCATIONTI19.F',.09FI2.2/
2TI9,8NTRATNEEST35,Ff,.0,FI2.2,T60,17HTRAINIING VEHICLESqT74,F8.0,F1
32.2/T60,7HFDT + ETP2,F12.2)

610 FORMAT (9HO&.VEHICLES 4 T6O, 11U ACQUISTIONT74,F8.0,FI2.2/T6O,6HSPARES
1.TAOF14.P/T60,7HROT * EqT80vF14.2/T60il9HQECOVERAFLE PAYLOADtT809
2F1'a.2/T60 9 1SHEXPENOl9LE PAYLOA0,T80,F14.2)

620 FORMAT (//T1694MCOSTqT41 ,6HEO/RHO9T58,8HC RHO/EOqT70,2HEOT87,3HRH
1OT1O294HATTR,T116954R PHO)

630 FORMAT (TlOFl2.2,T39,)12.3,T50,FI2.3,T65,FI2.2,T80,FI?.2,T9SFl2.

640 FORMAT (/TIO,14H OUTER LOOP 09F 10.l)
650 FORMAT I/TI0,15H OUTER LOOP DSsFIO.1)
660 FORMAT (/TIO,16H OUTER LOOP PH0.9FI0.2)
670 FORMAT (/TIO,ISH OUTER LOOP FO=,FlO.I)
680 FORMAT (/T1O,14H OUTER LOOP AV1I0.3)

ENO
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SU9ROUTINE INPU'
COMMON /CHNtGE/ NOVAR'fO(S0) N!,VAQY (SO)
COMMON / INPUTS/ TYPFEOC0rnS ,HORAIDRSTOTSTTM4ASSA4
ILOLMINL#OhM1(7)i,PRPLSPCPSSTPS,DUM2(1S),CL1,CL?.CL3,CL
24tCL5,NLC,NDOTLCNLCCNnOTLCCLOOTFNLSMHEDUM3(3),CRlCR2,CR
33,CRACR5,NHCNOOTRCsNRCC.NOOTRCCqflOTENIRSMREOUM4(3),CO1,CO
4Z,9NOCNOOTOCTCCO3,OOOTEODOTFCO49,OUM5(1),CMICM2,CH3,CM4,NMCN
SOOTMCNTR.NRENRFRMPNMCRNlOTCR,PCM5,0JM6(7) *CS I (S2CS3,CS49
6NSCNOOTSCCS5t)UM7 (3),9C II 9CI29C 131-HSECvMLSOIJ48 (9) CT ICT2#R APT
7,PLTTNEXITCYCLECT3,OUMq(6),CV1,CV2CV3CV4CV5,AMMAOIJMIO(4)
COMMON /RFSULT/ FOL.KS(8,S,2),EQUIP(R,5,23 ,FACIL(895.2)
COMMON IMEAOER4/ TITk.E(8) ,TflAYCLOCK91TER8
COMMON /SwITCH/ PRINTCOSTSOFBUGDATI ,CHGDCHGOSCHGRHOCHGEO.CHG
1A.PRTOFF,0DSO0I1O,0OVOA, 0IoDlS, RHO. lEO, IA
LOGICAL onOrCOISRHOOEOOA,!fglOSIRHOIEO.IA
LOGICAL PPIPMT*COSTS.OERUG9DAT1
LOGICAL CHGDCHGOSCHGRHOCHGEOCHGAPRTOFF
DIMENSION VAR(145)1 NAMESU145), FLAG(145)
EGUIVALENCE (VAR (1) TYPE)

C
C MISSION REQUIREMENTS
C

DATA (NAMFS(I)vI=l,?O)/4HTYPE42HEO,1HO,2HOS,3HRHO.4HRAID,2HRS,
L12HTO,2HTS.?HTP4,5HTMASS,4HMLOL ,4HMINL,7t7H$UNUSED/

C
C PROOABILITIES
C

DATA (NAMES(I) 1=24)/2HPR,3HPLS,2HPC,3HPSS.JHTPS,15*7HSU)NUSED/
C
C LAUNCH COST COEFFICIENTS

DATA (NAMES(I),I=4l,55),3HCL.,3H-CL23CL3.3HCL4,2HCL5,3HNLC,6HNOOT
I LC9414NLCC 97HPDOTL CC 9SHL DOTE q3MNLS,93HMHE i *17H$UNJSED,

C
C RECOVERY cOST COEFFICIENTS
C

DATA (NAMrS(I),I5S6,7O)/3HCRI,3HCR2,3HCR3,3HCR4,3HCRS,3hMIRC,6HNDOT
IRCp4HNRCC,7HNDOTRCC.5HROOTE,3HNRS,3HMRE,307H$UNUSEO,

C OPERATIONS COST COEFFICIENTS
C

DATA (NAMFS(1),I=71.RO)/3HCOl,3HC02,3HNOC,6HNOOTOC,?2HTCTHC03,5H00
lOTE ,5IlODOTF9 3MC04, 7MSUNUSED/

C
C MAINTENANCE COST COFFFICIENTS
C

DATA (MAMrS(I),I=Rl100O)/IHCM1,3HCM2,3F'M,3HCM4,3HNHC,6HNOOTMC,3H
I NTR *3H 'RE *3MNRF, 3HRUR ,4HNMCR, 7HNOOTMCR * HC?45 *7* 7NSUNUSED/

C
C STORAGE CoST COEFFICIENTS
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c
DATA (NAMES(I),t11lslO)/3HCS1,3HCS2,3HCS3,3HCS4.3HNSC,6HNDOTSC,3

1HCS5, 3'7NSUNUSED/
C
C INITIAL STARTUP COST COEFFICIENTS
C

DATA (NAMES(I),I:I1I,120)/Cll,3HCZ,34C13.4HNSEC,4HMLRS.5*7H$UNU
ISEOI

C
C TRAINING COST COEFFICIENTS
C

DATA (NAMFS(1) ,Tz121,13)/HCT13CT22HRA2HPT2HPL,2HTT,4HNEX1,6
IhTCYCLE ,3H-CT36*7HS(JNUSED/

C
C VEHICLE COST COEFFICIENTS
C

DATA (NAM.ES()1136,145)/3HCVl,3HCV2,JHCV3q3HCV4,3HCV5,SHGAMMA4*
I 7HSUNUSED/
DATA FLAG/145*IH</,qAR/145*O.O/
DATA PRINTCOSTSOF8UG.DATICHGOCHGDS.CHGRH0,CHGEO.CHGAPRTOFF/.T
IRUE.,.TRUE.,.FALSE.,.TPUE.,.FALSE.,.FALSE.,.FALSE., .FALSE.,.FALSE.
29.FALSF./
DATA 0,OOSORMOOEOOA,10,IOSIRHO,1E0.IA/.FALSE.,.FALSE.,.FALSE.
l,.FALSE.,.FALSE.,.FALSE.,.FALSE.,.FALSE. .FALSE...FALSE./
DATA TITLF/8'Ii4
ISTOP=l
PRINT 340
CALL DATE (TODAY)
CALL TIME (CLOCK)
no 10 1:1,145

10 IF (FLAG(I).EQ.1HO) FLAG(I)=IH
20 REAl) 3509 NAME90ATA

IF (NAME.F0.IOHENDJOB ) STOP
IF (NAME.FQ.1OH ) Go TO 20
IF (NAME.E0.10HPRINT ) Go TO 40
IF (NAME.EA.IOHNOPRINT ) Go TO 50
IF (NAME.EQ.IOH4COSTS ) Go TO 60
IF (NAME.E0.10OATA ) Go TO 100
IF (NAME.F..OHNODATA ) SO TO 110
IF (NAME.EO.IOHNOCOSTS ) GO TO 70
IF lNAME.FQ.10HOE8Ur ) GO TO 80
IF (NAME.FQ.1OMNODEFU, ) GO TO 90
IF (N4ME.E0.IONTJTLF ) GO TO 120
IF INAME.Fn.IOHENDCASE ) 6O TO 290
IF (NAME.En.IOHCMGO ) Go TO 140
IF (NAME.FQ.lOHCONSTO )GO TO 140
IF INAME.FO.10HCHGOS ) Go TO. 160
IF (NAME.0.10HCDNSTnS ) GO TO 160
IF (NAME.F0.I0HCmGRmO )Go TO IAO

IF fNAmE-.Ea.10HCONSTRHO ) GO TO IAO
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IF (NAAE.FO.1O1HCHGEn Go To 200
IF (NA,E.OHCONSTEO ) Go To 200
IF (NAME.EQ.1QNCHGA ) Go TO ?20
IF (NAME.1oOHCONSTA ) Go TO 220
IF (NAME.FQ.10HP'PINTOFF ) Go TO 230
IF (NASE.EQ.IOHPRINTON ) Go To 240
00 30 1=1,145
IF (NAME.EQ.NAMES(l)) GO TO 280

30 CONTINUE
PRINT 360, ISTOPNAMEDATA
PRINT 370
I STOP-0
GO TO 20

40 PRINT=.TRIJEo

GO TO ?0

GO TO 20
6 OPUG=.TRJE.
GO TO 20

90 COETU=.FALSE.
GO TO 20

100 0AT1G.TRJ.
GO TO 20

110 DEAUC.FALE.
GO TO 20

120 RAO 3=0TRITLE
GO TO 20

110 CHGO=.TR'JE.
GO TO 20

140 CHGO=.FALSE.
IF (00) Nn=I
IF (1D) Nt1l
O0z.FALSE.
IDu.FALSE.
IF (NA.ME.EQ.1OHCHGO GO TO 130
GO TO 2

150 CMGOS=.TRIEo
GO TO 250

160 CHGDS=.FALSEO
IF (ODS) N01i
OOSZ.FALSE.
IF (IDS) N4I=I
IOSs.FALSF.
IF (NAME.EQ.IOHCHGOS IGo TO ISO
6O TO 20

170 CHGRHO=*TRUE*
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GO TO 250r180 CHGRHO=.FALSE.
IF (ORHO) NO~l
ORHOv*FALSE.
IF (IRHO) NIvl

IRHO=.FALSE.
IF (NAME.EQ.IOHC$4GRHO )Go TO 180

100G TO 20
10C HG E = .TRUE.

GO TO -?50
200 CHGEO=.FALSE.

OEO=.FALSE.
IF (CEO) NI01
IFEO) N11SF

IF (NAME.EQ.1OHCHGEO )Go TO 190
GO TO 20

210 CHGA=.TRUE-
GO TO 250

220 CHGA=.FALsE.
IF (OA) N01j
OA=. VAL SE.
IF (IA) Nisi
IA=.FALSE.
IF (NAM'E.FIQ.10HCHGA )Go TO 210
GO TO 20

230 PRTOFF='.TRIJE.
GO TO 20

240 PRTOFF=.FALSE.
GO TO 20

250 READ 3509 NAMEDATA
IF (NAME.FQ.OM0OtTER )Go TO 260
IF (NAME.EQ.I0HINNER )Go TO 270
PRINT 3q0, NAME
ISTOP=O
GO TO 20

260 CONTINUE
NO=OATA
If' (CHGO.ANO..NOT.IO) 00=.TRUE.
IF (CHGDS.AND..NCT.TnS) ODS=.TRUE.
IF (CHCRHn.AN~o.NOT.TRHO) OPHO=.TPUE.
IF (CHGEO.ANI..NOT.TEO) OEO=.TRUE.
IF (CHtCAoANO..NOT*IA) OA=.TPUE.
READ 400, 4VAPYO(T),I=)9NO)
PRINT 410, (VARYO(1lhI=19NO)
GO TO 20

270 CONTINUE
NI=OATA
IF (CH-G0ND.o.N0T.Ol) IM.TRtJE.
IF (CMGDS.AiNO. .NOT .005) IOS=.TRIJEo
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rF(HRoAO.0.RO RO.RE

IF (CH(RO.AN..NOT.ORO) IO.TRUE.

IF (CHfVA.AND..NGT.OA) IAz.TRIJE.
READ 4009 (VARY(I)91=1,NI)
PRINT 420, (VARYfI)qT=1,NI)
GO TO 20

Z80 VAR (I)COATA
FLA6(I)v1H.
GO TO 20

290 IF (.NOT.nATI) GO To 300
PRINT 430, TITLETOrnAYCLOCK
PRINT 440
PRINT 550, (FLAG(I).NAMES(I),VAR(I),1=l,13)
PRINT 450
PRINT 550, (FLAG(I),NAMES(1),VAR(I),1=21,2S)
PRINT 460
PRINT 550, (FLAG(r).NAMES(I),VAR(I),I=41,52)
PRINT 470
PRINT 550, (FLAG(I),NA,.ES(I),VAR(I),I=S6,67)
PRINT 480
PRINT 550, (FLAGCI),NAt4ES(I),VAR(I) ,171979)

PRINT 490 (LGI NMSI.A(,.8.3

PRINT 5509 (FLAG(I) ,NAMES(I) ,VAP(I) .1=11,10)
PRINT 00
PRINT 550, (FLAG(I) ,NAMES(I),VAR(I, .1=10111)
PRINT 520
PRINT 550, (FLAG(I),NAMES(I),VAp(I,,I=1119)
PRINT 520

PRINT 5509 (FLAG(I).NAI4ES(I),VAR(I),I=136,141)
300 DO 310 1=1.8

00 310 J=195

310 FOLKS CIsj,K)zEQUIP I 'JK)=FACILC IJK)20O
IF (ISTOP.F0.0) GO TO 330
IF IDATI) RETURN
DO 320 121,145
IF (FLAG(I).EQ.lI4o) PRINT 5409 NAMESCI),VAR(I)

320 CONTINUE
RETURN

330 CONTINUE
PRINT 560
STOP *- INPUT ERRORS*

340 FOkMAT (iI)
350 FORMAT (Al0,E20.8)
160 FORMAT (Ij,9XAIO.5XF10.3)
370 FORMAT (lH..T4OqA6H*"** VARIAELE NAME IS NOT IN DICTIONARY *O
380 FORMAT (8A10)
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30FORMAT (TIOAI09T25,33HIS NOT INNER OR OUTEP INPUT ERROR)
404) FORMAT (BF10.0)
410 FORMAT (TIO.24HOUTEP LOOP VALUE~S VARIED/(AFI.2.3))
420 FORMAT (710924HINNER LOOP VALUES VARIED/(8Fj2.J))

40FORMAT (IHI.T1O,8AIflTLOOSHnATF: ,At0,5Xq5HTIME:,AlO/27HOVALUES F0
IR INPUT VARIAI3LESvT40,51H. INOICATES THE VARIABLE WAS DEFTNEO FOR
2 THIS CASE/T40938H< INOICATES THE VAPIARLE IS UNDEFINED)

440 FORMAT (31HOt4ISSION PEO4JIREMENTS/CON~STRAINTS)
450 FORMAT (14HOPRO6ABIt.!TTES)
460 FORMAT (25HOLAUNCH COST COEFFICIENTS)
470 FORMAT t27HORECOVERY COST COEFFICIENTS)
480 FORMAT (2qHOOPEPATIONS COST COEFFICIENTS)
490 FORMAT (3o0MAIN.TENANCE COST COFFFTCIENTS)
Soo FORMAT (26HOSTORAGE COST COEFFICIENTS)
510 FORMAT (34HOINITIAL STARTUP COST COEFFICIENTS)
520 FORMAT (27H0TRAININS COST COEFFICIENTS)

*530 FORMAT (26HOVEHICLE COST CCEFFICIENTS)
540 FORMAT (T1OA1OF1O.3)
550 FORMAT 14XtA2,AIOFI0.3,15XA2,A1OFI0.3,ISXiA2,AlOFlO.3,ISXA2,A

1109710.3)
560 FORMAT 416HOERRORS IN INPUT)

ENO
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SUBROUTINE COST (TOTAL)
C
C THIS ROUTINE CALCULATES THE SYSTEM COST BASED ON THE REQUIRED
C LAUNCH RATES AND NUP49EP OF VEHICLES-TOTAL,IN STORAGE AND READY
C
C COSTS ARE DIVIDED INTO EIGHT TASK AREAS: LAUNCH, RECOVERY9
C MAINTENANCE, STORAGE* OPERATIONS, STARTUP, TRAINING, AND
C VEHICLE ACQUISITION
C
C RESULTS FROM THE COST EOUAT IONS ARE PLACED IN THE ARRAYS
C FOLKS(89592) PERSONNEL REqUIREMENTS
C EOUIP(89S,2) EQUIPMENT REQUIREMENTS
C FACIL(89592) CACILITIES REQUIREMENTS
C
C THE SUBSCRIPTS FOP THESE ARRAYS ARE ARRANGED AS FOLLOWS:
C ARRAYfTASKqSURTASK9UNITS)q WHERE
C
C TASK u1 LAUNCH
C 2 RECOVERY
C 3 MAINTENANCE
C 4 STORAGE
C 5 OPERATIONS
C 6 OPERATING LOCATION STARTUP
C 7 TRAINING
C 13 VEHICLE ACQUISITION
C
C SUSTASK = 19N FOR THE SUB-PORTIONS OF THE
C COST ESTIMATING RELATIONSHIP
C
C UNITS = 1 NUMBER REQUIRED
C 2 COST
C
C

IMPLICITREAL (LvMgN)
COMMON /INPUTS/ TYPEEODonsRHoRAIDRSTOTSTMTMASSM
1LOLMINLgnJMI (7) ,PRPLSPCPSSTPSOUM12(15),CL1,CL2,CL3,CL
24,CL5,NLCNOOTLCNt.CCNOOTLCrLDOTENLSMHEDUM) (3) ,CR1 9CR29CR
33,CR4,CR5,NtRCNDOTRCNRCCNOOTRCC.RDOTENRSMREOUM4 (3) oCO1'CO
42 ,NOCNOOTOCTCCO3,OOOTEODOTFCO4OtjM5 (l) CMI ,C,42CM3,CM4,NMCN
SOOTMCNTR,NRENRFRMRNCPNOTMCRCM,011M6(7) .SCS c2,CS3,CS4,
6hSCvNDOTSCqCSSvO1JM7 (3)9C I 1 CI2C I 3.NSECqML8SqOtiM8 (5),9CT I CT2vRA9PT
7,PL.TTNEXI ,TCYCLECT3.OUMO(6) ,CVI ,CV2,CV3,CV4,CVS5cAMMAOUMIO(4)
COMMON /WORKER/ PCIPS1,PSTC)NSNVPNVSNVTSLAVG.SLMAX.SLRNO
IL*LAmnAgSL*SLRMAX
COMMON /RFSULT/ FOLKS(89592),EQUIP(89592),EACIL(8,592)
COMMON /HEADER/ TITLE(S)gTOVAYPCLOCKITERB
COMMON /SwlTCm/ PRINTCOSTSOEBVGOATI ,CHGOCHGDS,cHGRHOCHGEOCMG
lA.PRTOFF.OOOOSORHOOFOOA, ID. 105, PHO, EO, IA
LOGICAL OnOOS.ORHOOE0,OA.IflIUSIRHOIE0,IA
LOGICAL PRINTqCOSTSOEFUGOATI
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LOGICAL CHGOCHGOSCHGRHOCHGEOCHGAPRTOFF
INTEGER NOL
ROUNO(APG?=AINTIARG+0.Q9999999999999)

C
C CALCULATE NUMBER OF OPERATING LOCATION REQUIRED
C MLOL =MAXIMU4 LAUNCH RATE PFP OPERATING LOCATION
C NOL =NUMBER OF OPERATING LOCATION
C

NOLt4AY1 I ROIJNo(SLAVr,/(TO*Mt.OL) ) ,NINL)
IF (PRINT) PRINT 90, NOL

C
C COMPUTE THE NUMP4ER OF SHIFTS
C

SA VES LX=SLM AX
SSLMAX-SLAVG/ (TOONOL)
SLMAX=SLAVG
IF (SLRMAx.GT.SSLMAX) SLMAX=SLR*NOL
IF (PRINT) PRINT 1O09 SLRMAXqSSLMAXSL4AX
S=TO/TS
SxAMAXI(l.,S)
SM=TM/TS
IF (SLPMAx.GT.SSLMAK) 10s2o

* 10 TIME=(SLAvG*TMASS/(NOL'RAtfl))
S=AMAXI (l.,TIMETS)
IF (PPINT) PRINT 1109 TIMEqTSS

20 CONTINUE
C
C
C /LAUNCH COSTS/
C
C

OL=SLMAX/ (TO*NOL)
C
C LAUNCHERS
C

EGUIP(1,1 ,)=ROUNO(OL/LOOTE)
EQu IP (11,2) zCL2*E0U 1P 191,1)

C
C LAUNCH PERSONNEL
C

FOLKS (1,1 * ) 5*ROUNO (NLC'DL/NDOTLC)

* C LAUNCH CONTR~OL PERSONNEL
C

FOLKS (1 ,2,1 =S*RO(JNO (NLCC*I2L/NOOTLCC)
FOLKS(1,2,2)=CL14 FOL(S(1,2,1-)

* C
C LAUNCHER ACCESSORIES
C
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EQU!PE1,2,1 )=ROUNO(nL/(NLS*LOOTE))
EQUIP (1v2,2) =CL3*EQUIP(1 .2q1)

C
C MOSILE LAUNCH HANDLING EQUIPMENT
C

EQUIP(193.1I)=ROUNODL/MHE)
EQU1P(2,2,1)ROUN(OL/(NRS*RloIE))
EOuIP(1v3,2)=CL4*EQUIP(1p3,1)

C
C
C / RECOVERY COSTS/
C
C

OLSL4AX/ (TO'NOL)
C
C RECOVERY AREAS

EQUIP42,l ,l)=ROUNO(OL/ROOTF)
EQuIP(2.1 ,2)=CR24 EOUIP(2, 1,1)

C
C RECOVERY PERSONNEL

FOLKS (2,1,1) =S*ROUNO (NRC*OL/NOOTRC)
FOLKS(2,192)=CRI*FOLKS(2,1. 1)

C
C RECOVERY CONTROL PERSONNEL
C

FOLKS(2.2,1I)=S'ROUNO(NRCC.OLNOOTRCC)
FOLKS (2,2,2)=CRIFOLKS(2,291)

C
C RECOVERY ACCESSORIES
C

EQlJIP (2v2.1) =ROUNO (0L/NRS)
EQU IP(2t ,2) =CRJOEQU!P (2,2, 1)

C
C MOSILE RECOVERY HANnLING EQUIPMENT
C

EQUIP (293,1 )=ROUNO(DL/MPE)
EQUJIP(293.2) zCR4*EQUIP(2,3,I)

C
C
C M ?AINTEN4ANCE COSTS/
C
C
C CALCULATE AVERAGE LAUNCH PATE
C

OL=SLAVG/ (TP4'NOL)
C
C MAINTENANCE PERSONNFL
C

FOLPCS(3,1,1 )=SM'ROUNO(NMC'OL'NOOTMC)
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FOLKSUJ,1 .2)=CIFOLKS(3, 1,1)
FOLKS (',Z,1) SSM*POUJNO(NMCR*OL*RMR/NOOTMCR)
FOLKSfi,2,2)=FOLKS(3,9, 1)*CMl

C
C MAINTENANCE FACILITIES AND EQUIPMENT
C

EQUIP (~11.1V=ROUNDnL/NTR)
EQUIP 3s2. 1)=ROUN0(0L/NRE)
EQUIP (3,1,2)=CM3*EOUIP(391 ,1)
EQUIP t3q2.?)=CM4EQIIP (3vZ,1)

C
FACIL(!v,I,)=ROUNOCOL/NRF)

C
C
C /STORAC(F COSTS/
C
C

NOOTS=ONS, (NOL*TM)
C
C STORAGE PERSONNEL
C

FOLKS (4, 1,1) =ROUNO (SM*ROUNO (NSC*NOOTS/NOOTSC))
FOLKS(4,1 ,ZVCSI*FOLKS(491,1)

C
C STORAGE EoU1PMENT
C

EQUIP (4.1,1) ROUND (NOOTS/NOOTSC)
EQUIP(4, 1,2)=CS4*EQtJ-IP(4,1,l)

C
C STORAGF FACILITIES
C

FACIL(49l.1 )=NVS/NOL
FACIL (4,1,2)=CS2*FACTL(4,1 ,1)
FACIL(4,2.1 )NVR/NOL
FACIL (4,2.2)=CS3*FACIL(4,2, r)

C
C
C /OPERATIONS COSTS/
C
C

OL=SLMAX/ TO4 NOL)
C
C OPERATIONS PERSONNEL
C

FOLKS (5,1 ,)=S*ROUNWn(NOC*DO~TC/NOOTOC)
FOLKS(5,1 ,2)=CO1FO-KS(5,1,1)

C
C OPERATIONS EQUIPMENT
C
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EQUIP (S~1 ) =ROlNO (0L/OOOTE)
EQUIPIS, I,2)=C03*EOUIP(SI,1)

C
C OPERATIONS FACILITIES
C

FACIL (5'1 1)=RO(UNO(0L/OOOTF)
FACIL(5q .2)=C02*FACIL(5tltl)

c
C
C / 0 STARTUP COSTS/
C
C
C SECURITY PERSONNEL
C

FOLKS(6,I .1)=NSEC
FOLKS (6,1,2)=C11*FOLKS(6,1,1)

C
C STORAGE FACILITIES
C

FACIL (691,1 =MLBS*SL/1 .0E6

C
jtC STARTUP

C
FAC IL (6*2, 1V 1.0
FACIL(6,2,2)=C13'FACIL (6q2,1)

C
C
C /TRAINING COSTS/
C
C
C NOTE: TWE COST OF TRAIN.ING VEHICLES IS NOT COMPUTED
C UNTIL THE UNIT VEHICLE COST IS KNOWN.
C

NPT=FOLKS( 1. 1,1*FOLKS(1,2,I) .FOLKS (2, 191) .FOL~S (2 ,2,1) FOLKS (3,1.

NPT=NPT*NOL/TCYCLE
FRACxAMIN1 (1.0,PT*NoL/TCYC.E)
IF (DEBUG) PRINT 120p FRAC

C
C INSTRUCTORS
C

FOLKS(7q, 1 I)ROUNO(Qk*PT*NPT)
FOL.KS(7 192)xCTI*FOLKS(79191)

C
C TRAINEES
C

FOLKS(7s2,1 )=POUNO(PT'NPT)
FOLKS (792.2)uCT2'VOLKS(7,2, I)

C
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C TRAINING FACILITIES
C

FACIL(791,1)ml.O
FACIL(7t1 ,2)=VRAC'*FACIL(5.,1l,2)

C
C EQUIPMENT
C

EQUIP (791 :1.0
EQUIP (7, I,2)=FRAC* (EOUIP(1,1,2I+EQUTP(19

2 92 ) +EQUIP(19392) EQUIP (29

2U I P(5919,2))
C
C TRAINING VEHICLES
C

TEMP2AMAX i(RAIOSLAVG/ (TO*NOL))
NT V=FRAC*TE HP/PR
NTV=NTV*(l .*10.*PL*TT*NEXI)
EQUIP (792,I)=NTV.
IF (GEPUG) PRINT 130v NTV

C
C
C /VEHICLE ACQUISITION COSTS
C
C
C ACQUISITION
C

EQUIP (891.1 )NVT
TEMP=CVI*NVTNTV)**(ALOG(GAMMA) 'ALOG(2.))

EQuIP (R91.2)1NVT*TEMP
C
C COMPUTE COST OF TRAINING vEHICLES

EQUIP (7t2.2)=NTV*TEMP+CV2*NTV
C
C SPARES
C

EQUIP (8,,2)-CV2*EQUIP(R,1 ,1)
C
C ROT +E
C

EQiiIP (893,2)=CV3
C
C PAYLOADS
C

EQuIP(8,4.2)=CV4EQIJIP(8491)D
EQUIP (R,5.?)ZCVS*EO/LAHOA

C
C
C
C /PRINiT RESULTS/
C
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C
IF (.NOT.PR!NT) GO TO 40
PRINT 140, TITLEtTOOAYvCLOC'(,ITER8
PRINT 150
PRINT 160, FOLKS(1,1,1),FOLKS(1.1,92),EOUJIP(1,1,1) ,FOUIP(1,1,2),FOL
IKS(1,2,1) .FOLKS( 192,2) ,EOUIP(l,2, 1) ,EOU Ip 2.2 ,EOIIP (1,3,1) EQUI
2P(193.2) ,CL5/NOL
PRINT 170, FOLKS(2,1 ,1) ,FOLKS(2,1,2) .ECUIP(2,1,1) ,EOUIP(2,192) tFOL
1KS(2,2% 1) ,FOLKS(292,2) ,EQUIP(2.2,1) .EQUIP(2,2.2) ,EOUTP(2,3,1) tEOUI
2P (23.2) ,rR5/NOL
PRINT 1809 FOLKS(3,I,1) ,FOLKS(3,1,2) ,EQUIP(3.1,1) ,EQUIP(39192) .FAC
IIL (3. 1,1) .FACIL (3,1,2) .FOLKS(392,12 FOLKS (3,2,2) ,EoUIP (3,2,1) oEOUI
2P (3.292) ,CtA/NQL
PRINT 190, FOLKS(4,1,1) ,FOt.KS(491,2) ,EOUIP(4,11),FOUIP(4,iZ),FAC
1IL (4, 1.1) FACIL (4,1,2) ,C55/NOL .FACIL (4*2,1) ,PACIL (A.,22)
PRINT 200. FOLKS(5,1,1) ,F0LKS(S,1,2),EOUIP(5,1,1) ,EOUIP(5,1,2),FAC
I IL(5 1.1) ,FACIL (5,1 .?) C04/NOL
PRINT 210, FOLKS(6,1,1),FOLKS(6,1,2),FACIL(6,1,1),FACIL(6,1,2),VAC
1IL (692,1) ,FACIL (6,2,2)

C
C PRINT TOTALS PER OPERATING LOCATION
C

PEPOL=0.
CPEPOLaO.
CEQPOL=0.
CFACOLzO.
00 30 1=1,6
00 30 J=1,5
PEPOL=PEPnL*FOLKS (I ,J,1)
CPEPOL=CPFPOL*FOLKS(I .J,2)
CEaPOL=CCoPOL*EQIUIP I.J92)
CFACOL=CFACOL.FACIL (I J,2)

30 C04TINUE
PRINT 240, PEPOLPCPFPOLCEOPOLCFACOL
PRINT ;?So, PEPOL*NOL9CPEPOLENOLCEOPOL*NOLCFACOL*"IOL
PRINT 220, FOLKS(7,1,1) ,POLKS(7,1,?),EOUIP(7,1,1) ,Fiurp(7,1,2),FAC
IIL (7, 1,1) ,FACIL (7,1,2) ,FOLKS (7 .?,1) FOLKS (7,292) ,E''IP (7,2,1) ,EQUI
2P(79292) .CT3/NOL
PRINT 230, E0UIP(8,1,1),EQUI0(8912)ECUIP8,292,EOUIPe,932) ,EGU

C
C
C MULTIPLY BY NUMBER OF OPERATING LOCATIONS
C

40 D0 50 1=196
00 50 J=1,5
00 50 K=1.2
FCLKS( IJK)=FOLKS( I9J9K)*N0L
EQUIP(TJ.K)=E(ItUIP( IJoK)*NOL

SO FACIL(IJK)=FACIL(IJqK)*NOL
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C
C COMPUTE TOTALS
C

NPERS=PERSC=0 .0
DO 60 1-1,8
00 60 J=195
NPERS=NPERS+FOLKS CI J. 1)

60 PERSC=PERSC*FOLKS(IJ,2)
EOUPC=0.0
00 70 1=1,8
00 70 J-195

70 E(QuPC=EQUPC+E0UIP(19JP2)
EQUJPC=FQUPC.CL5.CR5.CM5.CSS.C04 CT3
FACIC=0.O
DO 80 1=1.8
00 80 Jl,

80 FACLC=FACLC.FACIL(IJ,2;
TOTAL=PERSC 'FQUPC .FACLC
IF (PRINT) PRINT 260. NPERS90ERSC#EOUPCiF'ACLC#TOTAL

C RESTORF St.MAX.
SLMAX=SAVESLA
RETURN

C
90 FORMAT (/T1O,28HOPEPATING LOCATIONS REQUIREOT409TS/)

100 FORMAT (TlOS2HLAUNrH PATE DETERMINED !Y RAID SIZE CLAUNCHES/HR/OL
1),T90,FlO.1/TIO,81.HLA0NCH RATE DETERMINED RY IMAXI'4UM SORTIES REQUI
2PEO/OAY To DO JOS (LAtNCHES/4R/OL),T91.F9.j /T1O,SOHMAXIMUM LAUNCH
3 RATE REQifIRED (LAUNCHES/DAYSYSTEM),T9oFIO.1/)

ILO FORMAT (T1O927HHOURS/DAY RASE MUST ORE9ATEqT50wF10.7/Tl0,23HSHIFT
ILENGTH (HR)-IN4PUTTqO.F1O.2TIO291NUMPER OF SHIFTS/DAY RESET TO,T
250,F 10 .2)

120 FORMAT (6H FRAC29FIO.4)
130 FORMAT (Sm NTVv*EIO.3)
140 FORMAT (1H1,TI0,8AI0,TIoOqHnATE: ,AIOSXSHTIME:,Ala/T67,9HITERATI

IONOT5/$
150 FORMAT (/T20932HOEPSONNEL PER OPERATING LOCATTONTA1,32tIEOUIPMENT

IPER OPERATING LOCATION.TIO2913HFACILITIES PER OPERATING LOCATION/T

160 FORMAT (7H LAUNCHTlq1AHI.AIJNCHT37,F4.0,FI2.2,'r60O9HLAUN4CHERST78,
IF4.0,F12.?/TI9914HLAIUNCH CONTROLT37,F4.OFl2.2,T60. IIHACCESSORIES
2*T78,F4.0,F12.2/T60ol2HMO3ILE EQUIPT78,F4.OFl2.2/r60,7HRDT + EqT
382*F12.2)

170 FORMAT (9H.OECOVERYTq,8HRECOVERY-T37,F4.0,F12.2.TAO, I4HRECO VERY
IARFAS.T78,F4.0,F12.?/T19,I6HRECOVERY CONTPOLT379F4.09FI2.2,T60,11
2HACCESSORIEST78,F4.0,FI2.2,,T6O,12HMOBILE FOUlPT7RF4.OF12.2/T6
3097HRDT 4 EoT829FI2.2)

180 FORMAT (I?MOMAINTENANCE, Tlq.RMPERSONNFL ,T36,F5.O.Fl?.2T60, 16HTURN
IAROUNO EOUlP.T78,F4.0,F12.2.TlOI ,15HMAINT 90tILDINGSTI9qF4.09F12.
22/TlggINQEPAIR PERST36.F5.0,F12.?,T60,12HPEPAIP F'OUIP#TV~sF'.0,F
312.2/T60,TMROT + EtTS29F12.2)
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190 FORMAT (8HOSTORAGET19,gHPERSONNELT37,F4OFI2.2T,0, 4MIIANOLING
1EOulPT78,74.0.F12.2,TlI,112HCOLO STORAGE.Tll6.F7.fl,F12.2/T6097HRO
2T * EtT829F12.29TI1913HREADY STORAGETI 169F7.OFI2.2)

200 FORMAT Cl 1HOOPERATIONSTl9,9HPERSONNFLT37,F4.OFI2.2,T6O, I3HCONTR
IOL EOUIP9T78.F4.O.F22.2, rIOl* I6kCONITROL FACILITYT1 19,F4.0,F12.2/T
260,7HROT * EqT829F12.2)

210 FORMAT (1 IHOOL STARTUPqT1998HSECURTTY9T37vF4*09FI2.PTIOI14HMISSo
1 FAC STOR.T11UFIO.OFI2.2/TlO1 , ISHINITTAL ACTIVATToNTll9,F4.0,F1
22.2)

220 FORMAT (91.ITRAINIGT9,1HNSTUCTORST7F4.OFI2.2.T60,I3HSPECI
IAL E'OUIPT78,F4.0,Fl2.2,TI1I,7HTRAINIING L")CATTONsTj19,F4.0,F12.2/
2T19.BI4TRAINEES.T35,F6.0,Fl2.2,T60,17HTRAINING VEHICLEST74,F8.0,F1
32.2/T60,7HROT *e ET82,F12.2)

230 FORMAT (9')0VEICLES.T6O, 1 HACOUISITlONT74,F8.0,F12.2/T63,6HSPARES
lT8OFI4.2/T60,7HROT * ET8OF14*2/T60,19HRECOVERA8LE PAYLOADsT809
2FI4.2/T60,18HEXPENOABLE PAyLOADT80,F14.2)

240 FORMAT (/?OH * TOTALS PER OL ,*T34,F7.0,FI2.2,T78,F16.2,T119,F16
1.2)

250 FORMAT (24H1* TOTALS FOR ALL OL **,T34,F7.OFl2.2.T7A.Fl6.2.TI19,
IF 16.2)

260 FORMAT (lx,135(1H-)/I1H ** TOTALS FOR ENTIRE SYSTEM **T34,I7.0,Fl
12.2vT78,Fl6.2,TllqFly6.2//?4H **TOTAL SYSTEM COST ***T37,F16.2)
END
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