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PREFACE

The Transportation Systems Center of the U. S. Department of
Transportation performs studies for the Department related to the
usage, and the possible conservation, of fuel by the the trans-
portation sector. The computer model described in this report
provides a tool for determining the impact changes in the mix (by
fuel consumption category) of new vehicles that are introduced

yearly would have on total fuel consumption.
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1. INTRODUCTION

The Highway Fuel Consumption Computer Model computes the fuel
consumption of a highway vehicle class as a function of time
(years) given:

(a) the distribution of the vehicle population in the initial
year by fuel economy category and age,

(b) the vehicle miles driven per year as a function of vehicle
age,

(c) the survival functions of the vehicles as a function of

age,

(d) the projected vehicle population (or projected vehicle
miles) as a function of time, and

(e) the projected fractional mix, by fuel categories, of the
new cars to be added to the vehicle population during
each projected year.

The computation is of the "lumped" parameter type. All
vehicles added to the population are added on the first day of the
year, and all vehicles removed from the population are removed on
the last day of the year.

The computer program should estimate well, on the average, the
sensitivity of total fuel consumption to changes in the fuel
economies of new cars introduced into the vehicle population and
the effect of the existing inventory of vehicles on fuel consump -
tion. However, the computed values for the new cars that are added
in a given year should be used with caution because of the assump-
tions inherent in the mathematical model and the availability of
precise input data.




2. ANALYSIS

The analysis consists of three major parts:

(a)

(b)

(c)

Let

The assignment of the initial conditions and assumed

parameters governing the vehicle population.

The computation of the distribution of the vehicle

populations for each consecutive year.

The computation of the fuel consumption of each group

of vehicles of a given age and fuel consumption category

in any given year, and the summarization of vehicle

population distributions and fuel consumption as a

function of time.

i
j
k

Nijk

year under consideration
fuel consumption category
age of vehicle

number of vehicles in year i, of fuel category j,
and age k

new vehicles in year i (0-1 yr. old)

fuel consumption for a category j vehicle, gal./
mi.

miles per year for vehicle of age k during year

i

fraction of cars of fuel category j that survives
from age k into age (k+1)

fuel consumption during year i by all category
j vehicles

arbitrary retirement factor for a given year,
fuel category and age. Factor ranges between
zero and one, inclusively, and is applied to
"survived" vehicles prior to transfer to the next
year



Q. = total number of vehicles in year i

fuel consumption, total during year i

~<
"

fraction of new vehicles in year i of fuel category j.

The fuel consumption of all vehicles in fuel category j and
during the year i is from the above definitions:

kmax
- (1)
Fij Z NiskCMix * Nij1€5Mig
k=2
and
]
F; = z Fis (2)
]
Also, from Figure 1,
Nijk = 55,x-1 Ni-l,j,k-l(l_Ri-l,j,k—l) (3)

where k = 2, 3,

From the problem definition Nljk is given for all j and k, and
Nijl for all j and all i greater than one are solved from:

k

ma
Q; - 2 Z
7 k=2

X
'

‘R, . . - N... =N,

{Sj,k-lNi-l,j,k-1<l R1-1,3,k-1>} Z ij1 - Ny
]

(4)

Equation (4) states that the total vehicle population for the year
i, less the vehicles carried over from the year (i-1), equals the
deficiency of vehicles to be made up with new vehicles (age 0-1,

or k=1) summed over all fuel categories, %Nijl' By specifying
Xij and by multiplying it by Ni the new vehicles in each year

defined by fuel category are obtained, e.g.,




N... = X..N!
ijl1 ij 1

where EEX.. =1
i Y

The above corresponds to filling in the elements in the first
column (k=1) of each of the matrices, other than the matrix for

the initial year, shown in Figure 1.

As indicated by equation (1) the vehicle-miles for the
vehicles in the matric element N(i,j,k) is obtained by multiplying
this number of vehicles by the corresponding function M = M(i,k).
Also, the fuel consumed by the vehicles in matrix element N(i,j,k)
is obtained by multiplying the above product by the corresponding
Cj' Typical values (for passenger vehicles) of M, and vehicle
decay rates required for the computation of the survival pro-
babilities (Ref. 1, Table B-2) are:

Vehicle

Vehicle-Miles/Year Decay Rate

Age (000) (Percent
L in use)

0-1 17.5 100

1-2 16.1 99.5
2-3 13.2 99.0
3-4 11.4 98.5
4-5 11.0 97.7
5-6 10.0 94.8
6-7 9.6 88.9
7-8 8.6 79.7
8-9 8.0 67.2
-9-10 7.2 52.9
10-11 6.5 39.5
11-12 6.0 28.5
12-13 5.5 20.2
13-14 5.1 13.7
14-15 5.0 8.5
15-16 4.7 5.0
16-17 4.4 2.0
17-18 4.1 1.5
18-19 3.8 0.7
19-20 3.5 0.2



and the C. are discrete values corresponding to typical miles/
gallon values for vehicles. The survival factor Sjk is computed,
if required, from the third column above, e.g.:

in use of age (k+1)

Six = in use of age k

jk

o] e

The program also has the capability to compute the fuel
consumption when a projection of anticipated total vehicle-miles
of travel as a function of time, Vi’ rather than the projected
total vehicle population as a function of time is given. In this
case the number of new vehicles to be added each year is computed
from a modified equation (4), namely

max

K
Vi D i {sj,k-lNi-l,j,k(l'Ri-l,j,k-1>}Mik "My ) Nygp - v
k=2 ] j (5)

V'
Nij1 =) Xi (6)

If both vehicle-miles and vehicle population are given then
function Mik = M(i,k) = Mi(k) is internally adjusted by shifting
the curve M = Mi(k) upward or downward, without change in the
shape of the curve, by a constant

and

Vi - %E %; Nirhik
(Comst.), = - M (7
1.1
X Nijx ’
j k
where A = My - Ml,l (8)
and Mik = lVIlk + (Const.)i (9)




TABLE 2. ASSUMED DISTRIBUTION, BY AGE, OF VEHICLES IN INITIAL
YEAR (1972) (ALL VEHICLES ARE LUMPED IN A 13 mpg
FUEL CATEGORY)

AGE NUMBER OF VEHICLES
(000,000)
1 8.4
2 9.7
3 9.7
4 10.
5 9.4
6 8.2
7 8.7
8 8.2
9 6.4
10 5.2
11 3.6
12 2.
13 1.5
14 0.8
15 0.4
16 0.6
17 0.5
18 0.5
19 0.5
20 0.3




TABLE 3. PASSENGER CAR FUEL CONSUMPTION, TOTAL, 1972-2000

RUN GALLONS x 10713
1,2,3 .3258
4 .2606
5 L2671
6 L2372
7 .2188
8 .2701
9 L2756
10 .2501
11 .2344




TABLE 4.

DEFINITION OF CAR MIXES AND SCENARIOS FOR RUNS 1-11

4(a). Definition of Car Mixes
FUFL MIX 1 MIX IT MIX TII MIX IV MIX V MIX VI
CATEGORY (FRACTIONAL | (FRACTIONAL | (FRACTIONAL |(FRACTIONAL |(FRACTIONAL |(FRACTIONAL
NO. MPG|DISTRIBUTION)| DISTRIBUTION) | DISTRTBUTION)| DISTRIBUTION)|DISTRIBUTION)|DISTRIBUTION)
1 10 0.25 0.10
2 12 0.50 0.25
3 13 1.0
4 14 0.10 0.25 0.05 0.10 0.10
5 17 0.10 0.50 0.05 0.25 0.25
6 20 0.10 0.05 0.05
7 24 0.05 0.10 0.55 0.60 0.05
8 28
9 34 0.05 055
AVE. MPG. AVE. MPG.  |AVE. MPG AVE. MPG AVE. MPG,
12.2 17.3 16.6 20.3 23.5
4(b). Scenarios for Runs 1-11
TOTAL FUEL
RUN MIX T [MIX II MIX IIT | MIX IV MIX V MIX VI CONSUMPTION
NUMBER | (13 MPG.[(12.2 MPG.|(17.3 MPG. (16.6 MPG.| (20.3 MPG (23.5 MPG. [1972-2000
AVE.)  |AVE.) AVE.) AVE.) AVE.) AVE.) GALLONS X 10
1,2,3 | 1972 1973-2000 0.3258
4 | 1972 1973-1978(1979-2000 0.2606
5 | 1972 1973-1978 1979-2000 0.2671
6 | 1972 1973-1978 1979-2000 0.2372
7 | 1972 1973-1978 1979-2000 0.2188
8 | 1972 1973-1981[1982-2000 0.2701
9 | 1972 1973-1981 1982-2000 0.2756
10 | 1972 1973-1981 1982-2000 0.2501
11 | 1972 1973-1981 1982-2000 0.2344

[For example, in run #4 the initial inventory of cars is grouped

in Category 3 (13 mpg); new cars during the years 1973-1978 are
added in accordance with Mix II and during the years 1979-2000

new cars are added in accordance with Mix III.
used from 1972 to 2000 is 2606 billion gallons in the sample run

#4.]

10
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Figure 2
TOTAL FUEL CONSUMPTION
RUNS NO. 3-11

(Runs 1, 2, and 3 yield
identical results)
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Figure 3

SAMPLE PLOTS FROM RUNS
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APPENDIX A

USER’'S AND PRogRAMMER’s
MANUAL

A.1 SCOPE OF THE PROGRAM

The overall goal of the program is to provide an accurate

estimate of future vehicle population mixes by age of vehicle and

fuel category, and to predict the fuel consumption rate of such a

vehicle distribution.

A.2 ANALYTICAL TECHNIQUE USED

The basic technique used to predict future vehicle distribu-

tions follows.

Step 1 -

Step 2 -

Step 3 -

A base year is chosen for which the
user knows the complete distribution

of cars by age and fuel category.

This initial data is input directly

to the program. (See Section 3.2.9

"N" Data Cards.) (Note: An additional
feature allowing the user to input

only the new cars distributed by

fuel category for the years immediately
prior to the base year, is currently
being added to the program.)

The distribution for the base year

and for each successive year up until

the year just prior to the final dis-
tribution to be predicted are multi-

plied by a survival factor curve which

is a function of age. This curve must

be input by the user. (See Section A.3.2.4
""S" Data Cards.) The above process

will be referred to from here on as
"surviving" vehicles.

Each value in the distribution is
multiplied by a retirement factor which
may be arbitrarily specified by the user.
This effectively reduces the number of
vehicles after they have been '"survived"
from the previous year. (Unless input
by the user this value is equal to 1.

A value of .6 by the user would scrap

60% of the '"survived" cars of the year,
age and fuel category specified.)

31




Step 4 -

Step 5 -

Vehicle-miles driven are obtained by
multiplying each vehicle by mileage-
driven as a function of age.

The vehicle-mile distribution for each
year is multiplied by the fuel con-
sumption rates, input by the user, to
obtain the total fuel usage for each
year.

A.3 USER INPUT PARAMETERS

A.3.1 Data Card Number 1

The first card in the data deck must contain the following

parameters written as integers in 5I4 format:

1)
2)

3)

4)

5)

IBASE
II

JJ

KK

IOPTOT

IOPTOT

IOPTOT

the base year for the run (e.g. 1960)

the total number of years for the run
including the base year (e.g. for 1960
to 1990, II = 31) up to maximum of 50.

the number of fuel categories to be
considered up to a maximum of 10.

the number of ages of cars to be
considered up to a maximum of 20
(e.g. for KK = 15, new cars are
considered of age 1 so that all cars
over 14 years old are considered to
be scrapped).

this is an input option which allows
the user three ways in which to com-
pute the number of new vehicles to
be added each year to the "survived"
cars (i.e. total predicted vehicle
population).

1: Total vehicle population vs. year
(Q array) and the mileage driven
vs. age of vehicle (M array) are
input and the total vehicle-miles
driven vs. year (VM array) is
computed;

2: the VM and M arrays are input
and Q is computed;

32



IOPTOT = 3: the VM and Q arrays are input and
M is computed (Note: The M curve
for the base year only must be
input to obtain the shape of the
mileage-driven vs. age distribution.
For all subsequent years this
curve is shifted by a constant in
order to relate the number of
vehicles (Q) to the vehicle-miles
driven (VM).

A.3.2 Other Data Cards

The rest of the data arrays may be specified in any order,
i.e. it does not matter whether the Q array is input before or
after the C array. The program will check all input data and
print out a message indicating what is missing (if all necessary
data is input correctly, no message will be printed). In addition
to this, the program also checks for errors in ranges of parameters
and prints out an error message indicating the error and the data
card sequence number on which the error occurred (e.g. the tenth

card in the user's data deck).

This random sequencing of input data is made possible by using
a keyword in card columns 1-6 (beginning in column 1) which in-
dicates the type of data card to be processed. The following
sections are named according to their keywords, indicated in
quotes.

A.3.2.1 "Q" Data Cards. The "Q" card must have the base year
(IBASE) in columns 7-10. If the base year does not agree with

DATA CARD 1 an error message is printed and execution terminates.
This is for the convenience of the user who may have several "Q"
arrays beginning in different years for production runs. The
card(s) immediately following the "Q" card contain(s) the actual
total vehicle populations for each year beginning with the base
year. There must be II of these integers punched in 8I10 format.

A.3.2.2 "VM" Data Cards. The "VM" card must have the base
year (IBASE) in columns 7-10 as with the "Q" card. (See Section
A.3.2.1 "Q" DATA CARDS.) The cards immediately following the ''VM"
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card contain(s) the total vehicle-miles driven by all cars in each
year beginning with the base year. There must be II of these
floating-point numbers punched in 8E10.5 format.

A.3.2.3 "C" Data Cards. The "C" card contains the fuel con-
sumption rates for each of the JJ fuel categories. These rates

are input in miles per gallon for convenience to the user and

are punched in 10F7.3 format beginning in column 11.

A.3.2.4 "S" Data Cards. The "S'" card contains a fuel cate-

gory number in columns 9-10. The S array is a set of survival
factors which are used to compute the number of cars in each age
category to be "survived'" into the next year. The user may
specify a different survival factor curve for each of his JJ fuel
categories by inputting JJ sets of "S" cards, or he may assume
that the S arrays for all fuel categories are the same by inputting
only one "S" card and array with a zero or a blank for the fuel
category. (Note: If the user wishes to set one Or more fuel
categories to a different survival factor curve from the rest he
may input the default curve first with a zero and then override it
with other curves with specific fuel categories.) The card(s)
immediately following the "S'" card contain(s) the survival factors
(0 < factor < 1) for KK-1 ages where the first factor will be the
fraction of new cars to survive to the next year and so forth.
They are punched in a 10F8.5 format. If the user does not wish

to use survival factors and has data in terms of number of cars
vs. age he may input an '"NC" card set instead of an "S'" set.

(See Section A.3.2.5: "NC" Data Cards.) Do not use both an 'NC"
set and an '"S" set on the same run or the program will terminate

execution.

A.3.2.5 "NC" Data Cards. The "NC" card contains a fuel
category number in exactly the same form as the "S" card. (See

Section A.3.2.4 "S" Data Cards.) This curve of KK integer values
may be used instead of the S curve to indicate survival rates of
vehicles as a function of age. The program will then compute the
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S array as the ratios between two successive NC values. The NC
values are punched in 10I8 format beginning with initial number of

new cars.

A.3.2.6 "M" Data Cards. The "M" card contains the base year
in the same form as the '"Q" card. (See Section A.3.2.1 "Q" Data

Cards.) The following cards contain KK integer values for the
average number of miles driven in a year by cars of that age.
The first value is for new cars and so forth punched in 10I8
format.

A.3.2.7 U"XN" Data Cards. The "XN" card contains the new
car mix (0 < mix < 1) by fuel category for the year indicated in

columns 7-10. For example, if the second calue were input as .35
for the year 1975, the program would compute the number of new
cars to be added in 1975 and add thirty-five percent of them to
fuel category number 2. If the year is zero or blank then the
same XN array is used for all years under consideration. The
values are punched in 10F7.4 format beginning in column 11 with
the first fuel category mix. (Note: The sum of the mix fractions

over all fuel categories for any given year must exactly equal 1.)

A.3.2.8 "R'" Data Cards. Each '"R" card contains a single

arbitrary retirement factor (0 < factor < 1.0) for a specified
year, fuel category and age. After the number of "survived"
vehicles in this fuel category and age for this year has been
computed, this number is then multiplied by the R factor specified
and the result stored in the following year. This array was
originally stored in core. However, due to the expanded size of
the program, the R array is now stored on a scratch tape which
must be mounted for each run. Because of the sequential structure
of this tape the "R'" cards must be sequenced properly within the |
data deck. They must be sorted first by year, second by fuel
category within cards having the same year, and third by age with-
in cards having the same year and fuel category. An error in
sequencing will be detected by the program and the run terminated.
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Any factors not specified by the user are set equal to 1. The
year is an integer in columns 7-10, the fuel category is an inter-
ger in columns 12-13, the age is an integer in columns 15-16, and
the retirement factor is a floating point number in F10.7 format

beginning in column 18.

A.3.2.9 "N'" Data Cards. The "N" card contains the year in

columns 7-10. If this is the base year, the cards which follow
(KK of them, one for each age beginning with new cars) contain JJ
integers in 10I8 format, one for each fuel category beginning with
category 1. If the year 1is within the range of from the base

year minum KK-1 up until the base year minus 1, it is assumed that
the user is generating his base year and the program reads one
card with JJ integers in a 10I8 format which will be used as the
new cars for that year. These cars will then be "survived" up to
the base year. (Note: This feature is now being included into
the program but is not a part of this version.)

It is understood that the user's data will be consistant
within its own specifications. For example, the sum of all N
array values for the base year should equal the first value of
the Q array within a few vehicles in several million. No program
can be expected to produce accurate predictions if given erroneous
data.

A.3.2.10 "PLOT" Data Cards. This card contains from 1 to 5

integers in format 5I10 beginning in column 11. The first integer

indicates the plot type and determines the meaning of the follow-
ing integers if any. There are currently seven plot types opera-
tional and these are as follows:

"pPLOT" 1 - the Q array is plotted vs. year
"PLOT" 2 - the VM array is plotted vs. year

"PLOT" 3 - the number of vehicles scrapped
(i.e. those which were not "survived" or were
retired vs. year)
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"PLOT" 4 - total fuel consumption for all ages and fuel
categories vs. year

"PLOT" 5 - total fuel consumption for all ages within a
specified fuel category (input as the first inte-
ger following the plot type 5) vs. year

"PLOT" 6 - the new car mix for a given fuel category (input
as the first integer following the plot type 6)
Vs. year

"PLOT" 7 - the total car mix over all ages for a given fuel
category (input as the first integer following the
plot type 7) vs. year.

The program is currently able to accommodate up to 50 plots
per run (i.e. 50 "PLOT" cards since each card specifies one plot).
More plots are currently being included into the program but are
not available in this version.

A.3.2.11 "TITLE" Data Card. This card confains any 70-
character title for each run beginning in column 11. This title
is printed on the output and plotted at the top of each plot (if
any). A "TITLE" card is not required for a run.

A.3.2.12 "END'" Data Card. The program may be used to com-
pute more than one run using the "END" card after each set of
data. There must also be an "END" card after the last set of
data even if there is only one set being used.

A.4 SUPPLEMENTARY NOTES

If the user is using the program on the IBM 7094 he should
not generate more than two or three plots for each run. This is
due to the fact that certain of the plot subroutines (in the
system library, not the program) have locally set variables in
them which are destroyed by the overlay feature of the system.
This causes the origins of successive plots to "creep'" up the
paper.
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It should be noted that if input option 3 is specified (Q
and VM input and M computed) the program will not shift the M
curve for the base year but will for all successive years.

Figures A-2 through A-11 are flow charts of program.
Appendix B is the listing and Appendix C is the sample run.

*The preparation of Appendix A and the computer programming
were performed by J.P. Moffatt III of Kentron Hawaii, Ltd., under

contract to the Transportation Systems Center (ADP Support Service

Contract No. DOT-TSC-297).
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MAIN

* INDICATES
CALCOMP
SYSTEM
ROUTINES

[

INPUT GENER
NSUM
TOTVEH
SYMBOL* PLOT*
PRNTAB F, AXIS* PLOT*
* *
|_p| PLOTS NUMBER PLOT*
PLTOUT
*
| p| FACTOR
—»{  PLOT* SYMBOL* PLOT*
L AXIX PLOT*
Lp! MAXMIN NUMBER* PLOT*
Figure A-2. Overall Flow Chart
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ENTRY

SUB.
INPUT

'

COMPUTE NO.
OF CARS IN
THE BASE YEAR

I

SUB.
NSUM

;

SUB.

w TOTVEH

2

BEGIN INTE-
GRATION FOR
PROJECTED
YEARS

-

COMPUTE NO.
OF PREVIOUS
YEAR CARS
TO SURVIVE

R
ARRAY ON l
TAPE

MULTIPLY
» BY ARBITRARY
RETIREMENT

FACTOR

Figure A-3. Main
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COMPUTE TO-
TAL NO. OF
OLD CARS LEFT
IN NEW YEAR

v

SUB.
TOTVEH

'

COMPUTE NO.
OF NEW CARS
TO BE ADDED

I

USE NEW CAR

MIX TO DIS-

TRIBUTE BY
FUEL CAT.

IRST YEAR

I

COMPUTE TOTAL
CAR MIX FOR
NEW YEAR

'

COMPUTE FUEL
CONSUMPTION
FOR THE YEAR

Figure A-3.

Main (Continued)

COMPUTE TOTAL

FUEL CONSUMP -

TION FOR ALL
YEARS

:

SUB.
PRNTAB

I

SUB.
PLTOUT

EXIT




ENTRY

ZERO CONSTS.
AND SET ALL
ARRAYS TO
-1

—
READ IBASE,
11,JJ,KK
IOPTOT

RANGES

0K

WRITE "R"
ARRAY ON
TAPE SET =

PRINT APPRO-
PRIATE
ERROR
MESSAGE

RETURN

Figure A-4.

WRITE '"R"
VALUE ON
TAPE=FACT

Subroutine Input
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READ IY
AND MIX
ARRAY

ITYPE
EQ llXNll

READ "C"
ARRAY

Figure A-4.

SET ALL
YEARS THE

SAME "'XN"

STORE
"XN" —"
" SET ALL
READ "NC" | — gyE], CAT. |
AR “NC" EQUAL
A
READ "NC"
ARRAY —P]

ARRAY

READ llQll

READ "'VM" >
ARRAY
P
PRINT A
SET VALUES
|__p| WARNING | —p
TO .001 MESSAGE
—
READ "N SET GEN-
DESCRIPTION [—¥ERATION —
FOR BASE YEAR FLAG "OFF"
) EEEE——
READ NEW SET GENER -
CARS FOR A |—{ATION FLAG ¥
PREVIOUS YEAR "ON™

Subroutine Input (Continued)
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READ
CURVE

ADD 1 TO
NO. OF
PLOTS

SUBTRACT
1 FROM NO.
OF PLOTS

PRINT
WARNING
MESSAGE

READ "M"
ARRAY FOR

BASE YEAR

ot e ]
READ "'S"

CURVE FOR
FUEL CAT IJ

ngn

READ PLOT
PARAMETERS

SET HS"
SAME FOR

ALL FUEL

CAT.

Figure A-4.
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§-Pr<

Figure A-4.

D
YES ’
YE
SET
NO I0PTOT \\(NO
10PTOT
EQ 3 - 3 >
P
YES YE
HVMII IOPTOT SE'F
IOPTOT |
INPUT EQ 1 ort
NO NO
YES OPTOT YES
EQ 2 g
NO
VM SET
INPUT YES OPTOT NO 10PTOT
EQ 2 = 2
NO
YES ‘¢ v
YES "NC!
@ vpur >-YE &)
NO NO
NO NNC!
INPUT
YES
COMPUTE
"S'" FROM
”NCII
v
Subroutine Input (Continued)



NO

NO

HXNH
INPUT

YES

nen
INPUT

NO

NO

Figure A-4.

YES

VAl
INPUT

YES

TN
INPUT

YES

RETURN

NO

GENERATTON SN0 YES

FLAG "ONJ

YES

SUB
GENER

—

Subroutine Input (Continued)
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FINISH OUT
THE HR”

ARRAY TAPE

WITH R = 1

ARRAY

TAPE



r———t—--

TO BE |
| INCLUDED
I'IN A LATER |
L. _VERSION _I

RETURN

Figure A-5. Subroutine GENER
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ENTRY

SUM N ACROSS
ALL AGES FOR
EACH FUEL
CATEGORY

.

SUM N ACROSS
ALL FUEL CAT.
FOR EACH
AGE

.

SUM N OVER
ALL AGES AND
FUEL CAT FOR

THE YEAR

7 SUM N ACROSS
ALL YEARS FOR
{Z*éi ?EER YES »{ EACH AGE AND
/ FUEL CAT.
FOR EACH
RETURN FUEL CAT.
SUM AGE TOTALS
ACROSS ALL
YEARS

FOR EACH AGE

SUM FUEL CAT.

TOTALS ACROSS
ALL YEARS

!

COMPUTE SUM
FOR ALL AGES,
FUEL CAT.
AND YEARS

RETURN

Figure A-6. Subroutine NSUM

49



ENTRY

THIS THE
BASE YEAR

COMPUTE
CONSTANT BY
WHICH BASE

YEAR IS

SHIFTED

COMPUTE
NO. OF NEW
CARS IN
YEAR

COMPUTE TO-
TAL VEHICLE-
MILES FOR
THE YEAR

COMPUTE TO-
TAL VEHICLE
MILES FOR
OLD CARS

i

RETURN

l

COMPUTE NEW
VEHICLE-
MILES NEEDED

COMPUTE NO.
OF NEW CARS
NEEDED

COMPUTE
SHAPE OF
BASE YEAR
ILEAGE CURVE

SHIFT THE

> BASE YEAR

CURVE BY
THE CONSTANT

Figure A-7.

Subroutine TOTVEH
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ENTRY

PRINT
CONTROL
DATA

I

PRINT "C"
RATE OF
CONSUMPTION

FOR, BAEH FUEL

NO

PRINT "XN"
NEW CAR
MIX CURVE

v

PRINT "X"
TOTAL CAR
MIX CURVE

-

PRINT ''NC"

YES SURVIVAL

CURVE

PRINT "ISCR"
TOTAL NOQ.
OF VEHICLES

SCRAPPED

v

PRINT "S"
SURVIVAL
FACTOR
CURVE

I

PRINT "Q"

TOTAL VEHI-

CLE POPU-
LATION

:

PRINT "VM"
TOTAL VEHI-
CLE-MILES
DRIVEN

'

PRINT "M"
MILEAGE
DRIVEN BY
AGE

y

PRINT "N"
DISTRIBUTION
WITH TOTALS
FOR EACH YEAR

:

PRINT TOTAL
NO. OF NEW
CARS ADDED
OVER ALL YEARSY

I

PRINT "F"
TOTAL FUEL
CONSUMPTION

CURVE

Figure A-8. Subroutine PRNTAB
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ENTRY

RETURN

YES
INITIALIZE
PLOT BUFFER
AND SET
ORIGIN
PLOT "Q" SUB
AS Y-AXIS Y P AXIX
PLOT "VM" PLOT
AS Y-AXIS > ARRAY
POINTS
v
PLOT "ISCR" SPACE PLOT-
AS Y-AXIS > ER FOR
NEXT PLOT
PLOT TOTAL NO RESET
"F" As » NEw
JEAS ORIGIN
YES
| PLOT “F WRITE END
FOR GIVEN ON PLOT
FUEL CAT. B
AS Y-AXIS 1558

( RETURN )

Figure A-9. Subroutine PLTOUT
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RETURN

Figure A-9.

SUB PLOT 'XN"
FOR GIVEN
WALIHIR FUEL CAT. [ %
AS Y-AXIS
SUB PLOT "X"
| 3| FOR GIVEN >
MAXMIN FUEL CAT.
AS Y-AXIS

Subroutine PLTOUT (Continued)
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ENTRY

AXIS LENGTH
SET EQUAL
TO NO. OF
FUEL CAT.

COUNTS PER
INCH SET
EQUAL TO

1

AXIS LENGTH
SET EQUAL
TO NO. OF
AGES - 1

COUNTS PER
INCH SET
EQUAL TO

1

NO

m\
ONI: INCH

YES

HALVE THE
AXIS LENGTH
AND DOUBLE
COUNTS PER

INCH

ADD ONE
INCH TO THE
AXIS LENGTH

A

PER YEAR
FIT

COMPUTE NEW
AXIS LENGTH

AND COUNTS
PER INCH

Figure A-10.

Subroutine AXIX




PLOT

TAPE
DRAV LINE "
FOR AXIS 7 Y
PLACE TIC
MARKS AND >
SCALE ON
AXIS
) WRITE YEAR
YE
S TITLE ON }——p
AXIS
NO RETURN
WRITE FUEL
CAT. TITLE}p—
ON AXIS
RETURN
WRITE AGE
TITLE ON »
AXIS

RETURN

Figure A-10. Subroutine AXIX (Continued)
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ENTRY

COMPUTE MAX.
AND MIN.
VALUES FOR
INTEGER ARRAY

: l

SET FIRST

WALUE FOR AXIS
AND COUNTS RETURN
PER INCH

COMPUTE MAX.
* AND MIN.

—1  VALUES FOR

FLOATING-
POINT ARRAY

SET FIRST
UALUE FOR AXIS
AND COUNTS RETURN

PER INCH

Figure A-11. Subroutine MAXMIN

56



APPENDIX B
LISTING
HIGHWAY FUEL CONSUMPTION
COMPUTER MODEL
(VERSION 1)
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