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FOREWORD

This paper, prepared as a result of an Institutional Research

effort, is an extension of RAC-R-146, "Routine Economic Airlift,"

October 1972. The problem of the retrograde movement of military

cargo was mentioned in the above referred-to report. A formula was

included for retrograde computations in RAC-R-.LI6, "Selection of Items

for Air Shipment on an Economic Basis," January 1971. Neither of the

above documents, however, addresses specifically techniques for use

in determining the cost of overhaul of reparable items, and the impact

on the economics of a surface versus an air pipeline in the trans-

portation segnent of the distribution system. This problem is unique

to those reparables that are supplied totally by production from Army

CONUS depot overhaul facilities rather than from new procurement.

Although the results of this study are predicated upon reparable Xir.j

aviation components, the techniques developed snould apply to reparable

items managed by all Army National Inventory Control Points.

Lee S. Stoneback
Director
Logistics Department
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Chapter 1

INTRODUCTION

PROBLEM

To determine the economics of overhauling a requisite quantity of

unserviceable components coded for continental United States (CONUS)

depot repair to fill a surface pipeline versus overhauling only those

required to maintain an air pipeline.

BACKGROUND
With a reduction in the flying hour program, due in large part to

the reduction in US Army activity in South Vietnam, the US Army Aviation

Systems Command (AVSCOM) has had an increase in the number of unservice-

able aircraft components that have been returned from overseas areas for

CONUS depot overhaul that are in excess of its needs to support an air

pipeline. This raises the question of whether it is more economical to

overhaul a sufficient number of these unserviceable items to fill a

surface pipeline, or whether lb is more economical to continue to over-

haul only those that are required to maintain an air pipeline. These

items are not in a procurement status as annual requirements are being

provided by production from the depot overhaul facilities. AVSCOM

requested that RAC undertake a review of the problem and develop a

methodology to determine whether it would be more economical to continue

the air pipeline or to fill a surface pipeline.

DISCUSSION

Approach

P, approaching this problem it was determined that item cost

calculations, reflecting the economics of unserviceable overhaul required

to fill a surface pipeline versus the overhaul of a requisite number

4



of items to maintain an air pipeline, could be accomplished by modifying

the Routine Economic Airlift (REAL) formulas to account for the overhaul

costs. The modifications to the formulas were accomplished, and together

with standard input valu1•s furnished by AVSCOM, calculations were made for

280 individual Federal stock numbers (FSNs) that AVSCOM wished to be

studied. The 280 FSNs are items that are coded in the Army Master Data

File (AMDF) for CONUS depot overhaul ("T"-coded). The modified formula

consists of five basic equations as follows:

a. A computation of the differential between surface and air
transport modes in the item overhaul costs required for
supporting an outbound pipeline and overseas s hock levels.

b. A computation of the differential value between surface and
air transport modes for supporting a retrograde pipeline.

c. The cost of surface transportation for the annual demand.

d. The differential in packaging costs between the two trans-
port modes for the annual demand.

e. The cost of air transportation for the annual demand.

Computations were made at three different air linehaul rates (ALRs):

the Military Airlift Command (MAC) channel rate, C-141 Special Assignment

Airlift Movement (8AAM) MAC rates, and C-5A SAAM MAC rates. It will be

noted that a computation for the holding cost differential was not made

as it was assumed the cost of holding unserviceable items would be

essentially the same as. holding serviceable items.

Summary Results

The 280 FSN data bank included 23 FSNs that had no demands fore-

casted for the succeeding 12-month period, leaving 257 FSNs for which

cost calculations could be made. Using the MAC channel ALR of $0.12146

per short ton-nautical mile (ST-NM), 88.3 percent of the items (227)

were calculated as being more economical to overhaul only the annual

demands and maintain an air pipeline both outbound and retrograde;

87.5 percent of the items (225) were more economical by air than by sur-

face using the MAC C-141 SAAM ALR of $0.12337 per ST-NM; and 97.7 percent

of the items (251) were more economical by air than by surface using the

MAC C-5A SAAM ALR of $0.07211 per ST-NM. The cost savings, air over

surface, were approximately $36 million each for the MAC channel and

C-141 SAAM flights, and $55 million for the C-5A. The above results were

obtained by use of a two-year computational period.
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For the 23 FSNs which had no demands forecasted for the succeed-

ing 12 months, Break-Even Point (BEP) and Cross-Over Point (COP) calcula-

tions were made. For the MAC channel ALR and the C-141 SAAM AIA, 95.7

percent were air eligible, and 100 peicent were air eligible using the

C-5A SAAM ALR. Percentages air eligible for the 280 FSNs were 88.9

percent for the MAC channel ATJR, 88.2 percent for the MAC C-141 SAAM ALR,

and 97.9 percent for the MAC C-5A SAAM AIM. Thirty-two percent of the

items had a COP between 2.0 and 5.9 years, 57 percent of the items had

COPs of 6 years and over. I

Report Contents

The modifications made to the REAL formulas are contained in

Chap. 2 together with an explanation of the rationale used in such

modifications; the input values provided by AVSCOM and used in the cal-

culations are documented in Chap. 3; analyses of computational results

are contained in Chap. 4; and the computer program is documented in

Chap. 5.

CONCLUSIONS

1. The cost calculations, based on a two-year time period,

exhibited a very high degree of air eligibility for the AVSCOM items

coded in the AMDF for CONUS depot overhaul.

2. Candidate item selection for the REAL program should incliide

those high value reparable items, Coded in the AMDF for CONUS depot

overhaul, in those instances where th.Ž annual derhand is being, met solely

from the production lines of the CONUS depot overhaul facilities.

3. Items with COPs between 2.0 and 5.9 years should be reviewed

in relation to the expected remaining service life of the items for

possible modification of the results of the FSN cost calculations.



Chapter 2

MODIFICATION OF REAL PROGRAM FORMULAS

FSN COST FORMULA

General

The problem to be addressed in modifying the REAL program formulas

contained in references 1 and 2, was to determine the cost of overhaul

of unserviceable items that were available at Army depot overhaul

facilities in sufficient quantities to fill initially an outbound and

retrograde surface pipeline, together with requistte overseas stock

levels, and to compare that cost with the cost of maintaining an out-

bound and retrograde air pipeline for the same items. Since the problem

being addressed was to determine whether the items being studied were

to be transferred from an air pipeline to a surface pipeline, the

formulas had to be adjusted to reflect the cost of pipeline expansion

using overhaul costs rather than the cost savings accruing in pipeline

compression using the unit price of the items.

Formula Modification for FSN Cost Program

Five cost equations were developed for the FSN cost formula,

which differed slightly from the original cost equations, as follows:

a. The differential cost of overhaul in expanding the outbound

pipeline from air to surface transport mode, and the increased overseas

stock levels required.

b. The differential cost of overhaul in expanding the retro-

grade pipeline from the air to surface transport mode.

c. 7 - cost of surface transportation, outbound and retrograde.

d. The differential packaging costs both outbound and retrograde

tbetween air and surface shipment, if any, and

e. ''Pie cost of air transportation, outbound and retrograde.

7



The five equations developed are as follows:

Differential outbound pipeline and stock level costs. The

equation for computing the differential costs of expanding the outbound

pipeline and increasing the stock levels is reflected below.

INV 
2 

Y_

where: AC(ij) = The additional investment required in the outbound
pipeline and overseas stock levels to switch from

the air transport mode to the surface mode for the

ith item in the jth distribution system.

MF(i) The ratio of the cost of overhaul of the ith item

to the unit price.

A(i ,j) Dollar value of the average annual demand(AAD) of

the jth item in the jth distribution system based on

the unit price of the ith item.

t, (j) = Average outbound pipeline time when materiel is

transported in the jth distribution system by surface

transportation (fraction of year).

a (j) = Average outbound pipeline time when materiel is

transported in the jth distribution system by air

transportation (fraction of year).

I(i,j) = The average number of days of materiel required in
Ogg on shelf inventory when the ith item is shipped by

the surface mode in the jth distribution system.

I(i,j) = The average number of days of materiel required in
o8a on shelf inventory when the ith item is shipped by

the air mode in the jth distribution system.

xy(ij) = The number of days in a year which when divided into
I(ij) - I(i,j) converts the stock level differentials
055 055

into a fraction of a year.

Differential in the retrograde pipeline costs. The differential

costs in the retrograde pipeline is a function of the ratio of the over-

haul costs to the unit value, the annual demand in dollars and the

surface retrograde pipeline time and the air retrograde pipeline

8



4

expressed in a fraction of a year. This equation is as follows:

rRetro Retro1
Retro Retro [ t(.j) - t. (0)
A = MF(i) A(i~j)l X~,j

_Retro
where: AC = Differential between the costs of the retrograde

INV
pipeline when shipping by the surface and air

transportation modes.

MF(i) = As previously defined.

Retro
A(i,j) Dollar value of the average annual retrograde

th th
shipments of the i item in the j distribution

system based on the unit price of the ith item.

_Retro
t, (j) = Average retrograde pipeline time when materiel is

th
transported in the j distribution system by the

surface transportation mode.

Retro
t (J) = Average retrograde pipeline time when materiel

is transported in the j th distribution system by

the air transportation mode.

y (i,j)= As previously defined.

Surface transportrtion costs. There are two equations to deter-

mine the cost of surface transportation, one for outbound movement and

one for retrograde movement as follows:

Out N
ct6 (iAj) = 1EfMs (lW(i,l)KY20t.(i1J)]
- Retro N Retro Retro Retro

Ct-(iJ) = Et(M.() W(ij) K2,32pt.(iX)]
When all values of the factors in the two equations are identical (as

in the situation being examined) the equations can be combined and

expressed as:

OR N
Cts(ij) = 2[E(Mt,(j) W(i,J)TS32t 6 (i,j)])

where OR
Ct,(ij) = Total costs associated with the outbound and

retrograde surface movements of the ith item

in the jth distribution system.

9 
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N
= Summation of the costs over "N" years, the time

period of the computations.

M,(j) = Average distance in nautical miles, that the 1th
th

item is shipped in the j distribution system by

the surface mode.

W(i,j) = The annual weight, in short tons, that the ith

item is shipped in the jth distribution system.

The average tare weight packaging factor azuciated

with the ith item for surface movement.

The price change factor which reflects the average

inflation/deflation of costs for surface trans-

portation over "N" years, the time period of

computation.

Ct8 (i,j) The average cost rate(s) associated with movement

by the surface mode for the ith item in the j th

distribution system. It includes: (a) cost in

dollars/ST-NM from origin to POE, POE to POD, POD

to destination and return; and (b) port handling

costs at the CONUS ports and overseas ports.

Differential packaging costs, air/surface. There are two equations

to determine the total packaging cost differentials, one for outbound

and one for retrograde as follows: N
-Out N

Pkg(i) = ,w)Ackg(i)

A•Retro Nro .- Retro
Pkg(i) - [(Ear t(i,j) Pkg(i)

As in the previous equation, if all values of the factors in the two

equations are identical (as in the situation being examined) the

equations can be combined and expressed as:

-OR 2['( W( i,j )CC
Tipkg(i) ) Pkg(i)

where: AZTCORg(i) Differential in total packaging
costs between the air and surface

transport modes, both outbound and

retrograde.

10



N = As previously defined

= The price change factor which refi•.t.• the

average inflation/deflation of coits for

packaging over "N" years, tha time period

of the computation.

W(i,j) = As previously defined.

AC (i) = The average difference in packaging costs
th

in dollars per short ton for the i item

between the air and surface :transport modes.

Air Transportation Costs. There are two equations to determine

the cost of air transportation, one for outbound movement and one for

retrograde movement, as follows:
_ Out N
Ct,(i,j) = E[-M.(i)W(ij)K3• 4 Ct&(i,j-))]

_ Retro Retro Retro _ Retro
Ct'(i,j) = E[EM,(J) W(i,j) K3r 4 ,Ct (i,j)M]

As in the previous two equations, if all values of the factors in the

two equations are identical (as in the situation being examined) the

equations can be combined and expressed as:

- OR NCt,(i.,j) = 2[Z(M.(j)W(i,j)-KI3Vt,(:i2J)M

_OR
where: Ct"(i,j) = Total costs associated with the outbound

and retrograde air movements of the ith

item in the jth distribution system.
N = As previously defined

M (j) = Average distance, in nautical miles,

that the ith item is shipped in the jth

distribution system by the air transport

mode.

where: W(ij) = As previously defined.

S= The average tare weight packaging factor

associated with the ith item for air

movement.

11



4= The price change factor which reflects the

average inflation/deflation of costs for

air shipments over "N" years, the time

period of computation.

Ct'(i,j) = The average cost rate(s) associated with

movement by the air mode for the ith item
thin the j distribution system. It

includes: (a) cost in dollars/ST-NM from

point of origin to nearest APOE, AIDE to

APOD, and APOD to destination and return;

and (b) handling costs for air transportation

which are included in the MAC ALRs.

FSN Cost Formula - Economics of Overhaul. Surface vs Air Pipieline

To summarize, since the outbound and retrograde input values

provided by AVSCOM were identical for outbound and retrograde movements

(see Chap. 3), the formula used for this study is as follows:

AC(iAj) TFW(i)(i~j) F,_tj.(j) - t.(j)) + (~J
Total y (i,j)

Retro Retro

*+MF(i)FA(i,J) tL Uz.. NJ~
L xy

*2L kf (j )w(i,j ) ct (i,j

+ 2['(f0 3W(i'j)AOC (iwI]

+ 2LftM(ij )W(iij )U ta (i ,j))

It is emphasized once again that the holding cost equation used in the

formulas used in Refs 1 and 2 has not been used in this problem, as it

was determined that there would be very little difference, if any,

between the cost of holding serviceable and unserviceable items.

BREAK-EVEN POINT (BEP) FORMULA

The basic rationale used in developing the BEP formula is

contained in Ref 1, to which the reader is referred if more detail on

12
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the BEP concept is desired. Suffice to say here is that the purpose of

the BEP computation is to determine the ALR at which the total dist.vi-

bution costs, whether shipping by air or surface transport modes, are

exactly equal, i.e., the cost avoidance would be zero. The BEP formula

used in this study, as is the case for the FSN cost formula, is a

slight modification of the basic BEP formula to account for the cost

of overhaujing an item at CONUS depot overhaul facilities. Since the

elements of the BEP formula are, with minor exceptions, the same as

the elements of the FSN cost formula documented in the previous section

of this chapter, a detailed explanation of the individual equations is

not believed necessary. Where there is a difference in terms, such

terms will be defined. The BEP formula, for determining the ALR at

which the total distribution costs are exactly equal when overhauling

a sufficient number of unserviceable items to fill a surface pipeline

versus overhauling only the annual demand to maintain an air pipeline,

is expressed as follows:

ct,(i~) = M~i)AU1j)[ý.(j))

Retro Retro _Retro+ Mi)( )- )- t.(J)]

x,(ij)

+ 2[N[(S3 W(ii -)C(i&)E ,)Cpkg J

2[Nt-4KaW(i,x)M. (x))]

where: t-,(i,x) = The ALR-BEP, from the AFOE to APOD

Ma(1) = The distance in nautical miles from the point of

origin to the nearest APOE when moving by the air mode.

13



Ct.(i,l) = Tho linehaul costs in dollars/ST-NM in the movement
thof the i item from the point of origin to the

nearest AFUE.

M,(4) = The distance in nautical miles from the APOD to the

destination when moving by the air mode.

Ct- (i,4) = The cost in dollars/ST-NM in the movement of the ith

item from the APOD to the destination.
thW(i,x) = The short tons of the i item moved from the AIDE

to the APOD.

M, (x) = The distance in NM between the APOE and APOD. All

other terms are previously described.

CROSS-OVER POINT (COP) FORMULA

As in the case of the BEP formula, the basic rationale used in

developing the COP formula is contained in Ref 1, to which the reader

is referred if more detail on the COP concept is desired. In this

case, the COP computation is made to determine the number of years in

the future that the additional cost of filling the surface pipeline is

offset by the differential costs between shipping by air and surface

transport modes. All terms used in the COP formula have been defined

in the section on the FSN Cost Formula and will not be repeated here,

except for one term - "N years." "N years" in the COP formula as used

herein as defined as that point in time when the additional cost of

air transportation equals the dollar value of the differential between

an air and surface pipeline when filling the surface pipeline by over-

hauling unserviceable items. The formula is expressed as:

- MF,(i,j),A(ij)rtL 0J - 0j)y) + i - T i

Retz 
i .Retro

-MF(i,j)TA(i,J) - -Xy(i,j)

N years 
=

(EADh



+ 2 03w(i,j )AC (M~

2Fý4 4M,(j)W(i,ij)-•)Ct,(i,j )

GENERAL

The preceding formulas do not provide for applicatioa of the

lO/•/year discount technique being used currently by AMC for the REAL

program. Application of the discount technique to this problem tends

to distort the computational results as is noted in Chap. 4. In Ref 1,

RAC stated in some detail the reasons for not recommending the use of

the discount technique.

15



Chapter 3

INF¶JT VALUES

INTRODUCTION

This chapter contains the various input values used in the

computations. All input values used were provided by the US Army

AVSCOM. Most of such inputs are identical with inputs used in

Refs 1 and 2 and are currently being used by the Army Materiel

Command (AMC) in the REAL computations. There have been some modifi-

cations which will be noted as they are addressed. The rationale and

method of application for those that are the same as explained in

Refs 1 and 2 will not be repeated here. For those input values for

which modifications.-or variations to the valuee or their application

have been made, an explanation of the differences will be given.

FSN DATA REQUIREMENTS

Certain FSN data are a prerequisite for FSN Cost, BEP, and COP

calculations. These data were provided by AVSCOM for the 280 individual

items which they wished to be examined. The data consisted of the

following for each FSN:

a. Unit price

b. Unit weight

c. Unit cube

d. Ratio of the overhaul cost to the unit
price

e. Average annual demand (AAD) from overseas
areas

Table 1 contains a listing of these input values for each of the 280

individual FSNs. The unit weight and cube are used in the same manner

as in Refs 1 and 2. The ratio of the overhaul cost to the unit

16



Tab le 1

flNDIVIDUAL ITEvI IMNP VALUES

IF nOUN OPTCE WEI(WT CUP F AAO RATIO

($-.00) (lbs-.OO) (ft 3-. ooo) (qty) ()

lrf i5 Atj47 84PflOm P n r51600 110800 51 a0 0 1.68 25

15506724P.27STAP AS r,511,00 iý6co ?qoa a 25

15F'!A7POQPPLI1rE 5 ?29qo00ý-r r 37900 48 43

J~i6jj3Fz4fl.A4POWTpnL 1.061.5C-0 000 6200 18 215

I507~7~O L 1.450200 67200 10200 35 25

1.1027VPML 3qq3G0S 5,0 1600 142 26

IS 10150 3t 13PA PPEL 2259500 4070 1200 1 215

16JO617O735POfnPELL iOq5200 672CO 3C200 127 1.1

16j1015711 cq 2'eONT OnL 1051000 ssoo. 1ý5G 52 it1

1j'5jqf15j71.SHAFT A A47200 q4700 60300 11l 26

161c5'CQ=174SHAFT A R~q00~ 04760 6030a 113 15
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price was used to determine the overhaul cost of an item by applying

the ratio to the unit price. The overhaul cost thus derived was then

applied to the annual demand to develop the cost of meeting such demand

from production by the depot overhaul facilities. The demand data were

combined figures for all overseas areas.

DISTANCES AND COST OF SHIPPING/ST-NM

Because of reduced South Vietnam requirements, AVSCOM preferred to

have the computations made for an average overseas distance which would

be more typical of the overseas distances that materiel would be shipped.

It was decided that the distances used in Refs 1 and 2 for other Pacific

areas (excluding South Vietnam) would provide the best basis for this

average overseas distance.

Distances. AVSCOM Depots to Korea

There was a slight modification made in the percent shipped from

each depot in computing the average weighted distances from the AVSCOM

depots to the surface and aerial ports of embarkation to those contained

in Refs 1 and 2. The distances used are reflected in the following

tabulation.

CONUS DISTANCES

epot Percent N4 to NM to NM APOE to
shipped Oakland AROE Travis AFB

Atlanta 4.0O 2182 734 11.61

New Cumberland 23.98 2425 104 2133

Red River 33.10 1646 259 1161

Sharpe 22.17 63 56 0

ARA•MAC 16.75 1640 125 1250

Average weighted distance 1502.30 173.39 1151.60

OVERSEAS DISTANCES (PH)

Surface

Oakland - Inchon 5552

Inchon - Depot 4

Air

Travis AFB - Kimpo 5146

Kimpo - Depot 23

Mhe atiove diztances were used in both outbound and retrograde calculations.
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Shipping Costs/ST-NM

The costs of shipping materiel for each segment of the movement

links used in this study effort were the same as used in Ref 1 except

for the MAC ALRs. These costs in ST-NMs are reflected in the following

tabulation.

SURFACE MOVEMENT

Segment Cost/ST-NM

Depot to FOE $0.0810

POE to POD $0.0150

POD to Depot $0.0598

AIR MOVEMENT

Depot to APOE $0.1110

AP)E to APOD

MAC Channel $0.12146

MAC SAAM (C-141) $0.12337

MAC SAAM(C-5A) $0.07211

APOD to Depot $0.0598

The above costs were used in both outbound and retrograde calculations.

There is one possible variation from the MAC ALRs on the return leg.

That is the use of "opportune airlift" on a space available basis

identified by MAC as the TP-9 ALR which is calculated at 12% of the

MAC channel ALR. In this case it would be $O.O146/S-,NM, which is

less than the surface rate of $0.0150/ST-NM used. While TP-9 shipments

may not be the most prudent method of shipping high value aircraft

components back to CONUS, it could be pursued for less expensive

reparable items that do not qualify for airlift at the MAC channel

ALR, since the unused MAC retrograde airlift capacity in past years

has averaged 39%.

TIME AND PORT HANDLING COST DIFFERENTIALS

TLme Differentials

Mhe time differentials provided by AVSCOM reflect the basic

differential between use of the faster air transport mode versus the
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surface transport mode, and the resulting days of inventory required in

the pipeline and on-hand in overseas stocks. The time factors provided

are identical with those being used currently in the REAL program by

AIC and documented in Ref 1, with the exception of the retrograde part

of the formula. The values used in the outbound computations include

an on-shelf inventory reduction in overseas stocks of 18 days and an

order-ship time (OST) differential of 66 days. The retrograde tim.e

differential used includes movement of the cargo from the point of

origin to the appropriate port (POE/AROE), POE and APOE holding times,

time intransit from the POE/APOE to the POD/APOD, unload time at the

POE/APOE, port holding times at the POE/APOE, and delivery times from

the MOE/AMOE to the destination. This differential was specified as

equaling a total of 84 days between the two shipping modes. The

computation time period requested for both outbound and retrograde

movements was two years, in order to relate the computations to the

budget cycle.

Port Handling Costs

Port handling costs used are identical to those used in the REAL

program and in Ref 1. These costs only apply to surface movements,

both outbound and retrograde, and are as follows:

CONUS Port Handling Costs $25.10/ST

Overseas Port Handling Costs $ 8.13/ST

TARE WEIGHT AND PACKAGIN:G COST DIFFERENTIALS

Tare weight and packaging cost differentials specified are

identical to those used in Ref 1.

SUMMARY

The input values provided by AVSCO14 for use in this problem are

essentially the same as those used in the REAL program by AMC, with

minor exceptions. Obviously, the output of the calculations is heavily

influenced by the input values. As suggested in Ref 1, the input values

should -eceive constant scrutiny to ensure the validity of the values

being used.
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Chapter 4

ANALYSIS OF COMPUTATIONS

INTRODUCTION

This chapter presents an analysis and review of the results of

the FSN cost computations, the BEP computations and the COP computations

using the formulas described in Chap. 2 and the input values described

in Chap. 3. FSN cost computations were made for 257 of the 280 items

studied, as 23 of the items had forecast of demands equalling zero.

BEP and COP calculations were made for all of the 280 items.

FSN COST COMPUTATIONS

Individual Item Computation

As stated in Chap. 2, FSN cost calculations were made using three

different MAC ALRs; the MAC channel rate, the MAC SAAM C-141 rate, and

the MAC SAAM C-5A rate. An example of the output for one item is

reflected in the following tabulation:

MAC

Item: Turbine Channel C-141 SAAm C-5A SAAM

FSN: 2840-176-3449 Pipe Inv Cost $25,554.22 $25,554.22 $25,554.22

Annual Demand: 20 Holding Cost 0.00 0.00 0.00

Price: $12,625.00 Surf.Transp.Cost 2,802.86 2,802.86 2,802.86

Weight: 186.00 lbs Diff.Pkg.Cost 1,135.34 1,135.34 1,135.34

Cu:be 13.70 ft3  Air Transp.Cost -8,006.73 -8,129.34 -4,845.37
Maint.Ratio: .22

Total Cost Avoid$21,485.69 $21,363.08 $24,647.05

BEP-ALR $0.46 $o.46 $0.46

COP (years) 12.56 12.19 56.34
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The individual item input values shown in the first column,

together with the general input values documented in Chap. 3, formed

the basis for this calculation. The $25,554.22 reflected for "Pipe Inv

Cost" represents the cost of filling both the outbound and retrograde

surface pipelines and overseas stock levels for this item. No holding

cost factors were used as shown by the zero coi.lars for this element.

The cost of surface transportation of $2,802.86 reflects a two-year cost

both for outbound and retrograde surface- shipments from points of origin

to the POE, POE to the POD, and POD to destination. There is a pack-

aging cost differential for this item over the Gwo-year period of

$1,135.34, again for both outbound and retrograde shipments. There

are three separate costs for air transportation for the two-year period-

outbound and retrograde-of $8,006.73 for MAC channel flights at

$O.12146/ST-NM, $8,129.34 for MAC C-141 SAAM flights at $0.12337/ST-NM

and $4,845.37 for MAC C-5A SAAM flights at $0.07211/ST-NM. The line

"Total Cost Avoid" reflects the net additional cost of filling a surface

pipeline, outbound and retrograde, increased overseas stock levels,

and supporting the annual demand to overseas areas over a two-year

period, based on overhauling the requisite number of unserviceable

items for this purpose :cather than maintaining the existent air pipe-

line. It will be noted that the BEP-ALR for all three flight categories

is $o.46/ST-NM, considerably above the MAC ALRs for all three. The

COPs for the three flight categories are over 12 years for the MAC

channel and C-141 SAAM flights and over 56 years for the C-5A SAAM

flights. It should be noted that the MAC channel rate of $0.12146 is

the current average for all such flights; however, the costs associated

with the two SAAM flights are based on full utilization of those

aircraft both outbound and retrograde. If not fully utilized, the cost/

ST-NM will increase for the SAM flights.

The above calculations did not include the 10 percent discount

factor being used by A14C in its selection of candidate items for the

REAL program, as was seen in the formulas developed for this program

in Chap. 2. A calculation was made using the discount, which only

applies +o the surface transportation cost, the packaging cost

differential, ani the air transportation cost. The effect of using
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the discount technique was to increase the total cost avoidance from

$21,485.69 to $22,258.71 for MAC channel flights to $22,159.40 for

MAC C-141 SAAM flights, and to $24,819.71 for MAC C-5A SAAM flights.

The BEPs increased from $0.46/ST-NM to $0.55/ST-NM for all three MAC

flight categories. The COPs increased to 15.51, 15.05 and 69.55
years for the three flight categories respectively.

For this item it appears to be more economical to continue to

overhaul only those unserviceable items required to maintain the air

pipeline.

Summary of FSN Cost Computations

Using the MAC channel ALR of $0.12146 (See Table 2), of the 257

individual items that AVSCOM had forecasted an overseas demand, 227

items reflected a cost to the Army of $54,718,283.33 for the increased

requirements for the surface pipeline and the requisite increase in

stock level requirements overseas. The cost of air transportation for

the two-year period exceeded the cost of surface transportation plus

the packaging cost differential by $18,433,977.27, resulting in a net

increase in cost for a surface pipeline for these items of $36,284,306.06.

If the 10% discount technique had been used, the cost of expanded

requirements for the surface pipeline and overseas stock levels

increases to $55,002,358.20, and the difference in transportation

costs would be reduced to $15,191,926.45, with the net cost of changing

to a surface pipeline increasing to $39,810,431.75. The number of

items involved would increase from 227 to 236. The increase in the

pipeline/inventory requirement in shifting from the surface to the air

transport mode is due to the additional 9 items that become air

eligible using the discount technique. The decrease in the trans-

portation cost differential is due to the fact that the air costs

being higher, a percentage reduction by use of the discount technique

reduces the absolute air costs by a greater value than it does the

surface costs. As an example, the POE-POD surface transportation

costs are reduced by $0.002/ST-NM, and the ALR at the MAC channel rate

is reduced by $0.024/ST-NM. It also has the effect of reducing the

distances traveled and the weight carried which favors the air mode

over surface. As stated in Ref 1, RAC does not recommend the use of

the discount technique.
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Table 2

SUMMARY OF FSN COST COMPUTATIONS
(Air Eligible Items)

MAC Flights

Normal Formula Channel C-141 SAAM C-5A SAAM

Number of Items 227 225 251

Total Tonnage (2 years) 11,859 11,776 16,930

Pipeline Inventory Cost $54,718,283.33 $54, 578,O1o.6 4 $60,173,209.30

Transportation Cost Diff. -18,433.977.27 -18,8633522.18 -5,267,617.91

Net Cost Avoidance $36,284,306.06 $35,714,488.46 $54,905,591.39

Discount 'Technique
(10%/year)

Number of Items 236 235 252

Total Tonnage (2 years) 12,071 11,977 16,932

Pipeline inventory Cost $55,002,358.20 $54,887,855.36 $60,175,911.47

Transportation Cost Diff. -15,191,926.45 -15,546,662.68 -4.269,131.80

Net Cost Avoidance $39,810,431.75 $39,341,192.68 $55,906,779.67

(Surface Eligible Items)

Normal Formula

Number of Items 30 32 6

Total Tonnage (2 years) 5,278 5,356 176

Pipeline Inventory Cost $5,601,726.34 $5,741,999.03 $146,800.37

Transportation Cost Diff. -9,588,397.97 -10,004,486.85 -949,802.24

Net Cost Avoidance $-3,986,671.63 $-4,262,487.82 $-803,001.87

Discount Technique
(O10%,'/ye ai)

Number of Items 21 22 5

Total Tonnage (2 years) 5,060 5,158 174

Pipeline Inventory Cost $5,317,651.47 $5,432,154.31 $144,098.20

Transportation Cost Diff. -7,506,197.50 -7,836,424.63 -766,978.52

,. Cost Avoidance $-2,188,546.03 $-2,404,270.32 $-622,880.32
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In summary, it appears that 227 items, using the MAC channel

flights, can be shipped by the air transport mode at a savings of

approximately $36 million, while 30 items can be transferred to the

surface transport mode at a savings over air of approximately $4 million.

Under the discoant technique the respective figures are 236 items for

air at a savings of approximately $40 million, with 21 appearing to be

surface eligible at a savings of approximately $2 million. Including

all 257 under the air mode would result in net savings of approximately

$32 million under the normal formula and $38 million under the discount

technique. Sending all 257 items by air has the advantage of having

only one transportation mode used in support of the supply system for

T-coded reparables. Similar analyses can be made for the other two

MAC flight categories.

BREAK-EVEN POINT (BEP) COMPUTATIONS

The BEP formula, described in Chap. 2, was used to make BEP-ALR

computations for all 280 items on the AVSCOM list. The results of

these computations are reflected in Fig. 1. Using the normal formula

described in Chap. 2, 89 percent of the items had a BEP of $0.12146/

ST-NM (the current MAC channel rate) or greater, 83 percent had a BEP

of $O.14 or greater, 64 percent had a BEP oi $0.20 or greater, 28

percent had a BEP of $0.50 or greater, and 13 percent had a BEP of

$1.00 or over. Comparable figures using the discount technique

increased these percentages to 92, 89, 72, 32, and 16, respectively.

Again one can see that reducing the differential between the air and

surface transporLation costs results in a higher degree of air

eligibility for the items studied. Under the normal formula, only

11 percent of the 280 items are surface eligible, using the current

MAC channel rate as the criterion. Using the discount technique, the

surface eligible items are reduced to 8 percent of the 280 items.

From these calculations, the 280 items on the AVSCOM list exhibited

a very high degree of air eligibility for a two-year calculation.

CROSS-OVER POINT (COP) COMPUTATIONS

The COP formula, described in Chap. 2, was used to compute the

COP in years for all 280 itemrs on the AVSCOM list. The results of
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Table 3

SUMMARY OF COP COMPUTATIONS

Normal Formula MAC

Channel C-141 SAAM C-5A SAAM

No. No. No.
Years items items 4 items

< 2 31 11 33 !12 6 2

2 -2.9 25 9. 25 9 3 1

3-3.9 30 11 31 11 3 1

4 - 4.9 25 '9 25 9 3 1

5 - 5.9 9 3 8 3 1 o.4

Ž6 160 57 158 56 264 94

Total 280 100 280 100 280 100

Discount Techni que

< 2 22 8 23 8 5 2

2 - 2.9 27 10 27 10 3

3 - 3.9 14 5 17 6 *2 1'

4 - 4.9 23 8 22 8 2 1

5 - 5.9 22 8 22 8 3 1

S6 172 61 169 60 1265 9_

Total 280 100 280 100 280 100
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these computations are shown in Table 3. Table 3 shows that 57 percent

of the 280 items had a COP of six years or greater when using the

normal formula for the IRC channel flights, 56 percent for the C-141

SAAM flights and 94 percent for the C-5A SAAN4 flights. Under the

discount technique, the figures were 61%, 6(Y/o and 914%, respectively.

COPs of two years or greater are reflected for 8911,, of the items for

MAC channel flights using the normal formula, 88%1 for the C-141 SAAM

flights, and 981, for the C-5A SAAM flights. Comparable figures using

the discount technique were 92%, 92%.• and 98,, respectively. Under

either method of calculation, the 280 item list reflected COPs well

in excess of the two-year criteria uscd by AVSCOM. This held true

despite the fact that no holding cost differentials were considered

in the formulas. The average COP under the normal formula for the

MAC channel flight is 15 years.

As mentioned previously, the basic time value used in these

computations for AVSCOM was two years. As demonstrated in the summary

statistics, a two-year criterion generates a large percentage of air

eligible items. From the COP computations it can be seen that a

substantial part, although not a majority, of the 280 items have COPs

between 2.0 and 5.9 years (32%). AMC, in selecting Army items for the

RPAL program, has been using a six-year COP as one of the criteria.

The six-year COP as an average for all Army items appears to be

reasonable when considering the probable age distribution of all items

in the Army supply system as a function of an average total life of

15 years prior to replacement by a new item. For AVSCO14 items, the

six years may be a little high as the product life of aircraft

components and parts tends to be less than the 15-year average for all

Army materiel. In using the computational results which have been

furnished, AVSCOM may find it appropriate to examine the COP of each

item separate]y in relation to its forecast life remaining in the

supply system. For example, one item may be due for replacement within

12 months, another within three years, and another within eight years.

If this knowledge is available, then selection of" items to be supported

uy an air pipelitie can be made directly from the COP computationns

r-ither than ,i.sing an average two-year criterion as reflected in the
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FSN cost calculations. Adjustments to the total cost avoidances can

be made by establishing the ratio of the remaining life of the item

to the two years used; multiplying the "Difference Xport-Pack Cost"

in the print-out by this ratio; and subtracting the result from the

"Pipeline Inventory Cost." A sample of the print-out is contained in

Chap. 5. A negative result would indicate surface transportation, and

a positive result would indicate a savings by use of air transportation.

An aggregation of the positive results will give an estimate of the

total cost avoidances to be achieved by use of air, and an aggregation

of the negative results an estimate of the total cost avoidances by

use of the surface mode.

CONCLUSIONS

The results of the various computations made show rather

conclusively that it is more economical to maintain an air pipeline

for an overwhelming majority of the 280 items, rather than to overhaul

a sufficient number of unserviceable items to fill a surface pipeline

using the two-year criterion. The FSN cost calculations reflect that

including all of the items in an air pipeline, even those that were

indicated as being more economical to overhaul the requisite number of

unserviceable items to fill the surface pipeline, would still result

in a substantial net cost savings and not require separate transporta-

tion systems for items coded for CONUS depot overhaul. In addition,

the computation results point up the need to consider items, when the

annual demand is being supported by production of CONUS depot overhaul

facilities, for the REAL program even though the items may not be in a

procurement status. The distribution of items in the COP calculations

suggeststhat caution may be necessary in the use of the two-year FSN

cost computations. It may be advisable to modify these calculations

by the expected remaining life of the individual items in relation to

the individual item COP.
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Chapter 5

THE COMPUTER PROGRAM

GENERAL

The computer program used to make the cost calculations based on

the formula described in Chap. 2 is called AVSCOST. The computations

made by this program are similar to some extent to those made by the

FSNCOST program for the REAL program as explained in detail in

reference 1. Th; input value elements too are very similar with the

exception of the holding costs, which have been excluded.

In this program, the cost avoidance, break-even point, and cross-

over point calculations have beet, combined. The break-even and cross-

over points are printed out at the same time as the individual element

costs and the total cost avoidances for each item.

The output formats for AVSCOST are radically different from those

for the FSNCOST formats reflected In Ref 1, even though most of

the information is very much alike for both programs.

THE PROGRAM

Figure 2 is a listing of the AVSCOST program; Fig. 3 is a flowchart

of it; and Fig. 4 depicts the make-up of the program deck. AVSCOST uses

only one subroutine (PCOST) and one set of BLOCK DATA. Figure 5 is a

listing of FOOST, and Fig. 6 is a listing of BLOCK DATA. Figure 7

shows the packaging cost table output by PCOST.

INPUTS

Table 4 lists the inputs to be used with this program. The cards

listed there must be followed by a card containing a "9" in each

column. This designates the end-of-file aid switches the program to

the summary section.
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Figure 8 shows the input cards required for this program.

No other inputs are required.

OUTPUTS

The outputs from this program consist of: (a) a printout of

the input values; (b) a printout of distances used in the computations;

(c) a printout of the comparative costs, cost avoidance, break-even

point, and cross-over point for each item considered; and (d) summaries

of the number of items examined, the number of items eligible by air

and by surface for each rate used, the items stratified by BEP, and

the items stratified by COP.

Figures 9 through 12 are examples of these outputs.
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OPpnnpam avqrrq~t~iT nitTpiiTi

COMMON /COSTS/ COST(4,16),KGROUP(90)
COmO TT'E"T T' E'ý8? ,KNTCDI- IE ITNE591ITNE6.TOATE
REAL KlK2,xiK4qK5

--- --R AL HJ
5 FORMAT(Air)

it FO;MAT(5FIP%,4)

13 FOPMAT(2F1t.4)
4EORMA-TL3.E I ' * 5

15 FOQ9AT(2F1v~s2)

"1,X 6(lH',6X,AIH' ,3X ,ZH*',5X,2H44)

"4 IH*,6X,IH*,2X,31-' 4,3X,3H' 4

" 6X,iH',2XIH',2X, H*iN',XH',2X,IH')
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"* 2EHOIFFEPFNCE XPORT-PACK COST 9X,F13.2,5X,2GHTOTAL COST AVOIDANCE

lie FOR4AT(jH ,3SX913HCUBE-nlUT ITEt0,l8XAlln)
11 OHAU1
12.1 FOR4AT (iJHrý, 2X,*4OISTANCES FROM AVSCOM DEPOTS FOR PACIFIC THEATER')

122 COR9AT(IHC ,'.X,*PER CENT',12X,*NAUTICAL MILES',IIx,
* *NAILLLCAI M~TIF-4,11X,*NAIITlCAl MITjS4

123 FORMATfIN 4P'X,*SHIPPEO~l,SXv4 TO OAKLANU',16X,'TC AFOE*,14X9
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Fig. 2-Listings of AVSCOST Program
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126 FORMAT(1H3,liX,'REtC RIVER,121X,*33eiAJ,19X,*16464,21X,4 259*,

127 FORMAT(iHO',IIX,*SHAROE*9492oi*2 *3*2X*692,X**

2VX,41W5C4,1 xA/r) 4

131 POR4AT(IH ,IIY,*WEIGHTFC*)

I~ :;? lMAI ( IHP o,10 *WAIITT CA, MTIIf4l.
133 FOR4.AT(IHj,t8X,#OAKLAND TO INCHON*,9X,45552*)
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i 3R EflQR4iiTtHlr,1Y,4tAC S.AhA.cAM ~ 3!I.. A' RD
139 FOR'4AT(IHC,iX,*M'AC SAAM C-5A*,5Xq-?s211 ALR*)

14.8 FOP4AT(1.HA)
140 FnPmfiT(tHýgtijl/11

15. FOR'IAT(lHl,'RECORDS READ*,,15XI1)
I , FORMATtIW stRCORflS WTH~EAR IJ

161 FnR!4AT(lHt-,4THIS. ITEM HAD NI1 OEMANf)S4)
161 FnO4ait1H.ý,14X,4RRFAk-SL.EjjLN-fl.NhIE4U2.I.....
162 FCR4AT(IHL ,1'XI3(* CROSS-OVER POINT*,FI3.2,IO.'X))
171 FflQ~'aT~iH ,-)fiw~iillNTI WrTrlWT,Qy,F11 .7,r ,9'HPTFFRE~rnF PACKAGING( r

4OST,6X,FlZ.2,5X,16FCRCS'q-OVER FLTNTt9X,Alý,I.X,'VEFARS'v)

1.81 FOR4AT(lHL,28Xt*NUFtFER OF ITEMS AIR ELIGI8LF'f912XtIl'l)
I APEnalAfl±4I.±XTDIAL LE.1flKT-DEAI L EL TGL8LE.41EAS1i4U 4E3a.Z
153 FOR~4AT(iHUft4X,*TOTAL COST AVOIDANCE OF AIR FLIGIeLE ITEMSA4 ,

184. FORMAT(1I4C,24X,4NUM4ER OF ITEMS SUJRFACE ELIGI9LE*,12XI1)
Afr E9fT 11 iW InIA' zETnitOLQS"REfGEl IGIaLI.LE TTF!-q*

*12X,FI'.2)
19A EDRlAliI~i.4..2j14101LAL USO~T AV OIDANCE.-DE.SUEG F Flj.j-T-Af F TXFt4q*4

1R7 Fnl~PaTtjHflt7Yt4MAr rHiAN~NFI rnpr*i
jig FOP'IAT(IHO,7X,*MAC SAAM C-14.1 COPS*)
I A EO04AT(iWG,7,4!MAC. SAAH_.Zl-AACOPS~lA___,
191. FOR0AT~lHE0,1"X,4COPS LeSS THAN 1 YEAR4 ,17X,Ile)
3...9' .FalItA It I H.-:vI,*CnlPS YFlA~q.A~iO .-E.S&JHAN...a YEAQ4t'syTiflI
192 FOR4AT(lH ,1iX,*COPS 2 YFARS AND LESS THAN' 3 YEARS94,LX,Ij#,)
1ql Fnpm&TiiH t1nyrp Il T FARq aPoi IF~r THAN 4 YFA~q*,4y,Ttil

194. FOR'IAT(IH ,1:X, 4 COFS 4 YEARS AND LESS THAN, 5 YEARS',4X,I1O)
195 .EORSATCIH I 1 1xvCP YEARR AN 4';IA YEAR4.t4w, Tlfl1
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Fig. 2-(Continued)
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225 FOR'IAT(tH 60~X,*APCO TO flEPOT*,5Yl2Fi2.4//)

235 FORM1AT( 1HO96M,#OVERSEA PORT HANDLING COST* AX Fit'-.2)
- '" FOMA.T Ci H"96X4X.11 preý2 9Y;$*50$;F8ýZ29*2 0 Z;?';2l, *84*v8- 2)

245 FORMAT(1Hu,6X,*ON SHELF INVENTORY REDUCTICN*,F15.2)
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rV.i Fnqa ftjti',Ay,*FT~nrlfQhfl -tiIQraF -,4TP TTmp,Fq-2,Iv,
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265 nFzmAT~Hx*~M OF Y*4 ft 1

271 FORMAT(tHCqXq*Ki VALUE USE0*,FlT'.3)

281 FOR9IIT~iH(.,*RECOROS WITH SEPS LESS THAN ~o~i3*,Iia)
:)A;) FflQmATfiwr,*R~rAnfl WTT14 FPFq I F~q THAN j

283 FOPMAT(lH~,'RECOROS WITH eFPS LFSS THAN $oo2C*,I1V)
Z?8_4_FATfnj~ft,*;fl~n UTTu FP~ _-______________TIný

285 FCRMAT(1H~t*RECOROS WITH EEPS P'ORE THAN TioOý 4 ,I1a)

0I4ENSION COP(3)
flTp4vNcTfN 113 i r%'1,rA 1 r(RflQTNVfl),rTnT (11
DIMENSION CAMf)

_______ ENS TA Avl Q)4Tl~.vALfl~nfL3.4AkLGI T4;r. m~I1

INTEGER CI(3) ,C2(3),C3(3),C4(3),C5(3),C6(3),C7(3)
______ TWjtGFR ACT(-'),..5f 1L!.

DIMENSION KSWC3)

3,.."f TF(NRCT.GE.1) ro TO 203'1

13

T5 0

KCT =

LCT=3

00 1 1 1,3

TSWGT(I)m o

AVOIOCI) =C,
TAWGT(T) = (.
ACT(I) 0

C2(T) C

CL.(I) C

C6 (I) r

I CONTINUE
flQ~q T -102_______________

PRINT 10V~
PRINT lin

PRINT 102
PPRITiT 1"3____________

Fig. 2-(Continued)
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PRINT 04lL
0RTMIT 1Pll

PQINT 106

99~9 CONTINUE

READ 13, SPISM2,SM3

READ 12, AMIAM2,AM3,AM4
- .aE n 1 -7,1 Cal CA7

READ 12, 81,62,83,84
- .R.E.An 19, s..II a________________

READ 15, TSRETTARET

READ 15, K1,N
-R 9 .AD..S , ElF -2

RFAD 14., CA2 (1),CA2( 2) ,CA2 (3)

RErRO =(TSRET - TARET)/365.2
rail PI c

PoINT 2CP

PRINT 2('c
RRTNT 2t t1 f tiql ~aM 1 tml -______al__________

PRINT 215, SP2,CS2,AM2
ERTNT S13,rsAM
PRINT 225, AM4,CA?
2R~~J IT 23L ,________r4_______________

PRINT 235, CS5
PRTIM plo ,Pi 9829 87*-E&L
PRINT 245, CSIR
RRTHT PG IF

PRINT 26C~, TSTA
POTNT- 7rI, TCPVTI,IARET

ERTNT 1>1 '4m
PRINT 27C, 'Cl
POTNT ljg

PRINT 12t
RITa 121 ___________ ___________

PRINT 12?
PRINT4713

PRINT 124
POINT 126

PRINT t2F
J2l~ 77 ____________________

PRINT 128
POINT_12q __________________

PrINT 131
DRTNT t M
PRINT 132
PRINT 173______________________

PRINT 134
PQINT iig

PRINT 136

IýO trH NO

Fig. 2.-(Continued)
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LCT = 7 I A

UPR TPR RATIO
~----- 0-0 1%5 1 9 13

KSW(J) L

IF(IFSNECe9q99999999) GO TO ZL.*
TrT =TCT * I

IF(IOE'1.NE.C) GO TO 1i~iý

Ir)EM I
1 1 TF~r TES~iirHW.I31A

PRTCF UPR * IDEm
W'rT = lWT * TnFlr

EcRTCE =PRICE

IFSG =IFSG - 9
TP~nFX Vr~n~nu'ETF'~r%
K2 = COl;T(1INOEX)
K" = CfltZTEPoTIKFRy'

DC3ST CCOqT(39INOEX) -COST(4,INEEX)) *20*0J

SWGT = WGT
CIUWT JJllj-ijJ-rL

K5=K3 * UWT
Tr~rtjwT IF-KcRj t0 Tn 1rpn

CUWT CUWT/2,O.*-C.

ICUBE IYES
rcr Tn t rr -4 ,

1.2: AWGT AWGT * F2 K3
TrljRF =_______________

1l3') SWGT SWGT * F2 * K(2
fln.T = rr.T*FG 4A ;
OCOST =rcoST *2*

R T I 4 T/?%,)

V= (CS1~smi) + (CS2 * St42) + (CS3 * SMD3 + CS'. + CS5

CTS =CTS 2.

U(JL) = (CA14A?41),(CA2(JL)'AM2),(CA2(JL)*A'r3)+(CA34hP44)
CTrIA I = (tit11 I A~trTl 4 Fl4 * N

CTA(JL) =CTA(J0 ) 1
CX(A Ij4 T C~ - ICTAU II
CTOT(JL) CINV + CHINV + CX(JL)
flT NV(I Y .l + r T _ -____________________ ___

IF(OINV(JL).GE.G.oD GO' TO 104C
ro~f.1 II (rfTNuV/fTNVf.JII ) 0 N
COP(JL) COF(JL) * CoPnUT

1I'42 COP(JL) lZHINFINITY

C7(JL) C'(JL) + I

135'ý CONTINUE
-_____A_ = N * 4 *l~ AWGLT_______

Fig. 2-(Continued)

43



881 =AA *API * CAI
pqj = opi 4 -1

BF2 =AA 4 AM'.* CA3
Rq? = Rp 4 2 _________________________________

CC CINV + CHINV + CTS + MCOST
nn CC -p - P

EE AA (At'2 + AM3)
F7 PC 4 p-fl

13EP ofl/EE
TFtl rT.1T.Al GO Tn 13A
PRINT IC

LCT = C'

IFCInCT*EO.1J9) GO TO 1209
nr, i i k I M = 1 0 1_ _ _ __ _ _ _ __ _ _ __ _ _ _

GO TO (Ct8dUG85,±'l9t) JM

GO TO 1095
IrAG PPTNT 11A

Go To IC95
ILS' PRINT 179

GC TO 10'95

PRINT 111, IPEMPCHINVtREP

IF(KSW(JP),NE*±) GO TO 1098

KSW(JM)=

V:98 PRINT I1~, U%4TOCCSTCOP(JM)
I pQq ERTNT II Ao itjrit,rTA IImj

PO~INT t17, ICU9ECX(JMI)CTOT(JM)

LCT =LCT 4 3
P~flL' I kA
GC TO 1?22,

12-1 PQTNT Is"
PRINT 912, IFSN,JFSN
PPTNT JIM, PFP

PRINT 162, CCP

PRIT 1(0 4 £

LOT =LCT +
rn TA jr r

122J DO 13t! 1 1,3

SAVOID(I SAVOID(I) + CTOT(I

SCT(I) = SCT(I) + 1

1'?3', AVOIOMI AVOID(T) + ýTOTMI

ACT(I) =ACT(I) + 1

IF(BEP.LT*-).1u)I1 11 + 1

Fig. 2-(Continued)
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IF(BEP*LT.'.1I4) 13 =13 + 1.
TF tPFR IT -n -2,IT&& - T16 + i

IFCPEP.LT.I.G*) 15 =15 + 1
I~~~ FTLU4 I6 , -- 1 6 G4

CC 141+C JK 1,3

IF(COP(JK).LT.2.U)GO TO 1320
TFiflnP(rBi e1,§t1-A-U In 13-12
IF(COP(JKl.LT.4.2) Go To 1340
TECn (.Ki n I
IF(CO!'(JK).LToSi.0)GO TO 136'1
ITEf CE AI -GE -6 A ) n 'r 11 7r

1311 Ct(JK) = C1(JK) + i
Gr~ In ju5ý,

132i C2(JK) = 2(JK) + 1
Gnf nA 1L60P

1330 C3CJK) = C3(JK) + I
r~n- T 01n

13 4 C C4(JK) = 4(JK) + 1
r,fl TO t*4Cn

1350 C5(JK) =C5(JK) + 1
_f irIn 1 1

1360 C6(JK) = C6(JK) + I
rn In itflW

1371. C7(JK) = 7(4K) + 1
1RS v, NTTNIIF

GO TO IlC'r
P Ii pQTNT is-, TrT

PRINT 155, KCT
PPTNT IROj

PRINT 137
ODzT NT I M ,ArTfi )

PPINT 182, TAWGT(1)
DRINT 183,AVO010uL.
PRINT 184, SCT(1)
PRINT 115, TSWGfli,

PRIN~T 18F~, SAVOIO(1)
PRTNT 11A

PRINT 18itAC7(2)
--- PJNTHL1RI, TAWGT(P)

PRINT 183, AvoIn(2)

PRINT 185t TSWGT(2)

PRINT 139
PRINT I81,ACTM4

PRINT 182, TAWGT(3)
P~L~L~a3A3LCTaO aL

PO~INT 184, SCT( 7)A
v R T K T ____At;,_________ ___

PPINT 186, SAVOIO(3)
2RIN1L280, T1
PRINT 281, 12

PRINT 283, T4
COTNT 284 T9;

PRINT 18;1 16

PPT;I i~iFig. 2-(Continued)
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PRINT 197
PQTWJT 1R7

PRINT £90, Ci(t)
PP TWT 1010 rqti1
PRINT 192, CM()

PRITu 194, C411)

PRINT 196, C7(1)

PRINT 196, CM()
PPTNT IQI f8 I

PRINT 190, Ci(2)
0QTWT 191, rqa21
PRINT 192, C3(2)

PRINT £96, CT(2)

PRINT 1A95 A2
PRINT 196, C7(2)
FPQTET i1q1 9E

PRINT 192, CIM~
POTNT 19j, f2131

P'qINT 194, C5C3
PRTNT I ;_C;(

PRINT 1961 CM()
N WC NRT 4 1

GO TO 3060

ENO

Fig. 2-(Continued)
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ZERO ARRAYS,
Etc.

PRINT HEADER
PAGE

READ INPUT
CARDS

PRINT TABLE OF

PACKAGING COSTS

PRINT DISTANCE
TABLE

Fig. 3-Flow Chart - AVSCOST Program

147



S~READ ITEM CARD

FIL

No

COMPUTE COST
AVOIDANCES

COMPUTE
CROSSOVER

POINT

COMPUTE
BREAKEVEN

POINT'

4

Fig. 3 (Continued)



T4

PRINT
COMPUTATIONS

FOR ITEM

ADD TO
SUMMARIES

2

3

PRINT
SUMMARIES

TSTOP

Fig. 3 (Continued)



AVS.COoT prora

Fig. 4-Arrangement of Program Dock
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C
c - JHS V-IOCtIITTF TS USED TO RRN 0111 T'HE REEPUC' DRAT
C CN THF PACKAGING COSTS.

Cr~MHO ITTTTI F/ TTTI F(R) , NIeTC~p, 11NF1 dI TINE5,11NETfATF
CCMMON /COSTS/ COSTc4,i6,sKGROUP(9a
flTNFkqTfl TQ~FtiP)

C
flATA ITRFF(T) ,T=j 1 f 1

) I IrHRFEFQFNCF ~FOR PA KArTNIG COVERSI
£ 6vH USAMC -- RAC MEETING APRIL 14, 1970
2 r'H

C
PRTNT V TflaTF
PRINT 30C, IREF

POIN~T 3U21

rFPRTNT T14F PArKArTNG (COqTS TARLF.

L =J + S4.

IFSG2 =KGROUF(J+L.5)
PRTN~T AtiK

C
TEU-Fsr.Fnlr) C.0l TO 11

2-.' IF (IFSG2sEC.'l) GO TO 45
PPTNT 3L7it (trOST(TTFSG2),T=j1ad

C
41 C.ONTTWIIF

PRINT 3u41
PRTNT 30'42

RETUPN

t~ut FORMAT (IHL)
3urO~ FAP'4AT 1¶Hls7XsAtO,4l.,lHPAGAJAGGflCOST.S)...

Ifl2i FcrMAT f1X.7(7HFFflFQA~ti1lX~tIHTARE WFTfcHT.12Xj

417Hi COST CF PACKING,9X))
-22,1 ECRMAI (1Y*7t(AH~lEPP V,Ax,21lHlPACMAfMIGl..E.AC.1OP*,1flx,

* lF4PER 1uO Leq ,**7X))
4 12 Ftrt4AT t1Y,7if.5HGPI1J2.jflX-0j4SUJEA~tE,.XI4HTR,QX,

4 7HSURFACE,7X93HAIR,9X) )
1,11 VrqmAT (114 .Ti;,F;)XTcl
3032 FCRMAT (1H4, 6X, 2(1GXF6.2,4XF6.2))

3:49 FCRIJAT (1H*~,1H4,*FACTOR IS BASED ON NET WEIGHT OF ITEM. THUS AN*$
LI * TTFH OF GnLsjtqET~j1G~j4IL~.Cu li PONO RA RE * 1
2 * WOULD WEIGH4 13C X 1.78 =178 POUNOS PACKEC FCR SURFACE 0R,9
t~4 * li. Y 1,1 = 133 PQhiNn; PACKEDrf FOR ATQ.*l

3C~ FCRMAT (1H ,3H***,*COST OF PACKAGING IS DETERMINED EY APFLYING~,
1 * TI,.F GAji..lJI OAf`leT~r. TA IHF rHFtF Ut11wT.Q2 THE IIEMfl4)

Fig. 5-Listing- Of PCOST Program
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31'42 FCRMAT (iM ,'EXCEPTIONSI 5821 AND 5841 ARE TN 14ATERIAL GROUP 4.*,
1 (ZAI: A F~ntrpAI glipvi v ri Agg I *

c

Fig. 5-(Continued)
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atrre nTAh

CTHIS-RICC rrA IT SUBP2R-OGR.AM STORES IMF! CAA OE THE
C TAOE WEIGHT FACTORS ANn THF COST OF PACKAGE.

r THE DATA IS STOREDl BY MATERIA, GRCoIIPS-

C

C rmNlr~; rý(L l nrlti

C

C

flATA (rnelT(T),T=1?,P4)

C TARE WEIGHT FACTORS T COST OF PACK/1IOLES
r q1IQFACr: AIR SUR~FACE AF

C

7~ ~ 1 ,~ ~ 9 1, 3~s -72
C

C
4 17R -, ; q _ _ _ _ __ _ _ _ _ __ _ _ _

C
C;i - 4 - rd , P~.~ p _ _ __ _ __ _ __A,__ _ _

C
A ~ g '44 9-17 9 %

C
7 I-4R, ia __1A____________________7__r

C
A J.21;0 I .I1g F0 F4.2C4 .3.7 0

C

C

C
I~~~~~~ i *7, 1.20 q j-% . 4

C
2 1, 2 1, 2 QA , .C 4

C

C

C

C

C

C THIS COMMCN PUT FSGS INJTO MATERIAL GROUFS.

C xC' XI X2 X3 X4 X5 X6 X7 x8 wq

1 6, 6, 4, 15, It 1, 1, 7, r', 16,

2 16, P~, 16, 7, 7, 2, 14, 16. 2, 2,

Fig. 6-Listing of Block Data
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32, 2, 8, 0, 8, 8, 8, 7, 7, 7,

it 11 8, 7, 8, 8, 10, 16, 10, 1 C- 8,

9 l 8, f, 8, IC, 10, 10, u,9 3, 3,

FC, 119 11, 3, ;.1 5, 5, 5f 12, 5,

7C, 9, 9, 9, q, 9, 9, 9, 9, 12,

8 12, 9, 9 9, 9, 9, 0, 16, 16, 16,

9 ,129 U9 9, 9,f 13, 13, 0, Cv 16/
F W

Fig. 6-(Continued)
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Table 4

INPUTS TO AVSCOST PROGRAM

Input Mnemonic Format Explanation

Card 1
Date of Run

Idate AlO

Card 2
Surface Mileages

SM1 FlO.2 Surface mileage from NICP to
CONUS port

SM2 FlO.2 Surface mileage from CONUS
port to overseas port

SM3 FlO.2 Surface mileage from overseas
port to o, ?rseas depot

Card 3
Surface Costs

CS1 F10.4 Cost/mile from NICP to CONUS
port

CS2 Flo.4 Cost/mile from CONUS port to
overseas port

CS3 FlO.4 Cost/mile from overseas port
to overseas depot

CS4 FlO.4 Port handling costs/ton CONUS
port

CS5 FlO.4 Port handling costs/ton overseas
port

Card 4
Air Mileages

AM1 FlO.2 Air mileage from NICP to nearest
airport

AM2 FlO.2 Air mileage from airport to APOE
AM3 FlO.2 Air mileage from APOE to APOD
AM4 F1O.2 Air mileage from APOD to overseas

depot

Card 5
Air Costs

CAl F10.4 Cost/air mile from NICP to APOE
CA3 FlO.4 Cost/air mile from APOD to depot
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Table 4 (continued)

Card 6
Price Change Factors

BI F10.2 Applied against pipeline inventory
B2 F10.2 Applied against total surface

cost
B3 F1O.2 Applied against packaging cost
B4 F10.2 Applied against total air cost

Card 7
Shipping Times

TS F10.2 Order/ship time by surface
TA FlO.2 Order/ship time by air

Card 8
Retrograde Shipping Times

TSRET FlO.2 Shipping time retrograde by surface
TARET F10.2 Shipping time retrograde by air

Card 9
Onshelf Inventory Reduction

OSIR F10.2

Card 10

Obsolescence Factor and Time Period
Ki F10.2 Obsolescence factor
N F10.2 Time period

Card 11
Forecast Factors

F1 F10.2 Used to forecast dollar changes
F2 F10.2 Used to forecast tonnage changes

Card 12
Variable air cost - APOE - APOD

CA2(l) F10.5 MAC Channel air cost/mile
CA2(2) F10.5 MAC SAAM C-141 air cost/mile
CA2(3) F10.5 MAC SAAM C-5A air cost/mile

Remainder of Input Cards
Date for Item to be shipped (one card for each item)

IFSN A1O First 10 digits of FSN
JFSN Al Last digit of FSN
NAMl A9 Alphabetic name of item
TPR F10.2 Unit price of item
UWT F10.2 UniL weight of item
UCU FIO.3 Unit cube of item
ID Mi 10 Annual demand for item
RATIO F5.2 Percentage of original cost

incurred when repairing item
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REGUVUJý RIEAfP'28
RECORDS WITH tIC DO!MApnfS 23

SUMIPAPIE S

MAC CHANNEL 12.146V ALR

NUt4FER OF ITEMAS AIR ELiGIEIF, 227

TCTAL WEIGHT OF AIR ELIGTPLE ITEM~S 11855977

TOTAL COST WVICAtNCE OF AIR ELIGIBLE ITEMS 3?4~.)

TI I.IA L W ! GHI CF HU FAI -C E E iP 52

-- TrrTWUT"CST-AVwCTCA1CE-CF-LrSUFACE--LrGTPUEITES -- 'fSP6 F7 16 7

MAC lt5M C-141 12,33? ALP

NUMPER OF ITFFPS AIR FLIGIELF 225

TCTAL hFIGHT OF Ala cLIGIPLc ITEMS 11775.59

7OTAL COSI AVCICAKCE OF AITR EIIC.IELE ~T~MS 257144ei.46

- 1UWFFt;-FI-TFM S -'cUlZFAT F-EUIGT PCT - T- 3

TC7AUt"FfTrTrF--UqFACE 1ErrGTRUE-trEM - 5756*.37-

I L I iL L'.-ý r iWC lKC77F--lUWFAr EtLICLEEtFIlEM= M479

MAC SAAM C-5A 7.211 AIL______________

NUMPErt nF ITEIPS AIP ELIGTELI# 251

TCTAL WEIGHT OF AIR EL~rIPLF ITEMS 1______ 69711.06

IOTAL CiOc AV'rICA.C~E OF A10 --LICIPLr IrEMS S49C55St.3q

--- -- -- TCTAL I;7TGý.T ('F SUOFACE cLlrIHLF l'E~S * 8

------ rCTAUCC3T AVClr'!Ncr Cr c:UPFaCr cLUTP.tLE TTEuS-- ----- 8C'7GqjI87

Fig l 2-- Item Summaries



PErnPrIS WTTH REPS LESS ?I4AM ltoJl0 C;

RECOriDS WITH PFY Ti CSS THAM T0.I! 1

RECO WITH REPSý- LES''S T MAN 4 1 o14 12

PECOPCS WITH PEDS LESS THAIN $0.2V 41

REOPUS W-T4 9 ~ LES T4A4J I.o0 183

(EflOfl5 WITH DEDS WnDe TA4 ;.oeo 74

-M___ AC- CHANNIEL-MI5____________________

______ CODS, LESS THIAM-...t-AP --
COPS I YFAO AND LESS THANI 2 YEAPS 20

C0~EPS..~ItLLESS H~~'3 YFAQIZ _____3__

COPS 3 YEAR.S A'J0 LVSS TwAN C. YEARS 215

COPS 5 YFARS AND LESS THAN' F YEAPS8

________COP S..ES S-THAN-LLYXEAR.. ±_u______
COPS I. YEAcR AND LESS THAN 2 YEARS 22
COPS-2-Y.EAO'S-ANDLESS-T-4t3..22.EAS 22
COPS 3 YEARS A~Jf LESS THAN 4 YEARS 27

___________CQ.~2LIT 14A~O.E EN AN 9Y 23
rOpS 5 YEAOS Amn' LESS THANI 6 YEAPS a

___________Cýý_F56ýR, Amnf mpRE 145

COPS LES5T4.0 I YEAR

.^O)'S 1 YEAR AND LESS THAN 2 YEARS 3
_______ C 2S-Y.EARS..A4D.-L.ES S-.HA!LL--E QS

COOS 3 YEARS AND LESS THAN' 4 YEAPS 3
________ CO Y.E-ARS-AN-DLESS. HAIL5Y-E-AP

COPS 5 YEAR~S AND LESS THAN 6 YEARS
_____ r, YFA~q AI~n MnPE 242-

Fig. 12-(Continued)
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