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FOREWORD

The Naval Weapons Center Weapon Systems Cost Analysis Division
develops Cost Estimating Relationships (CERs) to estimate the relation-
ships between the costs of current and past weapon systems to system
physical, performance, and technical parameters. These CERs can be used
to predict the costs of future weapons systems. CERs are often regres-
sion equations that are nonlinear in the parameters.

This report presents programs in the FORTRAN V and BASIC computer
languages employing a statistical technique to estimate the parameters
for nonlinear regression equations. These computer programs could be
modified or expanded in the future to utilize an improved statistical
technique or to include additional statistical calculations and output
that would provide information to the user.

~._The study reported herein was conducted from October 1974 to June
1975. The computer programs were revised in March 1976 to present
additional output information.

This is an informal report of the Naval Weapons Center and is
not to be used as authority for action.

Floyd W. Erickson
Head, Weapon Systems Cost Analysis Division
Office of Finance and Management
30 March 1976

NWC ™ 2786, published by Code
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1.0 THEORY

The purpose of'this study was to develop programs, in the FORTRAN
V and BASIC computer languages, employing a statistical technique to
estimate the parameters for nonlinear regression equatioms.

The model .

Y =00 + 01X; + 02X2 + * ° ’+Opxp+€

where Y = Dependent variable

GJ = Regression parameter

© —

xh = Independent variable
€ = Error term

is linear in the parameters. This model can be fitted using the linear
least squares technique. Any model which is not of the above form is a
nonlinear model, that is, nonlinear in the parameters. The following

are some examples of nonlinear models. ]

1) Y = eeX + € {
This model has an additive error term. It can be made linear by

the transformation of the parameter. If we transform B = ee, the model

becomes Y = BX + €. The model Y = eO + € is intrinsically linear since
it can be transformed into a linear form.

2) Y = exp(0; + 02X + €)
This model can be transformed into the linear model
InY=0; + 02X+ ¢

It is intrinsically linear. The error term in the transformed model
is additive.

3) Y=0, X1ez X393 + € : |

e
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This model is intrinsically nonlinear. It is not possible to con-
vert it into a linear model. A 1ln transformation cannot be made because
the error term is additive. Linear least squares techniques cannot. be
used to estimate the parameters.

O3 -

4 Y=0 5% x,
The error term here is multiplicative. This model can be trans-
formed into the linear model

InY=1In0; +0; In X + In €

It is intrinsically linear. However, fitting this transformed model
by linear least squares techniques will result in estimated parameters
that minimize the sum of the squared deviations of 1ln € from the
regression line.

Examples 3 and 4 point out the common error of ignoring the form
of the error term in a nonlinear model. For example, the model

Y =0 x,ez Xzea SR

would be transformed to
InY=1n0; + 02 In X; + 03 1n X,

This transformed model would be fitted by standard least squares tech-
niques, and it would be assumed that the sum of the squared deviations
of £ from the regression line would be minimized. As shown in Example
3, if the error term were additive, the ln transformation could not be
made. As shown in Example 4, if the error term were multiplicative,
the model would be fitted using 1n € as the error term.

Cost estimating relationships are often of the form
Y-e,x192+e

Thus it would be of value to have a valid statistical technique to
estimate the parameters of this intrinsically nonlinear model.

One method of fitting the parameters in a nonlinear regression
equation is the iterative modified Gauss-Newton least squares method’.
Consider the following nonlinear. problem: Given n sets of observations

‘4. 0. Hartley. "The Modified Gauss-Newton Method for the Fitting of
Nonlinear Regression Functions by Least Squares", Technometrics,
Vol. 3 (1961), pp. 269-80.
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each with one dependent variable Yh’ and 1 independent variables,

xhl’ xhzl Eae xhl’ (h=1,2, * * * n), and the nonlinear
function .

f (x’e) = f (xl’ xz’ e o o xl : el’ ez’t o« o em)

it is required to determine a set of @k for which the error sums of
squares

n
Q (©) ‘hE (Yh - f (Xh, 0))2 = Minimum

1
The symbol Xh stands for the h-vector with elements xhl’ th’. >
Xh1 and the symbol O for the m-vector with elements 0, 0z, * * @m.

The Modified Gauss-Newton method uses the results of linear least

squares in a succession of stages. Suppose the postulated model is of
the form

Yh = f (xh’ Q) + €h

Let 903, 002, ° ° ,em be the initial values of the parameters 0;, 0Oz,

RS Om. These initial values may be intelligent guesses or prelimi-

.. LAl

nary estimates based on whatever information is available. If we carry
out a first-order Taylor's expansion of £ (xh, ©) at 0 = 40,
m of (Xh, 0)
£(X,0) =f (X, 0)+I —— (®

h
=1 %,

where the derivative of f(Xh, Q) is evaluated at O = ;0.

- 00,)

3

This linear approximation to the nonlinear function can be substituted
into the error sums of squares, Q(@), equation

n m a.f(xh,‘ 0)
Q©) = I {Yh SR W0) AT st 0, = ¢0,)} = Minimum
. h=1 j=1 ) gj ] h

where the derivative of f(Xh, 0©) is evaluated at O = (0.

The value of the vector O that minimizes Q(0®) is obtained from the
solution of the following set of linear equations.
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3Q(0) n m 3f(xh, 0)
=25 Y =£(X, 0) ~ E == (B, ~¢0,)} -
W, " RS AR SR O S e BRI gty

=0

(X, ©)
30

where the derivative of f(xh, 0) is evaluated at O = (0.

Z {Y - f( 0} £,( 0) = Z { 2 f.( 0) f ( 0)} D
h=1 s ¢ L el j=1 h= 2 iy 8 S

3f(Xh; 0)
where fi(xh, 09) = ___35I_-_ evaluated at O = 0

and Dj = (Oj j)

These normal equations can be solved for Dj'

We replace O by ¢© +.%D and evaluate Q(o® + %D). If Q(o®O + %D) is
less than Q(o0), 00 + %D is taken as the new estimate of the vector O.

- 00

Consider the function
Q(v) = QO+ VD) for 0 < v< 1’

and denote by v' the value for v for which Q(v) is a minimum on the

interval 0 < v < 1. We approximate v' by evaluating v = 0, % and 1
and solving :

o =%+ %) - D} /7 {a() - 2q¢) + Q(0)}

If Q(o® + %D) is not less than Q(00), o0 + v nin? 1S taken as the new
estimate of the vector O.

The iteration is continued until the maximum fractiomal change
in the parameter estimates is less than or equal to a specified toler-
ance leve], or the desired number of iterations is completed.

The above method is utilized in a FORTRAN V language program for
the UNIVAC 1110 computer and a BASIC language program for the Hewlett-

Packard 9830A calculator. The following nonlinear equations have been
incorporated into these programs.
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eezx

Equation 1) Y=0, + €

Equation 2) Y=0 X2 4 ¢

(SN Xxez X263 + €

Equation 3) Y

Equation 4) Y=0, X;ez xze3 Xge“ + €

Equation 5) Y =0 X]ez + 04 Xze“ + €

The parameters for two additional equations, each with a maximum of
seven independent variables and seven parameters, can be estimated as
needed by the user.

The programs are designed to stop iteration when the maximum
fractional change in the parameter estimates is less than or equal to
a tolerance input, or the number of iterations equals 15.




i i i AT A SN

*gpaom QZT0T JO 3jusawaiynbaz a3ei03gs 4

0101 0L 09 2¢
2:=rN 1<
(CIXNN(T)XNN (200T°S) av3d of
£=VL3HIN €00T 62
: 0I0T 04 09 82
P ) 1=PN L2
tT)XNN (20CT%S) aQv3y 92
Z=V13HLN T00T s2
H00T*£00I*T0O0T (£-1VND3N) 4I 000 62
000T‘00TH000T (Q-1VNO3N) 41 €2
0= 1YN4I 22
0=¥3I1IN 12
1VAD3N (200T1°%S) OV3Y 566¢ 02
3NNILINOD O 61
P (0°0T48) LVWI04 026 8T
® CIVASCXNCT=Q4(rTIX) (D26%S) QY3Y LT
o SgON‘T=I 01 00 91
& T+0N=ON T 3
s (0°S3°SI2Z) LVAHO4 006 ot
B 43701*XN*S80ON (CO6°S) aviy § . €1
0=aGN 2t
VIVGON (200T¢S) Qv3y 1t
. (SIUYT) 1YWHH04 2001 ot
y INI¥dN (2001¢S) av3y 6
INO0=1NI¥d 7IN4 - T=INIYAN o) ]
NOILVYILI TWNI4 40 ANO-INTYd - OzINIY¥JN QvV3d 2 L
(L)IXd NOISN3WIG 9
) AYNSIC(OEIACSBONS (LIXNNST 5
VIIHINCLVYNOINC(BIIN (LI NN V4230 234 LIVLIIHLS(L0DEIX NOWKWOD n
Y3I0LS S SHICSHU LO0SUSSYSSL4(L)I00 IL)IVA*ILIOSE SYNINWLOT £
SI04SOOD (L) B (L40DE)ZI0QINENZS%(B4LIV NOISID3dd 318N0Q 2
NOISS3493¥ YVINIINON = 1138 °*r vyveyve °ia 2 1
* AV¥90dd T°2
NOILVINASTYd ¥IINdWOD OTTIT OVAINA 0°C
T WA AN R ey e % b I 8 B SO =3 i




-

NWC TM 2786

(OY°023%e=(o*TI%4)VL3HL &) LVWHOA

(WIVLI3HL XM (£09°%9) 3I1laa

VI3HINGT=% 2T 0Q

(eV1i3H1 40 SILVWILSI WILINIOW/ «0s) LVYWYOJ
(8€6%9) 3ILIynM

(ZILT

$,2031113 (S)ITIOVIYVA LINIAONIHIANI 3HL 30 (S)IU3EBWNND/eJe) LVHYOI
(PNST=P*(PIXNN) (2002°9) 311ym

3NNIANOD

(S°STJBXT42I% &) LVWIOS
CIDASUXNT=P4(C*TIX)*T (T002%9) 3LIynm
SE0N*T=I TT 0Q

CCHVEXTTIIL NV EX644°ON o) LVYWYOA

Ad S(XNI=r*(P)IXd) (DDDZ*9) 3IL1Iym

sAa=Ad

e(LIXe=(LIXd

e(9)Xaz=(9)Xd

«(S)Xs=(S)Xd

s(h)Xez(hiIXd

(EIXez(ENXD

+(ZIXe=(2)VXd

: I IXe=(TIXd
(oSNOTLVAYISE00,4 /7SI NOILVNO3T W) LVWHOAL
AYNO3N (T06°9) 1IN

(oTa)iVHY0d

(6£6°9)31T4M

(0°0T 48) 1vVAY¥04
(YLIHLNC T=U  (MIVL3HL)Y (DT64SHIOV3Y

T+VL3HAINZVLN

010t 0L 09

L=PN

(LET=P S(PIXNN) (2001¢S) av3iy
VI3HIN (200T1¢S) Qv3y

gi0t oL 09

£=PN

(EIXNNG(ZIXNNECTIXNN (200T1°4S) QVv3y
¥ h=VL3HIN

9001¢S00T*S00T (S=-AVAD3N) 41

£09
2t

856

2002
1t
1032

aooe

106
656
ate
0101

9001

S001
%00¢T

cL
69
89
L9
99
S?
h9
£9
23
19
29
68
35
LS
9s
SS
hS

£S5
Zs
is
as
6h
8h
Lh
Ihn
Sh
hh
th
ch
Th
Q6
5%
BE
LE
9f
13
hg
£

(=]
-~

M
!




NWC TM 2786

6246282 (00) JI

(S°D24*XTT*ST*X2T*NOISSIIO3Y 2
$/0G°DZIAXTT ST XLT 4 IVIOL o%/7%,0T1VH=-4,4X8%,3¥VNOS NVIW,XNT*T
+S3UVNOS J0 WNSe*XTT*eWOA33¥4 40 S3IIYD3Q*XST4a 4*77%.04) LVWHOAL

SSH*VLIHLIN®SSL*ZKW (00T2¢9) 31Tun
S*=%SW3=y301S

SH3/SHA=3

£2%92492 (0d) 4I
SW/OD=SW3

VI3IHIN/SSY=SHY
SS1/S5¥=0Sy

Q0-SS1=SS¥

HZ4L24LZ C(AINIYIN)Y JI
T+331INZ¥3LIN

JANILINOD
I-V13IHIN=-SHON=ENW
1-SEON=ZH

L2=-8S1=S5S1

SAON/ (2%%*AS)=1D

2% ((11Z24-(I)A)+0D=0D
(I)A¢AS=AS
2%*(I)A+SS1=5S1

S8ON¢T=I 0Z 0@

0°0=4AS

0°0=123

0°0=SS1

; 0°0=00
3178 11vD (T°D3°INI¥AN) dI
1INN4 VD

-

e

A il RTEBTEE AT
$,= (3YVNOS=4) NOTLUYNIWN¥3L3Q 30 IN3IDIJI 430D +4%/7%.04) LVWY¥OJI £0T2
¥301S40SYy (£0T2%9) 3L1Iun
(5°0241
CXS4G DI XTT*GTI XLT . H0YY3 (*/°E°0T4*XS*G°0244XE9 “s+a) LVAHO4 2Q12
SHI‘DOEN*4°SHY (20T2%9) ILIYM 62
LZ 0L 09
(«3AILVI93IN YV S3IUYNOS 30 SHNS YO¥H30.) LVYWY¥O4 TOTZ
(I1012%9) 31TI9M 82

gate
92

€2

he

s

02




e o i

VI3HINT=% 08 00 - hhi

: (VIN) IN3I¥0 11V 0GH €0t

; 1004904904 (I-N) JI Znt

1-N=N 00h Ini

C0h*0SH 0SHh (3OVISI-VI3HIN) JI BLY ¢

(VIN) NVGEOFr 1IVD 651

(ST +) LVWEO4 €65 8st

T+39V1SI=39V1SI 904 LT

(VAN *N*39V1SI) LISOd 11v) 104 9f 1

ViI3HINZN S¢T

0-39v1SI nel

r=(r)on 2L cet

VIN*T=r 22 0Q 281

Wz (R)IuN TL 151

VI3HIN®TI=» 12 0Q ostl

(X)) 8=(VINSMIY DL 621

VL3HIN®T=¥% OL 00 29 *e21

° (S°023%.2(,421%¢18 o) LVWHO3 265 L2t
2 (N)8*Y (26549) 31Tym S8S 921
- VI3IHIN®T=X $8S 00 19 S21
E 19429429 (AINI¥dN) 41 "zt
2 sa=(y)1g 09 £21
2 (N*I1)240%((I)23-(I)A)+S8=S8 OS 2zt
SEON*I=I 0S 00 121

G*0=S8 0zt

V13HIN®TI=X% D9 0Q 61T

SV=(rMu)v Oy 311

(S°023¢,=SY .) LVWYHO4 T6S RS ¢

SY (165%9) 31IyM - 911

(6£6%9) ILI¥M IS STt

IS*0Oh*0h (ANIYdAN) 4dI att

(P4I)Z40%(X*1)240+SV=SV OF €Tl

SEON*T=I 0S 0Q 2Tt

ge0=SV 1845

VI3HIN®T=X O% 00 ott

VI3HIN*T=r 0% 00 22 601

(S°ST3*Xh®,= 31VWILSI 3HL 30 B0HY3 THVANVLISC.*/*S°0T4T 801

e e e e T e e




(S°024 *4=SD +) LVWY0J H09 - 18%1

SO (H09¢9) 3ILIymM TEY (]2 ¢

TET42ET4ZET (LNIdON) JI 6L1

3118 7IVD (T°03°ANI¥dN) 41 8Ll

2% ((I)24=-(I)A)+SD=SD OFT Lt

SgON‘T=I 0¢fT 00 9L

0°0=50 SLT

. : 19NN4 1VD Hhet

(N)O%S°+ (MIVIIHLI=(NIVLI3IHL 02T £L1

Y13HIN*T=¥ 02T 0Q OIT 2Ll

OTT¢000Hh*000h (Y370L-0XnWV) JI 86 Lt

(O0T°024%.=AXAY +) LYWY¥04 209 oLt

GXWY (209%9) 31I4m TOT 691

10748686 (LNIYAN' 4T 391

(I)3G=0XHWY 96 191

£6 01 09 991

Ted=X L6 S99l

= L6%96%96 (A=VL13HIN) 4I S6 ot
<3 N=I hé : £91
E S6456%h6 ((X)AO-(I)Q0) 41 £6 29t
=1 191

M 2=% 26 091
86 01 09 661

(1)00=0XAY T6 361

26%T6°T6 (T-VL3HIN) 41 68 LST

. (S°023%¢=(:4%21%:)00 ) LYWHO4 TO9 96T
(H)00*Y (109%9) 3I1Iym L18S 1 ¢

VLIHIN*T=» L8S 0Q 88 (1 ¢

88468468 (LNIY¥AN) JI £S1

((X)va)SeY=(X)AA D6 2st

(M)VLIHLZ (N)A=(N)VA 145 ¢

VI3HIN®*T=X 06 00 28 ast

(S°0234%.=(.%2T%400 ) LVWY04 009 6nl

(X)0*Y (009°9) 31IyM 98S ghl

V1I3IHIN®I=N 98S 00 I8 nt

: 18428428 (LNIJAN) d1I 9hT

(TM)v=(X)Q 08 Shi

-y -8 f 3 -G e : ; . ) — W el S v U e DR e ]

R e it b cimons o

s e i e AT SATE IR, » O T TR A T -




T i

NWC TM 2786

VLI3HLIN'T=Y 8CGCH 0C

3NNIANOD

I00h*200h*2000h (NIWLO=-0O0) 41X
(S°D24% =NIWLID o) LYNWYOS
NIWLD (L09%9) .311I4M
T6T*26T%26T (LNI¥JIN) JI

ekl (1) 2=t I)A)eNIWLIOZNINWLD
SA0N*T=I 06T 0Q

O°0=NIWHLD

3418 WO (T°D3°ININAN) 4I
LINAd FI9D

. JONTAINOD
(N)ORINIWL=0°T)=( W) VIIHLZ(AN) VLIHL
Vi3HIN®*I=X 081 0Q

INNILNOD

200# 01 09

O°T=NIKHL

SIOh42I0Hh%2T00 (D°*T~-NIWL) 4I
TT0H00DH4STDN INIWL) 4I
(S°ST4%4=NIWL o) LVWHOJ

NIWYL 1909%*9) 311I3NM
CLYI*HLT LY CINI¥AN) 41
(S0%Z=I0+030)/(I0-00)%G2*+S*=NINL
(S°024 *.=1D o) 1VWYO04

I3 (S0949) 311I4M

TLT42LT42LT (AINIdAN) 31
Zxx((IV234-(I)A)+T0=1I0D
SAON‘TI=I DT 00

9*0=10

31T8 1IVI (T°D3°AINIUAN)Y JI
AN TV
(M)A=S°+ (NI VIIHLI=(A)VLI3HL
VLI3IHINGT=Y 09F 00
0ST*0ST*IST (00=-50) JI

200n
261
L09
T61

06t

1004
08t

210h

STCh
t1ay
nLt
209
€Lt

2Lt
sa9
Tt

oLt

0971
st
r4 94

) 4
L3 ¥4
g£re
z12
112
otz
602
802
102
992
s0¢
ha2
£02
202
102
€02
6561
861
i61
961
S61
LER ¢
€61
261
161
o6t
681
881
L8t
981
S8t
L1 RS
£81
281

e ————————




ON3
d01S 002h
G%0026°C0OZh (AN-VLVAN) 31 GOTH
6665 04 09
¥4301S°0SY (£0T249) 3ILIyM
SH3*00‘EH 3*SKHY (2012°9) 31Iym 6004
666S 01 09
(T072%9) 31IuMm 866F
600h*866E *866E (0D) 41
SSYUCVLIIHIN®SSL*2KW (DDT2%9) 31IdMm 91I0H
S*%#%xSW3-¥301S
SW3/SHWY=4 LIOYH
LTIOH*9TOHh*9TON (00) 4I
SW/0D=SW3
VIIHIN/SSY=SHY
$SL/SS¥=0SY
0D~-SS1=SSy
3118 1V
T=1YN4I 0004
000h%000Hh*SZ (ST=-Y3LIN) 41
NIW10=00 T00%
000h*000n%S2 (ST=-Y3ILIN) 4I
sd=00
> 3NNILNOD TSI
(M) Q% (NIRL=S*) e (M) VIIHLI=(NIVLIIHL 8004

NWC TM 2786

i

i M el s s s D Tt et S B S O O ewm

P g on oy T IR PO A v B A R A ki s e o

o et e e e S S S R

- e e e e e S e T e AT B 2 T TS e s i




. / (CTP*I)X)IV0 TV (h)IVLIIHL&%] LE
1 (SPOIIXH(EIVIIHARS( 2P I Xa(ZIVIIHLsR (TN IIX(TIVLI3HLI=(24T)240 9%
E (H)IVASHL##(EQ I) X*(SIVLIHLxR(ZPTIX*(Z)VLIHL**(TLP4TIIX=(T*[)2Z40Q St
(H)IVI3IHLI%xx%] he
(SPSIIX®(EIVLAIHL# (2P I X% (2Z2)VAIHLeR(Ir* I)Xxi TIVLI3HLI=(]I)ZS by
SA0N¢*TI=1I HDS 00 7
] INNTI LINOD QY T
: 0GOT 01 09 z
3NNILINOD £0S 62
(2P I)X)90T1V*T 82
(SIVIIHL&=( 2P T ) Xe(2Z)VLIIHL**(Ir*IIXx(TIVLIIHI=(E*IN2Z40 L2
3 ((IP¢I)X)S0TV%T 92
3 (SIVISHL=*( 2P I)Xx(2)VIIHLI=x(IP*IIXx{T)VLI3HLI=(2%I)240 74
(CIVIIHLN (2P IIXR{Z)VIIHL&(TCSIIX=(T*T)2Z40 h2
(EIVIIHL #x (2P IIX*(2)VLIHL*x (TP IIXx(TI)VLIIHL=(I)2ZS £2
SEON*TI=I £0S 04 22
& ANNTLINOD £0T 2
* S¢40T4E0T (h-1VAO3N) JI € oz
~ : 000t 04 09 6l
E INNILNOD 208 5]
3 (CTIRIIXIO0TIVH(ZIVIIHA==(IN¢TIXx(TIVLI3IHLI=(2%]1)240 L
] (2)IVLIIHL=&(TC*I)X=(T4I)240 91
(2IVLIIHL#x (TP IIXc(TIVLIIHLI=(T)ZS ST
R - . S9ON*TI=I 205 04 nY
4 - ANNILINOD 2 T
s QoGT 01t 09 2t
3NNILINOD 108 14
TIFPCIIX = ((TQr*TIX%(2IVLI3HL)AX3%x (TIVI3HLI=(2*TI)Z4Q or
(CTPCIXXx(2IVI3HLIEX3=(T4T 240 6
(CTPCTIIX2(2)VLIIHL)IAXI=(TIVLIHL: (1024 8
SGON¢TI=I T10S oa L
3NNILINOD T 9
C4Z'YT (2-1VNO3N) II S
AYNSIC(OE)ACSEONSLPeOrSréarterezreIrs'e h
, VLASHINCLVADINS (8)IINC (L) YN V42404234 (LIVL3HL*(L*0E)X NOWKWOD £
1 3 (240£)2404¢(0€)24%t8*L)VY NOISID3¥d 314n0Q 2
“ 1INNJ 3INILAOYENS  §

e e e e e e e e e T R e

o e v e 1 = RS N e ST R S MRV R M R o e LR A YT




O
©
~
o~
E

aN3

N3NL3Y

3NNILINOD

3NNILINOD

3Y¥3H [S3AILVAIY3G SLI OGNV 2L NOILVNO3 LY¥3ISNI
SEON*T=I L0OS 0Q

INNTANOD

000T 0L 09

3ANIINOD

343H S3IAILVATY¥3IA SLI ONV 9 NOILVNO3 LY3ISNI

S8ON*TI=I 905 0Q

. 3NNIINOD

000t 01 09

3NNILINDD

cert H.xv004<4.¢.<hu1hiiawﬁ.Hvx*.m-<huxh (h*I)Z40
(HIVA3HLI** (27 ¢IIX=(E4I)2Z240
((TPCIIXI90TIVHIZ2)VLIIHL== (TP D)X (T)VLIIHLI=(Z*I)Z40
(ZIVIIHL**(Tr*I)X=(T*I) 240

(HIVLIHLI**(ZPeIIX#(EIVIIHLI+(ZIVLIIHL#*x (TP TIX*(TIVLI3HLI=(TINZY

S8ON*TI=I SO0S 0OG

INNILINOD

LOT*90T*SOT (9=-LVNO3N) JI
0001 01 09

3NNILINOD

((EQP*TIIXIO0 TV (H)VLIHL %1

(EPSIIX*(SIVAZHL**(2Z2r T) X2 (Z) VAIHLx4(IM )X (TIVL3HL=(h*I)Z4Q

(€2rIIX)I00 W (h)VLIIHL =T

gee H~x¢An-¢thb§§.Nﬁ IIXe(ZIVLAIHLR(Tr TIX#(TIVIZHIZ(ETNZ A0

0001
L0S

L0T

90S

901
S0sS

S0t
S

©0S

LE)
£3
23
19
0
63
83
L
9S

-~

>}

€5
25
1S

3
6h
gh
Lh
Sh
Sh
hh
£h
Zh
Th
Gh

88

17




_ TR
s Sl s i AR (U
e

VI3IHINT=I 99 0@ - 15
p (PéI3v=(r*I)Vvd 0L 9f
. VIN‘I=r OL 00 St
V13HIN*T=I 0L 0Q he
(LETIVI=IPeMNNIV G9 £7
, (CUNIYI=(P4T)Y z
3 . VIN*T=r S9 0Q 1c
i (CEIIV=(r IV 69 oz
VIN*TI=r 69 0Q 62
V13HINSTI=I 69 00 82
r=11 ¥4
I=ZN% 89 92
LS 0L 09 <2z
T+1=7 29 L 74
LS 0% 09 £2
T=1 A<
& T+d=% €9 1z
© gg 0L 09 0z
~ (eX 30 T NVHL SSIT N  4%ZI%=N o) LVWY04 16 6t
E N (16*9)3LTI4K 06 81
£9¢89¢06 (N-NIJI T9 L1
M 29419406 (1-N) 41 8S 91
1=r St
A=I 6S ] 6
86485465 ((A*MIVE-(rTIVEIIT LS £1
. 1=r 2t
I=1 11
221 T
I=% 6
(tré1yvIsSay=(r*Iyva ss 8
VIN®I=r SS 00 L
VLI3IHIN®T=I SS OC 9
(BIINNE (LY YWY NOISNIWIQ S
TYNIICLODEIACSEONYLP OQreartaresri2reIre Ul
VLAIHING LVAOINC (BIINA (LI UNCY4ZIQ4Z34CLIVLIIHLS (L 0EIX NOWWOD €
(8 h.<m..w.».<u..~ 0£)230%(NEIZ44(84LIV NOISIO3¥d 318n0Q 2
(VINEN®39VLISI) 1IS0Od 3NILINOYENS T
|

s

ooy e
R G




NWC TM 2786

-w

aN3

Niani3y

INNILNOD
CTIRIIANZ(Z%)ION
(CHAIIMN=LTINIDN
(FIIN=ArIINN
VINST=r 2¢ 00
39v1SI+N=2H
39VLISI+T=TH
(TI)IRN=(Z TN
(2I)UAN=(TI) uN
(I)IN=(TIUNN
VI3HIN®TIZI TS 0Q
39ViSIenn=21
39VISI+1=11I
(T4DvI=(INIy
A IVI=(T*IY

og

2¢

[ €%

99

4s
£S5
4
15
03
6h
8h
Lh
Sh
Sh
hh
th
Zh
In
Oh
6t




NWC TM 2786

~ ON3
NYNL3Y
(CIMZ(PEYLIHINIY €2
VINCI=r €L 00
(VANIM2(T*T+I)V=-D"0=(VIN*I)VY 22
(CIRR( T TeIIV=(T+ *TeIV=(P*I)V TL
VI 3HINT=r TL 0Q
VINN®I=I 2. OQ
T-VL3IHIN=VINN
(TCTIV/0°T=(VIN)IN
(T¢TH)v/7iT+rtTOV=(LIN OL
VI3HINCT=r 0L OO0
JUNAIC(OEIACSHONC LLearésrénréerizreinst
VASHINCLVYNOINS(BIINC (LI UNC Y4230 Z4°CLIVIIHLILLLDE)IX NOWHOD
(BIME(L40£)2304(0E)23%18%L)Y NOISID3dd 318Nn0Q
(VAIN) NVO¥Or 3NILNOYSAS

NN O
e v 4 ot e

ﬁN”QmONQOg

20

MR v T TN




R iR A L et i A

i

T s S SR e e U=

. b
. s

m aN3 0z

~ N¥NL3IY 61
E (TeL*II3=(T+uN‘IIY LL 8t ~

VI3HIN®T=I LL 0Q u

m (F)ANZWH o1

V13HIN‘TI=r 2L 0Q . st

(C*I)v=(r*I)3 90 0t

VIN®T=r 9% 0Q T

V13HIN*TI=I 94 0Q 2t

(P*IN3I=(LP*WIV 9L It

VIN*TI=r 9L 00 o1

(I)IN=W 6

VI3HIN*I=I 9. 0@ g

(P*I)v=(r*1)3 18 L

VIN*I=r T8 0Q 9

VI3HIN*I=I T8 0Q- S

AYNIIC(OEIACSEONCLL IreSrénrdsrizroTret :

VA3HANCLVNOINC(BIIN (LI YN V42404244 (LIVL3IHL (L OSIX NOWWOD £

(84213%(L%0€)2404(0E)Z24%¢84L)V NOISIDJ3yd 318n00 F4

. (VIN) AN3IY¥O 3NILNOY¥ENS T

%.ll- B MR e s o md el L L e el ped et ot SaS Sul Sul e

44 P SO - ol S

R TE A R A e A

S P e
e S S iy

RN, RT3

i D I FER A




WY W,

U, iy S

GN3
| N¥N13Y 4

| INNTLINOD ST w2
1 A : . 3NNILNOD D2 £2
| 3NNIINOD 12 zz
; - (S°ST3% (s TI*I3NILVATIYN3A o) LVWE04 BT 12
m @. (A¢I)Z30°V1I3HIN (BT°9) 3I1IyN 0z
; ~ VI3HIN®T=X 12 00 LI R 1 ¢ i
E | E LT402%°02 (LININdAN) 41 <14 ~
_ (S°ST42XT*2I%: &) LUWHO04 9T Fa
m (IDZA*CIVACT (9T49) 31Ium o1
i SEON*T=I ST 0Q St
| - (o AVH=ALXHT¢eAe X644 *ONDa/4Ds) LVRHOI 2T 41
.W . (2T%9) 3LI4A £t
i - (0T°023%e=(o*TI*IVLIIHL 4) LYWHO4 TT P44
1 (WIVL3IHLSY (TT%9) 31Iym O 134

i VI3HIN*T=X OT 0Q 9
{ (eV13HL 30 S3IAVWILSI TVNIF o) LVWd04 8
1 (8%9) 31Ium
3 (¢T4) LVWHOL 6
(6%9) 31I4M L
L*9% (TUN4I) 41
1 TUNITICIOSIACSBON L *Ortgrenrtere2ritnrts
VASHINCLYNOINC(BIIN (LI YNV Z 40424 (LIVLIHL* (L 0EIX NOWKHOD
} . (L0€)2404(0ENZ44(8*L)Y NOISID3¥d 318n0C
1 3114 3NILNO¥ENS

“NMIFDDO~DOCO

e Ty T T



NWC TM 2786

2.2 INPUTS
Card Input Card Column
1 NPRINT 1-5
2 NDATA 1-5
3 NOBS 1-5
NX 6 - 10
TOLER 11 - 15
4 X(@a,1) 1-10
X, 2) 11 - 20
X (1, J) maximum of 7 independent variables
Y (1) immediately following last X (I,J)
5 %(2:5 512 1-10
X (2,,.0)
Y (2)

-

L ]

e o o W

toj ' e o o M

Continue to place one observation per card, up to 30 observations.

Following the input of observations for each data set, three cards are
used for the specifications of each equation for which the parameters

are to be estimated.

1 . NEQUAT 125
2 NNX (1) keI
NNX (7) 31 - 35

e B N = |

List in any order on Card 2 the independent variable number(s)

used, up to a maximum of 7 variables.

5

to be

*All inputs using the I format are integers that must be right-justified
in their respective fields. All inputs using the F format are floating
point numbers that must be right-justified in their respective fields

unless a decimal point is included in the field.
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Card Input Card Column Format
3 THETA (1) 1-10 F 10.0
THETA (K) F 10.0

List on Card 3, in the order corresponding to Card 2, the estimate of
each parameter, Ok.

These three cards will be repeated for each equation. When these
cards have been placed for all desired equations for the data set,
place a card with O in card column 5. If NDATA is greater than 1,
following the 0 card place in the following order: a card with NOBS,
NX, and TOLER; the cards with X(I, 1 ), * + - X (I, J), Y (I); and three
cards for each equation to be fitted for that data set. Repeat for
the remaining data sets.

Input definitions:
NPRINT - Set = 0 for print-out of final iteration only..
- Set = 1 for full print-out.

NDATA - Number of sets of data.

NOBS - Number of observations in data set.

NX - Number of independent variables for each observation.
TOLER - Tolerance input. When the maximum fractional change

in the parameter estimates is less than or equal to
this tolerance, the iterative procedure will stop and
the program will continue to the next equation.

X(1,J) - Value of the Jth independent variaﬁle for the Ith
; observation.
Y(I) - Value of the dependent variable for the Ith observation.
NEQUAT -~ Number of the equation to be fitted.
NNX(1), + + - NNX(7)

~ The independent variable numbers, to be used in the
chosen equation, in order of use.

The initial estimates of the parameters for the chosen
equation.

THETA (K)

Two additional equations can be inserted into the SUBROUTINE FUNCT.
To fit these equations set the equation number equal to 6 or 7 and
insert a card with NTHETA in Columns 1-5 under I 5 format immediately
following the card declaring the value of NEQUAT and preceding the
card declaring NNX (1), * * * NNX (7). If the equation number equals 6,
insert the equation followed by its derivatives with respect to 0, O3,
L Gm immediately following statement 106 in SUBROUTINE FUNCT. If

24
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the equation number equals 7, insert the equation followed by its
derivatives with respect to ©;, Oz, * * °* Gm immediately following

statement 107 in SUBROUTINE FUNCT. The expressions for the equation and

its derivatives must be in FORTRAN V computer language. The following
names should be applied as needed.

FZ (I) - The dependent variable for the Ith observation esti-
mated from the equation.

THETA (K) - The Kth parameter, Ok.

X(1,J) - The Jth independent variable for the Ith observation.

% DFZ (I,K) - The derivative of the equation with respect to @k
% evaluated for the Ith observation.

| .
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3.0 HEWLETT-PACKARD 9830A CALCULATOR PkESENTATION
3.1 PROGRAM *

i1
=~

REM DR, BARERRA .

~
DA s
=
o
-
-
=5
—
-
o0
Yd
-

1
R ]
1
(]
Do)

:

- - Tol fam JePool ok - . =l d LB 728 1 MET EER
38 DIM PEIS)sRBEL 238 T8I F D KSL 7 18I & 3T MEl S 1s G Vel JaMEL 7 2

r.
=

DDA o R ot

ISP "FULE FRIMT? 1=%ES« B=N0"3

56 IHPUT HE
R OISZP "EHTER HMOL O0F OBSERVATIONS®S
f ITHPUT Hi

DISP -"ENTER HO. 07 IHND. YAR. (X?S2"%
LHFUT Hz

3 BISP “ENTER TOLERANCE ¢,8{)"3

PUT T

3

-

R DO S S I A% O S oy S i n Bt A O A S T S S SO o S B R O ¢ G S IR S IR o

O IR |

%]
LIS RN

e

e
;%)
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B o

R J=1 T0 HE

BISP "THPUT Ho"I"y"J"3"}
UT ®[Tsd]

-y T
L

% D O
AT} eed BT s
ot 20 20 et
S 4

T T
e sk T
ot A1y

2T

FRINT

PR iMT

DISP "EQURTION N, s
IMPUT H4

MHE=0

tE

D i
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8
h
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i e’

AR

R I A T A B e e e I i E e

A o
oI o w8 B B R B s B ot B

<
LAY

5OTH

LS a3 CR AP RA PI P PO PO

2% 3 v I n )

D s B B aos S

TR RIS

L L0 i
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S A Al il s L e M e

o

* The core required by the main and KEY programs is 3801 words (16 bits-
2 bytes per word). The additional core required to execute the program
varies with the number of observations and the number of independent
variables fitted. TFor example, the additional core required to execute
Data Set 1 is 1933 words and for Data Set 2 is 1951 words.
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HEXT .J

FRINT

FRINT

FLIHF "IMITIAL E3 leHan gk BTHETH"
1

{ Hlw PEINT

Q928 PRINT "HUMEERCEY OF THE IHDEFEMDEMT VARIABLE 2 FITTED ="3

S8 FOR J=]1 TO L3

GdE WREITE (A4S %9808 J 13

4 @ FORMAT PF2.@
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s
st

Al=A1+DLI+K1 1#D_14.01
HEAT 1

E | - 3 4= © THEH 1238
B | Y B 5

P | £ 15 THE+ 2528
E | B IF HS=1 TREM 12:g

| B IF A2 4= T1.THEW 2530
i B IF HE=G THEM 1238

¥ B CDSUE ZBRE

8 FOR J=1 TC M3

| @ FOR ki=1 TO H2

! 60 Fi=0

| @ FOR I=1 TC M1

iy

=5

iF HE=8
FriHT °
FLE1sJ]
HEAT ki
HEST J

FOR Ei=1 TO W3
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itEH 1358
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=F1

DRI ot I 500
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FHP I[=1 TO MWl
1 E1+h|[I] FOIJ:+DLIsK1]

14568 |

lded

1426

1478 FI

Td2a ME
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1514

Shn
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FOR Ki=1 TO H3
ACK1sH7 I=ELK1]
MEXT K1
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baoed

IF N3 <= K1 THEY 1944
H.mP1+1

JOATO 1398
Hh HIT3
1F HE=8 THEH 1976
FRINT "AMsD ="A>
IF R2 <= T1 THEH 118 ‘
FOR Ki=1 TO H3 ' ‘
TLhG I=TOKL 148, 5+E0 K1 ] : ’
MEXT K1 |
Fi=FHiT :
1F He=@ THEHM 2045
GOSUR 2ute

DA ]
B

Sul
~d T CN f 003 T0 =
O 5%t ot O 3ov )

L g LT n
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2% BT IR B ok 8

o
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LR ROL NS

FOR 1=1 TO M1 |
N ‘T*Il‘—-rI YOI -FL1: |
HEST I
IF He= H WFEW Z158
FEIRT RS ="{5
TF G508 THEH 2476
FOR kKi=1 TD H32
TLELI=TIEL I+B. 5+E0 KL ]
HEAT K1
Fl=FrHii :
IF He=8 THEH 2178
Goesle 2am
fl=0
FOR T=1 T Hi
1=+ 0L T 1=-FL T Jotg
MEXT I
IF H&=0 THEH 2226
FRINT "Bl ="l
SEOTE=0, 540, 2B C0R -0 0 S RRER ]~ 2 RS
41 IF H6=B THEH 2254
a3 PRIHT "THIH ="T=3
B 1F T248 TEEM 2238
B IF Ta2=8 TEEHM 2539
IF T2 <= 1 THEM 2318
Ta=1
SOTO 2448
FOE Kl=1 T0O H3
TLELI=TLEL =0l =-T2 sl ] 0
HEAT EA
Fil=FHi1
IF HeE=8 TREMH 2378
COSUE 2916
0 Hi=z=h
FiokE I=1 TGO Hi
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IF He=8 THEH 2426
FRINT “BTHIH =01
IF REXR1 THEH 2586

TLEYI=TLELI+CE, 3~T309#E0 K] ]
HERT k1

HE=05

IF HE = 15 THEM 1188

cotn 1158 ¢

G =111

IF HS = 15 THEH 1155
EOTH 1158

FRIHT

FEIMT
ERINT "F
GosLiE
RN
HEITE (15232783
DISP "RAMOTHER EZUATIOND B=HOs 1=YES":
IHFUT 29

IF 2948 THEH 283

=TOP

DISP "ENTER J FOR FIRST X(IsJd"i
THFUT i

Y1 1=J1

FETURH

DisF “"EHTER J FOR SECOND X<Isda"d
THPUT 2

W2 1=

RFETURH

BISP “EHTEE 0 FOR THIRD Heladu"i
THFUT J3

WA ]=d3

AL ESTIMATES OF THETH"

I

o i

[N SN

TaE FETLRN

DISP "EHMTER J FOR 4TH #<IsJdr"s
ITHPUT J4

P T

FETUEN

Jse ENTERE L FiE 5TH BdTs o)
1| 2 LA L

YIS I=45

FETLEH

DISP “EMTER J FiOF BTH R{IsJdx"
THFUT e

L

FETIUREM

DISF "EHTEE J FUR FTH Holadn"
THPUT U7

) A -

FETURM

L
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EH1A PRINT
2328 FOR Kil=1 TO M3
2 MEITE 15222480 THETAU"»K1s ") ="TCKi]
25 FORMAT F2,8:F20, 10
£ HEST ki
2 IF S1=1 THEM 287&
2 FREINT
2 FRINT “ HC, i PeHHT"
2 FOR H=1 TC M1 v
2EEE MRITE (1S 3616 5 Y[HIFLHI
$ 2018 FORMAT F2.0:. " ".2F15.5
: 2B20 IF Me=B THEHM 30:5
] BRI0 FOR HB=1 TO H3 |
; 2 PDERIMATIVEC"M2") ="DIHsH3] _ ‘
j 2876 RETURN
5 3@50 PRINT :
i IO FRINT "TOTAL DESREES OF FREEDOM ="
3 2188 FRIMNT "RECRESSICH DEGREES OF FREEDOM =
: 3118 PRINT “EREOR DEZREES OF FREEDOM =
i 3120 PRINT
{ 3158 PRINT "TOTAL SUM OF SOUARES =" T2
3148 PRINT “RECRESSIZH SUM OF SQURRES ="R1
g 3158 IF El <= § THEN 3268
A 3168 FRINT "ERROR SUM OF SOUARES =" QB
| 2178 PRINT
] 3128 PRIMT "RECRESSIOH MEAH SOURRE ="R3
S 196 PR "ERFOR MESH SHUARE ="E1
; c "F-EATIO ="F1

3 "COEFFICIZHT OF DETERMIMATION (R-S0UARE: ="RZ

ARD ERROR OF THE ESTIMATE =31

.ETH|H
4 EMI

S DO N 0

i s R o e N SO St el 8 ol albis s R e
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DEF FHRLFL

IF Nd4>1 THEH 2838

FOR I=1 TG Ni

FLIJ=TL1 I#ESPCTI & 1e8l Tadt 30
DLI»11=ERFCTLE “HLIwill'
DEL+21=TLLI#ERPCTI2 I8Nl Ta d1 Q0L 1001 ]
HERT 1
GOTO 2458
IF Hd>2 THEH 213@

FOR I=1 T M
FLT3=Tr 4 J=5L Ta 1 JHTL 2
DLIsld=ulTIs. 111“7€£

DL Ia21=TL 1181
HEST I
SOTo h450
IF M4:>3 TREM 2235
FIR *= T Hl

T2 D#LOGCRE Ty 01 10

TTLE 1660 [y J2IPTCR]

21Ul 12 J211TL 3]

ITTLZ 1% [I~J;]TT[J] LOGORE Ted1 30
MTLE2I#E0 T J2 IPTL 2 JeLUGLEL Le J2 30

unTn 25
IF H4:>4 TEEH 23228
TE ﬂl
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o e R O Rl R
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£
- J=1
]

..r..l H'ln-l- it

HE T 1

GOTO 2450

IF M4g:5 THREM 2418

FOR: 1= 1 TG Wi g

Fr11 [1J+:LI~ 1 1TL2I+TI 3128l Ta J2 10T

0L Is i T[:]
Vs a2 d%l REAE Ta d1 3
"E

4]
]TT[4]*IWG'[I!JH]

GOTD 2458

IF H4:& THEH 24

FEM: ADD EOUATT O (Ha=gY HERE

24En GOTO 2450

2448
‘.4:."‘1
T

FEMS ADD EQUATT I ML= Ty HERE
mETLREM B
EHD
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DEF FHNSCRP1

FOR J=1 TL HZ

WL JI=A01su+1 15AI 111
MEST

WEHY I=1-m0 1012

HE=Hz-1

FOR I=1 TG Ha

FOR J=1 TG H2

ALT> d)=Ali+1s J+11-AOT+1s1 I%WL 4]
MEXT J

AL Ia M7 I=8-RLI+1 51 I#WLHP ]
HEST 1

FOR =1 TU MY

AL HZ: J1=WE J]

HEST

RETLRH &

EHD .
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DEF FHPCPL)
FOR [=1 T M3
FOR J=1 T{ W7
WETsd1=RAL1s.01]
HEXT A

T MV
=L s

.

HE®T J

HERT 1

FOR I=1 TO H3
FOR =1 70 WF
WL Tadd=RLIsd]
HEXT J

HEXT 1

FOR J=1 T H3
Pig=il 4]

FOR I=1 T H3
HLIsM2+L I=U0 Is 411
HEXT 1

MEXT J

RETLFH &

EHT
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1.
2.
3.
4.
5.
6.
7'
8.
9.

10.

11.
12,
13.
14.
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17.
18.

19.
20.
21.
22.
23.

24'

25.

26.
27.
28.
29.
30.
31.

32.
33.
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INPUTS

Insert cassette. |
Key in: LOAD (N), where N = file number of main program. {
EXECUTE
Key in: LOAD KEY (M), where\M = file number of KEY programs.
EXECUTE
RUN
EXECUTE
“FULL PRINT? 1 = YES, 0 = NO" will be displayed.
Key in: O for print-out of final iteration only.

1 for full print-out.

EXECUTE

"ENTER NO. OF OBSERVATIONS" will be displayed.

Key in: Number of observations to be inputted.

EXECUTE ¢

"ENTER NO. OF IND. VAR. (X'S)" will be displayed.

Key in: Number of independent variables to be inputted.

EXECUTE je

"ENTER TOLERANCE (.01)" will be displayed.

Key in: Tolerance input. When the maximum fractional change in
the parameter estimate(s) is less than or equal to this
tolerance, the iterative procedure will stop and the
program will continue to the next equation.

EXECUTE

"INPUT Y(I)" will be displayed.

Key in: Value of the dependent variable for the I
EXECUTE

"INPUT X(I, J)" will be displayed.

Key in: Value of the Jthindependent variable for the Ith

observation.

th observation.

EXECUTE t

Steps 23 - 25 will be repeated for all X variables for the I

observation.

Steps 20 - 25 will be repeated for all observatioms.

"EQUATION NO." will be displayed.

Key in: Number of the equation to be fitted.

EXECUTE

"ENTER J FOR FIRST X(I, J)" will be displayed.

Key in: The first independent variable number to be used in
the chocen equation.

h

EXECUTE

For equations 1-4 steps 30 - 32 will be repeated up to the
number of independent variable(s) used in the chosen equation.
For equation 5 enter in order the numbers of the two independent
variables to be used. When the number of a third independent
variable is requested, enter 0. (Only two independent variables

51 ; ;

A b e s T
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are required for equation 5. The input of 0 as the third inde-

i pendent variable is for the purpose of saving calculator storage
space.) If user equations are to be fitted, steps 30 - 32 will
be repeated to allow the user to indicate up to 7 independent
variables. When the ordered list of the independent variable
numbers is completed, enter O when step 30 is displayed.

34. “ENTER THETA ESTIMATE K" will be displayed.

|

E

E 35. Key in: The initial estimate of the Kth parameter, Gk.

E 36. EXECUTE

; 37. For equations 1-5 steps 34 - 36 will be repeated up to the number
F - of parameters for the chosen equation. If user equations are to

be fitted, steps 34 - 36 will be repeated to allow the user to
input up to 7 parameter estimates. When the ordered list of para-
‘ meter estimates is completed, enter 0 each time step 34 is dis-
Lf played.

38. An equation is fitted until the tolerance level is reached or until

15 iterations have been completed.

G| < 39. "ANOTHER EQUATION? 0 = NO, 1 = YES" will be displayed.
3 ) 40. Key in: 0 or 1 as indicated. If 1 is keyed in, the program will
i return to step 27. R 2
~ 41. When all desired equations have been estimated for the data set,
| - another data set can be entered by pressing the RUN, EXECUTE keys.

Two additional equations can be inserted into the first KEY pro-
5 gram (KEY fo)‘ To fit these equations set the equation number equal

to 6 or 7 at step 28. Before step 30 "ENTER NO. OF THETAS" will be

i displayed. Key in: The number of parameters, Q's, in the equation

i to be inserted. Press EXECUTE. Continue at step 30. If equation
number equals 6, insert the equation followed by its derivatives with
respect to O;, Oz, * * ° Om immediately following statement 2420 in

|

i

f! ; KEY fo'~ If equation number equals 7, insert the equation followed by
i its derivatives with respect to 0O;, Oz, * * °* Om immediately following
statement 2440 in KEY fo. The expressions for the equation and its

derivatives must be in BASIC computer language. The following names
should be applied as needed.

F(I) - The dependent variable for the Ith observation
estimated from the equation.
T(K) ~ The Kth parameter, Ok'
X(1,J) - The Jth independent variable for the Ith observation.
ﬁ D(I,K) - Derivative of thelequation with respect to Gk evalu-
4

ated for the Ith observation.
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3.3 SAMPLE OUTPUTS




DATA SET 1

ECGHATION 2

CESERYATIONS

NWC TM 2786

M. G i Aty ne2n
1 ] 55 2. Baa 4. 588
= 5. 300 1. 398 4.158
2 13,188 1. aaa 3,388
T4 14, 1848 o, SR 2250
& 12,1848 5] 3 4, 458
B 4, 3648 1,266 3.59568

HUMBERECSY OF THRE IHOZPEMDENT MARIABLE«S: FITTED = |

INITIAL ESTIMATES OF
THETH: 1) = 1U
THETHT 25 i

12

« CHBEE

Wi
WEe

FINAL ESTIMATES OF TRETH
St :
1

Y=HAT
S.07184

; x.euuuu A. T2965
3 12, 19866 12. 15268
4 14. 168605 13, =ifean
S 19. 1808686 19, 854085
3 4, ZEABE 5. 489585

Data Source:

s e i e e

Headquarters Armament Development and Test Center, Cost Analysis
Division. Air Launched Weapon Systems Cost Model, Volume I U.
Eglin Air Force Lase, Fla., January 1974, p. 5. (Publication SECRET.)
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TOTAL DEGREE:S, OF FREZDOM
FEGRESSION DEGREES OF FREEDOM
ERROR DEGEEESZ OF FREZDOM

oo

Lo P h

TOTAL St OF =SCURRES
RECREZSION SLM OF S0 JARES
ERROR UM OF SCUARRES

b e 8 |
L2 e

i Ia

s
ot -
R

nany
e e

Py A H

DR SR ]

—f = =)
L
Ty =

LA

FEGREESSION MERM SOUARE
ERRORE MEARM SOURRE

Hon
TR
S5

0
L

— =
i

=3
$= N
Fu O

'—
:
bl

F-ERTIO = 132.3423383

COEFFICIENT OF DETERMIMATION EH~SBUQRE? = ¥, DEZPEISHH

STARHDARDT ERFOE OF THE ESTIMATE = 2, 240354502

Pt VS NS S TS WA, A e Ry
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DATA SET 2

ERUATION 3

R el
=
b
X

{ 2 ol 2

2 52, EN 45
3 o 7 BE
B SE, 11 =T
5 e 18, HRE o
: 52 . A 51
v 2, S8, . eTE
= 26 ety ; 5L
= 2 17 M, 55
1i fi ? o, 7

e
e
o
—
DS
i1
A

OF ThRE INDEPEMDEMT YARIABLE(S) FITTED = : 2

THITIAL ESTIMATES OF HETH 5
THETAC 12 = B,

THETA: 2 = 1s

THETH: 3 = i

FIHAL ESTIMRTE:S 0OF THETH

THETHC 1 = 3.566

THETH: 23 = B, 5185

THETAL 3» = B, SEde

M.

«
Ty md i

e

GO RN ey I O R 1

DI i 7 o O N o I £

i

=
L
i

sl A
P i x|

£l

7
)

LRI TR 0 S ¢ S S P O D

-§ L3 = T

.
g

-
P

pare
—

v}

pa

Eac o )

Data Source:

Brad C, Frederic. Parametric Cost Estimating Relationships for
Missile Preproduction and Product ion-Support Ylements, Phase 1 Progress
Report. Tecolote Research Incorporated. Santa Barbara, Calif.,
August 1974, Table 7,
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TOTFL DEGREES OF FRE SDOM
EEGEESSTION LEGEEES 05 FREEDOM
ERREDR DEGEEES LF FEE=D0M

o ou

TOTAL SUM OF SCUREES = S25l15. 761

REGRESSION SUM OF SOUARES = 7351, 109568
ERROF SUM OF SCURRES = 1264,591432

REGREZZION HMERK SQOUASE = 2450, 369858
ERFORE MEAN SOUPREE ;

H H
i
—
=
-d
LY
71
£
£
Pnd
et

-
i
-
)
=4
pot
=%
il
joan
gl
oy
Degd
s
i

el

LR

COEFFICIENT OF DETERMIHATION (R-SQUARE

= [, 853220455 -

“and Yo Ve o

STARDARD ERRURE OF THZ ESTIMATE = 14.51775594

Sl e s

s san S e
it it S
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DATA SET 3

EQUATION &
UEEE“”HTIHH‘

M, St Al
1 d.711 258, GEHh
2 1oaly 1aea, oog
3 B, 541 152, aaa
4 A, 622 143, Bo8
5 B, 28 25, BEn
& 8,433 V3L BEE
7 @, 532 29, G5 :
& B. 715 SOE L B86

HUMBERCSY OF THE IMDZFEMDEHT WARIABLE:S: FITTED =

IMITIAL ESTIMATES OF THETA
THETA: 13 =
THETR: 23 =

= U IBHHLL14'H

FIMAL ESTIWMRTE:S OF
THETH: 13 =
THETR: 23 =

H. T 1
1 Bo7118a =T
& 141768 14
3 B, 54108 121
4 8, E2206 a2
= @, 26 Qg
2 8,49 37
% @, 2oz
2 8,7 93

Data Source:

This data was collected from several sources. The regression equation

is presented in the following document:

Naval Weapons Center. An Independent Cost Analysis of the HARM

Weapon System RDT&E (U), by Douglas R, Johnson, Dr. Barbara J. Bell,

Robert E. Sax, Paul A. Douillard and W, Eugene Waller. China Lake,

Calif., NWC, October 1975, p. 38. (Publication CONFIDENTIAL.)
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TOTAL DEGREES COF FREZDOM
REGEESSION DEGREES O FREEDOM
ERFOR DEGREES OF FREZDOM

LTI H

TOTAL
REGRE: ;
ERROR SUM OF SOUARES

S DF SCUARES

Honou
O O
SRS
DR I S

REGREZSIOH MEAH SQUARE
EREREOE MERH SHURRE

i
is

Bl

HH
b

® o=
0
—
b S
D e ]
Oy I
=i A
Ty Il

F-RATIO = 33.37FB32593

ot s e

COEFFICIEMT OF DETEREGIHATION ¢R-SOUARE: = O, 2REGEE
STAHDARD ERERORE OF THE ESTIMATE = .

1 00

1A7S48E53
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DATA SET 4
EQUATION 2

OESERMATIONS
Hil, o

Eao T 0 B8 Y
PRt B
I A ot
LR B

ST R e B
Tt O

=5 1%

R I e
B

s 4
AR

D )

% %
el
WA

';.n‘_ﬂ L s T e

5l
R . AR
& A A
% GG 0 A
Bk B RETEE: :
5 5188, 000 A
g 3219, 608 A
1 S5E7. 805 . BEG
2 =il G HRE
52, QR . ARG
P ] N
& b =

AP
(A )

1

DA B B

fenetd
2,

A Ao L R e R

K% %
o . . 3
I B B e

o M AT T T T T
228 B U RN B S Iy B |

S Tl b b el ek i et ok fed ek ek

R R R R L O

I-d.
™
b
=
I

&
i
& B, 85
9, 5] 158, 60
b S e e SRB, AR
2818, BRA AR, B0
SIET . BEE B, B
= =543, 800 L ARR
& 7 GG FiE
o5 e HEn EE
25 B 515
26 EIEE {5]5]
2 i

vl
JOLRLR

1

HUMBER (S OF THE IMDZFPEMDEHT VARIABLE(S:» FITTED = |
IHITIAL ESTIRATES
THETH: 1)
THETH: 21 =

Data Source:
Naval Veapons Center. Solid Motor Cost and Reliability Prediction
Methodology, Final Technical Report (U), by Dooz-Allen Applied
Research. China Lake, Calif., NWC, March 1974, Tables 5 and 6. i
(NWC TP 5634, Publication CONFIDENTIAL.) : |
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R Bt R 3%
— ot

R

Lt = 26
VE FREEDDM = 2
ERROR DEGRE FEE DM ]

TOTAL
FEGE
ERE

UM aF
IOk &
=0 OF

RECRESS [OH
EREDR MEAH

E

F~EATIO =

CUBFE LCTENMT UF DETERMIMATION (E-SRUARE:
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