1y 5o e 2E
T DI T v e A ractanElteS A AR SR IR Y ;.i_

w\
A et
ot £

S N A s e S

-
i,

4
St b SR

ON PREDICTING PRODUCTION COSTS AND
PROBABLE LEARNING RATES FROM R&D INVESTMENTS ‘
BY S-CURVE/LEARNING CURVE RELATIONSHIPS 4

bt pebE W,

P

o]

AD 750098

-
£ b Bk o YN R 1 F AR K bt e,

by
George V. Johnson -

-
iy
——y
2
ay
€L
. )
-0
Ny

Y

i

]

./
R 22 atc et ve bl Nt B E B 0 5 gl o

Artnd.

Directorate of Procurement & Production
U. S. Army Mobility Equipment Command
St. Louis, Missouri

Sio s Sinlet,

October 1969

Approved for public release; diet?ribution unlimited.

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of Con.ner e
Soringfield VA 22151

e - 0 TR AT T Y Sy
S Aesg

; = 8 00 o
5, o g B MR TV




TS AT - . R
VTR PRI RTINS AT 5 T TR A TR T s e -

poraen

o
FE e i S AL T

v e il

b
3
]

NN

g ) Mimmy w -
bl b S B nlaby At s Ui it i aed SN S Dot

PREFACE

Wl Ady s rh N e

The learning curve, a dynamic rather than a statlic concept, is
: ) a powerful tool of cost forecasting and control. At present, the
3 E surface of its potential, outside the aircraft and missile industry,

LN S

has only been scratched. Voluminous literature exists on the learning

EET P

curve, unfortunately most of it is limited to the basic ideas of T. P.
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Wright in 1936. Cochran, recognizing this malady of contemporary i
learning curve methodology, has introduced several new concepts of ‘
learning curve analysis. One of these new concepts is the S-Curve/
Learning Curve relationship, developed to determine the cost of the
effect of engineering changes in an operating system. '

The principal purpose of this paper is the expansion of the S-
Curve concept of cost estimating to include research and development
costs and their relation to production costs. The premise here is:

as research brings about change and development is change, then research
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3 and development can be correlated directly with change.
, The theme is directed toward the cost estimating defense community

Bt Jhavad % & ke i hv

J and it is hoped that this paper will provide stimulation for further

I R

study and use of this dynamic tool, the learning curve.
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1.

ODUCTIO
As a result of the introduction of changes to an operating

production system, there are three separate and distinct costs
that must be considered, (1) the cost of the effect of the changes,
(2) the cost of the changes, and (3) the basic production cost

had the chenges not occurred.

Cochranl/aevaloped an S-curve/log-linear curve relationship
for determining one of these cosats, the cost of the effect of change
in the production phase. This paper expands this concept to
include (1) the cost of the change in the production phase, by
introducing a third log-iinear curve, (2) the cost of the effect
of change in the research and development (R&D) phase, snd (3)
the cost of the change in the R&D phase through & second S-curve
and triple log-~linear curve relationship. The supposition is:

a., that in a given R&D situation if these two costs are
established the base or production cost for the R&D and full
scale production phases can be determined.

b. S-curve/log linear curve relationships can be developed
to establish en masse for a given configuration the R&D prototype
or preproduction model and first unit production costs, full
scale production preproduction model and first unit prcduction
costs, the R&D prcduction learning rate, the state-of-the-art,

and the probable full scale production learning rata.
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The paper is written in the general form, the formulae
are readily adaptable for the generation of tables similar to

AN RS 4 Lt

those in existence for the basic learning curve.g/ An example

is given. The principles of the learning curve concept intro-
duced by Wright and Crawford are not given as literature abounds
on this concept.z/ 4/ The more importent references are noted in
the text and listed in the Reference List. The concept is appli-~
cable in both the R&D and production phases and is appropriate

in any situation that lends itself to normal learning curve

,
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methodology .
2. COCHRAN'S S-CURVE CONCEPT
'Cochran]/ empirically developed the S-curve depicted in
Figure 1 to measure the effect of changes introduced in an

exieting manufacturing process. To determine the S-curve for

0 D S A e 6 AT A 200 S 0 i . 5,

s. a given occurrence, Cochran prescribes six (6) steps. Those ﬁ
steps are: ﬁ

Step 1 in the construction is to place the "standard 5}

cost" (taken in this example as 100 hours) for unit 3

1000. In the example shown in Figure 1 this is A,
the Standard Cost Point, and has been placed exactly
on unit 1000 for simplicity only.

P

¥
o

ks

3 Step 2 is to draw the log-linear lsarning curve appro-
¥ priate to the type of work performed. In the example
this is assembly; and sc a /5% curve is drawn from
point A. Since this curve is to be a basic reference
: point for the cost function, we shall give it the name
- "characteristic curve".




% (e b R T S,

T PEY T
- i——
.

:
. ° . ! u
= 2a30s=C oT8eg §,C8IU0D °1 an h_

paonpoId SITUN SATISTHND ,

aBAY BT RO AL # YT A A ST BT

' - . . Y 3 T ' K
s, ® go - T - — | S | § - .
S ’ N 3
P b 4
15
2 ;
i 8 :
. -t J
1. ° R o i
: Ju3ed 3900 . 3 .
; pepueis - ¥V 4 2 :
o 005+ e !
a . — aa1mD S =
* .
m ’ P
000T —
c, . __
. saSweqs O aoou«n/ 3
aq3 30 389D ;
(-4
/ Ea—— .V
L ] - -—— ,
: i oo ;
M : b,
% 3
] . ) ,_
W‘p‘_ nn P...- |0-\ . ] ~ i ) e x




SANAE SN F A S K S S S S s SR £ S (S [ I T
i T e el 8 o T L T Ty L e

jaid D B R i o g e R R B Ry

T Iy :1

s T e T RIS A S DN YR NI

e N S S T T i i Vo pey

o

B L NI IO T

»
o .
[EXAINE A Y.

Step 3 is to determine the cost of unit one, This
is taken as about 50% more than the cost indigated
by the characteristic curve. The exact ratio is a
matter of judgement, depending upon the newness of
3 the product to company know-how, the degree of pre- ;
: plannirg to be performed and the early impact of

: engineering changes on tooling and methods. :

Step 4 is to mark off several cost values along the
S-curve., Point C, the cost as unit 4, is taken at

v aarn
b b \
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3 the level indicated by a 90% curve from unit 1.
f Point D, the cost at unit 10, is taken from the
;’ characteristic curve at urit 3, and Point E, is simi-

larly taken from between units 7 and 8. Point F,
the cost of unit 30, is set as the spot where the S-
curve crosses over the characteristic curve.

Step 5 is to establish Point G. This point is where
the S-curve intersects an 80% curve from Point A.

It should be moved in or out in direct relationship
to Point A: where A 1s at 1000, G should be at unit
70;where A is at 1500, G should be at 105, etc.,
holding at roughly 7% of Point A under normal condi-
tions. From Point G on, the S~curve follows the

80% log-linear curve.
Step 6 is to cornect all points with a smooth curve.
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Further, Cochran states that in the case of cost centers
whogse characteristic curve would be of a different slope than
75%, reference lines of correspondingly different slopes are
appropriate, Proport:l_ons to the amount of learning in a learning
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curve should be used as follows:
LEARNING CURVE SLOPES

ASSEMBLY FABRICATION WELDING

Characteristic Line 75% 90% 85%
Point C Line 90% 96% 9%
Point G Line 80% 92% 88%
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For assembly, the lsarning in the characteristic line is
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25 points, while that in its Point C line is 10 points and its

2amy i St S meta

; Point G line 20 points - or 404 and 80%, respectively. Therefore,

A
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when the charwsterictic line is 90% < as for fabrication activi-

B N S R

188 ties -~ since viu«re iz 70 rzoints of learnin;:, the other two refer-

ence points foi ~he erurve will be 4 peints (96%) sud 8 points

(922).
‘ The proof in the construction of the S-curve is that the
E total cost for the ®.curve equalg the total cogt for the charac-
| teristic curve, i.e., B
; n=A n=A fi
! n§1 5(0) =n§1c(n)
" where, S(n) = S-curve ,
C(n) = the log-linear characteristic curve g
A = the standard' cost point. f
For broad application in cost estimating, Cochran's concept %
is somewhat limited as it (1) evaluates only the cost of the ’3
effect of change, (2) requires a matter of judgement in establish- %
ing unit one cost of S(n), and (3) utilizes a log-linear curve g
approach to eatablish unit four cost of S(p) whick becomes inade-
quate as the ratio batween the unit one costs of S(y) and C(p) ;
approaches or becomes greater than 1:1 of C(n).
, 5
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] 3. EXPANSION OF THE S-CURVE TO DETERMINE THE BASE PRODUCTION COST ,§ i
3 3
E: The b:.- production cost can be determined in the subsequent E %
‘ P4
; manner, see Figure 2: 9 g
ks }{ 3
4 Step 1 is to construct the S-curve per i
v Cochran's concept i 2
E- —\i 3
: Step 2 is to project back from Z(100) & i 4
E production characteristic curve Y(y) parallel 3 3
: (the same slope) to C(n) : i
3 This is derived from: i 3
3 i
g (1) the concept of cost reduction as a result of repetition ; §
5 that is inherent in the log-linear curve : E
3 (ii) the cumulative average factor for 5(100) equals %
3 1 - [(6(100) ~ ¥(100) )/¥(100)] o
In observing Fig. 2, one will note that should a progiuction g Q
_A‘ charncteristic curve Y(n) be projected back from S(70) parallel g
'; to C(n) the result would be a lower unit one base production cost, ‘ ?1
3 and, consequently, a lower total base production cost for units 5
; one through geventy than when Y(n) is projected back from S(100). g:
0 ! 5
~ Similarly, if Y(n) is projected back from & unit greater than ; g
¥ S(100)» say S(110), the result will be a larger unit one and : 5
: total hase production cost for units one through seventy. 3
'. v. ‘;g
q: If follows that the basic production cost PC is: :
3
i
4 6
; H
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n
BC = T Y(n), where n = 100
n=1
and the total cost of change TC, i.e., the cost of the effect
of change plus the cost of the change is:
n
TC = 5 S(n), n =100
n=1
EXPANSION OF THE S~-CURVE TO INCLUDE R&D COSTS
R&D Prototype and Preproduction Model Costs

From the basic S-curve, let
S(n) = R&DS(n), representing the R&D prototype and preproduction
model costs
C(n) = R&DC(n), the R&D characteristic curve
P(n) = the expected full scale production curve
Y(n) = R&DY (), the R&D production base.
The Ratio or R&DS(p) to RE&DC(p)

The ratio (distance) 4Y, see Figure 3, between R&DS(q) and
R&DC (1) can be determined by the reciprocal relstionship of the
slops of R&DC(n), the expected slope of P(n)’ and AY; based on the
premise that the total cost of the S-curve must equal the tgtal
cost of the cha_raycteristic curve: |

]
((Slope R&DC () - (Slope P(n) - Slope R&C(n))) &Y =1 or,

1 = &Y
Slope R&DC(n) = (Slope P(n) - Slope R&DC(p))
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For example: f
? R&DC(p) = 758, P(p) = 85%, then : i
: '. BY = ol ev = 1,53846, 1.e. L
. b 75 = (85 = .75) ; ’ ’ : :
S,, the distance between RADS(1) and RADC(1) is 1.53846 X the unit
* R ore value of R&DC(n). ‘ :
3 As &Y > 1, it is necessary to determine the values for units :
\ 2, 3, 4 ard 5 of R&DS(p). This can be done first as an approxima- ; %’
tion, followed by a refinement of the approximation. .?
4+1.2 Determining Units 2, 3, 4 and 5 of R&DS(n) 2

An approximation of the shape of R&DS(pn), where 2 <n =5, i

can be made in the subsequent manner: 5

Step 1 is to place R&DS{4)
Step 2 1s to plot R&DC(y) at a distance 4Y from R&DS(1)
Step 3 1s to mark off the value for units R&DS(1g) through

R&DS (1000) per Cochran's concept

Step 4 is to compute the approximate values for units 2, 3,
4 and 5 of RE&DS(n) as:

'n']ﬂ 3 Dy BRF L N Ge

sy = Lmmontsd) ( etmrprroesr ) + 1] oy

where
X = level of experience, i.e., the number
of units produced for a given configuration
i = the exponential of the series 2™ which
expresses the number of production units

necessary to complete the learning cycle of
the log-linear curve from m=0 to m~m, or i=m

10
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S e s e r =R

N = the number of units in learning cycle i 3
or, | 2m 2° 21 2
1 0 1 2 !
N #31 2 4 ]
n 2
. R 3 Units
R&DY(4) = (R&DS(1))(Unit Factor R&DS(100))
Unit Factor R&DC(100) i
g Unit Factor R&DC(100) 18 readily availsble in 2/

Unit Factor RADS(10p) = R&DS(100)/RADS(1) i

Step 5 is to plot the approximated values and connect
all points with a smooth curve.

1 Step 6 is to read the refined values of the approximated
values from the curve.

28 IEA TS e o 30t et i e 8 B S B 6

The values for units not marked off in Step 3 can be determined
by bringing between the known unit values with the Triangular Methodz/
‘ of determining the slopes. X
At this point we have constructed the R&D S-curve for R&D
prototype or preproduction model costs.
4e2 R&D Production Cogtg
As in the normal production phgse s the R&D production units

that are produced are duplicates of the R&D prototype or preproduction

models. Hence, where major change has ceased, the unit one cost of
the base R&D production curve PR&DS(n) would be equal to the unit
two cost of R&DS(p), or PREDS(q) = R&DS(7) and PR&DS(3) = PREDS(4)
(REDS(2)/R8DS(1)) 5+ + «, PRADS(n) = PRADS(1) (RADS(n)/RADS(1)).
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Thus, PR&DS(n) can be plotted readily as shown in Figure 3,

in addition, as R&D!(n) = PR&DC(n), R&DS(Z) can be further expressed

as RADS(y) = (RADY(1)/REDG(1)) REDS(s).

The total R&D production cost for a given number of units and
a given level of experience n-1, where n - learning curve units,
is the summation of those units on the log-linear curve (slope =
slope of R&DC(n)) with unit one equal to PREDS(y).
omput. the Unit of rience Factor

Progress or experience in R&D is accomplished in varying
degrees with respect to the number of R&D prototype or production
units. The state-of-the-art or unit of experience' factor EF(n_1)
for a given situation can be measured as (see Table 1):

EF (n1) = RADS (n)/PRADS (nt1)

vhere, n = learning curve unit

The state-of-the-art and, as RAD efforts arge made, the degree

of progress can be determined from this measyre. In addition, an

optimm R&D investment point can be projected with this measure for

a given configuration.

DETERMINING FULL SCALE PREPRODUCTION MODEL PPS(,) AND PRODUCTION UNIT

PS(n) COSTS FROM R&D COSTS

In the previous discussion means were developed to determine
the cost of the effect of change, the cost of change, and the base
production in the R&D phase. In order to determine full scale

production costs from R&D costs, a means to determine the ratio of

these costs is needed.

12
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From the basic S(n), C(n) Parameters we can deduce that: <

n=A n=A n=A n=A i

Z R&DS(n) =L Ps(n) t ( T PPS(n) - 3 PS(n) )+ z

n=1 n=1 n=1 =1 ]

( n=A n=A ) ( n=A n=A )

r FR&DS(p) = T FPS(p)/ + ¥ R&S(y) - z PRADS (p) . E

n=1 =1 n=1 n=1 3

:

% Further, it has been shown that R&DY(n) must intercept R&DS(n) ;
3

E at R&DS(100) . ;
E Then, it follows that f;
3 H
E PPS(1) = R&DC(1) 3
3

PS(7) = R&DY() :

and the ratio of R&D cost to full scale production cost (dy),
see Fig. 4, is equal to 4Y.

.
3
b
i

Therefore, PPU(1) = R&DC(1)/dy
PC(1) = PR&DC(1)/dy, where dy = &Y,

For further proof of the above, it should be noted that
R&DY(;;) = PRADC(y) and PPY(p) = PC(p).
Thus, full scale production preproduction model cost PPS(y)
and unit production cost PS(n) can readily be determined from R&D costs.

6. THE CONSTRUCTION OF RAD/PRODUCTION S-CURVE TABLES

Tables in the general form can readily be constructed for

AL ALY o Tt SR B e L S ey TS AL

any combination of R&D and product:i¢rn -~-i+ves as has been done for

the basic log-linear curve.}/

3
3
3
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An example of table construction in the genaral form follows:

Given: Slope of B&Dc(n) = 75%
Expected Production Slope of P(n) = 85%
R&DS(4) = 100, as this iy the general form

a: 1
(1) &Y = Slope RMDC(n) - (Slope P(n) - Slope R&DC(n))

= 1.53846

&Y =

.75 -T1.85 - .75)
(2) R&DC(q) = REDS(1)/4Y+1 = 100/2,5385 = 39.39334
R&DC(1000) = R&DC(q) x Unit Factor(7sg) for unit
1,000 = 39.39334 x .0568706 = 2.24032

(3) R&DS(70) = RADC(1000) X Unit Factor (gog) for Unit 70
Unit Factor (gog) for Unit 1,000

= (2.24032 x .2546895)/.1081971 = 5,27358
Similarly, R&DS(100) = 4.70152 and
RADY (1) = 31.79170, from R&DS(q0q) = REDY(100),
REDS(2) = 80.70323, from (REDY(1)/R&DC(1)) R&DS(4).

(4)  ReDsy = [(-,S;ir{%) { (1+x) = 1(1-1) (N=1-T) ) +1] 2 ()

raos;5) = L5mBrms) (=g ) ] 1

65.12492

Similarly, B&DS( 4, = 53.26677 and R&Ds(5 ) = 46.45080
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‘ (5) Constructing R&DS(p), RADC(n), and RADY(n) from 3 §]
] | the above, (a) plotting points RADS () througk R&DS(1000) 3 %
. and R&DC(n) per Cochran's technique, and (b) making a smooth %; 3
' curve through the approximated points R&DS(3) through REDS(s) )f 74
and the known RADS(,), RADS(3), and REDS(10)- % %
j (6) Using the Triangulsr MetnodZ, determile the slopes ; é
between units REDS() through R&DS(7O). Refine \these slopes ;g ;
by bridging between the known units 2, 10, 15, 20, 30, 40, 50, ; z:j
and 70, ; 5
g (7) From the refined slopes, determins the remaining unit 3 E
values from RADS(;) through REDS(n) (any additional unit values i %
can be determined directly from the Point G line). Z ;
(8) As R&DS() = PRADS(1), PPS(p) = PS(7), and R&DS(q) = 100: \ g
PRADS 3) = PRADS(1) (REDS(3)/100) , FRADS(3) = FRADS(y) (RADS(3)/100)s0ves |
= FRADS (70) = PRADS (1) (RADS 7)/100). i
4 Similarly, PPS(z) = PPS(q) (REDS(3)/100),..., and
3 PS(p) = PS(1)(R&IB(2)/100),... .
\t (9) Computing the R&D unit of experience factors EF(pn.q1):
EF (0) = REDS(7)/PRADS(2),EF (1) = PRADS(3)/PREDS(3),+.+ :
: EF (n.1) = REDS(n)/PRADS (r+1) |
' (10) Constructing the above into a table yields the subsequent ;
table 1.
\ 16
! i
1
;
§




D B ¥ o Y N B A T 0y B e Do S s e N 2 e Ty A S L B R T e T T e
. .

s

AP

o

FLTER A Rt N RSO DS W Ry o i sy WS

Wty ey N SRASMNE  perwne GO0 O e AT NG WA K v AN e e e e . e

, u
| " |
886L2° L g5 € 696€°Y 8L00°6 9L9L°LL 62 \ (4 i
LS182° 1 LOL9 € oLYS*Y G9LE6 LryeLL V(4 €2 M
3 Lvese L €L08°€ zoLLY 96%9°6 6956°L1L £ e m
A evs8e°L vEY6°€ €988°Y €0L0°0L 6€07:2L 2 12 m
29L82° L 8L60°Y 9LLO*S 2207 0L c688°2L 12 0z
m B v827°9S = 0€-02 537Ul €0062° L 2992°Y €982°$ L628°CL 26LY €L oz 61 b3
3 : ZLvée L 9SSY7°Y 6025°S SoLELL 6710°%L 6L 8L Py
. F 9LLé2Z L €799°7 96LL°S Yorg°LL SLLOYL 8l Ll L
. & 9500€° L 9568°Y 2990°9 LTV 2L L66E°SL Ll 9L L
. 6£70€° L 9ESL S 898€°9 €280°€L Y0L2°9L 9L St
- § 0009°SS = 0z=§L s37un 1LBOE" L LEYrs  STIL9 LLLg €L oLz Ll 51 7
; szLze L 0708°$ 8L6L L TEEL YL €952°8L 71 €L
S ,95L2E" L 7812°9 250L°L €68L°SL L655°6L €L 2l
S r6Yec L €669°9 LioE*8 1900°LL Y2L0° 12 2L LL
: l9Eve"L £792°L 2100°6 Yoy 8L 96%8°22 L oL
€ovsE"L 08€6°L 19€8°6 LOSL'0Z  6896°V2 ot 6
9LIYE" L 8554°8 Y6780l 9922°22 TLYs L2 6 8 i
: s9e8e"L LoLL*6 2901 2L 7108°72 9LEL°OE 8 L
. LEGY2S = SL=L S3TuUn 90€07° L 8290° LL LeoL €L 0€80° 82 6L6L°YE L 9
i 06LLY"L €609°ZL  9619°6L 1666° LE €059°6€ 9 S
4 0009°5S = 4-§ 37un - 9657Y"L oL Yuzeesl SLIELE Lol 9Y g v
S 0002°09 = $~7 $31un €065Y°1L gOZE°LL 9T 6896°€Y 28 Ys Y €
¢ [ 0008779 = =€ s3yun 8sesy L ZBEL°0Z  6969°GC 0Y79°25 9LEZ*S9, € z
3 0005°69 = €=2 $3Tun 00EES"L 6959°62  LL6L'LE LOEL*S9 2E0L°08 Z L
: ZE0L°08 = 2~I ®1Tupn 6€5€S°1 LIBL°LE  €€6E°6E 2€0L°08 000°00L L g ,
: f
(%) FOTS (L) oppua /(%) samy (Msq (W gaq (W soma (") s 1IN  FONITWEXE

- () g oNImVET 0
g %08 = NS ‘¥58 = d ‘¥SL = o :
4 E
1 L oTqeg
.w s L. .

e B el b L g piaad g T T T




,,,,, R T R T A T P A e L P S, N e Oy T R O T R TR
8l
3 ! Gg952°L 2260°2 62652 zLLe s LL8S°9 (414 (X4
- 3 LeLseeL geeLee %0£9°2 888E°S €LL9°9 67 g7
g LSLGe L sYs1°e 9699°¢ L69%°S 89LL"9 87 LY
N 86L52°1L €L8L*2Z £oLL°2 266°6 0088°9 Ly 9
oo 6€852° L £leze $26L°2 38€9°G 1L86°9 oY <Y
T Legse L 9962°2 296L°2 582L°S 2860°L Gy 44
S 62652°1 €€62°2 Liy8 2 9128°6 9€L2 L 7 €y
| L662° L SLEE 2 0688°2 $8L6°S LEEE L %4 v
22092° L ZLLER 28€6°2 £610°9 9857° L P44 Ly
£L092° 1 9eLY°2 686°2 £72L°9 L885°L Ly oY
0008°09 = 09-0% S3TuUN L2192°1L LSSY°2 6270°€ 8E€2°9 eLel oY 6t
80€92° L 2€06°2 8LOL°€E 75€°9 8€L8°L 6€ 8¢
69€92° L 6255°2 €E9L°€ S08Y°9 00€0°8 8t LE
SEv92° L 6709°2 LLZ2°E 6Z19°9 9€61°8 LE 9€
90592°L Y659°2 £562°€ 0L5L°9 269€°8 9€¢ 13
8LS92° L L9LL 2 €99€°€ €968°9 €5Y5°8 13 13
85992° L 69LL°2 60Y77°€ Z6%0°L LYEL'S € €€
LrL92° L £ov8°2 $615°€ 2012°L Zv66°8 €€ 2Z€
62892° L 2L06°2 Y209°€ 008E°L 97716 2€ LE
12692° L 6LL6"Z 6689°€ €655°L 899€°6 LE of
0002°65 = OY=-0€ §3Tufn z20L2° L 9250°€ G28L € AL L 0209°6 o€ 62
] gevie L g6cL € 6688°¢ 0696°L 6Y.8°6 62 8c
55.2° L 9LEZ € €700°Y £€02°8 g79L°0L 82 L2
989LZ° L 00E€°€ €921°Y €ESY°8 SYLY 0L L2 92
zEaLz L 5€Y°€ 8962°Y 802L°8 0908°0L 92 5z
(%) 3doTs (449 sopua /(D) sop (Mgg (Mgaq (™) srpug (W som 1IN FONETYIAXT
(1= FTANND d0
= (1) g3 DNINMVET 1INO
. i i,
B it o v s s S s oot Sk S pn A £ e s . - - « " e 3 ik ERYN Laxta b Sy i s o u 3 ot oSl ‘.,.v.u. 2o 3t i 4 Lapid

B T A
L) by




- - ST s e e T TN ST pk
o L o R R A S s A £ M A A TR S S A% Sl SRR S i

m %%ﬁﬂ%ﬂﬁﬁ%%ﬁmﬁ%?ﬁﬁéw&w&aﬂvﬁhﬁ:i. T RSTIE TR TYEIVIARIRLTREN FERAGYYIICS e b ST AT N paas e . - e A e e e T —— AMATASMs HARAL S Av e 12
om b
o 6l o
5 P
3
. & o
.7 676€2°1L 22LL*0 $288°0 0808° L govz e 000L 666 Eo
b 1b6ez L €068°0 ZEoL" L 0092°2 ¥008°2 00$ 66Y o]
g 80EY2" L L6 L 128" 1 E76L°€ SLoL"Yy oot 66 P
.k P
: W 000°08=000°L-04 $3¥u L) 99L9° L LL0*T 0952°7 9€LZ"S oL 69 o
S 296v2° L 8069°L 1560°2 12627 y8LE"S 69 89 .
P 8LéYe L Y50L°L LELL 2 L62EY Zh9E"S 89 L9 P
FoooE Y66%72° L goziL 9LEL 2 699¢°Y LIy g L9 99 L
kg glose L 9%EL" L 90¢L°2 LSOV 26575 99 59 N
bt ] :
] 62052°L cLsLeL 669L°¢ sy ¥805°5 59 9 m
. & £9052° L 2L9L° L 8681 °2 Logyy 8865°6 9 €9 9
3 ¥9052° L LEBL"L 20122 6L25*Y 5019°g €9 29
’ 1 080%e° L s008°L oLez e 90LS Y ,5€99°¢ 29 L9
By zoL62°L 8LL8 L G2 2 S7L9°Y 6LLL*S L9 09
29€5°99 = 0L-09 CaTUL €2152°L 9ge8°L S JrAL 9659"Y ELLS 09 65 G
yseL 8L58°1L 120£°2 LLL*Y 8EY8°S 65 85 3
grrseeL 088" L G0EE*2 LY 0916°S 85 LS
L9z L 706° L 865€°2 regey €066°S LS 95
Ye¥se L 8826° L 006£°2 29687 6990°9 95 14 _
g5562°1 6€56° L L2y e 6656 657L°9 56 Y5
Y8552 L 86L6° L 2EST°T L520°6 YL22*9 Y5 €5 .
Y8552° L $900°2 €987°2 9£60°S GLLE®9 €5 25 ;
91962° L Z7e0°2 0252 L29L°S ¥86€°9 25 1S
05952° L L290°2 6555°2 29€2°S 2887°9 1S 0$ 3
(14%) s/ () sopu (Wsq ®eaa . (Dsopua (W som 1IN0 EONITMIXT
(1-w) gAMND o
= Eici ONINMVET IINO 3




A

TRRTTS

POVl N R T I BRI

g g S L'y Wil SRR SaEy PRI L IR S PR

1. New Concepts of the Learning Curve, E, B. Cochran, The Journal
of Industrial Engineering, July-August 1960

2. Experience Curve Tableg, US Army Missile Command, Redstone
Argenal, Alabama; September 1962: Defense Documentation Center,

AD #612803 and #612804

3. Learning Curve Methodology for Cost Anal: gts, F. J. Dahlhaus,
Headquarters, US Army Materiel Command, (AMCCE-X), Octobsr 1967

4. Cost Quantity Relationships in the Airframe Industry, Harold
Asher, Rand Corporation, July 195

5. Alpha & Omega and the Experience Curve, US Army Missile Command,
Redstone Arsenal, Alabama; April 1965: Defense Documentation Center,

AD #617133

20

FrnAtry sy o

P U PR T 7 e b A= T

o SAPADHApTE erres
AR AP bhy. T D SN 2 e 2 SRR x&?ﬁ‘?&“? zi—g_x;%‘r..-{ ;vtfﬁ‘m 1
A AL E B re R e T e Pt 7 & GRS T .

b e N iy A S agt SR,

S Hdle g BRIy 35 A% o g e b2 wR e

A2 LA R S I

o

R A RSN BRI

nt

o

gy

.
T S e s R RN AN P -

. . . - P L NI e 2 £ e
2 RO R ol R e e, BTN e 2 A N e R s B0 w4 M‘Q‘:g\. w2 A2 s LI AT

T

XN

R T Y A Ly P N A fv T

:
3
%
i
2
3

+i!
1
é
4




