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NOTES RE — Report.Series No.11 

Programs ADOO01 to ADOOO4 do not give the correct results when X=0. There 
are two solutions to overcome this problem: 

(1) Instead of-using X=0' use very small value, 
For example, when the smallest, non zero X value is, say 1, 

then X=lE—7 can be used instead of X=0. 
V 

OR: 

(2) Apply the following patch to the programs ADOOOI to ADOOO4: 

02.23 F J1=l,L1;D 16 
“ 

.

1 

16.10 I (X(Jl))l6.3,16.2,l6.3 
16.20 S SX(l)=1;S YX(l)=Y(J1) 
16.30 R
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Preface 

This is the first in a series of reports presenting computer programs 

in use in Water Quality Division. 

The present volume contains several "Least square fit" programs, 

and a program for finding the real or imaginary roots of a polynomial 

equation. These programs can he also used as subroutines‘ in other programs. 

A_11 the programs presented in this report were written in FOCAL-69 

and are used on a PDP-8/L - 8K computer.
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Computer Programs in Use in the 
Water Quality Division, Vol. I. 

A. DSMA YO 

1. LEAST SQUARE FIT T0 VARIOUS TYPES OF POLYNOMIAL EXPRESSIONS 

1.. 1 . Program AD0001 
1.1.1. Abstract 

Given L1 pairs of points Xj, Yj, the adjustable coefficients Bi of: 

L . 

Yj(obs) = Z Bixj1'1(obs), where j=1...L1 and L=NA,..NB 
i=1 

are calculated. NA, NB, Li, X- and Y- are entered via Te1etypesASR—'3‘3. 
(Keyboard or punched paper tape). Af er the coefficients Bi are obtained 
the program calculates Yj (calc)-, compares it to Yj (obs) and then calculates 
the mean square deviation from: 

-1
2 L1 

21‘ [Yj (obs) - Yj(ca1c) ]2 
J: '

, SD= 
L1~L 

1.1.2. Theorx 

Given L1 pairs of points Xj (obs), Yj (obs) (j=l...L'l) this program 
calculates the coefficients B,-_ of expression: 

p i_1 __ L = NA...NB 
B-X» (obs) ....(1) Y. (calc) =_

V 3 1 
1 3 ‘ 

j = 1...L1 
|Il\/IF‘

i 

which minimizes the sum: 

L1 
2 [Y(obs) - Y(calc)]2 

J=1



The coefficients B1 are found by solving a linear system of L equations 
given in a general form by: 

L1

2 
||l\/JP‘ [Yj(obs) * Xjm(obs)] = __(2) 

1 i '=1 J 

L1 . 1+m-1 
_ [Bi* 2 1X.‘ . (obs)] 
J 1 J 

m = 0,1,...,L-1. 

In an expanded form, the equations are shown in (3). 

L1 . 

V * 0 _ * 
L1 0 b + * 2 Yj(obs)-Xj (obs) — 31 _Z1 

xj (o s) 32
_ J= J= 

L1

2 I 

Xj(obs) + ... 

J 11 

L1 1-1 L1 L—1- + 31* 2 xj (obs) + ... + 3L* 2 xj (obs) 
i=1 i=1 

L1 
.2 3-1 

— L1 L1 
B1*_X Xjtobs) + B2*_X Y.(obs)*X.(obs) = Xj2(obs) + ... 

L1 1 L1 
+ 31* Z Xj_(obs) + ... + 3L* 2 X.L(obs) 

J-1 J
J1 

..(3) 

L1 
_ 

« 

m L1 m p 

L1 m+1 
_Z Yj(obs)*Xj (obs) = 31* 2 xj (obs) + 32* E xj (obs) + . 

‘1=1 j=1 
_ 

j=1 

L1 . L1 
+ 3.* Z x.1+m'1(obs) + ... + 3 * Z 

x.L+m'1 
1 L ’ 

._ J -__. 3-1 3-1 
(obs) 

L1 L_1 L1 L_1 L1 L 
2 Y.(obs)*X. (obs) = 31* Z x. (obs) + 32* 2 x. (obs) + ... 

j;1 J J j=1 J 
, j=1 J 

L1 . L1 
+ B.*Z x.1+L“2(obs) +- + B *1

X 1 ._ J L ._ 3-1 
_ 

3-1 

\. Xj2(L-1)(obs) 

L, the number of adjustable coefficients Bi, can wary between two limits, 
NA and NB (NA can also equal NB) which are specified in the input of the 
program. Thus: 

L = NA, NA+1, ..., NB 

NB and the corresponding maximum value for L1 are given in Table 1.



TABLE 1 

Maximum value for L1 NB 
Memory size: 4K# 8K# 

2 22 ‘ 64 
3 19 61 
4 16 58 
5 12 54 
6 ‘7 49 
7 - 44 
8 — 38 
9 - 31 

10 — 
. 24 

11 — 15 
# PDP-8/L computer, FOCAL—69 language, extended functions deleted. 

The program contains a subroutine for the solution of a system of 
linear equations (Statements 14.05 to 15.30). The system is solved by 
Gauss—Jordan reduction method. The steps of this method which the program 
follows very closely are as follows. Given the systems of equations: 

Cy A11X1 f A12X2-+ ... + Alixi + . + AILXL = 

A2.1X1 “ A22X2 ‘‘ * Azixi + * A2LXL = C2 

.(4) 
An1X1 + An2x2 + ... + Anixi + ... * AnLXL = Cn 

AL1X1 * AL2X2 * ... * ALiXi + ... + ALLXL = CL 

Consider the L by (L+I) matrix formed by the coefficients A and terms C; 

A11 A12 ... Ali ... A1L C1 

A21 A22 ... A2i ... A2L C2 

_ 
.(5) 

Anl Anz . . . . . . Cn 

AL1 AL2 ... ALi ... ALL CL 

a. Divide the 1st row by All. This makes element A11=1. 
b. Perform the subtraction: 2nd row — lst row * A21. This operation makes A21=0. 
* Denotes multiplication sign.



Cg Perform the subtraction: nth row — 1st row * Anl. This operation 
makes An1=0. 

d. Repeat c until n=L.i 

Now the matrix 1.1.5 has the following aspect: 

.1 A12 A13 

0 A22 A23 ... 

0 An; A113 . . . 

0 AL2 AL3 ... 

A11 ... 

A21 ... 

Ani out 

ALi ... 

A1L 

A2L 

AnL 

ALL 

C1 

C2 

.(6) 

Cr; 

CL 

It must be pointed out.that, though the same notation has been used, the 
elements of matrix (6) have different values from those of matrix (5): 

.e, Operations a — d are repeated starting this time with element A22 and 
row 2 and leaving the 1st row alone. At the end of this series of 
calculations, matrix (6) has become: 

1 A12 A13 ... 

O 1 A23 ... 

0 0 A33 ... 

0 0 Ana 

0 0 AL3 cg. 

Ali ... 

ALi 

A1L 

- A2L 

- A»3L 

- AnL 

ALL 

.(7) 

CL 

The same operations are repeated for each diagonal element and for 
each row except the last row. 
become: 

1 A12 A13 ... 

0 1 A23 ... 

0‘ 0 0 

0 0- 0 

Ali ... 

.A2i ... 

. 0 ... 

. 0 .. 

AiL
, 

AZL 

1‘AL-1;L 

. 0 ALL 
* Denotes mfiltipfication sign. 

At the end, the matrix of coefficients has 

-(3.)



Thus, from the last row, XL can be obtained immediately. This value 
is substituted in row L-1 and XL_1 obtained, and so on, until all the X's 
are obtained . 

1.1.3. Input data 

The input parameters_are (in the order in which they must be entered): 
NA,NB,Ll,and X—Y pairs. (Refer to the above write—up for the meaning 

of these symbols). A -

‘ 

An example of a set of input data is shown.in Figure 1.1. 
1.1.4. Output data 

The output consists, initially, of a table of X—Y values. Then, as 
they are calculated by the program, the adjustable coefficients, B1, are 
typed out. Finally, a table of Y(obs), Y(ca1c), and the difference between 
Y(obs) and Y(ca1c) is typed out. The last line of the output contains the 
value of the mean square deviation calculated from expression: 

L1 ‘ 

E1 
[Yj(obs) - Yj(calc)]2

2 

J --(9) 
SD = 

L1-L 

Note that this treatment assumes that the Y coordinates are subject 
to error while the X coordinates are free of error. 

A typical output is shown in Figure 1.1. For this example seven 
X—Y points were calculated from the relation: 

Y = 2 + 3x — o.ssx2 + o.o4sx3 

The calculated relation was (4 adjustable coefficients): 

Y = 2.006 + 2.996X — o.s494x2 + o.o4297x3 

1.1.5. The computer program 

The listing of the program is reproduced in Figure 1.2. The program 
is written in FOCAL 69 language (Digital Equipment Corporation, 1969), and’ 
can be run in its present form on any PDP-8 series computer. 

The memory requirements are listed in Table 1 on page 2. 

As far as the computer time is concerned, when the number of 
adjustable coefficients 5_6, then the limiting factor is the speed of the 
.ASR-33 Teletype. As a typical example, approximately four minutes on a 
PDP-8/L is required to fit ten points to polynomials with two to five 
adjustable coefficients. 

1.1.6. References: 

1. Deming, W.E. 1964. Statistical adjustment of data. Dover Publications 
Inc., New York, N.Y. 

2. Digital Equipment Corporation. 1969. Advanced FOCAL. Publ. No. 
DEC-08-AJBB-DL.



#6 
2 5'1 
I050 
3090 
3-50 
6¢U0 
7050 
9055 
‘Ursa 

Hwm1J.PmmmAMw1-mmtmdmfiw. 
'50‘! 
7o2l 
8-28‘ 
90‘? 
11.79 

A l5o&9 

DATA POINTS f 
2O 0 

EEEE 
II 

III 

<bmAQm— 

llllllllllllllz

O I 

qowsawu 

OF 
I) 
2) 

X : 

osnsoaaoeoan 
o-3oooaa:+a1 
a.4sooooz+o1 
o.6aoaao:+a1 
n.1soaoa:+o1 
B590EBO0E+0| 
a.1asooo:+o2 

Y . 

.0o54l000E¢0l 
o.121aao:+o1 
o.a2saaa:+a1 
a.949ouos+o1 
.0-1170008002 
a.15soaa:+a2 
o.22s4aa:oa2 

ADJUSTABLE COEFFlCIENTS= 2 

IIHIIJIIIIIII 

= 0-ll77l4E¢BI 
= 0-l72ll9E+Ol 

Y OBS. 
0-54]000E+6l 
0o72l000E*0| 
D-828BO0E+3l 
0o949000E+0l 
0-1I7DO0E+02 
0o158060E+02 
0o226400E*B2 

Y CALC- 
'Go375893E+0l 
a.sa4a71:+a1 
a.s922so:+o1 
a.11sa43E+o2 
o.:4aas::+a2 
6-I66619E+B2 
a.19249s:+o2 

MEAN SQUARE_DEV!ATl0N= 0o227565E*Bl 
OF ADJUSTABLE COEFFICIENTS= 3 No. 

a<= 
B0: M: 
NO 

~)O~U'|b(Jl\)-' 

1) 
2) 
3) 

= a.122713:oo: 
=-a.9s1s94:+oa 
= o.224a74:+aa 

Y OBS. 
0-541600500! 
0o72l0DOE+0l 
D-828fl0DE+0l 
0-949000E+Bl 
B-ll700©E+D2 
G-l58BBBE+02 
@o22640DE*02 

MEAN SQUARE DEVIATION= 
NO. 

II 

II 

II 

II 

II 

II 

II 

v CALC. 
o.627975:+u1 
o.s34o71:+a1 
o.741oaa:+e1 
a.94s1a2;+a1 
a.x2s73s£+a2 
a.166579E+a2 
a.2|77as:+a2 

0olD65S3E+01 

OF ADJUSTABLE COEFFlClENTS= 4 

~|0‘U|bUI\7'- 

I) 
2) 
'3) 
4) 

= G-20@623E*0l 
= 0-299632E+Bl 
=-E-549392E*00 
= 0.429753E-W‘ 

Y U 

E-54l000E4Bl 
flo72l0GOE+0l 
0-S2BflDDE+0l 
B-949000E*@I 
0-l17000E+@2 
BolS8000E*02 
0-2264@0E+G2 II 

II 

II 

II 

II 

ll 

ll 
Y CALC. 

G-54B960E+0l 
0o72l086E+0l 
9-8280l5E+@1 
0.948762E+0l 
0ol!7034E+B2 
0-lS7977E¢02 
0n2264B6E+02 

MEAN SQUARE DEVIATION= 6o282348E*@2 
NO. OF ADJUSTABLE COEFFTCIENTS= S 
B(= M: 
B(= 

~lO\U|bUl\}-‘ 

l) 
2) 
3) 
4) 

II 

II 

II 

II 

II 

l|»lI- 

0-l98266E+6I 
0o302l25E*0l 
-0-557395E+00 
0.439S78E-01 
-B.All387E-04 

Y OBS. 
0-54l000E+0l 
6o72l000E+0l 
0-8280@0E+0l 
6-94900flE*0l 
0ol1700DE*02 
0-l58090E*02 
0o22640@E+02 II 

II 

II 

II 

II 

II 

II 

Y CALC~ 
0o540B53E*@1 
B.72l336E+@l 
0o827979E+0I 
0-9485A7E+@l 
@oll7@3lE+@2 
0ol58@@2E+02 
0o226396E+@2 

MEAN SQUARE DEVIATION= 0-466606E-02*

6 

DIP 
= u.1s51a7:+a1 
= o.ss92a9:+oa 
=-a.s4249sE+aa 
=-a.2aI4z8:bo1 
=-a.23ssa7:+an 
=-a.ss1a49a+ao 
= a.3a9o3s:+a1 

DIF 
-a.ss97s2:+oo 
o.s¢9293:+ae 
o.s1aoa5:+aa 
0.2384l9E-02 

-a.s73s68:+aa 
-0e867846E+0G 
o.as9s34:+aa 

DIF 
a.39a129E-03 
-o.ss64aa:~aa 
60.144959:-as 
a.23a419E-a2 
-o.341797:-a2 
c.22945q:-02 
—o.e1a3s2:-as II 

II 

.II 

II 

II 

II 

II 

nxr 
a.14e711:-a2 

-0.336575:-$2 
@o2B98@8E-03 
o.452aass-92 
-o.3a4985E—z2 
-0ol92642E-03 
0.457764E-03



Figure 1.2. Program AD0001 — listing. 

*C-8K FOCAL @1969
* 
#01096 
*31oB7 
*0lo@9 
*01o1g 
'*0lol1 
*WI -15 
*@lc2@ 
*

. 

*g2o 
*92o2@ 
*fl2o22 
$02025 
*fi2c27 
*g2{28 
*Q2030 
$02.35 
*D2o78 
*02o8@ 
.*02&82 
*02o84 
*@2o35 
*02o86 
*92o88
* 
*$8ol@ 
*98ol5 
*08o2@
* 
*l4¢05 
*14ol@ 
*14ol5
* 
*l5o05 
*l5ol0 
-#15315 
*lSo20 
*lSo2l 
*l5.25 
*1S.3@
* 

iU"!G3"'l'UI"1(n 

U2'*lUI 

-lU)") 

-l(/)"l"iUJ"'|*lU"l-)"1"1'*l"'l(n 

@"1"I-I"lDF'I 

NA:NB:LI/ 
Jl=!:L13A X(Jl):Y(J1) 
!!"DATA POINTS 3":!!:" NO. X 
J1=1:Ll}T Z2:Jl:“ ":%:X(J1):" ":Y(Jl):! 
L=NA:NB3D 2 

v".z 

N2=2*L*l 
J!=l:N23S SX(Jl)=@ 
Jl=1:L3S YX(Jl)=@ ‘ 

. 

-

_ J2=1:N23F Jl=1oLl3S SX(J2)=SX(J2)+K(J1)f(J2°l) 
J2=l:LiF Jl=l:Ll3S YX(J2)=YX(J2)+Y(Jf)#(X(Jl)t(J2-1)) 
!!"NOo OF ADJUSTABLE COEFFICIENTS":%2oL 
J2=loL1F Jl=l:L}S A(J2+Jl*L)=SX(J1+(J2-1)) 
15.9 , 

":2:B(K) K=l4L3 T 2"a<".z2.K."> 
JI=1.L1ss YK(Jl)=@ 
sD=z 
:1" No. Y 035. Y_CALC. p1Ffi.s 
J1=1.L1ss YX=B<1)3D 8.0 
SD=FSQT(SD/(Ll-L)) 
!"MEAN SQUARE DEVIATION":SD3R 
J2=2aL3S YX=YX+B(J2)*(X(Jl)t(J2-1)) 
D=Y(J1)eYX1S SD=SD+D*D 
22:J1." ".’oz:Y(Jl):" ".9 YX)" ": be ! 

}R‘ 

N=K+l3 s DD=A(N+II*L)/A(II+1I*L) 
"J=IIoL3 S A(N+J*L)=A(N+J*L)-A(II+J*L)*DD 
YX(N)=YX(N)-YX(II)*DDJ R 

MM=L-I ~ 

II=1:MM3 F K?I1>MM3 D 14.0 
B(L)=YX(L)/A(L+L*L) 
M=2»LiS N=L+1-Mss KK=N+11s‘acN)=yx<N>/A<N+~+L):o 15.25 
15.30 
K=KK.L1 s B(N)=B(N)-A(N+K*L)*B(K)/A(N+N*L)



Program ADOOOI can be slightly modified so that it can be used with 
polynomial expressions, which by substitution can be reduced to the form 
of expression (1): 

L
. 

Y = 2 Bi x1-1 
i=1 ' 

Programs AD0002, AD0003, and ADO004 are examples of such modifications. 

1.2. Program ‘ADOOO2~ 

1.2.1. Theory 

Given L1 pairs of points Xj(obs), Zj(obs), where j = 1 ... Ll; 
this program calculates the coefficients B1 of expression:' 

-1 
L .._ 

p I 

Zj(ca1c) = 1 2 Bi xj1'1(obs)1 ....(1oy 
i=1 

where L = NA NB 

j = 1 ... Ll 

which minimize the expression: 

‘L1 

:2 £?j(obs) — Zj(ca1c) ]2 

(By performing the substitution: 

.Yj = 1/Zj ...,(l1) 

the problem becomes identical to that of program ADOOOI. 

1.2.2, Input and output parameters 

The input and the output are identical to those of program ADOOOI. 
A typical example is shown in Figure 1.3. In this example, six X-Z points 
were calculated from: 

z-= (1.1 — 0.6SX + o.1x2 — 

Then the six points were fitted to an expression of the type 
(10) with L taking values of 2, 3, 4, and 5. For L = 4 the results were: 

2 = (1 111 — 0.674OX + o.1131x2 - o.osoox3)-1 

1.2.3. The com uter1.ro ram 
~ ~ 

The listing of the program is reproduced in Figure 1.4. 

The program is identical to that of Figure 1.2 except for minor modif- 
ications in the printout (Y substituted by Z), and of course, the substitution: 

Y = 1/2 
in the statement 01.09.



‘G 
2 5 6 
00790 1-499 
1-420 60439 
20149 ‘Io674 
2¥560 ‘$0566 
3{58B ‘D5294: 
40390 ‘B0165 

DATA POINTS : 

No. - x 
_

z 
= g = D.1ooDoDa+ao = 8.l49900E+01 
= 2 = a.142DaDa+a1 = a.5439Daa+a1 
= 3 = D.214ooza+a) =53-1514oaa+a) 
= 4; = D.2s5aoD:+a) =-q.555DDD:+DD 
= s = D.35aoaoa+o1 =-D.2s4oeD:+aD 
= 5 = D.43oaaoa+a1 =-a.15soaua+oD 

NO. OF ADJUSTABLE COEEFICIENTS= 2 
ac: 1) = D.259a43a+a1 
ac= 2) =-o.)a1a94a+D1 
No. 2 oas. z cALc. 

= 
1 = D.1499aoa+o1 =_B-7D4L39E+00 

= 2 = a.5439Do:+a1 = a.9o4551a+o1 
= 3 =-o.1514DD:+a1 =-D.s33952z+uD 
= 4- :-D.s55DDea+Do =-0a3986G8E+flG 
= 5 =-o.2a40aoa+Da =-D.25gs92a+oD 
= 5 :-D.155DDDa+Do =-D.19saoa:+oD 
MEAN SQUARE DEVIATIONS 6-IA283lE+01 
NO. OF ADJUSTABLE COEFFICIENTS=. 3 
ac: 1) = D.3sA852E+oo 
a(= 2) = a.517298s+D@ 
ac= 3) =-a.4a724sa+ao 
NO- . z oas. z CALC- 

= 1 = 0-149900E+0l = o.17294s:+o1 
= 2 = a.5439Daa+D1 = D.asa5D3E+o1 
= 3 =-0-l674GGE+0l =-D.19D2a1a+D1 
= 4 =-a.s55DDDa+Do -=-D.s449x2a+Da 
= 5 =-z.2s4Doea+aa =—a.27391sa+aD 
= 5 =~a.15soDaa+aD =-D.t575D5a+Da 
MEAN SQUARE DEVIATION= B-l65843E+0l' 
NO- 
B(é 
B(= 
B(= 
Bté 

ullulrull 

Z

M

0 

0\U1".bUl\')v-‘O 

1) 
2) 
3) 
4) 

Z 085- 
G-1499BOE*0l 
G-643900E*0l 

--0ol674@0E*Bl 
=-0o566000E*BE 
=*Bs284@@@E+0fl 
3-0-l6S0BGE+B0 

I. 
II 

II 

or ADJUSTABLE COEFFICIENTS= 4 
= 0.1|1171E+a1 ‘ 

=-0.61403lE+0B 
= o.1131a3E+a0 
=-D.3DD452E-at 

z cALc. 
a.149734E+01 
a.55157eE+D1 

=-D.157439E+o1 
=-o.s57u57E+aD 
=-D.2837a9a+DD 
:-a.155D28E+Dz 

MEAN SQUARE DEVlATl0N= 0-549736E'@l‘ 
NO. OF ADJUSTABLE COEFFICIENTS= 5 
ac: 1) = D.1a77o1a+D1 
ac: 2) =-D.ss95s1E+DD 
a<=V 3) = @.492221Es0i 
a(=i 4) =-G-6I2582E-01 
ac: 5) =-D.1878D1E-D2 
No- 

_ 

z 035. z cALc. 
= I = a.1499@aa+o1 = a.14993Da+@1 
= 2 = D.5439eDE+D1 = D.54a73@E+o1 
= 3 =eD.1574aD£+D1 =-D.155953E+D1 
= 4 5-0-566@06E+06 =-a.s55s|aE+oa 
= 5 =-a.284aD@a+o@ =-0.283937E+00 
= 5 =-D.155DD0a+DD =—e.15sDD4a+ua 
MEAN SQUARE DEVlATION= I-3l5227E-$1: 
-I

9 

Figure 1.3. Program AD0002 - input and output. 

DIP 
= p.794s52a+oD 
=so.25o7s1a+a1 
s-a.s4Do39a+ao 
=-9.157392g+aD 
=-0-22I08lE-Bl 
= Bo30@@77E-E! 

DIF 
-362394$0E*0¢ 
0-285398E+0l 
a.22aa1xa+aa 

=-0.2!fl883Es@l 
=-D.)DD2s7z-an 
= 6.2505015-02 

Dgr 
= @ol66607E-02 
=-a.117n7s:-D1 
= D.39aas3a-D3 
=.e.1o57D4a-D2 
=*0o27144BE‘53 
= @o274773E'04 

DIP 
-D.3D2315:-ea 
6.3l20S2E-01 
-D.442257:-D2 
a.5a952aE-D3 

-D.533oD1E-04 
2.405312:-as
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Figure 1.4. Program AD0002 - listing. 

C'8K FOCAL @1969 
01.06 
01.07 
01.99 
01.10 
01.11 
01.15 
01.20 
02.17 
02.20 
02.22 
02.25 
02.27 
02.28 
02.30 
02.35 
02.78 
02.80 
02.82 
02-84 
02.85 
02.86 
02.88 

08.10 
08.12 
08.15 
08.20 
14.05 
14.10 
14.15 

15.05 
15.10 
15.15 
15.20 
15.21 
15.25 
15.30 
It 

50"‘1G)""1U)"‘1U) 

Ul"'1U2 

--1(.n‘U'1"'1 

'-10'./2'1’)--1(/I"'1"'1U"'1-1"1""1“‘1’l,U‘) 

O"1"'l-1"'1J>F1 

NADNBIL1
, 

J1=1:L1}A X(J1):Z(J1)}S Y(J1)=1/Z(J1) 
!1"DATA POINTS 2":!1.v" NO. X ‘Z":! 
J1=1:L13T Z2.9J1:" ":%.vX(J1):" ":Z(J1).v! 
L=NA:NB3D 2 

N2=2*L'l 
Jl=1:N23S SX(J1)=0 
Jl=1JL3S YX(J1)=0 
J2=1:N23F J1=1:L13S SX(J2)=SX(J2)+X(J1)f(J2'1) 
J2=1:LiF J1=1aL13S YX(J2)=YX(J2)+Y(J1)*(X(J1)?(J2'1)) 
'1 !"NOo OF ADJUSTABLE COEFFICI ENTS": %2:’L/» 
J2=1:LiF J1=1:LI5'A(J2*J1*L)=SX(J1+(J2'1}) 
15.0 
K=1.9L3 T 1"B(":%2:K.o") "o%:B(K) 
J1=1:L13S YX(J1)=0 
SD=0 
1!" N00 Z 0BSo Z CALCO DIF"1! 
J1=1:L13S YX=B(1)3D 8.0 ' 

SD=FSQT(SD/(Ll-L)) 
!"MEAN SQUARE DEVIATION”:SDIR 
J2=2.L:s YX=YX+B(J2)*(X(Jl)v(J2-1)) 
vx=1/vx A 

D=Z(J1)-YX3S7SD=SD+D*D 
ZZJJIJ" ":7..oZ(J1).v" ":Y.X:" ")D:!3R 
NéK+l3 s DD=A(N+II*L)/A(II+II*L) 
J=II:L3 s A(N+J*L)=A(N+J*L)-A(I1+J*L)*DD 
YX(N)=YX(N)-YX(II)*DD5 R 

MM=L-1 
II=1:MM3,E K=II:MM3 D 14.0 
B(L)=YX(L)/A(L+L*L) 
-M=2aL3S N=L+1*M5S KK=N+13S B(N)5YX(N)/A(N+N*L)3D 15.25 
15.30 
K=KK:Li S B(N)=B(N)-A(N+K*L)*B(K)/A(N+N*L)

10



1 .3. Program ADOOO3 
1.3.1. Theorx 

Given L1 pairs of points Yj(obs), Zj(obs), where j F 1 ... L1, this 
program calculates the coefficients Bi of expression: 

L . 

Yj(ca1c) = Bi + X BiZj1_1(obs) ----(12) 
i=2 ~ 

where L = NA ... NB‘ 

j = 1 ... L1 

which minimize the sum: 

L1 
Z [Tj(ca1c) - Yj(obs)]2 

.21 _ 

By substituting: 

Zj = 1/Xj ....(l3) 

the problem becomes identical to that of program AD0001. 

1.3.2. Input and output parameters 

The input and the output are identical to those of program AD0001. 
A typical example is shown in Figure 1.5. In this example, seven Y-Z points 
which were calculated from: ’

i 

Y = 8.7 — 5.2/z + 1/22 

were fitted to an expression of the form (12). 

The results for L = 3 were: 

Y = 8.700 — 5.197/z + 0.9973/22 

1.3.3. The computer program 

The listing of the program is reproduced in Figure 1.6. The program 
is almost identical to program AD0001. The differences consist of a minor 
modification in the printout (statement 01.10) and the substitution: 

X = 1/2 
in the statement 01.09.

11
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1030 
2-55 
3~8@ 
5-05 
6730 
7455 

"2.5 7 
5.292 
64815 
7:40! 
78710 
7q9@5 
8dU29 

30893 80122 
DATA POINTS : 

No. z .
Y 

= 1 = o.1aeoaa:+o1 = 0-529200E+Dl 
= 2 = aag55oaeE+o1 = p.581sao:+a1 
: 3 = 0o3800BOE+D1 == a.74e1zes+o1 
2 4 = a;5a$oaa£+u1 = o.771auoE+a1 
= 5 = a;e3aeap:+o1 = a.79oaoa:+e1 
i 6 = z.7s5aaa:4o1 = a.8a29oaE+a1 
2 7 = a;8800ao:+a1 = a;s122ao:+a1 
No. or ADJUSTABLE COEFFICIENTS=‘ 2 
at: 1) = a.8s734aE+ox 
at: 2) =-a.431335:+01 
No. Y oas. Y cALc. 

= 1 = o.sg92oe:+o1 = a.525s44:+a1 
= 2 = a.6a1sao:+01 = a.6881s9E+a1 
= 3 = a.74o1ooE+o1 = a.74383aE+a1 
= 4 = a»771o0a:+o1 = a.771927:+a1 
= 5 = 0.790flfl@E+0l = a.788874:+oi 
= 6 = a.sa29oaE+o1 '= a.saa209E+a1 
= 7 = a.s122aaE+e1 = a.3a8324:+a: 
MEAN souana DEVIATION= a.43912sa-a1 
No. or ADJUSTABLE COEFFIcIENTS= 3 
a<=‘ 1) = a.s.699,83E+m 
a<= 2) =-a;51973s:+a1 
3:: -3) 3 a,99729s:+aa 
No. — Y oas. Y cALc. 

= I = o.sa92aaE+a1 = 0-s29|99:+o1 
= 2 = 0-68l50DE+01 = a.s8n5a3E+o1 
: 3 = o.74a1aoE+o1 = a.74nI17a+a1 
=, 4 = a.771aa0E+o1 = o.77o974:+a1 
= 5 = a.79zaa0£+ag = g.7a9993:+a1 
= = 0u8B2900E+Dl = 0-802893E+0l 
= 7 = o.a122aa:+a1 = a.a122noE+a1 
'H£AN sauna: DEVIATION= a.1e113sE~o3 
No. or ADJUSTABLE COEFFICIENTS? 4 
3<= 1) = a.s693s2E+a1 
a(= 2) =-a.518s9I£+o1 
3!: 3) = D-962922E+DG 
a<=4 4) 2 o.27s24s:-21 
No. Y 935. Y cALc. 
= 1 = a.s292oos+a14 = e.s292aoEoa1 
= 2 = B-6815DOE+0l = Dq63l488E+Dl 
=- 3 = o.74a1ao;+a1 = o.74u129E+a1 
: 4 = a;771oaoE+a1 = o.77a93s:+a1 
= 5 = o;79oooa:+a1 = a.79aaa3E+o1 
= 5 = a.sa29oa:+01 = a.aa2a9os+n1 
= 7 7: aasI22ca:+o| = 04812198800! 

MEAN SQUARE DEVIATION$ D-20§037E-B3 

NO. 
B(= 
B(= 
B‘= 
‘ac: 
B(= 

No- 

II 

II 

Ill!-II 

It-ll 

~lOU'|.b(-IN)-‘ 

1) 
2) 
3) 
4) 
5) 

= o.a5ss7s:+o1 
=-G~497l76E+6l 
=-a.19341s:+on 
= o.243;48:+o1 
=-o;16o6ssE+o1 

Y OBS- 
a.s292oo;+o1 
o;681soo:+a1 
a;74o1ao:+a1 
0.771oao:+a1 
a;79aooes+o1 
0.8a29noE+o1 
o.8I22aa:+o1 

OF ADJUSTABLE COEFFIClENTS=. 5 

‘Y_cALca 
B.529l99E¢0l 
B.68lS08E+0l 
Ag.74oas7s+o1 
0.77l0llE90l 
@.190D45E+0l 
0dB029B3£+0l 
D-B|2I6tE+0l 

MEAN SQUARE DEVIATION= 0o492261E°03* 

12 

Figure 1.5. Pragrm AD0003 - input and output. 

arr 
2 a.3ssess:-91 
=-E.668869E-Bl 
=-a.373e39:-a1 
=-a.92ssa5:—a2 
a.112s29aeo1 
0.2691085-0! 
9.337573:-an 

DIP 
= o.143a51:ea4 
=-a.24795sE-04 
=-o.169754:-as 

0.244141:-as 
0.2fl9808E-04 
fl.68664§E*04 

-0.972743:-a4 

DIF
4 =-a.2361o2E-as 

= a.123978E-as 
=-a;283963E-as 
= 0.l26839E-B3 
»=-2.247955:-e4 

0-1B68l2E°03 
0o!90735E-04 

oxr 
a g.as33a7z-as 
=-o.s2o|sa:ea4 
a 0.333736:-as 
=-a;ao9573a-as 
3'0gA46320Er03 
=-0.286102E-04 
= 0.392914:-03
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Figure 1.6. Program AD0003 - listing. 

C'8K FOCAL 91969 

01.06 
01.07 
01.09 
01.10 
01.11 
01.15 
01.20 

02.17 
02.20 
02.22 
02.25 
02.27 
02.28 
02x30 
02.35 
02.78 
02.80 
02.82 
02.34 
02.85 
02.86 
02.88 

08.10 
08.15 
08.20 

14.05 
14.10 
14.15 

15.05 
15.10 
15.15 
15.20 
15.21 
15.25 
15.30 
11! 

5U"'1G3'*lU)"'lL/I 

'U2"lU3 

'-IU211 

-1UJ"'l-lU2"'l"lU"1'-1"1'*17l"'l(n 

D71"!-1“'1>l"I 

NA:NB:L1
‘ 

J1=1:L13A Z(J1):Y(J1))S X(J1)=1/Z(J1) 
!!"DATA POINTS 8”:!1a" N0o Z 
J1=1:L13T 22:J1:" 
L=NA:NB1D 2 

"b%:Z(Jl)o" ":Y(J1):1 

N2=2*L-1 
J1=1.N2ss sx(J1)=0 
Jl=!:L3S YX(J1)=0 
J2=1.N2:F J1=1.L1:s sx<J2)=sx<J2)+x<J1>v(J2-1) 
J2=loL3F J1=1.L11s Yx(J2)=YX(J2)+Y<Jl)#(X(Jl)t(J2‘l)) 
!!"N0. or ADJUSTABLE coEFF1cIENTs".%2.L ‘ 

J2=1.L:r Jl=1oL1S A(J2+J1*L)=SX<Jl+(J2-1)) 
15.0 
K=1.Ls T !"a(".z2.K."> ":ZaB(K) 
J1=1:L13S Yx<J1)=0 
sD=0 

_ _ 
!!" No. Y 035. Y CALCo DIF".! 
J1=1:L15S YX=B(l)5D 8.0 
SD=FSQT(SD/(L1-L1) 
!"MEAN SQUARE DEVIATION":SD1R 
J2=2:L3S YK=YX+B(J2)*(X(Jl)?(J2‘1)) 
D=Y(J1)—YK3S SD=SD*D*D 
%2JJ1:" "'.%.Y(J1)."' ":YX;" "aD:!3R 
N=K+13 S DD=A(N+II*L)/A(II*II*L) 
J=1I:L3 S A(N+J*L)=A(N+J*L)-ACII*J*L)*DD 
YX(N)iYX(N)-YX(1I)*DD3 R 

MM=L-1 _ II=1:MM3 r K=IIoMM3 D 14.0 
B(L)=YX(L)/A<L+L*L) 
M=2.Lss N=L+1-Mxs KK=N+11s B(N)=YX(N)/A(N+N*L)3D 15.25 
K=KK:L3 S B(N)=B(N)-A(N+K*L)#B(K)/A(N+N*L) 

13 
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1 .4. Program ADO004 
1.4.1. Theorx 

Given L1 pairs of Z—X values (j = 1 ... L1) this program calculates 
the coefficients Bi of: 

Zj(ca1c) = exp 
i 1 

NA ... NB where L 

j = 1 ... L1 

By making the substitution: 

Yj = In 25 
‘ ....(1s) 

the problem becomes identical to that of program AD0001. 

1.4.2.. Input and output parameters 

The input and the output are identical to those of program AD0001. 
An example is shown in Figure 1.7. In this example six Z—X points obtained 
from: ‘ 

z = exp(1.2 - x + 1.2x2 - 3x3) 

were fitted to an expression of the form (14). 

The results obtained for L_= 4 were: 

2 = exp(1.20O — o.99s1x + 1 19sx2 — 3.o01x3): 

1.4.3. The computer program 

The listing of program AD0004 is reproduced in Figure 1.8." This 
program is identical to_program AD0001 except for minor modifications in 
the headings-of the tables and for the substitution: 

Y = 1n Z 

in the statement 01.09. 

14 

L p _ _V _ 
.

. 

E Bi xj?’1(obs)] 
' 

v ....(14)



3 F%gure 1.2
6 
3.331 
2.784 
2.527 
2.226 
1.868 
1.468 

QQ@Q@SN* 

o 
0 
0 
o
I

9 

0\U1b¢Jl\3*‘U| 

DATA POINTS : 

NO. X 'Z 
= 1 3 0-10@EO0E+00 = 8-3fl3l0flE+0l 
= 2 = 0-2000D@E+Bfl = 0o2784@0E+fll 
= 3 = 0-300@00E+00 = @o2S27GOE+0! 
= 4 = 0-400@60E+Z0 = E-222600E+0l 
= S = 6-S@0ZO0E+fl0 = 0ol86300E+fll 
3 6 = 0-600@00E+00 = 0-146800200! 

NO. OF ADJUSTABLE COEFFlCIENTS= 2 
.B(= 1) = 0oI30635E+0l 
at: 2) =-a.14139s:+z1 
N0. z oas. z cALc. 

= 1 = @.3o31eaE+a1 = a.32os77:+o1 
= 2 = 0-2784DBE+0l = 0-278308E+Dl 
= 3 = o.2s21aa:+a1 = a.24I612;+¢1 
= 4 = o;2226aaE+@1 = a.2o97s4a+a1 
= 5 = @.186ao@E+a1 = o.xs2u9a:+a1 
= 6 = a;x46aaa:+a1 = a.:saa37:+e1 
MEAN SQUARE DEVIATION='9-l36283E+BD 
N0. OE ADJUSTABLE COEFFICIENTS“ 3 
B(= 1) = B-l124B4E+0l 
ac: 2) =-3.4667095-at 
36: 3) =-a.19532sE+ax 
No. z oas. z CALC- 
= I = a.3a31oa:+a1 = o.3oa37a:+a1 
= 2 / = a.27s4aoE+o1 = a.2s19s5E+o1 
= 3 = o.2s27aaE+o1 = o.2s4s3o:+a1 
= 4 = a.2226aa:+oa = a.22a969:+o1 
= 5 = o.1a68oaE+a1 = a.1s4484£+a1 
= 6 = 0-lA686DE+01 = a.143122g+o1 
MEAN SQUARE DE&IATlON= 6-332742E°0l 
NO. OF ADJUSTABLE C0EFFICIENTS=H‘4 
at: 1) = o.119967E+a1 
ace 2) =-a.998a71:+ao 
at: 3: = a.x19812E+01 
3:: 4) =‘0-30B135E#Dl' 
No. 2 03s. 

I 

, z CALC. = 1 = a.3a31aa:+o: = a.3a3as6:+o1 
= 2 = o.2784oo:+a1 = a.27s423E+o1 
= 3 = o.2527oaE+a1 ‘= a;2s27o4:+a} = 4 =’0-2226flDE+0l = e.222s675+a1 
= 5 = a.1s6soa:+o1 = o.1a6s2s:+a1 
= 6 = a;a46aaa:+o1 = 0-l46795E+0l 
MEAN SQUARE DEVIATION=;6o353ll3E*63 
No. or ADJUSTABLE cosrrxcxzufsa‘-s 
B(= I) = 0-l20078E+0l 
B(= 2) =-0oI017!6E+0l 
B(= 3) = 0ol30D86E+01 
~B(¥ 4) =-0A32l699E+0l 
303 S) 8 0ol54B58E+00 
NO. < .Z OBS. 

‘ 
Z CALCo 3 I '3 Do3D3l0flE*0l = @o303094E¥flI 

3 2 = 0o2784fl0E+0l =-0o27840lE+0l 
= 3 = O-2527BOE+flI 8 Bo252717E+0I 
= 4 = 0i222600E+0l i 0o222579E*0l = _5 = 0§l86800E*0l = 0¥1868l0E*01 i 6 $ 0il46800E*B! =‘0¥I46798E*fll 
MEAN SQUARE DEVIATION= flo295547E-03$ 

15 

Program AD0004 - input and output. 

oxr
_ =-g.n7476sa+oo 

0.925B64E-03 
a.11os33:+ao 
e.12s457z+aa 
a.47o23s:-e; 

=-@.n12a74:+oa 

nxr 
= 3.273056:-an 
=‘0g355525E'Ul 
=-0.1829965-El 
= 0-163078E-Z1 
= 9.231569:-31 
=-a.a32239:ra1 

DIF 
= 0.1425142-Q3 
=-0.2331735-03 
=-0.343323:-$4 
= a.330925e+o3 
=-0.241002:-93 
= 6.545919:-04 

DIP 
3 Do64373OE'04 
='0oIl92fl9E'fl4' 
=-3.166416:-as 
= 5.213623:-03 
=-0.972748E-B4 
= 3.164539:-a4



#W 
Figure 1.8. Prograh AD0004 — listing 

C‘8K FOCAL 91969 

GIAE6 
01607 
91.99 
5141a’ 
a1;11 
a1;1s 
a1;2a 

02-17 
02525 
U2J22 
92¥25 
Q2€27 
Q2628 
02{33 
92:35 
02£78 
@2§8fi 
@2182 
02484 
02485 
52386 
52138 

68.10 
08512 
08.15 
08620 

14.05 
14;1o 
14515 
15.65 
15410 
ISAIS 
l5{23 
l5;21 
15i25 
l5;30 
II 

W"'lQ"1lv{/J“'l!n 

UI"IUl 

-it/IUD") 

-IU1"I"iUl‘I")C7"3--)"'l"'l'*I"l‘Kn 

0*!‘-‘I’-l"I>Fl 

NAoNBoLl .

1 

Jl=lwLl3A XKJ1);Z<Jl)3SVY(Jl)=FLOG(Z(Jl>) 
!!"DATA POINTS :".!1." Mo. ' x z".! 
Jl=1aLI3T x2»J1a". V.z.x(J1)." ".z<J1>.! 
L=NAoNB3D 2 - 

N2=2#L-1 . 

J1=1.N2ss sx<J1)=a ; 
J1=1»L;s Yx<J1>=a *

_ 

J2=1aN2!F_Jl=laL13S sx<J2)=sx(J2)+x(J1>r<J2-1) 
J2=laL:F J1=1.L1ss YX(J2)=YX(J2>+Y<Jl)#(X(Jl)t(J2-1)) 
1!"No, or ADJUSTABLE COEFFlCIENTS"o%2:L 
J2=1:LJF J1=laL1S A(J2+Jl*L)=sx(Jl+(J2-1)) 
I590 " ' 

K=IaL3 T 1"3<".z2.K."> ".z.a(K> 
.JI=loLl3S YX(Jl)=G ’ * 
sp=0 . 

V _ 

1!" No. z 035. 1-2 cALc- DIF"a! 
J1=1.L1:s vx=a<1>sD 8.3 
sD=rs@T<sD/<L1eL>1 
!"MEAN SQUARE DEVIATION":SD3R 
J2=2:L1S Yx=Yxw3<q2>#gx<J1>e(J2-11) 

‘

— 

YX=FEXP(YX) 
V

. 

D=Z(Jl)‘YX3S SD=SD+D*D.
( X2:JIA" "o%:Z(Jl):" ":YXa" ";D:!3R 

N=K+l1 5lDD=A(N+II*L)/A(II*II*L) 
J=IIaL3 S A(N*J*L)=A(N*J*L)'A(II*J*L)*DD 
YX(N)#YX(N)'YX(II1*DD3 R 

MM=L-1 
I

' 

II=l:MM3 F K=IIaMM§ D léofl 
B(L)=YX(L)/A(L§L*L) 
M=25L3S'N=L*I'M1S KK=N+IJS B(N)=YX(N)/A(N+N*L)3D 15025 
15.30 - 

K=KK)L3 S B(N)=B(N)'A(N+K*L)*B(K)/A(N+N*L)
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2. LEAST SQUARE FIT TO A LINEAR EXPRESSION WITH TWO OR THREE VARIABLES.‘ 

2. 1. Programs AD0005 
2-1.1. Abstract. 

Given L1 pairs of Xj, Yj values the constant coefficients A1 of 
expressions: 

Y = A0 + A12 and ....(16) 

Y = A0 4" A1_Z + AZV 1 . . . . 

are calculated by the method of least squares. 

The variables Z and V can be equal to X or be known functions of X. 
In this program Z = ln X and V = X; therefore expressions (16) and (17) take 
the form of: 

Y = A0 + A11n (X) and ' 

A ..,.(18) 

Y = A0 + Alln (X) + AZX .. .(19) 

2.1.2. Iygggy 
The coefficients A1 of expression (17) are obtained from the foilowing 

system of linear equations. ‘ 

L1 L1 L1 
.5 .Y:' = A0” * A1 .5 Z5 * A2 

.5. V1 
J=1 i=1 

_ 

J=1 

. ....(2o) Zvjzj = Aofzj f Alzzjz + Azfvjzj 

Zyjvj = Aofvj + A1{vjzj'+ A2ZVj2 

For expression (16), all the sums containing Vj become zero resulting 
in a system with two equations and two unknowns. 

The program contains a subroutine (statements 12.10 to 15.20) which solves a linear system of equations. In a matrix form the system of equations 
(20) can be written as: 

ZA = Y 

where matrix Z is: 

Z11 Z12 Z13 L1 Zzj ZVj 

Z21 Z22 Z23 5 XZj XZj2 ZVjZj 

Z31 Z32 Z33 2Vj ZVjZj EVj2



Matrix A is: 

A11 A0 

A21 5 A1 

A22 A2 

and, finally, matrix Y is; 

Y11 ZYj 

VY21 5 XYjZj 

Y31 Zvjvj 

M The problem is to find matrix A when matrices Z_and Y are known. 
The elements of the two known matrices are entered in the following order: 

.311. Z12, Z13. Y11. Z21. --- Y21. Z31» --- Y31 

2.1.3. Input data 

The input data consist of L1, the number of pairs of X-Y points, 
and the actual X-Y values. A set of input data is shown at the top of 
Figure 2.1. It,consists of seven points_calcu1ated from the relation: 

Y = 1.23 - 0.9 In x + 2.34 X 
' 

....(21) 

2.1.4. Output data 

The typical output is shown in Figure 2.1. It consists of a table 
V 

of initial values, and a table of observed and calculated values, and the 
difference between them for each of relations (16) and (17). The mean 
square deviation corresponding to each relation is also calculated. 

The calculated relation corresponding to (21) was: 

Y = 1.228 — 0.902 ln X + 2.342 X ....(22) 

2.1.5. The computer program 

A listing of the program is reproduced in Figure 2.2.‘ The program 
is written in FOCAL-69 and it requires the extended functions (actually it 
requires only the logarithmic function).

18



Figure 2.1‘. Program AD0005 —'- input and output. 

*6
7 
0-65 3$0937 
0.72 3.2105 
0.84 3.3525 
0.96 3-5131 
1-08 3-6879 
1-20 3-8739 
[-32 4.0689 
NDo= I X=’0o6G@0@0E+fl0 = 0o30937GE+0l Z=-0-5lD825E*00 
NO-= 2 X= 0-720000E+@Z = Q-321G50E+U1 Z=‘0o328504E+0@ 
N0o= 3 X= 0g843@@6E+@0 = @o3352S@E+@l Z=-3ol74353E+@0v 
N0o= 4 X= 0o96@000E+00 = 0o351310E+Bl Z=-O-4fl8218E-01 
N0o= 5 X= 0-l08@0@E+@! lY= flo368790E+@l Z= Do7696lGE-0| 
N0.= 6 X= @ol20@0@E+@l = 0o38739GE+Bl Z= @ol82322E+@0 
N0o= 7 X= Eo132@00E+31 = 0o4@689QE+0l Z= 0o277632E*00 
EQUATION 8 Y = A+B*LN(XY OR Y = A+B*Z 
A(= E) = @~3634l2E+0l 
A(= 1) = 0-l23331E+01 
Y OBSo= @o30937EE*Z1- Y CALCo= flo3004llE+@1 DIF.= 0o895882E°@l 
Y 0BSo= 0o32l05@E+%1 Y CALC-= 0-322897E*@l DIFo=-0ol847|7E'0l 
Y 0BSo= 0-33525QE*@l Y CALCo= Do34l9@9E+@l DIFo=-6o665870E'0l 
Y OBS-= 0-35l310E+0l Y CALCo= flo358377E+@l DIF.=-@o706735E-0! 
Y OBSo= 0o368790E+0I Y CALCo= 0o372904E+0l DIFo=-E-4ll363E-0! 
Y OBS-= @o38739BE+01 Y CALC-= Do385898E+01 DIF.: f-l492l2E'U1 
Y 0BSo= @o406890E+@l Y CALC-= 0o397653E+01 DlEo= 0o923739E-01 
MEAN SQUARE DEVIATION= 0o75l579E-Q1 . 

EQUATION : Y = A+B*LN(X)*C*X UR Y = A*B*Z*C*X 
A(= G) = 0-l2279lE+@l 
A(= I) =-3-9@l866E+@0 
A(= 2) = @o2342@2E+Bl 
Y 0BS.= 0-30937BE+0l Y CALC-= 6-30938lE*0l DIF.=-DolI2057E‘03 
Y OBS-= 0o32l@5@E+0l Y CALCo= 0-32l042E*0l DIFo= 0o758l7lE'04 
Y 0BS.$ 0-335250E+0l Y CALC-= Q-335244E+01 DIFo= 0o5722G5E'04 
Y 0BSr= G-35l31@E+@l Y CALCo= 0o35i306E*9J DIFo= Bo4l9617E°04 
Y OBS.= 0-368790E*Bl‘ Y CALCo= 6o368788E+0l D1Fo=‘0o252724E‘04 
Y OBS-= B-387390E+01 Y CALC-= @o387390E+@l DIFo= 0o333786E'05 
Y OBSo= 0o406890E+01 Y CALCo= 0-406898E+@l DIFo=-8o8l@623E-04 
MEAN SQUARE DEVIATIONS Qo874083E-04%
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Ffigure 2.2. Program AD0005 - listing, 

C-8K FOCAL @1959 
01.05 
51.09 
01.12 
61.15 
01.2% 
01.21 
01.22 
$1.26 
$1.28 
91.30 
01.35 
21.38 
01.40 
01.42 
01.44 
@1o 
01.50 

62.10 
02.12 
02.15 

03.10 
03.29 
G3o30 

12.10 
12.14 
12.18 
12.20 
12.23 
12.26 
12.28 

13.05 
13.1% 
13-30 

14.1% 
14.20 
14.30 
14.49 

15.10 
15.2% 
* 9 

U2''' 

'JU"1Ul"" 

N-""" 

"'1"lU2"'1U3UlU’) 

"1!/DUI 

UIC/It/I 

DG7(/1U1(.n"‘U1U)UICJUlLD""|U2"'l>l"1 

Llir J1=1JL13A X(J1):Y(J1)3S Z(J1)=FLOG(X(J1)) 
J1=1.Ll3T !"N0o":Z2:Jl:" x".z.xcJ1)." 'Y".Y(Jl)." Z":Z(Jl) 
SX=@3S SY=Q1S SZ=@3S XX=@3S XY=@3S XZ=@3S YZ=U3S Z230 
J1=1lL13D0 2 
L?23T 1!"EQUATION 3 Y = A*3*LN(X) OR Y = A*B*Z" 
A(@)=L13S A(1)=3Z3S A(2)=SZ3S A(3)=ZZ3S A(4)=SY3S A(5)=YZ 
1231 (LP3)1o28:1o30I1o28 
B(2)=@ 
SD=@3F J1=1DL13D 3 ‘ 

SD=F5QT(SD/(L1‘L))3T 1"MEAN SQUARE DEVIATION":%1SD 
(2’L)1o503 ' 

L=33T !!"EQUATION 3 Y 3 A*B*LN(X)*C*X CR Y = A*B*Z*C*X" 
A(0)=L13S A(1)=SZ3S‘A(2)=5X3S A(3)=SZ35 A(4)¢ZZ3S A(5)=XZ 
A(6)=SX3S A(7)=XZ3S A(8)=XX3S A(9)=SY15 A(1@)=YZ3S A(11}=XY 
1026 

SX=SX+K(J1)3S SY=SY+Y(J1)3S SZ=SZ+Z(J1) 
XX=XX+X(J1)*X(J1)JS XY=XY+X(J1)*Y(J1) 
XZ=XZ+X<J1)*Z(J1)3S YZ=YZ+Y(J1)#Z(Jl)lS ZZ=ZZ+Z(J1)*Z(J1) 
YC=B(@)+B(1)*Z(J1)+B(2)*X(J1) 
DI=Y(J1)-YCIS SD=SD*DI*DI 
!"“Y OBSo"oZoY(J'1):" Y CALCo"oYC.o" DIF'o".oDI 

N=L'13S I=‘13F K=@:N3S R(K)=K*1 
M=1E‘63F J=9:N1F K=U:N5D 13 
R(P)=03F K=@lL3S A(P*L*K)=A(P*L*K)/M 
J=@:N3D 14 
I=I*13I (I‘N)12o14112.26:12.14 
J=0:N3F K=@:N1D 15 
K=@:N3T !"A(":Z1oK:") “:Z:B(K) 

(R(J))@:13.3:13o1 
(FABS(A(J*L*K))-FABS(M))13.335 M=A(J*L*K)l$ P=J3S Q=K 

(J-P)14o2:14-4:14-2 
D=A(J+L*Q) 
K=0:LiS A(J+L*K)=A(J+L*K)*A(P+L*K)*D 

(1E-6-FABS(A(J+L*K)))15.2@3R 
B(K)=A(J+L*L)
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2.2. Program AVDOOO6 and ADOOO7 
, By setting Z = 1n (1/X) and V = 1/X the following two expressions 

are obtained:

Y A0 + A1‘ in (,1/X) 
_ 

....—(23)

Y A0 + A1 ln (1/x) + A2/X 
' 

....(24) 

The program ADOOO6 calculates the coefficients A0, A1 and A2 when 
a series of X,Y values are given. 

The input and the output of the program are shown in Figure 2.3. 
The input consists of six X—Y values calculated from: 

3.45 + 6.54 1n (1/X) Y: 
The calculated expressions were: 

Y = 3.450 + 6.540 In (1/X) and 

Y = 3.451 + 6.540 ln (1/X) — 4.865 x 10‘“/X 

The progran itself is reproduced in Figure 2.4. 

"In program AD0007, Z = 1n X and V = 1/X. The corresponding relations 
are: 

r = A0 + A1 ln x « 

' ' 

....(2s)h 

Y = A0 + A1 1n X + A2/X ....(26) 

The input - output and the listing of this program are reproduced 
in Figures 2.5 and 2.6 respectively. 

The input consists of six points calculated from: 

Y = 6.7 + 0.89 1n X E 5.43/X 

The calculated relation was: 

Y = 6.698 + 0.8906 1n X - 5.428/X
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Figure 2.3. Program AD0006 a input and output. 

*6
6 
1 3.15 
2 -19683 
3 -3.135 
4 ‘$0616 
5 -7;076 
6 -8-268 
N0-= 1 H: 0-l00000E+0l Y= $o3450@0E+01 Z= 0-@@@@@0E+00 
NOq= 2 W= 0-20fl0GOE+@1 =-0-l083@0E+@1 =-0-693l47E+00 
NOo= 3 W= 6-3@fl0fl0E*0| Y=-0o373500E+0l Z=-0.1@986lE+01 
N0o= 4 W= @o400@00E+Gl Y=-Q-56l60@E+@1 Z=-@~l3863ZE+fll 
N0-= 5 H= @c5fl0@0flE+Dl Y=-@.70760lE+@1 Z:-0ol6B944E+fll 
N0o= 6 w: Go60B@00E+@l =-0o8268@1E+Zl Z=-@o179176E+0l 

EQUATION 3 Y = A+B*LN(l/W) OR Y = A+B*Z 
A(= 6) = 0-345@07E+0l 
A(= I) = 0-654002E+0l 
Y OBS-= 0o345060E+$l Y CALGo=»0o3450D7E+0l DIF.=-0.67234@E-Z4 
Y OBSo=-@pl@83@0E+Dl Y CALC-=-0-l@83l3E+01 DIFo= 0-128269E-03 
Y OBS-=-G-3735QOE+0l Y CALCo=-0o373488E+@l DIFe=-0.1254085-Q3 
Y OBS-=-0o56160DE+0l Y CALC-=-0oS61633E+@1 DIFs= fl-3223425-Z3 
Y 0BS3=°0o7076@1E+0! Y CALC.=-0-707569E+0l DIFr=-0-3l662@E-63 
Y OBS»:-0.826801E401 Y CALC.=-0.826807E+@! DIF.= @.667S72E-G4 
MEAN SQUARE DEVIATION= Bo247644E-03 

EQUATION 8 Y = A+B*LN(l/W)+C/W QR Y = A+B*Z+C/w 
A(= 0) = 0-34505lE+0l V 

A(= 1) = Z-654fl24E+@l 
A(= 2) =-0.486SllE-03 
Y OBS-= @o345QOBE+01 Y CALC-= @o34S@@2E+fll- DIFw=-@.2336S@E-Q4 
Y OBS.=-0-108300E+@1 Y CALCo=-@.l@83@8E+@1 DIFo= @.S22S44E-Z4 
Y 0BSd=-@o373SO0E+@1 Y CALCo=-0-373484E+Z1 DIF-=-Z-1616488-E3 
Y OBSo=-0o56l600E+0l Y CALC-=-0.56l631E+Zl DIFo= Q-3089915-03 
Y OBS-=-@o7fl760lE+@1 Y CALCo=-Z.7@7S7@E+@1 DIF-=-G-3@4222E-03 
Y OBS---@o8268@1E+@1 Y CALCo=-0-82681lE+0I DIF.= 0.1@4904E-Q3 
MEAN SQUARE DEVIATION= 0-278372E-03*
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F$gure 2.4. Program AD0006 - listing. 

C-8K FOCAL @1969 
01.05 
01.09 
01.12 
@1015 
01.20 
01.21 
01.22 
01.28 
01030 
01.35 
01.38 
@1040 
01.42 
01.44 
01-46 
01.48 
01.50 

62.10 
02.12 
02.15 
03-10 
03.20 
03.30 

12.10 
12.14 
12.18 
12.20 
12.23 
12.26 
12.28 

113.05 
13.10 

14.10 
14.20 
14.30 
14.40 

15.10 
15.20 
*. 

U1"' 

W"'1€/2"‘ 

N""" 

"'17lLn"1UlUIU1 

-IUDU) 

Ull./DU) 

OCD 

(DCDK/}"'U1(nLhU(nU2‘1(J2"1>1"'I 

L13F J1=1.L1sA wcJ1>.Y<J1);s X(Jl)=l/w(Jl)3S Z(J1)=FLOG(X(J1)) 
Jl=1:L13T !"No.".z2.J1." wv,z.w<J1>." Y".Y<J1)." z".z<J1> 
sx=zzs SY=@3S sz=@;s xx=@:s KY=03S xz=ass YZ=03S zz=@ 
J1=l:Ll3D0 2 
L=2:T !!"EQUATION : Y = A+B*LN(1/w) OR Y = A+B*Z"

A A(0)=L1iS A(1)=S£sS A<2)=SZ3S A(3)=ZZ3S A(4)=SY3S A(5)=YZ 
12:1 (L-3>1.28.1.3@.1.28 
B(2)=0 
SD=03F Jl=1oLl3D 3 
SD=FSQT(SD/(L1-L))3T 
(2~L)1.SB3

. L=33T !!"EQUATION : Y = A+B*LN(l/w)+C/W 0R Y = A+B*Z+C/w" 
A<o>=L1:s A(1)=SZ3S A(2)=SX1S A(3)=SZ3S'A<4)=ZZ3S A(S)=XZ 
A<6>=sx;s A<7>=xzss A<8);xx:s A(9)=SY3S A(l@)=YZ3S A(11)=XY 

!"MEAN SQUARE DEVIATION":Z:SD 

1026 

SX=SX+X(Jl)1S SY=SY+Y(J1)3S SZ=SZ+Z(J1) 
XX=KX+X(Jl)*X(J1)3S XY=XY+X(J1)*Y(Jl) 
XZ=XZ+X(J1)#Z(J1)3S YZ=YZ+Y(J1)*Z(J1)3S ZZ=ZZ+Z(J1)fZ(J1) 
YC=B(0)+B(1)*Z(Jl)+B(2)*X(J1) 
DI=Y(Jl)-YCIS SD=SD+DI*DI 
!"Y OBS-":%:Y(J1)a" Y CALC-"oYCo" DI?-":DI 
N=L-11S I=-13F K=0:N3S R(K)=K+1 
M=1E-61F J=0:NiF K=0oN3D 13 
R(P)=03F.K=0:L3S A(P+L*K)$A(P+L*K)/M 
J=0:NID 14 
I=I+13l (I-N)12.14:12.26o12.14 
J=3wN3F K=0:N3D 15 
K=0.N£'1‘ !"A(".- 21.K."> -5 2,. am) 
(R(J))0:13.3:13.1 
(FABS(A(J+L*K))-FABS(M))13-33$ M=A(J+L*K)3S P=JiS Q=K 

(-._1‘P)14o2.014-431402 
D=A(J*L*Q) 
.K=0:L3S A(J+L*K)=A(J+L*K)~A(P+L*K)*D 

(IE-6-FABS<A(J+L*K)))1S.2@JR 
B(K)=A(J+L*L)
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Figure 2_.5_. Program AD0007 - input and output. 

24 

0-603@6lE-0] 
@ol429G2E+0@ 
Z-l39954E*00 
0o175@76E-01 

0u4549@3E-$3 

#6
6 
1.35 2.945 
1.70 3.978 
2.05 4.690 
2.40 5.217 
3.1a 5.955 
3.89 5.459 

N0»: 1 w— a.135o@@E+@1 Y= 0.2945@0E+01 = a.3@91a5E+@@ 
N0-= 2 w @.11e0@@E+01 Y= Z-39780@E+@1. 4= m.53m628s+a@ 
No.= 3 w o«2@so@@E+@1 Y= @.469@z@E+@1 = @.7I784@E+@@ 
No.= 4 w z.24z@@0E+a1 Y= e.s217zaE+z1 = z.375469E+za 
No.= 5 w a»31@00@e+@1 Y= 9.59sSa@5+@1 z= @.11314@E+z1 
N0-= 5 w @.38@@fl@E+0l Y= n.64s9@@E+a1 = @.1335@@E+@1 

EQUATION : Y : A+B*LN(w) OR Y = A+B*Z 
Ac: 0) = @-213373E+e1 
A(= 1) = o.3362uaE+@1 
Y 033.: o.2945@@:+@1 Y cALc.= @.314268E+@i D1F.=-@.197674E+a@ 
Y 035.: fl.397800E+@1 Y cALc.= 6.39177@E+@l DIF.= 
Y 035.: o.4s9z@aE+@1 Y CALCo= @.454710E+01 DIF-= 
Y 035.2 Z-52170@E+@1 Y cALc.; a.5@77asE+01 DIF-= 
Y OBS-= @.s9ss@@E+@1 Y CALCe= @.593749E+@1. DIF.= 
Y OBS-= Q-64S9@0E+®1 Y cALc.= a.562199E+a1 DIFo=-@o16299lE+@@ 
MEAN SQUARE DEVIATION= @.155524E+@m 

zeuarxom : Y = A+B*LN(w)+C/W QR Y = A+B*Z+C/N 
A(= 9) = g.559849E+@1 
At: 1) = @.39z639E+a@ 
A(= 2) =¥@.5428@@E+@l 

_ _ 

Y 035.: 0-294SDOE+0l Y cALc.= 0-2945Q3E+@l n1r.=-m.281334E-64 
Y oas.= @.3978@BE+@1 Y CALC-= G-397814E+@1 DIF.=-6.l43MSlE-03 
Y OBS-= z.459m@oE+@1 Y cALc.= @.4690@2E+0l DIF.:-@.1S2S88E-Q4 
Y oas.= Q-52I7@@E+0l Y CALC-= z.52165sz+@1 ‘DIF-= 
Y 08s.: @.s9ss@@E+@1_ Y cALc.= 0.595519E+@l DIF.=-@.l88828E-03 
Y_0Bs.= @.54s9@aE+a1 Y CALCo‘ 6-64S9@7E+01 DIF.=*®.686646Es04 
MEAN SQUARE DEv1AT1oN= 9.2993305-@3* '

‘
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Figure 2.6. Program AD0007 — Zisting. 

C-8K FOCAL @1969 
01.05 
01.09 
01.12 
01.15 
01.20 
01.21 
01.22 
01-26 
01.28 
01.30 
01.35 
01.38 
01.40 
01.42 
01.44 
01.46 
01.48 
01.50 

02.10 
02.12 
02.15 

$3.19 
03.20 
53.39 

12.10 
12.14 
12.18 
12.20 
12.23 
12.26 
12.28 

13.05 
13-10 
13.30 

14.19 
14.26 
14.30 
14.40 

15.10 
15.20
* 

U7mcn**m(nU>U&hU:fi(n*1>Ifl 

U2"" 

N"'l(./1"‘ 

SCH“ 

‘l"'lU2"1U2U1U1 

-IUJUI 

UIUIUJ 

DC) 

Ll3F Jl=1:L13A w<J|>.Y<J1>:s X(Jl)=1/w(J1)3S Z(J1)=FLOG<w(J1>) 
J1=1;L1iT :"No.".z2.J1." w".z.wcJ1>." Y".Y(J1)a". z".z<J1> 
sx:0:s SY=03S sz=z:s xxsaxs XY=03S xz=o3s YZ=03S zz=@ 
J1=l.L11D0 2 .»

1 

L=23T !!"EQUATION : Y = A+B*LN(w) OR Y = A+B*Z" 
A(0)=L13S A<x)=szss A<2)=sz;s A<3>=zz:s At4)=sY:s A<5>=Yz- 
12:1 (L-3)1.28:1.30»l.28 
B(2)=0 -

. 

SD=0JF Jl=1:L13D 3 
SD=FSQT(SD/(L1-L))1T !"MEAN SQUARE DEVIATION".2:SD 
(2-L)1.505 . 

L=33T !!"E9UATION : Y = A+B*LN(w)+C/W an Y ==A+a*z+c/w" 
A(0)=L1JS A<1>=sz;s Ac2>=sx:s A<3>=sz:s A(4)=ZZ3S A(5)=XZ 
A<6>=sxss A(7)=XZ3S A(8)=XX3S A(9)=SY3S A<1e)=Yz:s A(11)=XY 
1-26 

SX=SX+X(J1)!S SY=SY+Y(J1)1S SZ=SZ+Z(J1) 
XX=XXfX(J1)*X(J1)iS XY=XY+X(J1)*Y(J1) 
XZ=XZ+X(J1)*Z(J1)3S YZ=YZ*Y(J1)*Z(J1)3S ZZ=ZZ+Z(J1)*Z(J1) 
YC=B(0)+B(1)*Z(Jl)+B(2)*X(J1) 
DI=Y(Jl)-YCIS sn=sn+p1*n1

M !"v 0BS.".%.Y(J1);" Y CALC.".Yc." o1r.u.o1 
N=L'l1S I=‘13F K=0:N3S R(K)=K+1 
M=1E‘63F J=0:N1F K=0:N3D 13 
R(P)=03F K=0aL1S A(P*L*K)=A(P+L*K)/M 
J=0:N3D 14 
I=I+l3I (I"N)12.14:12.26:l2.14 
J=l:N5F K=0.N3D 15 
K=0:N1T !"A(".oZl.oKa") "'..o2:13(K) 

(R(J))0J13o3.I13o1 
(FABS(A(J+L*K))'FABS(M))13o33S M=A(J+L*K)3S P=J3S Q=K 

(J-P)l4o2:14-4314-2 
D=A<J+L*Q) 
K=0:L3S A(J+L*K)=A(J+L*K)-A(P+L*K)*D 

(1E*6~FABS(A(J+L#K)))15.203R 
B(K)=A(J+L*L)
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3. SOLUTIONS OF A POLYNOMIAL EQUATION 

3. 1 . Program AD0008‘ 
‘ 

3.1-1. Abstract 

This program finds the real and imaginary roots of a polynomial of 
the form: 

B0 + BIX +.B2X2 + ... + BL2XL2 = Q Av 
,.,,(27) 

where L2 can take any integer value except zero. Also, Bo cannot be zero. 

3.1.2. Method.
3 

Baristow's method for finding the roots of polynomial is used 
(R.W. Hamming, 1962). 

3.1.3. Input data 

The input values consist of: 

Symbol Meaning 
L2 __ The degree of the polynomial 
B(J2); J2 = 0 ... L2 The coefficients of the polynomial 

A set of input values are.shown at the top of Figure 3.1. They 
correspond to the following equation: 

6 -.sx + 4x2 - 3x3 — 2x5 + x7 = o ,, .,..(2s) 

L2 can take any integer value except zero. -All 8 Values. zero or 
non-zero, must be entered. The only restriction is that the equation should 
not have any zero roots. Thus, all zero roots of«a polynomial must be 
factored out before entering the program.‘

' 

The coefficients B are not destroyed during the computation. Thus, 
if this program is used as a subroutine in another program, these coefficients 
can be used again for other calculations.

' 

3.1.4. Output data 

A typical output is shown in Figure 3.1. It consists of the real 
(symbol RR) and imaginary (symbol RI) parts of the L2 roots. 

3.1.5. The computer program 

A listing of the program is reproduced in Figure 3.2. The program ‘ 

is written in FOCAL-69. It does not use any of the extended functions. 

The group of statements number 1 contains the input and output 
operations, only. When this program is used as a subroutine, this group 
is not absolutely necessary. 

The solution of equation (28) including input and output operations 
took approximately 100 seconds on a PDP-8/L. 

3.1.6. References 

1. Hamming, R.W. 1962. Numerical methods for Scientists and Engineers, 
McGraw Hill, p. 356.

26



Ifigure 3.1. Program AD00b8 - input and output. 

#6 

SOLUTION OF AN EQUATION OF THE FORM : . 

« 

. . 

B(@)+Bc1):x+3(2)#(x¢*2)+B(3)*(x**3)+...+B(L2)*(X**L21=fl 
DEGREE_DF EQUATION-L2.= 7 

COEFFICIENTS IN ORDER OF INCREASING POWER OF K 3 

(NOTE: 8(0) CANNOT BE ZEROY 
BC 9) = 6 
3< 1) =-5 
3; 3) = 4 

-ac 3) =-3 
8c‘ 4) = 3 
3c" 5).:-2 
e<' 5) = 0 
B( 72 = 1 

THE ROOTS ARE 2 

No. REAL PART IMAGINARY PART 
@«3@46@7E+fl@ @.991915E+@m 

2 @.3@46@7£+@e +a.991915E+@@ 
3 a.11@8a2E+@1 0-0@0@00E+@0 
4 -0-l96249E+01 @.@0a@0@:+am 
5 -0o6463l5E+00 0.l1l745E+0I 
.6 -a.64631sE+0o -0.11174sE+a1 
7 @.ts3789£+a1 6-@00@0@E+0B*
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*W 
Figure 5.2. Program AD0008 — listing. 

C-SK FOCAL @1969 
01-18 
$1.15 
61.16 
01.17 
01.20 
01.21 
01.25 
01.30 
910.49 
01.45 
61.50 

11.83 
11.05 
11.07 
11.09 
11011 
11.13 
11.16 
11.19 
11.21 
11024 
11.26 
11.28 
11.30 
11.32 
11.35 
11.38 
11048 
11042 
11-44 
11946 
11948 
11.50 
11.52 
11.54 
11.56 
11.59 
11.61 
11.63 
11.65 
11.67" 
11.69 
11.70 
11.78 
11.80 
11.82 
11.84 
11.86 
11.98 

12.05 
12.10 
12.15 
12.90 
II 

mcnuam 

U1m‘flc)fl:UUimtnuaatnazm-—UIHLnU7H£nh-Hcnuzm<nUIWlnU1mtnuLm’flU2W 

zzn-acrm-a—14-4-am 

!!!"SOLUTION or AN EQUATION or THE FORM :"1 
"B(0)+B(1)*K+B(2)*(K**2)+B(3)*(K#*3)+...+B(L2)*(x#*L2):@"!! 
"DEGREE or EQUATION‘L2 ="3A L2

. !!"COEFFICIENTS IN ORDER OF INCREASING POWER or x :"1 
"(NOTE: scan camnor as cane)": 
J2=0.L23T 1"a<".z2.J2."r ="3A B(J2) 
1|.‘ ’ 

_ _ 

1 

V 

1
. 

!!"THE ROOTS ARE :"1" N0. REAL PART IMAGINARY PART" 
J2=l.L23T !.%2.J2." ".%:RR(J2)." 

\ ":RI(J2) 

J2=0:L2iS’MT=L2‘J2lS C(J2+1)=B(MT)» 
I=13S P=1/C(l) 
J2=l.L23S C(J2)=P*C(J2+l) 
IS=0 '

_ P=C(L241)*1E-63$ Q=C(L2)3I (I*L2*1)11.16.11.54.11.13 
RR(I)=-Q15 RI(I)=03G 11.78 
IC=1iS B1=C(L2'2)iI (B1)11.19.11.90:11 
Bl=1/B135 P=P*B13S Q=Q#B1 
B1=l3S B3=13S B2=@1S B4=0 

.19 

.J2=I.L23D 12 ' 

RICL2‘1)=R[(L2'1)-RR(L2*1)3S B2=11S B3=RI(L2-1) 
B4=RI(L2‘2)3I (I'L2+2)11o3flp11.32:11q3Q 
:82=RI(L2-3) 
B1=B4*B4-B3*B2lS B1=1/B135 aa=<RRtL2~1>*334RRcL2).a4>*B1 
B2=(RR(L2-1)*B4-RR(L2)#B2)*B1 
<FABs<52>/<FABs<P>+1>-SE-6)11.4@.11.4e.11.42 
1FA3s<a3>/<FABs<Q1+1>-SE-6111-84,11-84.11.42 
P=P+823S_Q=Q-B335 1c=1c+111 (IC-I00)!1.21.11.21.11-44 
(IS)11.46:11.78.1l.78' 
'1s=1ss J3=Lg1s L2=L2+1:s-c(L2)2a 
c<J3+1)=c(J3+1)+c(J3)1s.J3=J3~i 
(J3)11t52:11o52:11~48 
c<1)=c<1)+1rG 11.11‘ 
(P)1lo56.l1-61.11-56 
B4=4*Q/(P*P)3I (FABS(B4)-IE-6)]1.59.1l.59:l1.61 
RR(I)=-PIS RR(I+1)=-9/P16 11.69 
RR(I)=-.S#P3S RR<1+1>=RR<1>1s B1=P*P-4*Q 
(B1)11.65:11.69:11.67 
RI(I)=.5#FSQI<-B1)1S RI(!+l)=-RI(I)3G 11.70 
Bl=.5#FSGT(B1)3S RR(1)=RR(I)+Bl3S RR<I+1)=RRc1+1)-31 
RI<r>=a:s RI<I+1>=@ 1 A

- 

l=I+2JI (I-L2)11.11.11.11.11.78 
J2=q3.L21S RR(J2)=RR<J2+1>ss R1<J21=R1<J2+11 
11.78 ' ‘ 

,
- 

J2=I.L21S c<J21=RRcJ2a2r 
11.54 
P=@3G 11.21 

RR<Ja)=c<J26-P+a1-0.3211 (J2-L21l2.10.[2.90.12.90 
R1<J2)=RR<J2)-Ptaa-ofiaass B2;B1hS 34:33 
B1=RR<q2>1s B3=RI(J2) _
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Repm Series 9 Publztations’ 

No. 

No . 

No . 

No. 

No .' 

_ 
No. 

No. 

No . 

No . 

No .

1 

10' 

PLAIN FORTRAN — A guide to compatibility computer progrannning. J .J . Therrien. 
A restricted but compatible FORTRAN, intended for the scientist who does not wish to 
become involved in the comparison of different versions of FORTRAN to determine their 
compatibility. ‘ » 

North-Central Baffin lsland Field Report 196'_7.. 

A synopsis of the 1.967 Baffin Island operation performed by the Geographical Branch.‘ 

The Federal Groundwater’Program — Annua1_ Project Catalogue 1968-1969. 
A catalogue of current groundwater studies summarizing the objectives and progress of 
each project. '

“ 

Glacier Survey in Alberta. P.I. Campbell," I.A. Reid and J . Shastal. 
A report on the ‘method used and the results obtained in computing the volumetric 
change of two glaciers in Alberta-.

' 

Glacier Survey in British Columbia. ' PLI. Campbell, I.A. Reid and J . Shastal. 
A report on the method used and the results obtained in computing the volumetric change 

7 of five glaciers in British Columbia. 

Analysis of Wave Motion in a "Rectangular Charmel using Electrical Network Analogy. L.F. Ku. 

A clear and "systematic approach tosolving problems of wave motion using the method 
applied to electrical network analysis. 

Ice Studies in the Department of Energy, Mines and Resources - 1969. 
A. catalogue of current projects and a general introduction to the ice studies 
carried out during 1969 by the Department of Energy, Mines and Resources. 

The Federal Groundwater Program - Annual Project Catalogue 1969-1970. 
A catalogue of current groundwater studies summarizing the objectives and progress of. 
each project. '

' 

A Storage and Retrieval System for Water Quality Data. 
A report describing the data processing system being implemented for storing and 
retrieving Water Quality Data. 

.

' 

Glacier Surveys in British Columbia - 1968, Vol. 1 English System; Vol. 2 Metr-ic System. _ 

I.A. Reid a.nd J. Shastal. " ‘ 

A report for 1968 on the method used and the results obtained in computing the volumetric 
change of five glaciers in British Columbia. Vol. 1 contains the text and five glacier 
maps based on the English System; Vol. 2 contains only the five maps based on the Metric 
System. 

' '
’ 

Copies of these publications may be obtained by writing to: 

Director, 
Inland Waters Branch, 
Department of Energy, 
Mines and Resources, 

588 Booth Street, 
Ottawa, Ontario.
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