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THE BASIC DYNAMIC MCDEL

The purpose of this report is to describe what will be referred to as
the basic dynamic model of the Airlift Service Industris! Fund (AS1r). This
basic model is the result of our Analysis of the Tanduscrial Fund System and
utilizes the "Industrial Dynamics" approach to model tie dynamic cheracteristics
of the Industrial Fund. (For detailed explanation of the Indvstrial Dynamics
approach to system analysis see J. W. Forrester's book, Industrial Dynamics,
M.1.T. Precs, Cambridge, Massachusetts, 1961.7 This model will bg used to
simulate the dynamic characteristics of the real system and to test rroposed
system modifications, The end result will hopefully bs betrer understanding
of the aynamics of the real system and increased confidence in the probable
benefi’ of propnsed system modifications,
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This model is the result of many hours of discussion between the
analyst and the managers of the Industrial Fund snd is a representation of
the Industrial Fund system at the pres«nt time.
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Background

This project was initiated during the summer of 1967 when the analyst
was working with the Military Airlift Commcad's Operations Ar.lysis office
at Scott Air Force Base, Illinois. During this period the aralyst became
acquainted with ASIT and proposed its analysis using the "Industrial Dynamics®
approach, At that time it was thought that the model could be developed
fairly quizkly and then be used to analyze the dynamics of ihe Industrial Fund.

While the oroject proposzl was accepted and the development of the
model began, the resulting basic model has veen achieved slowly. Interim
reports were presented in the spring of 1968 and in April of 1969,

The modeling techiique utilized has been one developed by J. W. Forrester
of M.I,T. called "Industiial Lynamics", The industriai dynamics technique
utilizes a compiler program called "Dynamo'"., Dynamo enables the researcher,
after describing his model in nemonic language and quantifying the many
variables, to simulate the system dynamics on a computer. 1in April of 1969,
the *Dynamo" Compiler was just being completed for the 13M 360/67 equipment
used by the Iowa State University Computation Center. The programming of the
"Dynamo" Compiler for the current IBM equipment had taken longer than anticipated
and the model building activities had been delayed.

YMethod of Analysis

The mathod of analysis being utilized in studying the industrial fund
proceeds according to the following five steps.
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First: Identify the system variables and their interrelationship.

The analyst has spent many hours in discussion with ASiF personnel
to identify the significant variables within the ASTF system and their inter-
telationships as & part of a dynamic system., This phase of the procadure is
continually in operation as further steps are completed and aiscussed by the
ASIF managers and the analyst,

T,




Second: Develop a basic model of the ASIF System.

This basic model is described in this report. The report “dentifies 3;"
the variables selected and quantifies the relationships between the different 3
variables. The system is assumed to be a closed system operating continuously
with linear relationships between the variables over very short time intervals.

Third: Simulate the ASIF system on a computer using the basic model.

This step is in progress and the analysis and conclusions will be the
subject of a later report.

Fourth: Test system changes or modifications via simulation on a
revised basic model.

Proposed system changes or modifications will be studied by revising

the basic model to incorporate the proposed modification., This step will be
incorporated in the report referenced in step three.

Fifth: Propose system changes.

Based on the conclusions reached in steps three and four, proposed
system changes may be recommended.

It must be clearly understood that the purpose of this model is to
represent the dynamic aspects of the real system and enable the analyst to
maniiulate and study the model, thercby gaining valuable insight into the
reasl system. The model, for obvious reasons, must be, and is, a simplification
of the real system. HRowever, it must identify the significant variables witl

thelir iuterrelationships so that the model dynamics realistically represents the
real system.

The simpler the model, while still representative of the real system,
the better from a model building and analysis standpoint. The model may later

be made more sophisticated as deemed necessary for analysis purposes as outlined
in steps three and four,

= The Industrial Fund

The Airlift Industrial Fund (ASIF) is a MAC management tool established
to:
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a) provide an effective means for controlling the costs of
airlift capatility,
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b) provide for the rational recovery of airlift costs from
airlift users, and

i

e

<) motivate users toward prudent use of airlift capability

supplied by MAC.

A number of problems are encounterad by the ASIF when attempting to
develop a tariff structure which fulfills the following objectives:

a)

Allow for the strategic disposition of the Military Force;




Provide equitable rates to users;
c, Recognize utilization of airframe capabilities;

d) Provide for a revenue-expense breakeven at specified
time intervals on both PAX and Cargo shipments;

¢) Charge premium rates for premium gervice:
£) Maintain tariff stability; and
) Motivate efficient user usage.

The Basic ASTF Model

In developing the basic ASIF model a general description was obtained
from ASIF personnel regarding the operation of the Fund. System boundaries
and system variables were identified and a description was obtained of the
significant cause-effect relationships. The model was developed from a general
description of the system and the system variables and became more sophisticated

as different variable interrelationships were deemed significant and incluled
in the model.

The ASTF is responsible for the determination of airlift tariffs.
These tariffs are established with the goal of recovering airlift costs from
airlift users, The users are billed for the airlift service providing revenue
(or income) to the Industrial Fund, The tariff is influenced hy forecasted
airlift costs, and forecasted airlift demand., Airlift costs are based on

aircraft availability, utilization, and maintenance, as well as administrative
and operational support functions.

As airlift services are provided, revenue is generated as well as
expenses., Tf total revenue exceeds or lags actual expenses, the tariff may

need revigion to enable the ASTIF to break even at the end of a specified time
period. ' ©

The model which has been developed, and is described in this report,
represents the forecasting system by which demand and costs are estimated and
incorporated with airlift capacity to yield a forecasted tariff rate; the
determination of airlift capacity and its allocation to customer demand; the
billing activity initiated by the movement of material or passengers and influenced
by the tariff; the accounting and payment of cxpenses generated by ASIF activities:

and the determination of total revenue and total costs and any out of balance
condition resulting.

Tn developing the model, four classifications of customer demand were
recognized as cach influenced the tariff calculations in a particular way.
Customer demand is classified as Cargo, PAX (passengers), SAAM (special assipgn-
ment airlift missions), or Exercises. Cargo and PAX may be moved by contract
.with commercial airlines. While SAAM's may utilize commercial aircraft in the
real system, its use is limited and not represented in the model at this time.

The users of MAC move material and passengers over specified routes
penerating Ton-miles or PAX-miles of usage. The modeling of this aspeet of the
rcal system has requived some simplifying assumptions. For simplicity, we
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have assumed that customer demand is in Ton-miles/week or PAX-miles/week.

This demand, however, needs to be identified as outgoing ({rom CONUS) or incoming
(to CONUS) for airlift capability required has bee- assumed to be twice the
larger demand. For example, when outgoing is larger, the planes will return
empty or partially loaded.

In summary. the model represents the following activities:

a) The customer's demand and movement of Cargo, PAX, SAAM, and Exercis.
b) The Industrial Fund manifesting and billing fo. services pr.-vided.
c) The determinetion of military airlift capability and commercial

requirements and their allocatjon to customer demand.

d) The generation of expenses within the ASIF.
e) The cash flow due to payment of expenses and receipt of revenue, =
£) The forecasting of customer demand and ASIF expenses to g%

generate a naw tariff rate.

g) The determination of revenue-expense differences leading
to a decision to change the tariff rate,

In the following discussion each figure represents a segment of the
basic model of the total ASIF system. Each variable in the system is identified
and the variable equation given., The identification of each variable is by
nemonic language. A variable may be identified as part of the Cargo, PAX,
SAAV, or Exercise system by the number 1, 2, 3, or &4,respectively,in the
variable name.

Each variable is also assigned a number which identifies the variable
and the figure which shows that variable's interrelationships with other
variablzs. Thus, variatle 6.09 identifies variable 09 of Figure 6 and variable
11.22 identiries variable 22 of Figure 11. This will assist in the identifica~
tion and lccation of the different variables when necessary during study and
analysis.

Following the industrial dynamics terminology, three points in time,
J, K, and L, are identified. "J" represents a point in time in the immediate
past, "K" is the present time and "L* a point in time in the immediate future,
Each point in time is separated by the time interval DT, Variables, called
rate variables, which identify the rate of change over the time interval DT and
between J and X are identified by “JK" in the variable name and the rate of
change between K and L is noted by a "KL" in the variable name. A "K" cr "J"
in the variable name identify the magnitude of a level or auxiliary variable
at that peint in time.

In the tigures, a solid line will represent the flow of material, paper
work (manifests, bil” , etc.) or cash, while a dotted line indicates the iaZluence
of information. A dotted line into a variable would indicate that the value =
cf that variable would be influenced by information from the variable or variables
originating the dotted line. All flows are in the direction of the arrow. For
more detail on the flow diagrams see Chapter 8 of 'Industrial Dynamics" by
J. W. Forrester.
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Figure 1

The Military Airlift Command moves cargo and passenger per customer
demand and in Figure 1 the movement of cargo per customer demand has been
modeled. Justow.r demand is assumed to be an exogenous variable and influenced
by facto - ~utside the ASIF. This may be revised later to show & feedback

effect v .. customer demand by ASIF tariffs if it is deemed significant.
1.01 D1G Customer Demanl-Cargo-Outgoing (Ton-Miles/week)
1.02 pir Customer Demand-Carge-Incoming (Ton-Miles/week)

It is assumed t4aat material moved to MAC terminals during an interval
of time is equal to customer demand at the beginning of that time interval.
Rate equatio's 1,05 and 1,06 are written to represent the movement of material
t) *e teminals.

1.03 TS1G.KXL = DIG.K
1.¢¢ IS1C.KL = DIC.K
I513 = Incoming shinment rate (to terminals)-Cargo-Outgoing (Ton-Miles/week)

-4
wn
Pl
(9]
1t

: Incoming shipment rate (to terminals)-~Cargo~Incoming (Ton-Miles/week)

Terminal inventory at a posint in time is equal to the terminal inventory
at the last time period plus incoming shipmants ané less outgoing shipments over
that time period. Level 2quations 1,07 and 1.08 Gre written to represent these
vaziables.

1,07 IN1G.K = IN1G.J + (DT)({IS1G.JK - S1C.JK}
1.08 INIC.K = IN1C.J + (DT} (IS1C.JK =~ S1C.JK)

IN1G = Terminal Irventory-Caigo-Outgoing (Ton-ifiles)

IN1C = Terminal Tnventory-Cargo~Incoming (Ton-Miles)

Shipments :rom the terminal are assumed to be detemined by the tenainal
inventory (INIG and (;!1C) and tha policy to move any material received within
a specified time limit. The basic model is based on the policy to ship material
from the terminal within two days after receipt of the material. Because of
the nature of the modeling technique and the need to later allocate military
and commercial canabiiity to cargo wmovement, we have written the following

equations,

We identify two variable:s as follows:

1.09 SIGT.K = IN1G.K(1/D17)
1.10 S1CT.K = IN1C.X(1/D17)
S1GT = Shipping Rate-Cargo-Outgoing-Tested (Ton-Miles/week)

sict

Shipping Rate-Cargo-Incoming-Tested (Ton-Miles/week)
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D17 = Delay in shipping (Weeks)
D18 = Delay in shipping (Weeks)

The shipping rate over time period KL is then represented as follows:
1,03 S1G.KL = S1GT.K
1.04 S1C.KL = SiCi.k

531G = Shipping Rate-Cargo-Outgoing (Tcn-Miles/week)

Slc =

wm

itiening Rate-Cargo-Incoming (Ton-Miles/week)

Military cspability is allocated to cargo movement and commcercial
requirements are uiilized to cover any deficits in capability. Variables I.li
through 1.16 in Figure 1 wodel this aspect of the system. The capacity of
the airframe is not utilized 100%, so the material moved (51CT and SI1CT) is
divided by the utilizaticn of the airframe to give the total airframe capability

required,
1.65 UlG = ACL Utilization-Cargo-Outgoing (%)
1.66 UIC = ACL Utilization-Cargo-Incoming (%)
1.11 C1G.K = (SIGT.K)/UlG
1.12 CIC.K = (S1CT.K)/ulC

ClG =

Required Capability-Cargo-Outgoing (Ton-Miles/week)
clc

Required Capability-Cargo-Incoming (Ton-Miles/werek)

It is assumed that airframes moving material outgoing will return
with incoming material. Therefore, the total capability allocated to cargo
movement will be twice the capability required to move either outgoing or
incoming shipments, whichever is the larger.

This is determined in the model by variable 1,14 and its equation is
written as follows.

1.14 M{1.K = MAX (ClG.K, ClC.K)

MLl = Maximum Demand (Ton-Miles/week)

Then the capability required is
1.13 TCl.K = 2 * MX1.K
2 TC1.K = Total Required Capability-Cargc-(Ton-Miles/week)

g The available military capability is applied to this requirement and
, the balance is covered by a commercial buy (CBl).
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The military capacity available is determined in Figure 4 and results
in variable 4,08 identified as the Cargo Capability Available. Because of
the need for positioning and depositioning of aircraft, the quantity actually
available for use is something less than this. This is accomplished by a multipller
(CPD) of less than one.

1,19 ACC.XK = CCA.K * CPD

1.68 CcPD = 0,907
ACC = Actual Cargo Capacity Available-(Ton-Miles/week)
CPD = Cargo Positioning-Depositioning Multiplier

The commercial buy can never be less than zero. If the military
capacity is more than sufficient, it is used to move the custcmer's demand.
That is, the total military capability available is used regardliess of
the quantity demanded and commercial rsquirements are purchased cnly if needed.

This is represented in the model by a clip function as follows:
TCB1.K = TCi.XK ~ ACC.K

TCBl = Tested Commercial Buy (Ton-Miles/week)
CBl.KL = CLIP (TCB1l.X, 0, TCBl.K, Q)

CBl = Commercial Buy (Ton-Miles/week)

This is interpreted as follows. 1If TCBl is equ-' to or greater than
0 then CBl is set ecual to TCBi. However, if TCBl is less than 0, which means
no commercial buy i: required, CBl is set equal to 0.

In another cegment of the model we need to determine the forecasted
customer requirements. We have hypothesized that this forecast iz influenced
by the customer's previous demand and the rate of change in this demand. These
variables and their modeling will need to be described.

It is assumed that the fcrecasted customer demand ic determined hy
the average demand over a past period of time. We have utilized exponential
averaging in cur model which means the most recent octurrence will be given
greater weight in determining the average customer demand.  (See pg. 406 of the
Forrester text) We have also assumed that this averaging occurs over a
six-month time period. 1In other words, the forecasted customer demand is a
function of the actual demand over the past six months.

The average customer demand is determined by a smcothing equation as
follows:

1.18 SD1G.K = SD1G.J + (DT/D119) (IS1G.JK =~ SD1G.J)

1.17 SDIC.K = SplC.J + (DT/D120) (ISIC.JK - SDiC.J)
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Delay in smoothing (weeks)
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Dl Delay in smoothing (weeks)
SD1C = Smoothed Custemer Demand-Cargo-Outgoing (Ton-Miles/week)
SDIC = Smoothed Customer Demand-Cargo-Incoming (Ton-Miles/week)
The rate of change in demand is also assumed to be an average of the rate
of ciunge over a pziiod of time the immediate past. Again it has been assumed

that the mr<t immediate past rate of change will have the greatest influence.

If we let R15 equal the customer's demand over the previous time period
in Ton-#iles/week, then

1.20 R1G.KL = 1S51G.JK

The rate of change in demand RT1G during the previcus time period can
the:r be written as follows:

1.21 RT1G.K = (1/DT) (I1S1G.JK ~ R1G.JK)
In this equation R1G.J¥ is equal to IS1G in the time period JK - 1.

The aversge rate of change over the past SDL weeks is written as a
smeothing equation (Exponential smoothing utilized).

1.22 SRIG:K = SR1G.J + (DT/SDL) (RT!C.J - SRI1G.J}

SR1G = Smoothed ratz of growth over the past $DL weeks (Ton-Miles/week/we 'k)

1.69 SDL = Smeoothing time period (weeks)

Initially we have assumed the smoothing time period (SDL) over which the
rate of growth is determined is 20 weeks.

The above equations represent the mndeling of the rate of change in
customer demand for moving outgoing Carge, 1In the same manuer we nesded the
rate of change in demand for incoming Cargo.

1.23 RIC.KL = IS1C.JK
1.24 RTI1C.K = (1/D7T) (IS1C.JX - RI1C.JK)
1.25 SRI1C.X SR1C.J + (DT/SDL) {KT1C.J - SR1C.J)

R1C = Customer Demand-Past time period - (Ton-Miles/week)

RTIC = Rate of Growth over previous time period (Ton-Miles/week/week)

SRIC = Smovthed Rate of Growth over the past SDL weeks (Ton-Miles/week/week)

The zbove aquations complete the modeling of customer demand for and
the movement of cargo out of and into CONUS with the resulting aliecation of

military capability to this demind and the determination of needed additional
commnarcial requireawents,
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A list of all variables identified in Figure 1 and their corresponding
initial conditions and parameters is given in Appendix I,

Figure 2

‘The movement of passengers (PAX) by Military Airlift Command is modeled
in Figure Z, The customer, in the same manner as with Cargo, moves PAX ocut

of and into CONUS, The modeling of this activity is practically identical
to the modeling of Cargo movement.

The equations which follow represent the customer's demand for movament
cf PAX (outgoing and incoming), the movement of PAX to¢ terminals and their
shipment, with the appropriate allocation of commercial and military capability
to this demand. The variables are therefore identified in the same manner as

Cargo variables except the number "2" is used to represent PAX movemernt in place
of the "1'" representing Cargo movement.

i
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2.01 p2C Customer Demand-PAX-Outgcing (PAX-Miles/week)
2.02 n2c Customer Demand-PAX-Incoming (PAX-Miles/week)
2,05 1S2G.KL = D2C.K
2.06 1S2C.KL = D2C.K
1S2G = Incoming PAX requirements-Qutgoing (sAX-Miles/week)
IS2C = Incoming PAX requirements-Incoming {PAX-Miles/week)
2.07 IN2G.K = IN2G.J + BT(IS2G.JK - S$2G.JK)
[ 2.08 IN2C.K = IN2C.J + BT{I52C.JK ~ S2G.JK)
IN2G = Termiral Inventory-PAX-Outgoing (PAX-Miles)
IN2C = Terwminal Inventory-PAX~Incoming (PAX-Miles)
2.12 32GT.K = IH2G.K/D27
2,14 S2CT.K = IN2C.K/D28

- S2GT = Shipping Rate - PAX-Qutgoing-Tested (PA¥~-Miles/weck)

S2CT = Shipping Rate - PAX-Incoming-Tested (PAX~Miles/weeck)

O £ bk ek

2.60 D27 = Pelay in shipping {weeks)
2.61 D28 = Delay in shipping (weeks) §
E
2.13 $2G.KL = S26T.K fz
2.15 §2C.KL = S2CT.K E
Z
520 = Shipments-PAX-Outgoing (PAX-Miles/week) 3
Poe
%
$2C = Shipments~PAX-Incoming (PAX-Miles/weck) %E
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Figure 2. Model of PAX Movement.
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2.64 U2G = ACL urilization-PAX-Outgoing (%)
z2.65 U2C = ACL utilization-PAX-~Inccming (%)
2.16 C2G.X = S26T.K/U2G

2.17 C2C.K = §2CT.X/u2C

2.18 MX2,K = MAX (C2G.K, C2C.K)

2.19 TCZ.K = 2 * M{Z2.K

"

C2C = Required capability-PAX-Outgoing (PaX-Miles/week)

C2C = Required capubliity-PAX-Incoming (PaX-Miles/week)

1]

Maximum demand (PAX-Miles/week)

S
5
ot

h

TC2 = Total capability raquired - PAX (PAX-Miles/week)

]

In the case of PAX movement, it is assumed that commervial capability
is bought to cover the majority of the demand with milicary capability being
utilized for the balance.

The commercial buy is then determined by the following equation:
2.0 CB2.K = TC2.X * FCR

C82 = Commercial Buy for PAX (PAX-NMilez/week}

2.83 FCB = Portion of tetal requiremeat coverea Ly Commercial.

FCB will be between zero ar” one and is assumed in the basic model
to be 0.92. This then means 927 o. the total PAX requirements are moved
by commercial aircraft under contract with ¥AC.

Military reguirements then are
2.99 MPR.K = TC2.K ~ CR2.X

MPR =~ Military Capability required (PAX-Miles/week)

The average demand for PAX movement and the rate of change in FAX

movement is modeled by equations similar to those described for Cargo wovenment.

They are shown belcw.

2.21 SD2G.X = SDZG.J + (DT/D219){1S2G.JK -~ SR2G.J)
2.22 SD2C.K = §D2C.J + {DT/D220) (152¢.JK = Sp2C.1)
2.66 D219 = Delay in smoothing (weeks)
2.67 D220 = Belay in smouthing (wzels)
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SD2ZC = Semothed customer PAX requiremen.:2-Cutgoing (PAX-Miles/week)

SD2C = Smoothed customer PAX requirements-Incoming (PAX-Miles/week)

%2G.KL

1526G.3K

E2C.KL = 1$2C.JK

RT2G.K = (1/DT)Z1S2G.JK - R2G.JK)

RT2C.K = {1/DT} (1§2C.JK - R2C.JK)

SR2G.X = SR2G.J + (DT/SDP) (KT2G.J - SR2G.J)
SR2C.K = SR2C.J + (DT/SDP) (RT2C.J ~ SR2C.J)

SUP = Smoothing Delay (wecks)

R2G = Customer demand-Past time period-Outgoing (PAX-Miles/weeck)
R2C = Customer demand-Past time period-Incoming (PAX-Miles/week)

®T2G = Rate of Change-over previous time period-Outgoing (PAX-Miles/week/week)

RT2C = Rate of Change-over previous time period-Incoming (PAX-Miles/week/weck)

]

SR2G

SRZC

[}

The above equatioans complete the modeling of customer demand for and

the movement of PAX out of and inte CONUS, with the commercial buy requirements
genc cated by this movement gund the military capabilicy required for the balance.

s list of all variables identified in Figure 2 and their cerresponding

initial conditions and parameters is given in Appendix 1I.

Figure 3

Customer demand for and the movement of desigiated SAAM and Exercise

requiresents are modeled in Figure 3. This segment of the total wmodel is similar
to the CTargo and PAX segments of Figures 1 and 2. The 2quations are also

similar and will utilize the numbers "3" and "4* to represent SAAM's and
Exercises, respectively.

3.01

3.02

D3S = Customer demand for SAAM (Ton-Miles/waek)
D4E = Customer demand for Exercises (Ton-Miles/week)

As before, the movement rate to MAC terminals is assumed to equate

the cuslomer demard, which is the excgenous variable.

Smoothea Rate of Chw.age over past SDP weeks-Qutgoing (PAX-Miles/week/week}

Smoothed Rate of Change over past SDP weeks-Iucoming (PAX~Miles/week/week)

A
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Therefore,

3.05 I83.KL = D38.K
3.06 IS4.KL = D4F.K
153 = Incoming SAAM requirements (Ton-Miles/week)

IS4

Incoming Exercise requirements (Ton-~Miles/week)

The movement of SAAM and Exercise requiremr its is represented, in this case,
by third order delay functions. This provides for more realistic simulation of
the planning and lead time allowed in SAAM and Evercise movement,

3.07 IN3.K = IN3.J + DT(IS3.JK -~ §35.JK)
3.09 $35.KL = Delay3(IS3.JK, D34)
3.62 D34 = Delay in SAAM movement (weeks)
83s = Shipment of SAAM Requirements (Ton-)iles/week)

IN3 = Inventory of Planned SAAM movement {Ton-Mile.,€'week}
3.08 ING.K = ING,J + ST(IS4.JK - S4E.JK)
3.10 S4E.KL = Delay3(is4.J¥., D316)
3.63 D316 = Delay in Exercise movement (weeks)
ING = Invertory of Planned Exercise Movement (Ton-Miles)
34E = Shipment of Exercise Requirements (Ton-Hiles/week)

Both SAAll and Exercise reguirements are smoothed for forecasting purposes
in the model. The rate of charge in the demand for SAAM and Exercise require-
ments is also determined.

3.64 D312 = belav in smoothing SAAM (weeks)
3.65 038 = Delay in smoothing Exercises (weeks)
3.11 $D3.K = SP3.J + (DT/D312) (1S3.JK - SD3.0)

1}

3.12 SD4.K = SD4.J + (DT/D38) (IS4.JK - SD4.J)
SD3 = Smoothed demand for SA&M's {Ton-~iles/week)

SD4 « Smoothed demand for Exercises (Ton-Miles/week)

]

3.15 R3.XL = 1S3.JK

3.16 R5.KL
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R3 = SAAM movement over previcus time period (Ton-Miles/week)

K4 ~ Exercise movement over previous time period (Ton-Miles/week)

3.17 RT3.K = (1/DT) (183.JK - R3.JK)
3.18 RT4.K = (1/DT) (¥84.5K ~ R&.JK)
RT3 = Growth Rate in SAAM Demand over past DT (Ton-Miies/week/week)

RT4 = Growth Rate in Exercise Demand over past DT (Ton-Miles/week/week)
3.19 SR3.K = SR3.J + (DT/SDS) (RT2.J - SR3.J}
3.20 SR4.K = SR4.J + (DT/SDS) (RTS.J - SR&.J)

SKR3 = Smoothed Rate of Growth over past SDS weeks (Ton-Miles/week/week)

SR4 = Smoothed Rate of Growth over past SD$ weeks (Ton-Miles/week/week)
3.70 SUS = Smoothing Delay (weeks)

1t is assumed that the wovement of 3AAM's and Exercise requirements
is accomplished by military capability only. The military capability required
for 5AAM and Exercise movement is determined and allocated first with the
remaining military capability utilized for Cargo and PAX mevement. The
modeling of this series of decisions is shown in Figure 4.

The SAAM and Exercise flying hours utilized in later expense calculations
is modeled as a segment of Figure 3. The flying hours generated is determined
by dividing the ton-miles flown by the speed of the aircraft and its capacity.
Both SAAM and Exercises are biiled on a total capacity basis.

Material Moved (Ton-MilesYueek

Flying hours =

5
Speed Capacity $§§%§§) {Tons)
kY

The equations are therefore

3.66 SPD3 = Speed of AHircraft (MPH)
3.67 SPD4 = Speed of Aircraft (MPH)
3.68 CAP3 = Capacity of Aircraft (Tons)
3.69 CAP4 = Capacity of Aircraft (Tons)
.13 FH3.K = $3S.JK/((SD3) (TAP3))
3.14 FH4.K = S4E.JK/{(SPD4) (CAPA))
Fu3 = Flying hours rate for SAAM (Flying-hours/week)

I}

Fiib = Flying hours rate for Exercise (Flying-hours/week)
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This completes the modeling of customer demand for MAC services which
are billed under the Industrial Fund. Figures 1, 2, and 3 represent these
segments of the total model of the Industrial Fund.

A list of all variables identified in Figure 3 and their corresponding
initial conditions and parametere is given in Appendix I11.

Figure 4

We now turn to that segment of the model which represents the
determination of total military capability and allocates it to PAX, Cargo,
SAAM, and Exercise movement requirements. This is modeled in Figure 4 which
also includes the determination of flying hours for PAX and Cargo movement.
The flying hour information with that from Figure 3 is used as input in that
segment of the mecdel where ASIF expense rates are modeled.

For simplification purposes we assume that MAC flies only the Cl41. The
total flying hours available per week is then calculated as follows:

4,01 TFHC.K = TAF.K * UTAF
TFHC = Total Flying Houvs Capatilirty (Flying-hours/week)
TAF = Total Air Frames Available
UTAF = Utilization of Air Frames (Flying~hours/week)

The total air frames available is an exogenous input and may be constant
or varied over time. The equution for TAF is written as follows:

4,03 TAF.K = TAFT + AFI.X

TAFI = Initial Air Frames Available

Af. = Increased Air Frames put in service

AF1 represents a variable which increases or decreases the unumber of air
fram: : availuble if so desired by the analyst. Initially, we have provided
for a growth of air frames available by the following ecuation.
4.02 AFI.X = RAMP(RMP, 5)

RMP = Rate of GCrowth of Air Frames (Air Frames/week)

The total flying hour capability is now converted to a ton-mile/week
capability by multiplying it by speed and capacity factors.

4.04 TCAP.X = TFHC.K % SPD * CAP
Ton-Miles/week = Fl‘%p 'hogsi « hiles ¥ Tons
Week Hour

TCAP = Total Military Capability Availcble (Ton-Miles/week)
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4.55 SPD = <peed of Aircraft (MPH)

4.56 CAP = Capability of Aivcraft (Tors)

e

The first demand on military capability is for training and testing
requireicents (TRN).

Training and testing requirements are assumed to be constant unless
the total commercial buy drops helow a specified amount. When this occurs
theze is an increase in te~ ing and training requirements until the commercial
buy has been increased to the desired minimum level. This represents a systen
boundary condition for the model., MAC makes a commitment to use a specified
minimumt amount of commercial aireraft. As this minimum figure is approached,
military usage is increased so as t£o require the need for the minimum contract
figure.

i1

il

Variables ERIC and ER2C represent the expense rate for the commercial
buy for Cargo and PAX requirements in dollars/week. This expense rate is
smoothed (averaged) over time peri~ds DXC and DXP to yield variables SX1 and
SX2. In the initial model the smoothing zime pericd for DXC and DXP is 25
weeks.

The sum of SXi and SX2 gives a smoorhed average weekly commercial cost.
This figure is now compared to the minimum average weekly commercial bur
allowable (CEG) to determine whether training and testing i1equirements need to
be increased.

The foliowing equations represent this decision series,

4.15 S¥1.K = SX1.J + (DT/DXC) (ERIC.JIK - SX1.J)

4,16 SX2.K = £ 2.3 + (DT/DXP) (ER2C.JK - SX2.Z

il

[

sxX1 Smoothed commercial expense rate-Cargo (doilars/week)

Smoothed commexrcial expense rate-~PAX (dollars/weck)

#

S¥2

4.71 DXC

Pelay in smoothing (weeks)

"

4,72 DXP = Delay in smcothing (weeks)

4.17 SXX.K = SX1.K + SX2.X

SXX = Swoothed Total Commercial Expense Rate ($/week)

4.18 RTO.K = SXX.X/CEG

RTO = Ratio Actual Expense to Minimum Allowed

4.69 CEG = Minimum Allowable Commercial Buy Rate (S$/week)

It is assumed that if RTO is equal to or greater than 1 no incrvease is
necessary for testing and training reguirements (TRN). 1I1f RTO is less than 1,
TRN¥ will be increzsed by a wultiplier MLT. For the purposes of the basic model

o ot Mﬂmwmum i 'EIMWF
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the following relationship between RTO and the multiplier MLT is assumed.

When RTO equals
1"

or greater, MLT equals
MLT equals
" 1

.
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Tt is also assumed that the actual decision to chauge resting and training

requirements wouid be based on the average multiplier, so the multiplier is
smoothed over a one-week interval.

4,14 MLTD.K = MLTD,J + (DT/DMA) (MLT.J - MLTD.J)
MLTD = Multiplier delayed

4,65 DMA = Delay {weeks)

The equation for TRN, testing and training, is now represented as follows:

4,13 TRN.K = TRNI * MLTD.K
TRN = Testing and Training Requirement (Ton-Miles/week)
TRNI = Initial TRN Requirements (Ton-Miles/week)
The actual trairing rate is then
4.05 TRNR.KL = TRW.K
TRNR = TRN Rate {Ton-Miles/week)

For forecasting purposes an sveraged {smoothed) testing and training
rate iz calculated,.

4,07 SMT.K = SMT.J + (DT/D428) (TRNR.JK ~ SMT.J)

SMT = Smoothed Testing and Training Requirements
4,57 D423 = Delay in Smoothing (weeks)

The actual military capability now available for moving Cargo and PAX
requirements is the total capability (TCAP) less that capability allocated to

SAAM (53S), Exercise (S4%) and testing and training (TRN). This equation is
written as foliows:

4,66 ACAP.X = TCAP.X - S3S.JK - S4E.JK - TBRN.K

ACAP = Available Military Capability (Ton~Miles/week)
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This quantity is now redvced by the capability allocated to PAX
movement, variable MPR of Figure 2, This variable dimensionally was
PAX-Miles/week and must first be converted to an equivalent Ton-Miles/week.
This is modeled as follows:

4,11 PMC.X = MPR.K % PAX
= Military Capability Allocated to PAX (Ten-Miles/week)
4,59 PAX = Conversion Factor (Ton-Miles/PAX-Miles)

This capacity is now reduced further by a PAX positioning and depositioning
factor (PPD).

4,00 PCA.K = PMC,K * PPD

PCA = Total Military Capability required foxr PAX (Ton-Miles/week)

The Military Capability available for Cargo movement is now
CCA.K = ACAP.K - PCA.K
CCA = Military Cargo Capability (Ton-Miles/weck)

This variable, referenced earlier, is an input to Figure 1 to cover Cargo
demand.

The MAC flying hours generated by PAX and Cargo movement are now
calculated by converting Ton-Miles/week to flying houre by dividing by
speed and capacity variables.

4,12 FH2.K = PCA.K/((S418) (C417Y})
4.10 FH1.K = CCA.K/((S423) {C42L))

FH2 = Flying Hours-PAX - (Flying hours/wzek)

FK1 = Flyiag Hours-Cargo - (Flying hours/week)
4.60 S418 = Speed of Aircraft (MPH)

4.62 8423 = Speed of Aircraft (MPH)
4.61 C417 = Capacity of Aircraft {(Tomns)
4.63 C424 = Capacity of Aircraft (Tons)

This completes the identification of variables and equations for
that segment of the model represented by Figure 4. This segment of the model
has determined the military capability availatle and allocated it according
to ASIF priorities to testing and training, SAAM, Exervise, PAX, an¢ Cargo

requirements,

A list of all variables identified in Figure 4 and their corresponding
initial conditions and parameters is given in Appendix 1v,
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After a service has been provided by MAC, either wmoving cargo or
passengers, the customer is then billed according to a tariff structure. Tariffs

are calculated so as to provide income to the Industrial Fund sufficient to recover

all Industrial Fund expenses. As noted earlier, the Industrial Fund is charged
with "breaking even" over a two-year period.

In Figure 5 those variabies which model the Industrial Fund manifesting
and billing procedure are identified.

The Industrial Fund manifests covering cargo or passenger movement are
initiated within the originating terminal at the time the material or passengers
are shipped. The shipping rate for Cargo, PAX, SAAM. and Exercise as modeled

in Figures 1, 2, and 3, is utilized to model the initiating of the flow cof munifests

from the terminal to the Numbered Air Force, and then to MAC Headquarters where
customer billing takes place.

The processing of Industrial Fund manifests is assumed to be the same
for Cargo, PAX, SAAM, and Exercise, so the modeling of each is similar. The
Industrial Fund manifest rate is initiated by the shipment and is therefore
equal to the shipping rate.

5.16 MR1.XL = SiGT.K + S1CT.K

MRl = Manifest rate~-largo (Ton-Miles/week)

The terminal processes these manifests and sends them on to the Numbered Air
Force.

5.01 TPL.KL = DELAY 3(MR1.JK, D513)
5.50 D513 = Delay in processing (weeks)
TP1 = Terminal processing rate-Cargo (Ton-Miles/week)

The Numbered Air Force, after processing, forwards the manifest on
to MAC Headquarters for billing.

5.02 FF1.KL = DELAY 3(TPl. K, D516)
5.51 D516 = Delay in processing (weeks)
FP1 = Air Force processing rate-Cargo (Ton-Miles/weuk)

At MAC Headquartexs the customer billiag is performed based on manifects rezeived
from the Numbered Air Force.

5.03 MPL.KL = DELAY 3(FPl.JK, D519)
5.52 D519 = Delay in processing (weeks)

MPl = MAC billing rate-Cargo {Ton-Miles/week)
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in each ecage it is assumed that a third order delay will replicate
the relationship between work input rate at . the dispersion of the woxrk output
rate.

The varizbles identified above and their equations represent the modeling
of the Industrisl Fund processing of Cargo manifests. The processing of PAX,
SsAM, and Exercise manifests follow the same procedure and have been modeled
in a similar manner, The resulting equations are as follows:

5,09 MR2.KL = S52GT.K + S2CT.K

MR2 = Manifest rate-PAX (PAX-Miles/week)
5.04 TP2.KL = DELAY 3(MR2.JK, D523)
5.53 DS23 = Delay in processing (weeks)

TP2 = Terminal processing rate-PAX (PAX-Miles/week)

=
2
=i
L
K
=
=
%
=
B
3
Z
=5
g
g
=
Zz
=
2=

5.05 FP2.KL = DELAY 3(Tr2.JK, D526}

5.54 D526 = Delay in processing (weeks)

FP2 = Alr Force manifest processing rate-PAX (PAX~Miles/week)
5.06 MP2.KL = LELAY 3(¥P2.JK. D529)
5.55 D529 = Delay in processing (weeks)

MP2 = MAC billing rate-PaX (PAX-Miles/week)
5.10 MR3.KL = DELAY 3(IS3.JK, D34) *

MR3 = Manifest rate~SAAM {(Ton-Miles/week)
5.11 MR4.KL = DELAY 3(i34.JK, D316) =

MR4 = Manifest rate~Exercise (Ton-Miles/week}

* (The manifest rate for SAAM and Exercise is also equal to

the shipping rate fer each service. See Figure 3 for equatjons for
53S and S4E.)

5.07 TP3.KL = DELAY 3(MR3.JK, D533
5.08 TP4.KL = DELAY 3(MR4.JK, D543)
5.56 D523 = Delay in processing (weeks)
5.57 D543 = Delay in processing (wveeks)
TP3 = Temminal processing rate-~SAAM (Ton-Miles/week)

TP4

=
3
E
%
E
e <]
%
3
=
Z
3
¥
E
E
%
3z
b
=
2
E:
E
=
E
‘%
=
=3
2
]
‘g
3
E
3
Terminal processing rate-Exercise (Ton-Miles/weck) §
3
5
3
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5.12 FF3.KL = DELAY 3(T?3.JK, D536)
5.13 FP4,.KL, = DELAY 3(TP4,JK, D546}
5.58 D536 = Delay in processing (weeks)
5.59 D546 = Delay in processiag (wereks)

FP3 = Air Force processing rate-SAAM (Ton-Miles/week)

FI4 = Air Force processing rate~Exercise (Ton-Miles/week)

5.14 MP3.KL = DELAY 3(FP3.JK, D539)
5.15 MP4 KL = DELAY 3(FP4.JK, D549)
5.60 D539 = Delay in processing (weeks)

5.61 D549

4

Delay in processing (weeks)
MP2 = MAC billing rate-SAAM (Ton-Miles/week)
MP& = MAC billing rate-Exercise (Ton-Miles/week)

This completes the identification of those level and rate equations
vwhich represent the processing of Industrial Fund manifests after the
customer's demand for Cargo, PAX, SAAM, or Exercise movement has been completed.

A list of all variables identified in Figure 5 and their corresponding
initial conditions and parameters is giver in Appendix V.

Figure d

The final processing of the Industrial Fund manifest rasults in the
customer billing. This is influenced by the tariffs for Cargo, PAX, SAAM, and
Exercise movement., The customer billing results in an accounts receivable
variable untii the customer's payment is received., When payment is received,
the Accounts Receivable variable is reduced and cash on hand is increased. The
Industrial ¥und also pays all expenses which have been generated in providing
the MAC service,.

In Figure 6 we have modeled this segment of the system. We identify
und mgdel the billing function as well as cash flow.

The billing rates from Figure 5 (MP1l, MP2, MP3, and MP4) represented
the completion of Industrizl Fund manifests and wers in Ton-Miles/wsek or
PAX-Miles/week. Information from these variables with infoxrmarion about the
tariff structure now enables us to detemine the billing rates in $/week.

The equationrs for detewmining the tariff vavriables will be described later.
At the present time we identify them as follows:

11.69 TRF1

i

Cargo Tariff ($/Ton-mile)

11.70 TRF2 = PAX Tariff ($/pPaX-mile)

ft

11.71 TRF3 = SAAM and Exercise Tariff ($/Ton-mile)
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7he customer billing rates in dollars/week are now identified by the
following variables and their corresponrding rate equations:

PSR S )

6.01 BR1.XKL = (TRF1l.K) (MF1.3K)
= 6.02 BR2.KL = (TRF2.K) (MP2.IK)
: 6.03 BR3.KL = (TRF3.¥) (MP3.JK)

6.04 BR4.KI. = (TRF4.K} (31P4.JK)

Variables AR, ARZ, AR3 and AR4 represent MAC Accounts Receivables.
Rate equations 6.05, 6.06, 6.07 and 6.08 represent the customer'’s payment rates
. or cash receipt rate. A third order delay equation is assumed to represent
- the delay between customer billing and receipt of customer payment. Equations
for the accounts recelvable variables are noi required.

N bt

!

AR

it

ARl = Accounts Receivabie-Cargo ($) E
AR2 = Accounts Keceivable~PAX ($) §
AR3 = Accounts Receivable-SAAM ($) i%
{ AR4 = Accounts Receivable-Exercise ($) g
6.05 CR1.KIL = DELAY 3(BRL.JK, D614)
- 6.61 D614 = Delay in payment (weeks)
6.06 CR2.KL = DELAY 3(BR2.JK, D624)
6.07 SR3.KL = DELAY 3(BR3.JK, D334)
6.08 CR4,KL = DELAY 3(BR4.JK, D644)
s 6.62 D624 = Delay in payment (weeks)
; 6.63 D634 = Delay in payment (weeks)
= 6.64 D644 = Delay in payment (wacks)

CRl = Cash Receipt rate-Cargo ($/weck)
= CR2 = Cash Receipt rate-PAX ($/week)

; CR3 = Cash Receipt rate-SAAM ($/week)

CR4 = Cash Receipt rate-Exercise ($/week)

-

- é The Cash Income Rate (CIR = $/week) is the sum of variables 6.05, 6.06,
= 6.07, and 6.03 and the level of cash is then

6.09 CSH.K = CSH.J + DT(CR1.JK + CR2.JK + CR3.JK + CR4.JK - CGR.JK)

GSH = Cash ($)
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Equaticn 6.10 is a control device. The ASIF specifies that cash on hand
should never go below $5,000,000. The cash outgo rate can then never be such to
reduce cash below this level. This boundary condition is modeled by ihe following

equations.
6.11 CSHT.K = (CSH.K - 5.0E6)
6.10 NCR.KL = (CSHT.K)/DT

CSHT = Cash available to pay accounts ($)
NCR = Negative Cash Rate ($/week)

1f there is sufficient cash available, it is assumed that the past due
acecount will be paid in full, 1If it is not, then the past due account
is increased by unpaid accounts and payment tried the next time period.

The past due account at any time then will be a function of the previous

past due account plus the sum of all expenses due for payment and less all
expenses paid.

6.12 PDA.X = PDA.J + DI(EPR.J - COR.JK) z
PDA = Pasct Due Account ($) %
EPR = Expense Paymeut Rate ($/week) %
COR = Cash Outgo Rate (S$/week) ‘é

)
[

i B o sz st bl vt AR

Tre desired cash payment rate is then
6.15 DCR.K = PDA.K/DT
DCR = Desired Cash Payment rate ($/week)

The equation for Cash OQutgo Rate (COR) is now the smaller of variables
DCR.K and NCR.K.

6.14 COR.KL = MIN(DCR.K, NCR.JK)
2;; The Expense Payment Rate (EPR} will be described after developing the

= equations and variables identifying the Industrigl Fund expense rateg, for it is
the sum of all expense rates from Figures 7, 8, 9, & 10. (See pg. 39 of this report.}

=3 A list of all variables identified in Figure 6 and their corresponding
initial conditions and parameters is given in Appendix VI.

Figure 7

The modeiing of that segment of the Industrial Fund system which
represents the accounting for expenses and their payment was a difficuit assignment.
A number of simplifying assumptions have been made with the hepe that the
significant and dynamic aspects of the real system have not been disturbed.
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Expenses are generated by the movement of Cargo, PAX, SAAM, and
Exercise. All exvenses are identified according to the demand classification
and then are further segregated &s being an Administrative, Base level, Depot,
POL, or Commzrcial expense. {SAAM and Exercise do not generate commercial
expense,)

Expenses are assumed to be a function of the number of flying hours
generated and some constant charge each week, This function varies between
Cargo, PAX, SAAM, and Exercise and between Administration, Base level, Depot
and POL categories.

Figure 7 represents the model for Cargo expenses Ly expense category.
The variables and variable equations for Cargo shipments will first be explained
and PAX, SAAM, and Exercise variables and equations will be =zim*iar.

We have assumed that the expence rate is a function of a fixed cost
and a variable cost which is a functicn of the flying hours generated. These
expense rates generate the accounts payable account which is reduced ty an
expense payment rate, The expense payment rates are inputs which influence
the past due account described and modeled in Figure 6. 1t has been assumed
that the expense payment rates can te represented by 3rd order delay functions.

The acecounts payable variable for each expense category is identified
in Figure 7 in the following manner.

EP1A = Accounts Payable~Cargo-Administration ($)
EP1B = Accoimts Payable-Cargo-~Base level {$)
EP1D = Accounts Payabie-Cargo-Depot ($)

EP1P = Accounts Payable-Cargo-POL ($)

EP1C = Accounts Payable-Cargo-Commercial ($)

Administrative expenses are assumed to be a fixed cost each week. This
cost is an exogencus input.

7.50 E710 = Expense rate ($/week)

The expense rate is then

7.04 ERIA.KL = (E710)
7.05 PRIA.KL = DELAY 3(ERIA.JK, D713)
7.59 D713 = Delay in payment (weeks)
ERIA = Expense rate-Cargo-Administration ($/week)

PR1A = Payment rate-Cargo-Administration (;/week)
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The base level expenses are a function of a fixed cost per week

and the number of flying hours flowm.

7.52

7.53

E715 = Expense rate ($/week)

E716 = Expense rate ($/flying hour)

The flying hours are obtained from that segment of the model described

in Figure 4, equation 4.10,

7.01

7.5%
7.56
7.02
7.67

7.61

ERIB.KL =  (E715) + (E716) (FHL.K)
ER1B = Expense rate-Cargo-Base level ($/week)
PR1B.KL = DELAY 3(ER1B.JK, D720}
D72C = Delay in payment (weeks)
PR1B = Payment rate-Cargo-Base level ($/week)
Depot expenses are determined in a similar wanner.

E722

Expense rate ($/week)

E723 = Expense rate ($/flying hour)

ERLID.KL = (E722) + (E723) (FH1.K)
PRID.KL = DELAY 3(ERID.JK, D726)
D726 = Delay in payment (weeks)

Expense rate-Cargo-Depot ($/week)

ER1ID

PR1D = Payment Tate-Cargo-Depot (S$/week)

The PCL expenses are assumed to be influenced by only the number of

flying hours generated,

E728 = Expense rate ($/flying hours)
ERLP.KL = (E728) (FH1.XK)
PRIP.KL = DELAY 3(ER1P.JK, D731)

D731 = Delay in payment (weeks)

ER1P = Expense rate-Cargo-POL ($/week)

PR1P = Payment Rate-Cargo-POL ($/week)

]

The commercial expense is assumed to be bxsed on the ton-miles moved by

commercial contract.

7.58

E733 = Expense rate ($/ton-miles)
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(ER1IC.KL) = (E733) (CBLl.JK)
PRIC.KL = DELAY 3(ER1C.JK, D736)

D736 = Delay in payment (weeks)

ERIC Expense rate-Cargo-Commercial {$/week)

PRIC = Payment rate-Cargo-Commercial ($/week)
This completes the identification of those variables and their equations
which represent that segment of the model covering expenses generated within
the lndustrial Fund when moving cargo for its customers. The equations for

modeling expenses associated with the movement of PAX, SAAM and Exercise will
be similar.

A list of all variables identified in Figure 7 and their corresponding
initial conditions and parameters is given in Appendix VII.

Figure 8

Figure 8 shows those variables wh’:h represent that segment of the model
representing the experses associated wi’.n PAX movement. The equations are the
same as for cargo movement (Figure 7) w.th the exception of the numeral 2, to
represent PAX, in plaze of the numeral 1, which represented Cargo.

The accounts payable variables are

EP2A = Accounts Payable~PAX-Administration ($)
EP2B = Accounts Payable-PAX-Base level ($)
EP2D = Accounts Payable-PAX-Depot ($5)

EP2P = Accounts Payable-PAX-POL ($)

EP2C = Accounts Payable-PAX-Commercial ($)

8.50 E810 = Expense rate ($/week)

8.51 E815 = Expense rate ($/week)

8.52 E316 = Expense rate ($/flying hour)
8.54 E822 = cxpense rate ($/week)

8.55 E823 = Expense rate ($/flying hour)
8.56 E828 = Expense rate ($/flying hour)
8.57 E833 = Expense rate ($/PAX-miles)
8.01 ER2A.KL = (EB10)

8.02 PRIA.KL = DELAY 3(ER2A.JK, DE13)
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Flying hours for FAX movement are obtained from variable 4.12 in E
Figure 4.

8.03  ERZB.KL = (EBLS) + (E816)(FH2.K) fz
8.04 PR25.KL = DELAY 3(ER25.JK, D820) §?
4.905 ER2LL.KL = (E%22) + (E823) (FHZ.K) j%
8.06 PR2D.KL = DELAY 3(ER2D.JK, D826) 2
8.07  ER2P.KL = (E828) (FH2.K)
8.08  PR2P.KL =

DELAY 3(ER2P.JK, D&31)

The commercial buy in PAX-miles is represented by variable 2,20,

8.09 ER2C.KL = (E833) (CB2.K)

8.10 PR2C.KL = DELAY 3(ER2C.JK, D826)
8.58 D813 = Delay in payment (weeks)
8.59 D820 = Delay in payment (weeks)
2,60 D826 = Dalay in payment (weeks)
8.61 D831 * Delay in payment (weeks)
8.62 D836 = Delay in payment (weeks)

A list of all variables identified in Figure 8 and their corresponding
initi21 conditions and parameters is given in Appendix VIII.

Figure 9

Figure 9 identifies the variables representing the generation of
Industrial Fund expenses associated with the movement of SAAM.

The variable equations differ from Cargo and PAX variables only by
using the number 3 in the equations to represent SAAM.

The accounts payable variables are

E£P3A = Accounts Payable-SAAM-Administration ($)
EP3B = Accounts Payavle-SAAM-Base level ($)
(ii EP3D = Accounts Payable-SAAM-Depot (§)
: EP3P =

Accounts Payable-SAAM-POL (%)
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Expense rate-SAAM ($/weeks)

E915 = Expense rate-SAAM ($/weeks)

£916 = Expense rate-SAAM ($/flying hour)
£922 = Expense rate~-SAAM ($/weeks)

E923 = Expense rate-SAAM ($/flying hour)
E928 = Expense rate-SAAM ($/flying hour)
D913 = Delay in payment {(woeks)

D920 = Delay in payment (weeks)

D926 = Delay in payment (weeks)

D931 = Delay in payment (wee«s)

ER3A.KL = (E910)

PR3A,KL = DELAY 3(ER3A.JK, D913)

Flying hours
ER3B.K3,
PR3B.KL
ER3D.KL
PR3D.KL
ER3®.KL
PR3F.KL

A list of al

are obtained from variable 3,12 in Figure 3.

[}

(E915) + (E916) (FH3.K)

DELAY 3(ER3B.JK, D920)

]

(E922) + (E923) (FH3.K)

DELAY 3(ER3D.JK, D926)

(£928) (FH3.K)

DELAY 3(ER3P.JK, D931}

1 variables identified in Figure 9 and their ceorrespending

initial conditions and parameters is given in Appendix IX,

Figure 10

In the same manner, Figure 10 models those variables representing
the generaticu of expenses associated with the movement of Exerciges, The
awmbec 4 in tne equations denotes an "Exercise" movement.

The accour.ts

fayable variables are

EP4A = Accounts Payable-Exercises-Administration (%

EP4B = Accounts Payable-Exercises-Base level ($)

— o T ————— T pigins Sl
R S e




EP4D = Accounts Payable-Exercises-Depot ($)

EP4P = Accounts Payable-iExercises-POL ($)

10,50 ET10 = Expense rate ($/week)

10,51 ET1S = Expense rate ($/week)

10,52 ET16 = Expense rate ($/flying hour)

10.54 ET22 = Expense rate ($/week)

10.55 ET23 = Expense rcate ($/flying hovuv)
= - 10.56 ET28 = Expensa rate ($/flying hour)

10.57 ET13 = pelay in payment (weeks)

10.58 ET20 = Delay in payment (weeks)

13,59 ET26 = Delay in payment (weeks)

17,60 ET31 = Delay in paym:nt (weeks)

10.02 ERGA.KL = (ET10)

Flying hours are obtained from va::iable 3.14 in Figure 3.

10.03 PR4A.KI, = DELAY 3(ZRGA.JK, DTID

]

it

10.01 ER4B.Ki, = (ET15) + (ET16) (FH4.K)

10.04 PR4B.KL

DELAY 3(ER4B.JK, DT20)

10,05 ERGD.KL = (ET22) -+ (ET23) (FH4.K)
10.06 PR4D.KL = DELAY 3(ER4D,.JK, DT26)
10,07 ER4P.KL = (ET28) (FE4.K

10,08 PR4P.KL = DELAY 3(ER4P.JK, DT31)

Earlier the variable EPR (6.16) was identified as the expense payment rate
and equal to the summation of all expense rates from Figures 7, 8, 9, and 10,

Having now identified these variables, the expense payment rate (EPR)
for Cargo, PAX, SAAM, and Exercise, identiffed in Figure 6, can now be erpressed.

- The Cargo experse payment rate (ER1) is the sum of the expense payment
rates for Administration, Base level, Depot, POL, and comnercial categories.

6.17 ER1.K = PRIA.JK + PR1B.JK + PRID.JK + PRIP.JK + PRIC.JK
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In the same manner

6.18 ERZ2.K = PR2A.JK + PR2B.JK + PR2D.JK + PR2P.JK + PR2C..JK
6.19 ERI.K = PR3A.JK + PR3B.JK + PR3D.JK + PR3P.JK
6.20 ERG.K = PRGA.JK + PR4B.JK + PR4D.JK + PR4P.JK

ERl = Ca~go expense payment rate ($/week)

ER2 = PAX expense payment rate ($/week)

ER3 = SAAM expense paymeot rate {$/week)

ER4 = Exercise expense payment rate ($/week)

The expense payment rate for the Industrial Fund is then the sum of
the above expense payment rates.

6.16 EPR.K = ERL.K + ER2.K + ER3.X + ER4.K

A list of all varieblcs identified in Figure 10 and their corresgondiag
initial conditions and parameters is given in Appendix X.

Figure 11

The Industrial Fund is charged with recovering ASIF expenses without
generating revenue in excess of expenses. While it is impossible and
impractical to maintain revenues equal to expenses over short run time
periods, the ASIF attempts to balance out total axpenses and total revenue
at the end of a specified time period., At the present this time period is
two years,

In Figure 11 the tariff change decision is modeied. This decision is
influenced by many factors and its modeling was difficult to achieve. As
presently conceptualized and modeled, it is assumed that the decision to
change the tariff iz influenced by information from three sources.

First, it is assumed that the tariff will not be changed unless the
difference between total revenues and total expenses is greater than some
specified amount.

o "
g r;ilﬂx it

(i)

Second, it is assumed that the tariff will not he revised too frequently.
That is, the tariff may not be revised oftener than evexy 3 months or
every 6 months., This time period is modeled as a variable so the impact of
different time periods may be studied.

Pl

Third, it is assumed tuat the tariff will not be changed unless the mmount
of change in tarif{ is greater than some minimum standard. That is, a 1% change
in tarifl may be deemed too small a change and delayed until it exceeds 27 or
some larger figure.

il

i ®

the modeling of the tariff change decision functioa requires first s
recording of total revenue anag total expenses from time pericd 0. This
information 1s derive.d irom the billing function of Figure & and the expense

v L
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rate functions iu Figures 7, &, 9 and 10.

We determine first the total expenses generated ior each classification
of movement,

11.01 TCE.K = TCE.J + DI(ER1A.JK + ERIB.JK + ERID.JK + EX1P,JK + ERIC.JK)

TCE = Total Cargo Expenses (J)

11.03 TPE.K = TPE.J + DT(ER2A.JK + ER2B.JX -+ SR2D.JK + ER2P.JK + rnR2C.JK)

TPE = Total PAX Expenses (3)

11.04 TSE.K = TSE.J + DT{ER3A.JK + ER3B.JK + ERID.JK + ER3P.JK)
11.06 T !.K = TEE.J + DT(ER4A.JK -+ ER4B.JK + ER4D.JK + ER4P.IK)

TSE = Total SAAM Expenses ($)
TEE = Total Exercise Expenses (3)
The

expense rates in the above equations are variables from Figures 7,
8, 9, and 10 as previously defined.

11.05 TE.K = TCE.K + TPE.K + TEE.K + TSE,K

TE = Total Expenses = All ASIF ($)

Total Income is derived from ths samme variables used to determine the
bi1lling rate.

For modeling purposes we2 wish to determine the level of ircome generated
by the movement of material and passengers. We therefore utilize information
on the manifest rate at the terminals to determine Industrial Fund income.

11.14 MI1.K = (MRL.JK) (TRF1.K)

11,35  MI2.K = (MR2.JK) (TRF2.K)

1116 MIZ.K = (MR3.JK) (TRF3.K)

.%i 11.17 MI4.K = (MR4.JK) (TRF4.K})

5? MI1 = Cargo Income Manifestad ($/week)

%E MI2 = PAX Income Manifesred ($/week)

V?é MI3 = SAAM Income Manifested ($/week)

iég M14 = Exercise Income Manifested (S$/week)

. The total income potentisl is theu influenced by the above rstes over
time.
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11.08 TT.K = TI.J + (D7) (MILl.J + MI2.J + MI3.J + MI4.1)

That portion of the total income generated which was due to PAX movement
is determined as follows

11.07 TPI.K = TPI.J + DT * MI2.J

TPI = Total PAX Income ($)

TI = Total Industrial Fund Income (3)

The TIndustrial Fund, charged with breaking even over time, maintains
an awareness of the differences between total income and totsl expenses. This
awareness is based on differences in income and expenses generated by both PAX

and Cargo {including S5AAM and Exercise) movement.

The difference (between income and expenses) generated by PAX movement is
determined as follows:

11.13 PD.K = TPI.K ~ TPE.K
PD = PAX difference (§)
Cargo expenses and income totals are assumed to be the difference between

total ASIF expenses and income generated and those expenses and income allocated
to PAX movement,

11.09 TECI.K = TI.K - TPI.K

11.10 TCEE.K = TE.K - TPE.K
TECI = Total Cargo & SAAM, Exercige Income ($)
TCEE = Total Cargo & SAAM, Fxercise Expenses (§)

The difference (beotween income and expenses) generated by Cargo movement,
including SAAM and Exercise, is now determined.

11.11 CD.K = TECI.K - TCEE.K
CD = Cargo difference (%)

For jdentification purposes aad increaced commurication, we will refer to
the difference between invome and expenses as the “"Out of Balance Condition",
or the OBC. Thus, PD will be the OBC in PAX movement and CD the OBC created by
Cargo, SAAM and Exercise movement.

e have assumed that the cut of balance position between cxpenses and
revenue for ecither Carge or vAX will not influence & decision to revise the
tariff unless the CBC cxcecds scme predetermined figure.

In the model of the Indvstrial Fund we have assumed that the allowable
OBC is a function of the income rate. The ratio of the OBC to the average income
is deternined to represent this aspect of the decision function.
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The average income is identified as the smoothed average income over a
specified time period. Exponential averaging is again utilized.

L et WL A AT RO

11.18 SC1.X = SCI.J + (DT/DE15)(MI1l.J - SCI.J)
11,19 SPT.K = SPI.J + (DT/DE16) (M¥2.J - SPI.J)
11.20 SSEI.K = SSEI.J + (DT/DEL17) (MI3.J + Ml4.J ~ SSEI.J)
11.21 SCEI.K = SCI.K + SSET.K
5CI = Smoothed Cargo Income ($/week)

SPI = Smoothed PAX Income ($/week)

SSET = Smoothed SAAM-Exercise Income {$/week)

SCEI = Smoothed Cargo-SAAM-Exercise Income ($/week)
DE15 = Delay iu Smocthing (weeks)

DE16 = Delay in Smoothing (weeks)

DE17 = Delay in Smoothing (weeks)

The computation of a ratio of the OBC and the smoothed income gives an
indication of the magnitude of the OBC compared to the average weekly income.
In this basic model we have established the maximum OBC as one week of average
income or a desired maximum ratio of 100. vVariables 11.28 and 11,29 are the
computed ratios and 11.139 and 11,140 the desired ratios.

1i.28 RC.K

fl

(100) CDX.K/SCEI.K

11.29 RP.K

{100} PDX.K/SPI.K

]

RC = Ratio-Cargo (%)

RP = Ratio-PAX (%)

11.139 DRC

Desired Ratio~Cargo (%)

11.140 DRP

Desired Ratio-PAX (%)

(Note: The variable CDX used in equation 11.28 is the same absolute
quantity as the CD variable 11.371. (D may be positive or negative but in
calaulating the ratio RC only the abseciute OBC is desired., Our model, therefore,
includes two additiomal equations (11.30 & 11.32) to eliminate the possibility
of a negative sign. The same is true for PDX and PD and cquations 11.31 and
11,33 assure the abscolute value of PD being used in the calculation of RP.K.)

It was indicated that the final decision to change the tariff is influenced
by three factors.

a) what is the degree of difference between expenses and income?
b) How long has it been since the last tariff change?
c) What magnitude of change iz required?
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The model wust enable each e¢f these three factors .o be considered ks
ané¢ all three must signal a tariff change before the new tariff is initiated.

The model of this decision function will be desceribed for tne Cargo tariff
first. Those variables which are a part of this decision Ffunction end their
relationship is modeled in Figure 11A.

This decision is being made at an instant ic time and is assumed to be
at time K. In another segment of the model the new proposed tariff has been
determined and identified as TR1.K. We are de.iding whether to use this tariff
rate, or the tarlff rate used during the previous time period which is
identified as TT1.K.

TT1l.X is equal to TRF1 of the last time period, or TRFL.J. The decision
options are a) whether the tariff, TRFl.K, during this present time pariod
will be the same as the tariff during the pasC time period and therefore equal
- to TRF1l.J, or b) whether the tariff, TRF1.K, will be the forecasted taviff and
: therefore equal to TKl.K. As TRFl.J cannot be used directly in our modeling
equations due to the Dynamo Compiler, a new variable, TT1.K, is established to
identifv the old tariff rate.

11.22 TTR1.KL = TRF1.K
11.25 TT1.X = TTR1.JX
Thus, equaticns 11.22 and 11.25 in effect establish TT1.K equal to TRF1.J.

In the same manner we calculate variables TT2 and 7T3 which are equivalent
to TRF2.J and TRF3.J respectively.

B 11.23  TTR2.KL = TRF2.K

11.26 TT2.i" = TTR2.JK
11.24 TTR3.KL = TRF3.K
% 11.27 TT3.K = TTR3.JK
;A TT1 = Cargo Tariff rate during past time period ($/Ton-mile)

TT2 = PAX Tariff rate during past time period (3/Ton-mile)
é TT3 = SAAM-Exexcise Tariff rate during past time period (3/Ton-miley

g The first step in the decision now compares R with DRC. 1If RC is lass
than DRC the difference between total income and total expenses is not excessive
and th2 past tariff rate (TT1.K) will be continued for tbe next time period. 71§
the difference (RC) exceeds DRC, the new tariff rate (TRL.K) will be tried.

LT

This step is modeled as follows:

R RS 1Y SR T

11,24 F1T1.K = CLIP(TRL.K, TT1.K, RC.K, DRC)

i L.”ll"‘iw i} ".'; mﬁ'\m i

FTT1 = Fivst Tariff Try - Cargo
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The second step in the decision compares the period of time since the

last decision to chaunge t'.e tariff with some desired minimum time period., The
result of the first decision (FTTl) is again evaluated against the original

or previous tariff (TT1l). This assures that all three decisions must favor the
tariff change before it is finally initiated.

This step is modeled as follows:

11.42 STT1.X = CLIP(FTT1.K, TT1l.K, T™D1l.K, DTMD)
DTMD = Desired Time Delay in Changing Tariff (weeks)
TMD1 = Time Delay since Last Tariff Change (weeks)
STT1 = Second Tariff Try-Cargo

When: the time since the lagt tariff change is less than that desired,
the old tariff (1T1) will remain effective. However, when that time since the
last change exceeds the desired time delay, the result of the first decision
(FIT1) will be implemented,

The third step in the decision compares the magnitude of the tariff change
proposed with some desired minimum change (DCH).

The tariff change being considered is determined by the following equation:

11.45 DFL.K = STT1.K - TT1.X

This wvariable may be positive or negative but needs to be used as an

abgolute value for futura calculation. Equation 11.48, variable DF4, establishes

the opposite sign for the variable DFl and the positive sign is then selected.

11.51 DF7.K = MAX{DFl.K, DF4.K)

The degree of change propesed is then equal to the ratio of the change
proposed to the old tariff,

11,54 TCHL.X = (1/TT1.K) (DF7.K)

TCH = Tariff Change (Fraction)

The new tariff (TRF1) is now established as equal to the old tariff (TT1)
if the degree of change {(TCHL) is iess than a desired minimum (DCH). The
tariff (TRF1) will be set equal to the previous decision (STT1) if the
tariff change exceeds the desired minimum. This is modeled as folilows:

11.69 TRF1.K = CLIP (STT1.K, TT1.K, TCHL.K, DCH)

TRF1l = Cargo Tariff ($/Ton-miles)

The second decision (STT1) will be equal to the old tariff (TTl) unless
hoth the out-of-balance position and the time constraints signaled for a
tariff change. Thus, Iif this last test ig passed, the new tariff will be
initiated and the time of the last taviff change must be equated to the present
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time. This is wmodeled as follows:

11,57 DTM1.K = CLIP (TIME.K, PTML.K, TCHl.K. DCH)

TIME = TIME intn model run {weeks)

PTM1

"

TIME of last tariff change (weeks)

Thus, if a t2riff change is signaled as TCHl is greater than DCH, then
DTMl is set equal to the present TIME. Otherwise, it is left equal to the time
of the previous change (PTM1). Also,
11.60 DET1.XL = DTM1.X
11.63 PTMi.K = DETL.JK

The time since last change (TMD!) is then
11.66 TMDL.K = TIME.K - PTML1.K

The above equations are .eplicated to model the decision 2t 'n for

determining whether the PAX tariff needs to be revized. (See -. e 11B} The
equations for the PAX decision are as follows:

11.35 FTT2.K = CLIP (TR2.K, TT2.K, RP.K, DRP)
11.43 STT2.K = CLIP (FTT2.K, TT2.K, TMD2.K, DTMD)
11.46 DF2.K = STT2.K - TT2.X

11.52 DF8.K = MAX (DF2.K, DF5.X)

11.55 TCH2.K = (1/TT2.K) (DF8.K)

11.70 TRF2.K = CLIP (STT2.K, TT2.K, TCHZ.K, DCH)
11.61 DETZ.KL = DTN2.K

11.64 PTMZ.K = DET2.JK

11.67 ™D2.K = TIME.K - PITM2.X

In the same mannsr, equations for replicating the decisisn function
for changing the SAAM and Exercise tariff are determined. (See Figure 11C)

11.36 FTT3.K = CLIP(TR3.K, TT3.X, RC.K, DRC)
11,44 STT3.K = CLIP(FTT3.K, TT3.K, TMD2.X; DTMD)
11,47 DF3.X = STT3.K - TT3.X

11.53 DF9.K = MAX (DF3.K, DF6.K)

11.56 TCH3.K

]

(1/TT3.%) (DFI9.K)

]

11,71 TRF3.K

CuiP (STT3.K, TI3.K, TCH3.K, NCH;
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11.59 DTM3.K = CLIP (TIME.K, PTM3.K, TCH3.K, DCH)

5
=
=
=

2
¥

11,62 DET3.KL, = DTM3.K

DET3.JK

11.65 PTM3.K

11.€8 T™MD3.K = TIME.K - PTM3.K

A list of all variables identified in Figure 11 and their corresponding
initial conditions and parameters is given in Appendix XI.

Figure 12

The proposed tarif{fs (TRl, TR2, TR3) are detemmined after considering
the forecasted demand for Cargo, PAX, SAAM and Exercise and allocating
forecasted capabilities and expenses to each classification of demand. This
has been modeled in three segments, one representing forecasted capability
and its allocation, cne the forecasted usage or demand, and finally the fore-
casted expenses. These variables then influence the proposed new tariff.

The modeling of forecasted military capability and its allocation to
Cargo and PAX plus the determination of commercial requirements to cover any
defects is basically a replication of Figure 4. Military capabiiity is determined
and allocated to Cargo and a portion of the PAX requirements (the major portion
being covered by conmexcial buy) with the balance of the Cargo covered by
additional commercial buy. This seginent of the system is modeled in Figure 12.

The forecast military capability is based on the current capability
available (variable 4.04) as modeled in Figure 4. This figure, reduced by
forecasted TAAM and Exercise demand and forecasted test and training demand is
identified as variable 12,01 and represzents the total military capability
available for forecast Cargo and PAX usage. (See Figure 13)

it A R s A

12,01 FCAP.K = TCAP.K ~ SMT.K ~ FD34.X

It

FCAP = Forecast (argo - PAX Capability (Ton-Miles/week)

Foracast SAAM-Exercise Requirement (Ton-Miles/week)

FD34

ek b ettt at

]

TCAP = Total Capability (Ton-Miles/week)

ke A

3

SMI' = Smootned testing and training (Ton-Miles/week)

i

From Figure 13 we obtain irnformation regarding the portion cf PAX
requircements which are te be covered by military capability. This information
is represented by vaviable F2A which is the difference between the total PAX
forecasted requirements and the portior covered by commercial requirements.

T ——

12.05 FA.K = FD2X.K - FCB2.¥

F2A = PAX Demand covered by Military (PAX-Miles/week}

We convert this to ton-miles por week.

E 12.09 FPR.K = F2A.K/FPAX

FPAX = Conversion roctor - (PAX-Miles per Ton-dMiles)
P
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This requirement is then increased to cover positioning and depositioning
time,

12.03 f“C.K = PPD * FPR.X
FPC = Military capability allocated to PAX (Ton-Miles/week)

The military capability allerated to Cargo is now the b:lance lefr after
covering PAX rcquirements.

12.02 FCC.K = FCAP.K - FPC.K
FCC = Military Capability allocated to Cargo (Ton-Miles/week)

This is reduced to allow for positioning and depositioning time and the
balance is used to cover the forecasted Cargo demand.

12.04 FI1A ¥ = CPD * FCC.X
F1A = Military Capability to cover Cargo Demand (Ten-Miles/week)

Variablee 12.06, 12,07, and 12.08 are levels of information needed to
calculate the orecasted tariff in Figure l4.

12.96 FMC1.K = FCC.K + FCEL.K

FMC1l = Forecast Military plus Commercial Cargo Capability (Ton-Miles/week)

12.07 FMC2.X = FPC.K + F2R.K

FMC2 = Forecast Military plus Commercial PAY Capability (Ton-Miles/week)
12.08 FTC.K = FMCI.K + FMCZ.¥ + FD34.X

FTC = Folecast Total Commercial plus Militsry Capsbility including
SAAM and Exevcise {Ton-~Miles/veek)

A list of a:1 variablas identiffed in Figure 12 and their corresponding
initial conditions snd parameters is given in Appendix XII.

The Industvial Furnd taviff is esteriished to rocover forecasted expenses
and correct the UBC (Figurs 11) over timc from ravenue anticipated from
forecaste. demand or MAC cevvices. 7In the Industrial Tund system, forecasts
come from _he MAC custemers. In our model of the system some method was nceded
t% gimulate this action. It wis decided tc assume rhat the forecasted demand
for & service would be a function of

cthe smogthed average demand over the past, aad
the szmocthed average rate ¢f change In demand over the past.

G
s Vet

-

From Figure 1 and variabler i.17 and 1.13 the smcothed customer demand
ZPIG ard SDICY is obtzined for outzoing and incoming Cargo movemeat. A_so,
Ffrom Fignve 1 Auformation regaciing the rata of change In customer demend
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{<#15 and SRIC) is obtained from variables 1.22 and 1.%3,

The Industrial Fund has a charge to break even (total expense = total
revenue) over two-year intervals., It was therefore assumed that the system
first attempts to break even when TIME = 2 years and will adjust tariffs as
necessary to achieve this objective until TIME = 1 year at which time the
system selects a new break even point as TIME = 3 years. The time for breaking
even is therefore always betweer 1 and 2 years in the future. This prevents
tari€fs from becoming much too high or too low because of a short time interval
fcr correcting the OBC,

Thus, from time 0 until the end of year 1 the adjustment point is
the end of year 2. From the start of vear 2 until the end of year 2, the
adjustment point is the end of year 3., This information is modelad as follows:

The adjustment point ir the future is equal to XYZ,
15.18 XYZ.K = XYZI + TIS.X

XYZI = 104 weeks (2 years)

This point is updated eash year by TIS, which increases XYZ by 52 weeks
at the end of each year, thereby always keeping the adjustment point sometime
between one and two years in the future. (See variable 15,12 c¢f Appendix XV)

The forecasted change in demand is now assumed to be the average change
from the present until the end of aujustmeat period. This is given by the
variable

13.19 G1G.K = (SRIG.K) (TIM.X)/2

15.01 TIM.,K = XYZ.K - TIME.K

]

TIM = Adjustment Period (weeks)

GiG = Average change in Cargo demand-outgoing~ over adjustment period

(Ton-Miles/week)
TIME = Present time in simulated rum
The forecested demand rate for the adjustment period is now the average

demand plus the change in demand foracasted. This demand is aisc increased
to allow for less than 1007 utilization of the air frames capacity.

FDIG.K = (1/FU1G) (SD1G.K + (1G.XK)

Forecasts can be in error and so, as to be able to test the sensitivity
of the system to forecasting errors, we have introduced a noise umection in
the forecast. This is accomplished 5y wmultiplying the forecast by random
uumbers from a nowmal distribution., To dempen out the high trequency noise we
then sverage (smooth) the rzsults. This results in tke following equations in
place of the one given above for FplG.
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13.01 FFDIG.K = {1/FU1G)(SD1G.XK + GlG.K)
13.25

SF1G.K = (FFD1G.K) NORMRN (MEAN, STDV2)
13.31 FD1G.K = SMOOTH (SF1G.K, DEF2)

FD1G = Forecasted Demanrd-Cargo-Outgoing (Ton-Miles/weak)

E 12,62 DEF2 = Smoothing Time Period

In the above equations NORMRN (MEAN, STDV2) results in the Dynamo
Compiler selecting randem numbers from a normal distribution with a mean of
MEAN and 5 standard deviation of STDV2. With various specifications for MEAN
and STDV2, we are able to simulate random variation in the forecasted demand

FFD1G.

é The above equations represent “he forecast for outgoing Carge. Incoming
§/ Cargo is forecasted in the same manner.

ié 13.20 GIC.K = (SRIC.K) (TIM.K)/2

- 13.02  FFDIC.K = (1/FULC)(SDIC.X + G1E.K)

;g 13.26 SF1C.K = (FFDIC.K) NCRMRN (MEAN, STDV?)
£ 13.32 FDIC.K = SMOOTH {SFIC.K, DEF3)
'§ GIC = Average Change in Curgo incoming over adjustment period (Ton-Miles/week)

FDIC = Forecasted Demand-Cargo-Incoming {Ton-Miles/week)

A

13,63 DEF3 = Smoothing Time Period

R

R
Ay .

In the same manner the equations for forecasted PAX outgoing and incoming
requirements are determined.

13,21 62G.K = (SR2G.X) (TIM.K)/2

13.22 G2C.®K = (SR2C.K}(TIM.X)/2

\ b
iU

= 13,03 FFD2G.K = (1/FU2G) (3D2G.K + G2G.K) |
&3 13.06  FFD2C.K = (1/FU2C)(SD2C.K + G2C.K) ;
Eg 13.27  SF2G.K = (FFD2G.K) NORMRN (MEAN, STDV4) é
?%, 13,28  SF2C.K = (FFD2C.K) NORMRN (MEAN, STDVS) %
§f 13.34  FD2G.K = SMOOTE (SF2G.X, DEF4) %
fé; 13.33 FD2C.K = SMOOTH (SF2C.K, DEFS) %
E% G2G = Average Change in PA¥-Qutgoing over adjustment period (PAX-Miles/week) %
zi G2C = Average Change in PAX-Incoming over adjustment period (PAX-Miles/week) %
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FD2G = Forecasted Demand-PAX-Outgoing (PAX-Miles/week)

FD2C = Forecasted Demand-PAX-Incoming (PAX-Miles/week)

]

13.64 DEF4 = Smoothing Time Period

13,65 DEFS5

Smoothing Time Period

SAAM and Exercise Demand is treated in this same manner.

[1}

13.23 €3.K = (SR3.K)(TIM.K)/2
13.24 G4.X = (SR4.K)(TIM.K)/2
13.05 FFD3.K = €D3.K + G3.K

13.06 FFD4.K

SD4.K + G4.K

13.29 SF3.K

{FFD3.K) NORMRN (MEAN, STDV5)

13.30

o
&
.
e
I

= (FFD4,K) NORMRN (MEAN, STDV7)
13.35 FD3.K = SMOOTH (SF3.K, DEF6)

13.3%6 FD4.K

"

SMOOTH (SF4.K, DEF7)

G3 = Average Change in SAAM over ‘djustment period (Ton-Miles/week)

G4

[}

Average Change in Exercise over adjustment period (Ton-Miles/week)

FD3

Forecasted Demand-SAAM~(Ton-Miles/week)

FD4

Forecasted Demand-Exercise-(Ton~Miles/week)

13.66 DEF6

Smoothing Tiime Period

13.67 DEF7 = Smoothing Time Period

The forecasted demand for SAAM and Exercise is thea
13.07 FD34.K = FD3.K + FD4.K

FD34 = Total SAAM-Exercise Demand (Ton-Miles/week)

[ This information (FD34) was utilized in Figure 12 to determine total
military capability available for Cargo and PAX (FCAP).]

The forecasted Cargo capability is now assumed to be twice the larger
de.nanid between outgoing and incoming.

13.08 FMX1.K = MAX(FD1G.K, FDIC.K)
13.09 FDIX.K = 2 * FMXL.K
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MX2.K = MAX(FD2G.X, FDZC.K)
13.11 FD2X.K = 2 * PMX2.X
FDIX = Forecasted rilitary capability demanded-Carge (Ton-Miles/week)
FU2X = Forecasted military capability demanded-PAX (PAX-Miles/week)
The Industrial Fund covers the mejor portion of TAX demand by commercial
buy. Thus,
13.15 FCB2.K = FD2X.K * CBY

FCB2 = Forecasted Commercial Buy-PAX (PAX-Miles/week)
13.74 CRY = % of Demand covered by Commercial Buy

The forecasted cost of the commercial buy is now
13.18 FPER.K = CC1? * FCB2.X

FPER = Forecasted cost of PAX buy ($/week)

13.75 CC17 = Commercial cost {$/PAX-Mile)

The Cargo demand (FD1X) is covered by military capability (F1A from
Figure 12) and the additional required, covered by commercial buy. 1If no
comrercial is required, the total military capability is utilized for the
forecasted demand,

13.13 FTB1.K = FDiX.X - FlA.K

13.14 FCB1.K = CLIF (FT81.K, 0, ¥TBL.K, 0)

The above two equations assure us that our model will purchase commercial

time only when the demand (FD1X) exceeds the military capability (Fla).
FCBl = Forecasted Commercial Buy-Carge {Ton-Miles/week)

The total commercial buy in ton-miles per week is now computed by

converting PAX buy to ton-miles per week and adding this to the Cargo commercial

buy.
13,12 F2R.K = FCB2.K/FPAX
i3.77 FPAX = Conversion Factor PAX-Miles/Ton-Miles

F2R = Forecasted PAX Commercial Buy {Ton-Mileg/week)
13.16 FTCB.K = FCB1.K + F2R.X

FTCB = Forecasted Total Commercial Buv (Ton-Miles/week)
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The forecasted cost for Cargo commercial buy is found as follows:
13,17 FCER.K = CC18 * FCB1.K

FCER = Forecasied commercial cost-Cargo ($/week)
13.76 CC18 = Commercial Tariff ($/Ton-mile)

A list of all variables identified in Figure 13 and their corresponding
initial conditions and parameters is given in Appendix XI1I.

Figure 14

In Figures 14, 14A, and 15 we model that segment of the Industrial Fund system
which determines the forecasted tariffs (TR1, TR2, TR3) at a point in time
based on the forecasted customer usage, the forecasted expenses, and the
Industrial Fund'’s total expense-revenuz balance (0BC).

The forecasted customer usage has been modeled and described in
Figure 13, From Figure 12 and the model of military capability allocation we
obtain the forecasted military capability allocated to Passenger demand (FPC)
and the forecasted military capability allocated to Cargo demand (FCC). Fron
Figure 13 we obtain the forecasted SAAM requirements (FD3) and the forecasted
Exercise requirements (FD4). These variables (FPC, FCC, FD3, FD4) influence
the forecasted expenses associated with filling this forecasted demand.

The wsodeling of forecasted expenses (Figure 14A) is a replication of the
modeling of actual expenses, the only difference being the use of forecasted
flying hours rather than gonerated flying hours.

The flying hours are determined by dividing the military capability
allocated by speed and capacity factors. Thus,

Forecastad Flying PBours

Forecasted Capability
(speed; (capacity)

Hrs./Week = Ton-Miles/week
(Miles/hr,) (Tons)
14.04 FFH2.K = FPC.K/((S418) (C417))
14.02 FFHL.K = FQC.K/({S423) (C424))

14,07 FFH3,.K

fi

FD3.K/ ((SPD3) (CAP3))

14.10 FFH4.K = FD4.K/({SPD4) {CAP4))

FFlil.K = Forecasted Flying Hours allecated to Cargo (Flying Hours/week)
FFH2.K = Forecasted Flying Hours allocated to Passengers (Flying Hours/week)
FFH3.K = Forecasted Flying Hours allocated to SAAM (Flying Hours/week)
FFH4.K = Forecasted Flyiong Hours allocated to Exercise (Flying Hours/week)
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i

S&418, $423, SPD3, & SPD4 = Speed of Aircraft (Miles/lour)

C417, C424, CAP3, & CAR4 = Capacity of Air Frame (Tons)

u

The forecasted expensec rate per week is then the costs per flying hours
multiplied by the flying hours per week plus the fixed costs per week,

The forecasted expense rate for Cargo is then

14.03 FHE1.K = FFHL.K (E716 + E728 + E723)

14.01 F1E.K = E710 + E715 + E722 + FHE1l.K
FHE1l.K = Forecasted Variable Cargoe Expenses ($/week)
F1lE.K = Forecasted Total Cargo Expenses ($/week)

The forecasted expenses for PAX, SAAM and Exercise movement is
similarly modelead.

14.05 FHE2.X = FFH2.K (E823 + EB816 -+ EB828)

14,06 F2E.K = EB810 + E815 + E822 + FHE2.K

14,08 FHE3.K = FFH3.K (E916 + E923 + E928)

14.09 F3E.K = E910 + E915 + E922 + FHE3.K

14.11 FHE4.X = FFH4.K (ET16 + ET23 + ET28)

14.12 F4E.X = ET10 + ET15 + ET22 + FHE4.K
FHE2 = Forecasted Variable PAX Expense ($/week)
FHE3 = Foecasted Variable SAAM Expense ($/week)
FHE4 = Forecasted Variable Exercise Expense ($/week)
F2E = Forecasted Total PAX Expense ($/week)

F3E

Forecasted Total SAAM Expense ($/week)
F4E = Forecasted Total Exercise Expense ($/week)

The total forecasted expense rate for all military capability is
then

14.13 FFTE.K = FlE.K + F2E.K 4+ F3E.X + F4E.X
The above variable does not allow for possible erroxs in forecasting,

as the expense rates used are actual rates not known in actuality until after
the fact. Possible forecasting error or noise is introduced dy a noise
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function (see Figure 14) as follows:
14,14 FTE.K = (FFTE.K) NORMRN (MEAN, STDV1)
FIE = Forecasted Total Military Expense ($/week)
MEAN = Mean of Error Deviation
STDV1 = Standard Devi. ion of Error
So as to prevent the forecasted expense from fluctuating with high frequency,
as it would using the above equation, we smooth the results of the above
equation to give the quantity used in forecasting the tariff.
14.15 SFTE.K = SMOOTH (FTE.K, DEFI)
SFTE = $moothed total expense rate ($/week)
14,52 DEFl = Smoothing time interval (weeks)
The above equations now allow the analyst to introduce error in that
portion of the model yielding the forecasted military expense rate. The
sensitivity of the model, and possibly the system, to errors in expense
forecagsting may now be studied,
The total forecasted military expenses are now divided into three parts
and each appropriately identified 2s either administrative expense rate,
terminal expense rate, or direct expense rate. This is modeled with each variable

considered a percentage of the total expense.

14.30 DTE.K = SFTE.K * PCT4

14,31 ADE.K = SFTE.K * PCT2

#

14.16 TEX.K SFTE.K * PCT3
ADE = Forecasted Administration expense rate ($/week)
TEX = Forecasted Terminal expense rate (&/weck)

DTE

Forecasted Direct expense rate ($/week)

14.53 PCT2

% of total expense to Administration

14,54 PCT3 = % of total expense to [lerminal

14.55 PCT4 = 7. of total expense to Direct

In addition to the above forecasted military expenses, the forecasted
commercial expense rate for Cargo (FCER) and Passgsengers (FPER) has aleo bern
determined in that segment of the model described in Figure 12.

The Industrial Fund determines the proposed tariff for each of the four
types of demand by allocating costs to each classification of demand and
recovaring this cost based on the forecasted demand. Tne allocation of exvenses
to cach demand classification is propertional to the capability allocated
to that demand.
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Figure l4.

Model of Expense Allocation.
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The modeling of this decision function within the system has been
accomplished through the variables described in Pigure 14 and 15 and their
equations,

The following information on military and commercial capability is first
determined from data within the system,

14.26 FML.K = FCAP.K + FD34.K
FML = Total Military Capability Allocated to all classified demand
14.22 FMC.K = FMC1.K + FMC2.X

FMC = Total Military plus commercial capability allocated to Cargo
and PAX demand

12,08 FTC = Total Military and commercial capability alleocated to all
ciassified dema:d

The zllocation of expenses to PAX, Cargo or SAAM~Exercise is a function
of the expense variable (Administrative, Terminal, or Direct} and the
capabilities aliocated to the particular classified demand.

Administrative expenses are allocated to each demand classificatic'. (Cargo,
FAX, SAAM-Exercise) according to that portion of total capability (Commervcial +
Military) (FIC) allocated to that demand classification.
14,17 F1EA.K = ADE.K(FMCL.K/FTC.K)
14.18 F2EA.X = ADg,: (FMC2,K/FTC.K)
14.19 F3EA.K = ADE.K(FD34.K/FTC.K)

Terminal expenses are allocated to tue classified demand according to
allocated Cargo and PAX capabilicy. (Military < Commercial) {FMC)

14.20 F1ET.K = TEX.K(FMC1.K/FMC.K)
14,21 F2ET.K = TEX.K(FMC2.K/FMC.K)

Direct expenses are allocated to the classified demand according to
the military capability required for each demand classification.

14,23 F1ED.K = DTE,XK{FCC.K/FML.K)
14.24 F2ED.X = DTE,.K(FPC.K/MML.K)
14.25 F3ED.K = DTE.K(FD34.K/FML.X)

FlEA = Forecast Lxpense Rate~Cargo-Administrative ($/week)
F2EA = Forecast Expense Rate-PAX-Administrative ($/week)
F3EA = Forecast Expense Rate- SAAM-Exercise-Administrative ($/week)
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=

FIET = Poreccast Expense Rate-Cargo-Terminal ($/week) f

iR

F2ET = Forecast Expense Rate-PAX-Terminal ($/week) E

F1ED = Forecast Expense Rate-Car -Direct ($/week) f%

F2ED = Ferecast Expense Rate-PAX-Direct ($/week) j§

F3ED = Forecast Expense Rate-CAAM-Exercise-Direct ($/week) %

3

The estimated expense rate for each demand function (Cargo, PAX, SAAM) 3

is now the sumiaticn of these allocated expense rates. &

14,27 FT1E.K = FCER.K + F1EA.K + F1ET.K + F1ED.K 9

=

14,28 FT22.X = FPER.K + F2EA.K + F2ET.X + F2ED.K =

14,29 FT3E.K = F3EA.K + ¥3ED.K 3

FT1E = Forecast Total expense rate-Cargo {$/week) %

FT2E = Forecsst Total expense rate-PAX ($/week) \%

=

FT3E = Forecast Total expense rate~-SAAM & Exercise ($/week) E

A list of all variables identified in Figure 14 and their corresponding if

initial conditions and parameters is given in Appendix XIV, B

Figure 15 %2

The forecasted tariff is now based on recovering the forecasted expenses i;

over the forecasting time period plus or minus an adjustment expected to correct 2

the OBC by the end of the forecasting time period, =

The forecasting time period (TIM) has been described and utilized earlier :?

: as a segment of Figure 13 and the modeling of forecasted customer demand. (See pg. 53 ) 5

f . The Industrial Fund plans to cerrect the out of balance condition (OBC) '%

A between PAX expenses and income (PD) over the time period TIM. The same is g?

P true for any out of Fciance condition between Cargo .nd SAAM expenses and 5

ks income (CD). This adjustment is then subtracted frum the expanse rate for §§

E that classified demand. i%
o 15.04 ADJ1.K = CD.K/TIM.K

15.03 ADJ2.K = PD.K/TIM.K G

i . 2

& ADJ1 = Adjustment due to Cargo-SAAM-Exsrcise income-expense differerte {§/week) §§

;é' ADI2 = Adjustment due to PAX income-expense difference ($/week) g%

;’ The expense rate for PAX movement over time pexiod TIM is then b

A 15.02 FAE2.¥ = FT2E.K - ADJ2.K 3

FAE2 = Forecasted net PAX expense rate (S$/week)

4
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The actual forecasted demand for PAX movement is then determined by
multiplying the capability allocated by the utilizatien factors.

15,11 Fn2.K = (FD2G.YX) (Fu26) + (FD2C.K) (FU2C)
FDe = Forecasted PAX Demaad-actual (PAX-Miles/week)

The tariflf iz now determined to recover expenses (¥FAE2) from the custouer
demand (FD2).

15.1¢4 TR2.K = FAE2.K/FD2.X
TR2 = Forecasted PAX Tariff ($/PAX-Miles/week)
The SAAM~Exercise and Cargo tariffs are determined together so that 2
premium charge can be allocated to SAAM-Exercise demand to cover the higher
non-channel. expenses associated with this demand.
First, the total Cargo-SAAM-Exercise expense rate is determined,
15.06 SFE.K = FTIE.K + FT3E.X - ADJ1.K
SFE = Forecasted net expense rate for SAAM-Exercise and Cargo movement ($/week)
fhe vesulting expense rate (SFE) is then allocated to Cargo and SAAM -Exercise Expase
hased or the amount of military capability allotted to each but with SAAM-Exercise
charged a 15% premium for extra costs associated with special handliag.

15.07 STR.K = FD34.K/FML.K

15.09 F3AE.K

[}}

{SFE.X) (1.15) (STR.X)

15.190 FlAE.K

SFE.K - F3AE.K

STR = Forecasted expense rate-Cargo-3AAM-Exercise ($/week)
F3AE = Forecasted net expense rate-SAAM-Exercise ($/week)
F1lAE = Forecasted net expense rate-(argo ($/week)

The SAAM~Evercise ferccasted tariff is now determined to recover SaAM-Exercise
expensas (F3AE} from the demand for SAaM-Exercise (FD34).

15.15 TR3.K = F3AE.X/FD34.K
¥*R? = Forecasted SAAM ~Exercise Tariff ($/Tor-~Mill)

w: astual forecasted Cargo demsnd is determined as follows: (Sce
. :les 13,01 and 13.02)

15.12 FD1.K = (FDiG.¥) (FULG) + (FDIL.X} {FUlC)

FDl = Forecast:4 Cargo Demand-Actual {Ton-iiles/wzek)
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The tariff is now determined to reccver Cargo expenses (FlAE) from Cargo
Demand {¥D1l).

LTS

15.13 TR1.X = FLlAE.K/FD1.K
TRl = Forecasted Carge Tariff ($/Ton-mile)

A list of all variables identified in Figure 15 and their corresponding
initial conditions and parameters is given in Appendix XV.

3 Input Variables

This completes the description and explanation of the basic model.

The exogenous input to the system is primcrily the custoner demand. We have ?
written demand equations which will allow the model to be massaged by a step :
input, a3 ramp input, a sine input, or a noise input. These equations are :
identified in this manner, i
1.01 D1G.K = DIGI + ISTA.K + IRPA.K + ISNA.K + TWHOA.K %
1.02 P1C.X = DICI + ISTB.K + IRPB,.X + ISNB.K + INOB.K
2.01 D2G.K = D2G1 + ISTC.X + IRPC.K + ISNC.K + INOC.K
2.02 D2C.K = D2CI + ISTD.K + IRPD.K + ISND.K + INOD.K

- 3.01 D3S.K = u3SI + ISTE.K + IRPE.X + ISNE.K + INOE.K
3.02 D4E.K = D4EI + ISTF.K + IRPF.K + ISNF.K + INOF.K

D!GI = Initial Velue-Customer Cargo Demand-Outgoing

DI1CT = Initial Value-Customer Cargo Demand-Incoming

D2GI = lnitial Value-Customer PAX Demand-Qutgoing

Lottt g

D2CT = Imitial Value-Customer PAX Demand-Incoming
D381 = Imitial Vaiue-Customer SAAM Demand

D4EI = TInmitial Value-Customer Exercise Demand

3 B 1k e 1

Tite step input is provided by the following variables.

o

N 1.2¢€ ISTA.K = STEP (XA,5) %
1.27 ISTB.K = STEP (XB,5) %
2,04 ISTC.K = STEP (XC,5) %
2,05 ISTD.K = STEP (XD,5) ;

3.03 ISTE.K = STEP (XE,5)

.04 ISTF.K

STEP (XF,5)

L
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The ramp input ic provided by the following variables:

IRPA.K = RAMP (YA,5)

)]

TRPB.K = RAMP (YB,5)

IRPC.K

0

RAMP (YC,5)

]

IRPD.K = RAMP (YD,5)

IRPE.K

L}

RAMP (YE,5)

IRPF.K

f

RAMP (YF,5)

The sine input is provided by the following equations:

ISNA.K = STEP (SNA.KX,5)
SNA.K = X1G * SIN ((6.3 * TIME.K)/PERL)
ISNB.K = STEP (SNB.K,5)
SNB.K = X1C * SIN ((6.3 * TIME,K)/PER])
ISNC.K = STEP (SNC.K,5)
SNC.K = X2G * SIN ((6.3 * TIME.K)/PER2)
ISND.K = STEP (SND.K,5)
SNR,K = X2C * SIN ((6.3 * TINE.K)/PER2)
ISNE.K = STEP (SME.K,5)
SNE.K = X3X * SIN ((6.3 * TIME.K)/PER3)
ISNF.K = STEP {SNF.X,5)

SNF.K = X&4X * SIN ((6.3 =* TIME .K) /PERS)

The noise input is provided by the following equations:

INOA.K = STEP (NDA.X,5)
NOA.K = IX1 * NORMRN (NAEM, STVL)
INOB.K = STEP (NOB.K,5)
NOB.K = IX2 * NORMRN (NAEM, 8TV2)
INOC.K = STEP (NOG,K,3)
NOC.K = TX3 * NORMRM (NAEM, STV3)

INGD.K = STEP (X0D.KX,5)
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4o 0

3.27
3.28
3.25

3.30

NOD.K = IX4 * NORMRN (NAEM, STV4)
INOE.K = STEP (NOF.K,5)
NOE.K = IX5 * NORMRN (NAEM, STVS5)
INOF K = STE¥ (NOF.K,5)

NOF.K = IX6 * NORMRN (NAEM, STV6)

Initial Values

and constants.
model will be operational.

steady state.

Each variable in the model has been identified in terms of other variables
The variables must all be given an initial value before the

The Dynamo Compiler requires that the value of all
level equations be identified and the value for the majority of the auxiliary and
rate equations will be computed by the Compiler.
equations are identified by figure number and a listing giver in the Appendices.
All initiel values have been appropriately selected so the model will be in

Any dynamics in the model caused by a change in a variable or
due to a change in input can then be at -ibuted to that specific change and the

structure of the system as concerned,

Qutput Information

variables every 3 weeks.

The Dynmamc Compiler enables us to request information regarding the
value of any variabie through the length of the model run.

The specification card for each run looks something like this:
DT = 0.1/LENGTH = 100/PRTPER = 2/PLTPER = 3

This indicates that each variable will be computed every 0.1 week in our
model as the basic time period has been specified as a week.
the simulation run will be 100 weeks and we have requested it to print infor-
mation on the value of specified variables every 2 weeks and plot specified
The information on the Spec Card can be changed to
provide the output information necessary for an appropriate analysis.

For the basic medel we have requested information on those variables
which we believe to be most significant in our analysis.

listed in Appendix XVI.

Sunmary

This report has presented a graphical description of the basic model of
A verbal description of the model with an
explanation of the reason for celecting cach variable and the rationale for each
variable rclationship has accompanied each figure.
1ist all the variables, their initial values, and the input variables which may
The output information to be requested has also

the ASIF in Figures 1 through 15.

be used for model testing.

been identified.

correlt.

The model has be.n tested for logic errors and is fouad to be logically
At this time the Analyst feels this model is a reascrable representation
of the ASIF system and will replicate the dynamics of the ASIF system created hy

various input data.

All variables and their initial

The length of

This information is

The appendices finally
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