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Abstract

Learning curves or improvement curves have been in use for a few
decades. The theory is based on the fact that as an operation is repeated
many times, learning occurs and the operation IS able to be performed more
efficiently. The theory was originally based on manual operations, but it
was later discovered that management type improvements such as va lue engi-
neering, work simplification , better tooling , more efficient repetitive
procurements, etc. also occurred, renderin g learnin g curve theory useful
to almost all production.

Learn i ng curves are time independent. The only terms in the equations
are unit numbers and costs. Learning curves generall y only deal with con-
stant year dollars due to the large fluctuation in inflation rates. In
many cases, the entire effect of learning is overridden by the increase in
costs due to inflation .

The learning curve Is a curve on square graph paper, asymptoti cally
approaching zero cost as the unit number approaches infinity. It is , how-
ever, a stra i ght line on log-log paper where the distance between doubled
quantities is equal. The “slope” comes from the slope of the stra i ght
line on the log-log paper. A plot of the learning curve on log-log paper
can be used to estimate future costs for Individua l units. It is more
difficult , however, to estimate the average unit cost for an entire pro-
duction lot since the cost of each unit will be different. The algebraic
lot midpoint is the unit number in a lot that has the average unit cost
for that particular lot. The computer program described in the handbook
necessary to utilize learning curves for estimating future costs.

This computer program was written with the casua l computer user or a
person who never used a computer in mind . The user, however, should be
familiar with the usage of learning curves In order to Interpret the
results. An English language question asking for data prompts the user.
There is no required format for data entry. if “meaningless” data is
entered, the user will be given another chance to enter “meaningful”
data. The user is given a chance to correct any data before the calcula-
tions are made.

Any coments for Improvemen ts or correct ions to this  program or
requests for a source code listing should be directed to the Cost Analysis
Div i s ion, Systems Evaluation Off ice (DRDAR-SEC), ARRADCOM, Dover, NJ
07801.
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INTRODUCTION . 

-

This interactive coRputer program uses the unit learning
curve of the form y ~ AXD where y - cost of unit x, A = theo-
retical first unit cost and B — Log (learning slope)/Log (2).
With this curve, the cost of unit #2N will be equal to the
cost of unit IN times the learning slope, i.e. for a 90%
learning slope, unit #2 will cost 90% of what unit #1 did;
the cost of unit #200 will be 90% of the cost of #100.

This free format input program opera tes in the following
modes :

Mode Operation

1 (input) - you input data to find the slope and theo-
retical first unit cost by regression analysis

2 (input) - you input slope and first unit cost or
the average cost for a given lot.

3 (output) - will give you predicted average unit
costs for up to 100 production lots.

S Stops the program.

I Lists instructions.

M Lists modes.

- You can go back and forth between modes as many times as you
like. The computer will ask you what mode you want . You
respond by entering 1, 2, 3, I, M, or S.

- When in mode 3, the slope and first unit cost from the last
time you specified them (as in mode 1 or mode 2) will be used.
You will be able to change modes if you wish. .~ /

- You must enter the slope and first unit cost via mode 1 or
2. If you enter mode 3 before 1 or 2 , the program will auto-
matically put you in mode 2 then return to mode 3.

- When entering unit or quantity numbers, you must include all
zeroes, i.e., 1 million must be entered as 1000000. The
decimal point is optional. You cannot simplify by considering
IC units or million units. You cannot enter commas.

2
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- When entering costs, you can enter all costs as dollars, IC
dollars or M dollars juSt as long as you are consistent through-
out. The output of costs will be in the same scale as the
input. The decimal point is optional.

- Trailing zeroes after the decimal in any input need not be
entered.

- Leading zeroes before a decimal in any input need not be
entered.

L



Access

- Log-in with your valid user name and password .*

- Extend the time limit, attach and execute the program as
follows :

Computer Types You Type (followed by carriage return)

COMMAND- ATTACH,A ,LCURVE,CY=l , ID~DRDAR ,MR= 1

COMMAND- ETL,100

COMMAND- A

- Answer all questions as asked by the computer.

- All input is free format up to 10 characters with one input
per line entry, followed by a carriage return .

- To correct data before you hit carriage return “CNTRL” and
“H” will backspace 1 space when simultaneously pushed.

“CNTRL” and “X” simultaneously pushed will “erase” the
entire line input in the buffer memeory , but does not physi-
cally backspace the carriage .

“CNTRL” and “2” simultaneously pushed will stop program
output.

%A Will abort program execution.

You can use “y” for “yes” and “n” for “no” when answering
questions.

*To get your own username and password , contact MISD , X6303.

A
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MODE 1 OPERATION

Mode 1 will calculate the slope and first unit cost result-
ing frgm a least squares curve fit of the data to the equation
y = axD. It also gives you a correlation coefficient , r , to
tell you how well the data fits the curve . R will vary from
+1 to -1 , with -1 being a perfect fit and - .8 being an accept-
able fit.

You must enter at least two data points. When you enter
only two, the line will go through both points and R will be
equal to -1.0. It is best to use as many data points as you
can to minimize the effects of any one “bad” data point , i.e.,
one that may be too low due to a contractor ’s “buying in” or
one too high due to hidden costs.

Each data point must contain the following information :
the unit number of the first unit of the lot , the quantity of
items in the lot, and the average unit cost for that lot.
The quantity in the lot must be greater than or equal to 1.

The average unit cost for the lot is found by dividing
the total cost for the lot by the quantity in the lot.

The lots do not have to be consecutive or in any particu-
lar order.

When you enter a lot with a quantity greater than 1, the
computer calculates the unit number of the lot mid point , which
has the average unit cost for that lot. The regression is
done on the basis of unit number being the independent vari-
able and cost being the dependent variable. The equations used
for calculating the lot midpoint and for the regression equa-
tions are presented in Appendix A.

After you enter your data , you will be given a chance to
make corrections to any of the data you previously entered , or
add more lots. If you have no changes or when you are done
making changes , the computer will type out the slope, theo-
retical first unit cost and the correlation coefficient . You
will then be asked if you want a table of the predicted unit
costs vs your inputted unit costs for all of the lots you
entered . After this , you will be given a chance to change
modes. If you go to Mode 3, the value of the slope and first
unit cost will be automatically transferred .

~~Itt ~~*‘
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MODE 2

Input in mode 2 consists of one data point and the slope.
The slope can be entered as a decimal or a whole number. For
example 90% can be entered as 90 or .9. The data point con-
sists of a lot and its average unit cost. For entering the
lot information the number of the first unit of the lot and
the quantity of units in the lot must be entered. Both
numbers must be greater than or equal to 1. When entering
the first unit cost in this mode , the first unit in the lot
is 1 and the quantity in the lot is 1. Neither quantity can
be in any units other than 1, i.e., not thousands or millions
Decimals are optional when entering unit numbers, quantities ,
or costs. Cost can be entered as dollars , K dollars , !~ dollarsor any other units such as foreign currency , labor hours, etc.

6
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MODE 3

This is the output mode that puts the learning curve to
work for you , estimating future costs. You must have entered
enough information about the learning curve before you can
start using it. This information must come through mode 1 or
mode 2. If you enter mode 3 before providing any input in
mode 1 or 2, the program will automatically put you in mode 2
before proceeding with mode 3. This input defines where the
curve starts and the direction it takes. Now you have to tell
the computer where on the curve you want the average unit cost
calculated. To do this, you must enter the unit numbet of the
first unit in the lot and either the quantity of units in the
lot or the number of the last unit of the lot. This can be
done in a number of ways. At least 1 unit must be in each lot.

For the first lot entry you must enter the number of the
first unit of this lot when asked. You will then be asked for
the quantity of units in the lot. If you respond with a
number greater than or equal to 1, the computer will have
enough information to make all remaining calculations and will
do so. If you respond with a question mark (?), then the corn-
puter will ask you the unit number of the last unit of the lot.
You must respond by entering a number greater than or equal to
the number of the first unit of the lot. The computer will
then make all the remaining calculations for the lot.

You will then be asked if you want to get information on
another lot. Your response must be “yes”, “no”, or “=“ (Y , N,
or -). If you respond “yes”, you will be asked to enter the
first unit in the lot and the lot quantity or last unit number
in the lot as before. If your answer is “ “ , the computer will
add a lot with the quantity equal to the last entered quantity
beginning with the unit after the last unit of the previously
entered lot. If you answer “no”, the computer will go on to
the next phase. You can enter up to 100 lots. The lots do
not have to be in any particular order and may be overlapping .
The lots can contain as little as 1 unit. Remember that unit
numbers and quantities are in quantities of units. They cannot
be simplified by considering them as thousands of units or
millions of units because the answers will be different.



When you have no more lots to enter , respond to “another
lot: with “no.” The computer will then ask if you want to
see all the above input and output in tabular form . If you
respond “yes”, you will get it. If you respond “no” or when
the computer has f inished printing out the table , you will be
asked if you wish to see what would happen if the lots you
inputted were on a different learning curve. If you do want
to see the results on a different learning curve , answer “yes.”
You will then have to enter input as though through mode 2:
the slope and one lot data point (quantities and cost). The
data point can be the same as you entered when you did the
original run or it can be different and the slope unchanged ,
but you must reenter it. You may repeat this section as many
times as you like, seeing the effect that different changes to
the learning curve have on the average unit costs for each of
the lots.

When you have finished mode 3, you will be asked which
mode you wish to use just as you were asked when you finished
modes 1 and 2. You can go back and forth between modes as
many times as you wish before stopping the program .

To stop the program use mode “stop” or “s.”

When you do stop the program , remember to type LOGOUT when the
computer types COMMAND. When the computer finishes typing out
the charges to your cost center , turn the terminal off.

‘4
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Examples

The following examples demonstrate operation of all models/options of this
program:

Example 1 shows how to access program , get instruct i ons , stop the program
and get off the computer.

Example 2 shows how to utilize all other features of the program.

Note that all inputs to the computer were circled for clarity.

A carriage return follows every line entry . In examp~. 1 , the pro-
gram user logged in with his user name and password . The password is
always typed over to protect it from being copied . You ~iave to obtain
your own user name and password from MISD (6303) before you can use the
computer. You will also get a list of phone numbers for using dial-up
terminals .* When you dial up/turn on the termina l , you w i l l  be g i ven a
short message Including the date and time , then you will be asked to log
in. You will then have to type - LOGIN , your username. When asked to

~ier your password , you will have to enter it. You w i l l  be gi ven three
chances to correc tly log in and enter a password before getting any warn-
ing messages.

When you are correctly logged in , the computer will type out the date ,
time and other messages , then put you in the COMMAND mode, prompting you
with the work “COMMAND” when it is ready for another instruct ion from you.

To access the lea rning curve computer program , you will have to enter
the following three instructions when the computer types “COMMAND.” At
the end of each instruction you must depress the carriage return key.

Computer types You type

COMMAND - ATTACH ,A ,LCURVE ,CY— 1 , I D—DRDAR ,MR— 1
COMMAND - ETL, 100
COMMAND - A

You wi l l then be operating the interactive learning curve program. It
will list the modes of operation and ask which mode you want to use. The
example shows the results you get when you use mode “M”, mode “I” , and mode
“S” for l1sti ~ j modes, getting additiona l instructions and stopping the pro—
gram respectively. When you stop the program , you will return to the corn-
puter COMMAND mode. If you wish to run the learning curve program again
you only have to type the third Instruction when the computer prompts you
for a comand as follows:

H *Note: User names, passwords and computer phone numbers In combination
are classified For Official Use Only.

9



Computer types You type

COMMAND A

If you want to get off the computer, respond to “COMMAND” with “LOGOUT.”
Turn off the termina l when the computer completes typing out the b illing
message.

10
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EXAMPLE 1:

Shows how to access the learn ing curve computer program, get instructions ,
stop the program and get off the computer.

Note: You will need a valid user name and password to use any of the computer
facilities. Contact MISD, ~6303 for further instructions on how to get a username and password. Append i x B contains a l i s t of a l l  ARRADCOM term i nal
locatIons/types. (All “user” inputs have been circled for demonstrative
purposes.)

- A JN fERUOM 4 • ~~~~~~~~~~~~~~~~~ yOUJt oa*t u4eft namc~
L)A !E 06/ 2 8/ / 1 i
f 1~~E 1 3 . 2 2. 14 .

~~~~T~, t ernh t I I ~)~~~

~~~~~~~~ ~~
E s ) : u ,,/ 

yoult oust p auwo ’4

~~~~/ ‘ - ~ / / r1 LO~ 3Ei) I N  AT 13 .2 2 . 4 1 .
M i f i  U~5~~ — ID
E) UIPLP’)Rf 4l/~)l~-~C)~ MkNI) — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ 
—

~.. ,) !

r i l s  P N O URAM ()I’EJIAT ES IN filE FOLL O~ I NU MODES
MOD E OP E R A T ION

I ~?EGRE SS!( lN TO FIND LEAUNIN~J SLOPF
2 NONMAL INP’J r TO ~j E N E , I f r tF E  LEARNING CURVE
3 OUTPUT OF ESTI MAT ED COSTS u S I N G  LE APL4 I NG CURVEs
S STOP
I TN S T h I I C T T O N S  -

~~~

LI ST MODES

v~- •
~~-~

-
-

11
¶ 4s~
H
_ _ _  

_ _ _ _
_ _ _

_

- ~~~~~~ ~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ 

•
~~



.1 11 C l  MOD E 0-) y o’J ~ANTl

MO DE

flI~ i’ROORA4 O~ ER1,ff ~S IN LIE FOLLOv,ING MODES
OPENA TIO:4

I REGRESS ION TO FINL) LEARNING SLOI~E
2 NO1~MkL INPUT TO GENERATE LEAI~~ING C’h~V E
3 OUTPUT OF ESF EMAI ED COSTS ‘JSING LEARNING CURVES
(3 STOP
I f,4STW IICTIONS
4 LI ST MJDES

~HI~2.I Mot)E D~
) Yo’J rIANT?

4ODE

I :‘~IS IRIJCTI ONS

40DE 1

~~Q!j j~~E5 INPUT FOPI TrIo O~ MORE LO IS AS FOLLOrIS
IdE t4UMSER OF ri-fE FE RST ‘JNE f [N lilE LOT

AND
THEE o’J AN T II Y OF ~J?4I TS IN Ti-f E LOT

I H~ LAST iI~4 If NIJW~ ER IN THE LOT
A ND

~i-IE AVERAGE ~JNI T cuSr ~-o~ fHE LOT
MUDE2

~?EO’J I 1?ES INPU T FOi~ ONLY 1 LOT AS ABO VE
PLU S

filE LEAR NINO SLOPE
M)DF. 3

dEOUIflES THE THE FoLLov~1r40 }
~OH EACH LOT YOU W A NT A COST

FtiE NIJMBEI1 OF THE FIRST UNIT IN THE LOT (I f  iILL BE SET
EO’JA L 10 I i-~LUS THE NUMBER OF THE LAST UNIT )F THE
PUEV IO~JS LOT IF YOU ENTER AN EQUAL SIGN C — )

ANIJ
ThE (.)UANT I fY (IF UNITS IN THE LOT

ON
ThE LAST UNIT I4UM~3ER OF THE Lot

4 .~ODE S

STOPS THE PROGRAM
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MODE

srrn- ’
.063 CP SECON[)S EXECUT ION TIME

COMM A ND—

1. 124 SEC. 1./24 AOJ .
SYS lIME 2.916

~ST. COST AT $390/rIR. — $ .3)
CONPIEC1 TIME 0 1-IRS. 2 41 N.
O~/28//8 LOGGED O’JI AT 13.24.46.
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EXAMPLE 2:

Shows how to use Mode 1 for curve fItting, Mode 2 for general input
and Mode 3 to get expected unIt costs from the learning curve, and demon-
strates method for switching between modes.

(All “user’ Inputs hve been circled for demonstrative purposes.)

COMMAND—~~~ Example 2a

U rilS PROIJRA )PEHATES IN IHE FOLLOftIN(3 MODES
MODE () PERA IOr4

I REGRESSION TO FIND LEARNING SLOPE
NUH,4AL INP’JT To ~ENERATE LEARNING CURVE

3 OUTP’JI * ESIIMATE D COSTS USING LEAAi~Ii~G CURV ES
S SlOP
I t N Sr i~”cr roNs
M LIS T MODES

i i-I ICH MODE DO YO U RANT?

fHIS MODE Y4ILL GIVE YOU THE SLOPE A~ U k-IHSF liMIT COST
iolI ~ ILL tIAV E 10 ENIEft THE NUMBEd (IF LoTS

PLUS
1~-lE Fr~ sr (JNIT .‘4UW B ER IN EAC H LOT — A ND —
NE ‘)UANTITY I.~4 EACH LOT — AND —

IdE AVERAGE (JNII COST Fok THE LOT

PLEASE ENTER NE NUMEJER (IF LOTS...

ENTER FI R ST U N I T  (IF LOT OR •‘“ I

EN TER TOTAL O~J A N T I T Y  IN r~u s Lor
E~TF~ AVE RAGE U N I T  COST (IF THIS LOT
ENTER F IR ST UNIT  (IF LOT OR a— ”  2

ENTER TOTAL QUANTITY IN ThIS LOF

Er4rE R AVE RA GE U N I T  COST (IF ThIS LOT

0(1 ioU RANT TO MAKE ANY CORRECTIONS e

-

~~~~~~ Y~S OR NO 
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C - .  .

Example 2 demonstrates this usage of modes 1 , 2, and 3. The f i r s t
part of this example (2a) shows usage of mode 1 , regression ana lysis ,
usin g only two points. Since only two points are required to define a
l ine , the line will exactly go through both points and the correlation
coeffi cient will equa l -1.0. Note that the first lot entered was for a
lot of 1000 units beg inning with unit #1000 and that the second lot was
for a quantIty of 500 unIts beg inning at unit 15000. If the lots were
to be entered In the reverse order , the resul ts would st i l l  remain the
same.

In this case the results were:

slope — 98.354235*
fIrst unit cost — 11907.779
correlation coefficient — —1.00000

In the tabular output you can see that the estimated costs were equal
to the Inputted costs for both lots . This would not be true if there
were more than two points and if the correlation coeffIcien t was not
-1.0. The sIx column s for the tabular output are as fol l ows: lot number

• (lot), uni t number of the first unit of the lot (First Unit), lot quan-
tity (Quantity), lot algebraic mid—p oint (Avg Unit), inputted average
unit cost for the lot (Your Cost), and predicted or estimated average unit
cost for the lot (Est Cost).

15



SLOPE = 98.3~4235% i-IRST UNIT COST = 1)907.1/9
THE CORRELAtION COEFF IC IENT , R= —1.00000
Do YOU .~ANT To SEE A TABLE OF PREDICTED COSTS
V S. YOUR INPUTT ED COSTS FOR EACH LOT?
YES OR NO

LOT FIRST UNIT OUANIITY AVG UNIT YOUR COST EST COST
1 000. 000. 14/0 . 1 0000.00 1 0000.00

2 ~O00. 500. ,241. 9/00 .00 9/00.00
MODE

STOP
.12/ CP SECONDS ExEcur loN TIME

16
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Example 2b shows the usage of node 1 wIth six data points to determine
the learning slope and how well the “curve” fits the data . The firs t lot
started with unit 1 and contaIned 100 units at an average unit cost of
$1000. Note that for the second lot , when the computer asked for the unIt
number of the first unit , the response was “— .“ ThIs told the computer
that this new lot would i ninedlately follow the preceding lot. Lot 2 con-
tained 100 units at an average uni t cost of $950. The following chart
sumerlzes the Input for lots 3 through 6.

Lot # First Unit Quantity Average Unit Cost

3 1000 497 672
4 1700 350 699
5 2500 500 500
6 5000 1000 422

In the example, it was decided to make a correction to lot 4, changIng
the first uni t to 1701 , the quantity to 300 and the average unit cost to
$350. That was the only correction to be made . The computer then fit a

• learning curve to the data with the following results:

Learning slope — 87.309%
Cost of unIt #1 — 2195.897
CorrelatIon coefficient — - .87978

While this Is a reasonable fit of the learning curve to the data point
(correlation coefficient less than -.8), none of the data points fall exactly
on the line. This would be expected in a real life sItuation . From the
table of predicted costs vs inputted costs, you can see the d I f fe r ences as
calculated below.

lot % ratio of inputted to estlmted costs

1 91*
2 115*
3 124%

70%
5 107%
6 104*

t .
-: . 
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4rl IC- 1 MODE DO YOU

MODE 
E~ a*p1e 2b

t H I S  MODE vfl LL GIVE YOU FHE SLOPE AND FIR ST UN! U COS T
YOU ~ !LL HAVE TO ENTER THE NUMd EH ( II- LOTS
PL JS

TIE FIRST UNIT NUM~3ER IN EACH LOT — AND —
filE QUANTITY IN EACH LOT — AND —
liE AV ERAGE UNIT COST FOR THE LOT

PLEASE ENTER filE NUMBER OF LOTS...

ENTER FIRST UNIT OF LOT OR ‘=‘ I

ENT ER TOTAL O’JAI4T 1 fY IN ThI S LU!’ Cj~~
EN TER AVERAGE ‘JNIT COST OF THIS LO~

ENTER FIRST UNIT (IF LOT OR =“ 2

EiJTEJI TOTAL QUANTI F Y IN THIS LOU

EN I ER AVERAG E U N I T  COST OF THIS LOT

ENTER FIRST UNIT (IF LOT (JR ~~~ 3

ENTER tOTA L 01JAN1 1 LY IN HIS LOT

ENTER AV ER AG E u N IT  COS T OF THIS LO~
ENTEM FIRST UNIT OF LOT OR ‘~~~‘ 4

ENTER To TAL QUANTITY IN THIS LOT

ENTER AVE RAGE UNIT COST OF THIS LOT

ENTE R FIRST UNIT (IF LOT OR “—“ 5

ENTER TOTAL QUANTITY IN THIS LOT

EN TER AVERAG E U NI T  COST OF THIS LOT

ENTER FIRST UNIT OF LOT OR ‘ a ~~ 6

ENTER TOTAL QUANTITY IN THIS LOT

ENTER AVERAGE UN IT COST OF TH IS LOT

18 
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- -

DO YOU ~1ANT To MAKE ANY CORR ECTIONS e
YES (JR NO

ENTER LOT NU~BEi~~~

EN TER F I i ~Sr ‘I’~I f OF LOT OR d= hl 4

ENTER TOTAL QUANTITY IN THIS LOT

EN fEi~ AVE RAG E IJf~If COST OF THIS LOT

1)0 IOU PlANT T~
) MAKE ANY CORRECTIONS ?

YES OR NO

SLOPE = 8/. 3O94 9/~ FIRST UNIT COST = 2195.691
fIE CORRELAT ION COEFFICIENT, R~ — .HI9Io
Di) YO U PlANT TO SEE A TABLE (IF P~ EO1C TEL) COSTS
VS. YOUR INPIJ~ El) COSTS FOR EACH LOT?
YES O~ No

LOT FI~?ST UNI T QUANTITY AVG INI F YOUR cosr EST COST
I. l oX). 35. 1 000.00 1091.23

2 01. 0(1. 14 1.  ‘,~ 0.00 826.45
3 1 000. 497. 1238. 612.00 544.61
4 1/01 . 3)0. 1848. 3~0.OC) 503.53
5 2~O0. 5O0.~

’ 2145. 500.00 466.00
6 ~ 000. 1 000. ~49O. 422.00) 4O6.8~

I. ’ 

:~~~~~~ *~~~~~~~~~~~~~
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Example 2c shows a mode 1 (regression) using only 4 data points.
Note that In this case the correlation coefficient is only — .67, indicat-
ing a rather poor fit. In a case such as this , you could not reasonably
use the resulting 75* learnIng curve as an effective predictor of costs.
The errors would be too large.

Example 2d shows entry of data through mode 2. A slope of 93% was
entered as .93. In this case, the first unit cost is being entered.
SInce all quantities must be entered as though for a lot , the first unit
in this “lot” Is 1 and the quantity is 1. The cost was entered as 2357.

Example 2e shows the usage of mode 3 using the learing curve inputted
through mode 2 in example 2d. Mode 3 is the node that puts the learn ing
curve to work as a predictive tool. When entering information about the
lots you want average unit costs for, you must enter the unit number of
the first unit in the lot and either the quantity of un i ts in the lot or
the last unit number In the lot. If an equal sign (-‘) is entered for the
first unit number in the lot, the computer will add 1 to the last unit
number of the previously entered lot and use the result as the first unit
this new lot. if the response Is a question mark (?) for the lot quantity ,
the computer will ask for the last unit number of the lot. This number
must be entered. After all this information is entered , the computer will
calculate the lot midpoint , average unit cost and total lot cost. in this
example the unit number of the first unit of the lot was entered as 50 and
the lot quantity was entered as 50. The computer calculated the unit
number of the last unit of the lot to be 99, the lot midp oint to be unit
73, the average unit cost to be 1504.28 and the total lot cost equal to
75214. After doing the calculation for this lot , the computer asked if
the user wanted to do another lot. There are three acceptable replies:
Yes (Y), No (N), or equal (u). The first two are obvious. if you
respond “ —“ , the computer will construct another lot equal in quantity to
the’ previous lot imediately following that lot. in this case, the
answer to another lot was “yes” and the response for the first unit in
the lot was “ —“ with a quantity of 100, meaning that the user wanted to
have another lot beginning with unit 100 having 100 units in ft. After
the computer printed out the ~osts for this lot it asked if there was to
be another lot. in this case the response was “.“ so the computer did
the calculations for a third lot with a quantity of 100 beginn i ng at unit
200. In this example , 10 different lots were entered before answering
“no” to “another lot.” Then when the computer asked if the user wanted a
sumary of the output in tabular form , the response was yes. This table
appears ri ght above the beginning of example 2f on page 26.

Exanole 2f shows how a sensitivIty ana lysis can be performed to see
what would happen to unit and tota l costs for the same lots If a different
learning curve were to be used. The computer then gives the user a chance
to add new lots or make corrections to existing lots before changing the
learn i ng curve. In this example , lot 3 was changed from a quantity of 100
units begi nning with unit 200 to a lot of 200 units beg i nn in g w ith uni t
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201. Another correction was made . The response to “wh ich lot” was 123.
Since it was greater than 100, the lot number had to be reentered. The
reply was 99 for the lot number which was acceptable , but since there
wert onl y 10 other lots, this lot was packed down to lot number 11 by the
computer. This added a new lot to those to be looked at on the new learn ing
curve.

Since the user wanted to see the results on a new learn i ng curve, he
had to enter the slope, unit number of the first unit of the lot , the lot
quantIty and average unit cost for the lot exactly as though in mode 2.
in the example a 90% slope was chosen with the lot being only unit 1 with
unit cost of 2357. This happens to correspond to the same first unit cost
from the preced i ng example with a different slope. The resulting table
shows that the effect of the steeper slope k lower costs (as would be
expected).

F
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~0DE

TH IS MODE ~TLL GIVE YOU THE SLOl~E AND FIRST UNIT coS r
YOU r~!LL HAVE TO ENTER THE NUMBER OF LOTS Example 2c

PLUS
THE FIRST UNIT NUMBER IN EACH LOT — AND —
TIlE QUANTITY IN EACH LOT — AND —
TIE kVERAG E UNIT COST FOR ThE LOT

PLEASE ENTER THE NUMBER OF LOTS...

ENTER F I R S T  U NI T OF LOT OR H

ENTER TOTAL QIJANT IrY IN THIS LOT

ENTER AV ERAG E U N I T  COST OF THIS LOT

ENTER FIRST UNIT OF LOT OR •‘=“ 2

ENTER TOIAL QUA NTITY IN TH I S LOT

ENTER AVE R AGE ‘JMIT COST OF THIS LOT

ENTER F lUST IJNI F OF LOT (JR “ “  3

ENTER TOTAL QUANTITY IN THIS LOT

ENFEJ~ AVER AGE UNIT COST OF ThIS LOT

ENTER FIRST UNIT OF LOT OR ‘=“ 4

ENTER TOTAL QUANTITY IN THIS LOT

E~4TE.-I AVERAGE UNIT COST OF THIS LOT

Do YOU PlANT TO MAKE ANY CORRECTIONS?
YES OR NO

SLoPE = 15.37495 7% FIRST UN IT COST = 4972 .’~~4
~HE CORRELATI ON COEFFICIENT , R~ — .o/ I80
DO YOU PlANT TO SEE A TABLE OF PREDICTED COSTS
VS. YOUR INP (J  ED COSTS FOR EACH LOT?
YES OR NO

LOT FItIST UNIT QUANTITY AVG UNIT Yotik COST EST COST
4 I I. 00. 31. 1 000.00 1231.82

2 500. 100. 548. 1 000.00 379.10
3 601. 400. /89. 3s0.00 321.42
4 1001. 350. 1169. 22.00 2/8.82 -~~

— S
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‘4ODc
Exaa ple 2d

EN TER SLUk’E AS A DECIMAL

EN TER FIlE UNIT NUMBER OF THE FIRST UNIT
IN LIE SAMPLE LOT

E~ TER THE TOTAL QUA NTITY (IF ITEMS IN THIS

~AMPLE LOT

ENTER AVERA GE UNIT COST i-OR THE SAMPLE LOT

SAMPLE LOT JAT ~ F OLL OWS.
SLOPE = .9300

~IR Sf UNIT NUMBER 
= I.

LAST UNIT NUMBER 1
T OTAL LOT QUANTI TY =

A V E .4A0E UNIT COST Fft1 THIS LoT 23~~/ .OX )
f 1 EO~ E f  AL F I R ~D f  UNIT COST = 235 1 .00
MoDE 3 Example 2e

1U11 3 NUDE ~vILL ‘JIVE YOU THE ESTIMATED AVE RAGE
UiF~ Ct )Sf FOR AN Y L: ) f  ouANrj 1?. INPUT To THIS MODE
MJ J T COME rR’)M MODE l (~~“ W UD E2 .

Y )T J PlANT TO CHANGE MODES’:’

)A f ~ F N Fid Fu ,? EAC H LOT PILL ~Et - I - ~~T !J t - j J f  N’ J M~ Et~ =
~ IJ~ Nf J F Y  IH L o f=
LA -~r ~ i i r ~~~~It~ ioU ~~SPoND TO “ANOTHE R LOLe” PITH AN EQUAL Sliri (=) ,

1~ ’J ~lLL GET AN A DD—ON LOT of- EQ ’A L QUANTITY TO) THE LAST
~~R I tIE i-’t~Ev Lu ’J S LY E’~TEREU LOT

r4~~~i 4~)RE It1 STRIJCTI’r~S?~~~~~

Ir Y - ) ’ i  F I l E R ‘ ‘  FOR FIKST ji~j ’ f  NUMBER ,I r  n I L L
A UF ()4*TICALL Y’ ~4E SET EQUA L To ThE LAST UNIT N LLMBER
tiF l I E  I~RE 1 I f l J  LO T PLUS I
It — ~~“J ENTER ‘ ? “  FOR LoT OUA NTIrY , YoU nILL HAVE 10
E’i 1E~ THE UNIT NUMBER OF THE LAST IJNJT IN THE LOT
LE & R~~~ I No SLoPE = .9 30

ll ~ .~~ Ft~ ST INI U NUMBER oR ‘“

ENTER QI JANI I TY IN Lot OR

LA ST UNIT NU~WER = 99.
LOT ~iIL )?O1NT = 13.
AV ENAGE UNIT COS T I504.2~-TOTAL LOT COST 7~ 2 i 4.
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ANOTHER LOT?
Y,N, OR =

EN fE~ FIRST UNIT NUMBER OR

ENTER OtIANT I rY IN LOT OR

LAST UNIT NUMbER 99.
LOT MIDPO INT = 146.
AVERAG E UNIT COST 1 398.41
rOTAL LOT COST 13984/.

Aw orl-IER LOT’?
Y, N, OR =

FIRST UNIT NIJMBER = 200.
1J(JAN T IT Y IN LOF = 00.
LAST UNIT NUMBER = 299.
LOT P~1IDPOINT = 248.
AV ERAGE ~INIT COST 1423.53
F-)TA L LOT COST i323~ 3.

ANOTHER LOT?
Y,N , OR =

ENTER F IRST UNIT NUMBER OR “ “
ENTER QUANTITY IN LOT OPi

LAST UNIF NUMBER = 1499.
LOU ~IU P O I N T  = 1240 .
AVERAGE UNIT COST 111 8 .10
[OrAL LOT COST ~~v048.

ANOTHER LOT!
(JR —

ENTE R FIRS T UNIT NUMBER OH “ = “

EN rEkI QUAN TITY IN LOT OR

LAST UNIT NUMBER — 4999.
LOT MIDPOINT — 361 1 •
AVERAGE UNIT COST 998.02
TOTAL LOT COST 249~049. 

- 
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A NOTHER LOT ?
i,i4 , OR = (~

)
FIRST UNIT NiIMc~ER 5000.
QU A N T I T Y I N LoT = 2500.
LAS T UNIT NUMBER 1499.
LOT MIDPOINT = 6203.
AVE RAGE UNIT COST 944.68
TOTAL LOT CoST 2361695 .

ANOTHER LOT?
Y ,N , OR =

EN FER FIRST UNIT NUMBER (JR

ENTER Q UA NT ITY IN LOT OR

LAST UNIT NUMBER = /500.
LOT MiDPOIN T = 2611.
AVERAGE UNIT COST 1034.2O
T OTAL LOT COST 1156913.

A NOTHER LOT:’
? , N , OR

FI RST UN II NUMBER = .150).
C.~JANVI TY I N LOT = /~ 00.
LAS ! Ut-lIT NUMBER = ‘ 15000.
HIT MI [WOTN’r = 11014 .
A VLRAG E UNIT COST 889.56
T O T A L  LOT COST 66/I /32.

~~~N O f h E R  LOT’?

ENTER FIRST UNIT NUMBER OR “~~~~

E:~TEil )!,ANrIr y IN LOT OR

LAST UN IT NU~ bER = 1 0000.
• - LOT NIiJPOINT = 1 0000.

A VER A G E UNIT COS T 898.61
corA L LOT CoST 899. 

- 
-
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ANO THER LOT?
i,N, OH =

ENTER FIRST UNIT NlJM~ER OR ~
‘=“

ENTER QIJANTI TY IN LOT OR

LA S’I~ UNIT NUM BER 20000.
LOT •~IDPOINT = 20000.
AVERAGE UNIT COST 835.11
TOTAL LOT COST 836.

A NO flIER LOTI
Y , N, OR =

DO YOU PANT TO SEE OUTPUT IN TABULAR N)kM?~~~~~
LEARNING SLOPE = .930
THEORETICAL FIRS T UNIT COST — 23~~/.0()

LOT FI RST UNIT OUANT I’TY LOT AVE RA G E TOTAL
0 NUMbER IN LOT MIDI~OINF uNIT COST LOT COSt

1 sO. 50. /3. 1 504.28 I~ 2 I 4 .
2 1 (X). 00. 46. 1398.4? 13984/.
3 200. 00. 248. I32 3.~ 3 1 323t)3.
4 000. 500. 1 240. 1118.1 0 s59048.
S 2s00. 2500. 36/I. 998.02 249~049.6 s000. 2500. 6203. 944.68 236169s.
/ 1. /500. 2611 . 1034.2ô lI~o9I3./50). lsOO. 11014. A89.56 6 6 1) 1 3 2 .
9 I 0(X)0. I. )0(X)0. 898.61 899.
10 200(X). I. 20000. 83s.11 836.

Do) YOU PISH TO SEE THE RESULTS OF ‘THE ABOVE LOTS
ON A DIFFERENT LEARNING SLOPE’?

L)O YUII PlANT TO MAKE ANY CORRECTIONS To ANY OF THE
ABOVE Lors ,o,i ADD ANY NEn LOTS’? YES OR NO ‘ ‘Eft~~’i’e 2f

w f f l I C r t  LOT’I~~~~

ENTER FIRST UNIT NUMBER OF LoT

ENTER QUANTITY IN LOT OR

LIST UNIT NU~BER — 400.

Li 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______
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ANOTH ER CORRECTION ?

sflIICrI LOT ? (
~ )

S’X~~Y ,  NOT E THA N 1 00 LOTS
~~ I C1 LOT? 99

H ’
~~ F I RST ‘IN IF NUMI3 EI1 OF LOT

E~4 ft: O (JAt4 1’! TY I N LOt: OR ‘

LAS’ ! U N I V  NUMBER = . 9999.
ANOIrJER CORRECTION?

ENfE~ SLOPE AS A DECIMAL

ENTPi? THE u NIT N’JMBER OF THE FIRST IJNIT
IN I IE SAMPL F~ LOT

ENTER THE TOTAL Q UANT I TY OF I TEMS I N  T H I S
SAMr ~’ .E LOT

E~IT1~ AV ERA O~ UNIT COS T FOR THE SAMPLE LOT

- ;A M P L’  LOT DR TA FOLLOPS.
= .~,‘ODO

F I E 1  ON [F N’JMJFi-? 1
~~ I i r l i  I !~‘J~ oL~ = I

I ) f ~ F ~~~ II [ f l Y  I
A ~

j .~~ ~ ;~ ‘IN! I Sf Fou ThIs LOT = 235/. (U
I i~~

:
~~~~~~~~ lICA L F I R S !  ‘J N ( T  COST = 23s/.00

L~~l rI1~J 
F IN! F QUANTITY LOT AVERAGE TOTA L

t I ~ ER I r i LOT MT PPOI N f UN! r COST LOt’ COST
* * * * * * k * k * * * *  * W *  * * *  * * * * * * ** * * *  * *

I ‘o .  50. /3. $ 228.20 61410.
0(1. $00. 46. 1104./9 1104/v .

1 201 . 200. 294. 993.52 198/04.
10) 0 . 500. 1240. 198.29 399l4~ .

2500. 3ool. 6/6.91 l o924I6,
6 5 000 . 2500. o201. 625.02 150254/ .
/ I. /500 . 2539. ($5 .89 5369 1 43 .
:1 /DOl. /sOO . 11004 . 5/2.84 4296276 .
9 I 0000. I • I 0000. 58) .23 58)

t O  20000. I. 20000. 523.11 523.
II 50000. 0000. 54912. 448.66 4486s80 ,

• I • 
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Exa~çle 2g shows the results of the previous 11 lots on still another
learning curve. This time it is a 85% curve based on a lot of 50 i tems
beginning at unit #50 with an average unit cost for the lot of 1228.20.
The table shows the resul t in g uni t cost for a l l  11 lots.

F 

Exar~ 4è 2h shows using mode 1 to generate a learning curve to be used
in modà 3. it is exactly the same as us i ng mode 1 without going into mode
3.

Example 21 shows the output of 5 lots from the curve generated in
mode 1.

Example 21 shows mode ‘s” usage to stop the prog ram and the LOGOUT
procedure and messages.

‘ 4
“IH
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i)O YOU Pfl Srl TO SEE THE RESULTS OF A BOVE LOTS
ON A DIFFERENT LEARNING SLOPE ? yes Example 2g

~)() YOU ~1ANT ‘TO MAKE ANY CORRECTIONS 10 ANY 01 TilE
A BOVE LOTS,O~ ADD AN Y NE~4 LOT SI YES OH No

ENTER SLOPE AS A DECIMAL

ENTER THE UNIT NUMBER Ot- THE FIRST UNIT
IN LIE SAMPLE LOT

ENTER THE TOTAL QUAN TITY OF ITEMS IN THIS
SAMP LE LOT

ENTER AVE RAGE ‘INIr COST i-OR TI-IE SAM PLE LOT ~~~~~~~ 2U

SIMPLE LOT DA TA FOLLOWS.
SLOPE = .8500

FIR ST iN!!’ NUMBER = 50.
L\SI’ UNIT NU.4BER = ‘ 99.
T O T A L LOT QUINT! TY = 50.
AV ~~NA(3 E UN I i  COST FOR TI-f IS LOT = I 228.20
IHEOR ETICA L F1151 UNIT COST = 3355.60
LoT rIRSI UNI T QUAN T ITY LOT A .dRAUE ’ TOTAL

0 NUJ4UER IN LOT MIDPOINT UNIT COST LOT COST
* * * * * * *  k * * * * * * * * * * * *k * ** * * * * ** * *

I 50. 50. /3. 228.20 61410.
2 $00. 00. $46. 1043.11 $ 04311.
3 201. 200. 293. 88~ .b5 I /111 0 .
4 1 0(Y). 500. 1239. 63I.i~ 3158/4 .
5 25(Y). 2500. 36o1. 490.03 1 225064.

sOO). 2500. 6198. 433.14 08284,.
/ I. (500. 2406. 540.13 4055s1).

I s O) .  /500. $ 0986. 3/8.13 284048/.
9 1 0000. I. $ 0000. 38/.18 38/ .

I’) 200(X). I. 2 0000. 329.10 329.
II s0000. $ 0000. 54906 . 2s9.1l 2~9/i3s.DO YOU Y4I SH TO SEE THE RESULTS OF THE ABOVE LOTS

ON A DIFFERENT LEARNING SLOPE?

29
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MODE Example 2h

NIS MODE HILL GIVE YOU THE ESTIMAIED A~ ERA UE
UNIT COST t-OR ANY LO)I’ Q UANT IfY.  INPUT TO) ‘THIS MODE
M’J S’T COME FROM MODE l OR MODE2.
IX) YOU v~ANf TO CHANGE MODES?

.40Db

THIS MODE v~ILL GIVE YOU FHE SLOPE AND FIRST UNIT COST
YO U •~ILL HAVE TO ENTER THE NUMBER Ot- LOTS

PLUS
f~IE FIuSf U NIT NUMBER IN EACH LO~ — AND —
THE JUANF I’VY IN EACH LOT — AND —
‘f-l b AVE RAGE UN IT COST FOR THE LOT

PLEASE ENTER THE NUMBER OF LOIS...

THE Nu MBER t)F~~~~ S MUST BE Ti~J OR MORE
H~h~ MANY LOf~ I0~)

SORRY, NOT MORE ‘THAN I 00 LOTS
~lOi~ MANY LOTS?

ENTER k- IRST UNI T OF LOT OR •=“ I

ENTER To TAL Q’JAt4T ITY 1i4 TH I S LOT

ENTER AVERAGE UNIT COST OE TillS LOT

ENTER F IRST UNI 1’ OF LOT OR ‘= “  2

Ei~fTEk TOTAL OIJINTITY IN THIS LOT

EN TER AV ERAG E UNIT COST OF TillS LOT

ENTER FIRST Ui41 F OF LOT (JR “=“ 3

EN TER TOTAL O’JANT ITY IN THIS LOT

ENTE R AVERA GE UN IT COST OF THIS LOT

DO YOU NANT TO MAKE ANY CORRECTIONS?
YES OR NO

SLOPE 89.’/ I os22~ I-INST UNIT COST 23i4.9~ I
THE COPMELATION COEFFICIENT , R — .99985

30
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DO YOU ~ANT TO SEE A TABLE OF PREDICTED COSTS
~S. YOUR INPUT ‘ED COSTS FOR EACH LOT?
YES OR NO es

LOT FIRST UNIT QUAP4rITY AVG UNIT YOUR GUST EST COST
I Ii. I. I. 23s/.0J 23 14.vs
2 100. 100. 46. 1105.00 IO~ B.2~
3 ~~~~~~ I • 20000. J.0() 503.86 ‘Example 2i

MODE 4~~
)

TrITS MODE HILL (JIVE YOU THE ESTIMATED AVERA GE
UNII COST FOR A NY LOT QUANTI TY . INP$J T TO ‘THIS MOV E
MUST COME FROM MODE l OR MOOE2.
Do YOU r~ANT TO Cu-lANGE MODES! (~~~)

LJATA ENTRY FOR EACH LOT MILL BE
FIRST UNIT NUMBER =

QUANTITY IN LOT
LAST UNI T NUMBER =

IF YOU RESPOND ‘TO “ANOTHER LOT?” HITi-l AN EUIJAL SIGN (),
YOU NILL GET AN A DO—ON LoT oi- EQUAL QUANTI TY TO THE LAST
AFTE R THE PREVI OUSLY ENTERED LOT
NEED MORE INSTRUCT IONS? no

LEARNING SLOPE = .89 1
ENTER F IRST UN!!’ NUMBER OR

ENTER UJIAN TI FY IN LOT OW

E’~TER LAST UNIT NUMBER

u’J ANTI rY iN Lu!’ = 1 000.
Lor .4IDPO !NT = 340.
AV E RAGE UNIT COST 9~3.ô8I’OT A L LOT COST 953682 .

ANOTHER LOT’!
Y ,N, OR =

FIRST UNIT NUM8ER 1001.
QUANTITY IN LOT = I 000.
LAST UN!!’ NUMBER = 2000.
LoT MIDPOINT 1 468.
AVERAGE IfNIT COST 758.42
TOTAL LOT COST 158424.
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ANOTHER LOT?
Y ,N, O R =

FIRS T UNIT NUMBER = 2001.
J!JANTIT Y IN  LOT = 000.

LA ST UNIT NUMBER a 3000.
LOT MIIWOINT = 248$ .
AVER A GE UNIT COST 098.5/
IOTAL LO~ COST 698~ /0.

ANOT HER LOT?
Y, d, OR =

FIRST UNIT NUMBER = 3001.
Q’JA(9 T !I’Y IN LOT = 1 000.
LAST UNIT NUMBER = 4000.
LOT 4IDPOINT 3487.
AV ERAGE u NIT  COST 662 .33
TOTAL LOT COST 562330.

ANOrHER LOT ?
(hi =

E;~rER FIRST U N I T  NUMBER o~
EN TE~ QUINT! TY 114 LOT OR

LAST UNIT NU~ bER = 4000.
Lot ’ MIOPOINT = l3~ 2.
‘~VE RAGE UNI T COST Io8.2~IOTAL LO’T COST 3013000.

Au -loft-fEW LOT!
Y ,l , OR =

GO (JU .~IN°f To SEE OUTPUT IN TA BULAR FORM?~~~~~~
LEA RNING SLOPE .891
THEORETICAL FIRS T UNIT COST a 23 (4.9~

Lor FIRST UNIT QUANTITY LOT AVERAGE TOTAL
NUMBER IN LOT MIDPOINT UNIT COST LOT COST

I I. 1 000. 340. 953.68 953682.
2 1001 . 000. 1 468. 758.42 /58424.
3 2001 . 000. 2481. 698.5/ 698s/0. r
4 3001 . 1 000. 348/. 662.33 062330.
S I • 4000. 352. 768.2s 30 /3006.

Dii YOU vlISH TO SEE THE RESULTS OF HE ABOVE LOTS I
. .

ON A DIFFERENT LEARNING SLOPE? no

32
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MOJE 
Example 2j

sro~I .45 t’~ ECONOS EXECIJFION TIME
COMMAN D— ogout

CP’I s.0Il SEC. .0II ADJ .
.000 SEC. .000 ADJ .

SYS TIME /.B28
ESf. COST AT $39O/Hi~. 

— $ .81
CONN ECT TIME 0 IRS . 26 M IN.
06/28/78 LOGGED OUT AT 13.SI.I5.

4
p
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Appendix A

LEARNING CURVE EQUATIONS

Equation 1 is the equi~tion of the unit learning curve.

(1) Y a A*IB

with

(2) B a LOG (SLOPE)
LOG (2)

The algebraic lot midpoint (Equation 3) is used in con-
junction with the learning curve equation to calculate the
average unit cost for a lot quantity . The algebraic midpoint
is the unit in the lot that has the average unit cost.

r
(3) K -‘I N a (i+B)

~ 1
(l+E)

~ N2 (l+B~j

Equations 4 and 5 are the equations used to fit a learning
curve to the data using the least square technique. Equation
6 is the equation for the correlation coefficient , a statisti-
cal measure of how well the curve fits the data.

(4) B — N*(E(LOG(X)*LOG(Y))}~ZLOG(X)*ELOG(Y)
- (ELOG(X))Z

(5) A - ANTILOG ( (ZLOG (Y ) - B*ELOG(X))/N)

(6) r N*E (LOG(X)*LOG(Y)) - ELOG(X) *ELOG (Y)

*NWU(LOG(X1hJ 1 (ILOG (X~~ *I~~1E(LOG (Y)’) J - (ILOG(YJ’

Where

Y is the cost of unit X
A is the cost of unit 1
B is the “exponent” of the slope
K is the algebraic mid-point of the lot
N is the quantity of units in the lot
Ni is the last unit in the lot plus ½
N2 is the first unit in the lot minus ½
r is the correlation coefficient
E is a symbol to indicate summation
LOG is the ~ogarithm to the base 10

A-i
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