
\ 
"\ 

I -, --------"I ---------;::, i -

'LN. r 
(.;~~~DS-~;;;~TRA TION 

. , 

UNCLASSIFIED 
'I, R I I\\\~\ ~ \\1\1 11\\\ 11\\1 1\111 1\\1\ 1\1\1 11\\ 1\\1 
L R0138791 DP -172 

'. 

Physics 

AEC Research and Development Report 

IBM 650 ROUTINE I 
POLYNOMIAL FIT BY LEAST SQUARES 

by 

R.R. Haefner 

Theoretical Physics Division 

September '.1956 

RECORD ( 
COfJY 

DO NO~i RE-LEASE 
FROM f'11.E 

E.1. du Pont de Nemours & Co. 
Explosives Deportment· Atomic Energy Division 
Technical Division - Savannah River Laboratory 

/ 



, ..-"~ 

.~ 't "".'0_, 
7' 

~ ... ~:f' 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Comm1ssion, nor any person acting 
on behalf of the Commission: 

A. Makes any warranty or representation, express or implied, 
with respect to the accuracy, completeness, or userulness 
of the information contained in this report, or that the 
use of any information, apparatus, method, or process dis­
closed in this report may not infringe privately owned 
rights; or 

B. Assumes any liabilities with respect to the use of; or for 
damages resulting from the use of any information, appara­
tus, method, or process disclosed in this report. 

As used 1n the above, "person acting on behalf of the" Commission" 
includes any employee or contractor of the Commission to the extent 
that such employee or contractor prepares, handles or distributes, 
or prov1des access to, any informat1on pursuant to his employment 
or contract with the Commission. 

Printed in USA. Price $0.25 
Available from the Office of Technical Services 

U. S. Department of Commerce 
Washington 25, D. C. 

.. 



UNCLASSIFIED 

IBM 650 ROUTINE I 

Polynomial Fit Oy Least Squares 

by 

Richard R. Haefner 
Theoretical Physics Division 

September 1956 

E. I. du Pont de Nemours & Co. 
Explosives Department.- Atomic Energy Division 
Technical Division - Savannah River Laboratory 

Printed for 
The United States Atomic Energy Commission 

Contract AT(07-2)-1 

DP - 172 

PHYSICS 



l 

ABSTRACT 

A routine was prepared for the IBM 650 computer 

to obtain the least squares fit of a polynomial 
N 
~ aixi to a set of 100 or fewer experimental 

i=o 
points fk(xk ). The upper limit of N is 15. 

External Distribution according to. 
TID- 4500 (11th Ed.) 
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IBM 650 ROUTINE I 

Polynomial Fit by Least Squares 

INTRODUCTION 

It is desirable to have a computer program that will fit a curve to 

experimental data. A simple expression that will fit many sets of experimental 

points is a polynomial in the independent variable. The equations necessary to 

obtain this fit by using a least squares criterion are very simple for the case 

of a polynomial expansion, and readily lend themselves to automatic computation. 

SUMMARY 

A program was prepared for the IBM 650 to obtain the coefficients of a 

polynomial such that 

N 
Z 

i=o 

is a minimum. The number n of experimental results f k , determined as a function 

of an independent parameter xk ' may be as large as one hundred. The maximum 

order N of the polynomial is 15. The input data of the problem, fk and xk ' are 

ente~ed in the fixed decimal mode. The output parameters a i are given in the 

f'loating decimal mode. The weight f'actors wk may be (1) unity, (2) f'kl, (3) f'k2 , 

or (4) arbitrary input parameters. The time required for solution f'or a given N 

is [0.0016n(N2+10N+20) + 0.002(N3+10N2 )) minutes; for example with n = 20 and 

N = 10, the time is 10 minutes. 

DISCUSSION 

EQUATIONS 

In order to obtain the least squares fit of a polynomial to experimental 

data fk(xk ), it is necessary that 

E 

n 
Z 

k=l 

be a minimum. The wk are weight factors. This minimum condition is met by re-

Quiring that 

dE n 
{ fk(xk ) 

N i }x~ daj -2 Z wk - Z aixk 0 
k=l i=o 

for all j from 0 to N. 
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The resulting set of N+l simultaneous linear equations is: 

This set of equations may be written in matrix notation as MA B where 

M 1s a square matrix of order N+l~ A is a column vector oE order N+l, and B 10 8 

n r+c-2 The matrix elements of M, Mr,c' are Z ,wkx
k k=l 

column vector of order N+l. 

where r ~ 1, 2, 3, ... , N+l and c = 1, 2, 3, ... , N+l. The matrix elements of A 
are the coefficients of the polynomial. 

where r 1, 2, 3, ... , N+l. 

The vector A is obtained by multiplying both sides of the above matrix 

-1 -1 equation by M , the inverse of M; then A = M B. 

After the solution is obtained, the root-me an-square error 6 is de-

termined by: 

6 =12.. [ ~ nw k=l 

1/2 

where 

MACHINE PROCEDURE 

The succession of steps in the solution of the problem is shown in the 

flowsheet in the Appendix. The major portions of the routine in the order of 

their use are as follows: 

step 1. The input parameters fk and xk are converted from the fixed decimal mode 

to the floating decimal mode. 
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step 2. 

step 3. 

step 5. 

step 6. 

Step 7. 

If w
k 

= f~l (Type 2) or wk = f~2 (Type 3) the wk are computed. If the 

w
k 

are arbitrary they are introduced as input parameters (Type 4). 

Type 1 is the case in which wk = 1. The wk are stored in 1050 through 

(1049 + k). 

Ml,l is computed and stored in 0709. W 

stored. 

Ml,l/n is also computed and 

n i 
Z wkfkx

k
, i = 0, 1, 2, ... , 2N-l are computed and stored in 1670 

k=l 
through 1670 + i. 

n 
Z wkx

k
i +l , i = 0, 1, 2, 3, ... , 2N-l are computed and stored in 

k=l 
1630 + 1. 

The elements Mr,c and b r are transferred from 1630 through 1630 + 2N 

and 1670 through 1670 + N to the proper storages in preparation for 

the matrix inversion. 

The matrix M is inverted and the vector A is obtained. The vector is 

transferred to 1570 through 1570 + N, and is punched onto IBM cards. 

6 is computed and compared with a predetermined limit K. If 6 is less 

than or equal to K the problem is completed. If 6 is greater than K, 

N is increased by one, and the routine returns to Step 4 to compute 

only the sums required by the augmented N. Then steps 5, 6, and 7 

are repeated until 6 < K. 

Details of Step 4 

The set of storages 1700 through 1699 + 

i 
locations are used as temporary storages for wkxk 

are being computed for i = 0, 1, 2, ... , 2N-l. For a given N, 

only be computed for values of i from 0 to N. Since the program increases 

if 6 > K at Step 7, it would be impossible to return to Step 4 and compute 

wkx
k

N+l at that time because the temporary storages now contain Wkx~N-l 
n i 

the sums Z wkfkx
k 

are computed for i = N+l, N+2, ... , 2N-l although they 
k=l 

never used. 
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Details of Step 5 

The matrix element M is the same for all indices r,c for which the r,c 
~ r+c-2 quantity r+c-2 is the same. This element, equal to ~ wkx

k 
' is stored in 

k=l 
1627 + r+c, except r = c = 1. The matrix elements and vector B are transferred 

for inversion to locations 0709 through 0708 + (N+l)(N+2) in the sequence Ml l' , 
Ml ,2' ... Ml , N+l' Bl , M2 ,1' M2 ,2' •.• , M2 , N+l' B2 , M

3
,1' ... , MN+l , N+l' E

N
+

l
· 

The routine stores the contents of 1630 

L = 0710 and L = 0711 + N. Then, the contents of 

stored in locations L 0711, L = 0712 + N, and L 

(Ml ,2 and M2 ,1) in locations 

1631 (Ml ,3' M2 ,2' and M
3

,1) is 

= 0713 + 2N. This procedure 

continues until r+c-2 N. At this pOint, the contents of 1629 + N (Ml,N+l' 

M2 ,N' ... , MN,2' ~+l,l) is stored in 0708 + (N+l) 0708 + 2(N+l), ... , 

0708 + (N+l)2. The elements of the longest diagonal are now in their proper 

location. The parameters U and V are used in the coding sheets to explain this 

procedure. The number of elements on a diagonal, U, is equal to r+c-l. The 

number of elements not yet transferred on a diagonal U is V. 

After the transfers for the longest diagonal have been made, the contents 

of 1630 + N, (M2 ,N+l' M3 ,N' ... , MN,3' MN+l ,2)' is stored in 0709 + 2(N+l), 

0709 + 3(N+l), ... , 0709 + (N+l)2. The elements of the diagonals below the longest 

diagonal are transferred in this manner until finally the contents of 1629 + 2N, 

(MN+l,N+l)' is stored in location L = 0709 + N(N+3). The elements of the vector 

B, Br' are then transferred from 1669 + r to L = 0708 + r(N+2). 

INPUT DATA 

The input data fk(xk ) are entered into storages 1900 through 1899 + k 

in the form .yyyyyyyyyy x 10F The exponent F must be the same for all f
k

. The 

exponent, a two-digit number, is entered into storage 1599 in the form OOOOFFOOOO. 

The number of points to be used, n
f

, is read into storage 1597 in the form 

00 Ozzz 0000. n
f 
~ 100. 

The values of the independent parameters x
k are entered into storages 

1800 through 1799 + k in the form .yyyyyyyyyy x lOX The exponent X must be the 

same for all x k · This exponent, also a two-digit number, is entered into storage 

1598 in the form OOOOxxOOOO. 
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The order of the polynomial N is entered into 1596 as N+l in the form 

00 OO(N+l) 0000. 

The parameter K is entered into 1594 in the floating decimal mode. 

The problem type, 1, 2, 3, or 4, is entered into 1595 in the form 

00 0000 OOOt. If Type 4 is used, the wk must be input parameters. They are 

entered into storages 1700 through 1699 + k in the floating decimal mode. 

All input data are read into the machine on load cards interpreted by 

the L-l sub-routine of IBM(l). 

SUB-ROUTINES 

The floating decimal arithmetic is performed by a sub-routine of 

G. R. Trimble and E. C. Kubie(2). The matrix inversion sub-routine was devised 

by R. W. de Sio of IBM. This latter routine has not been published, so the 

program is given in the Appendix. The essential features of this routine are as 

follows: 

1. The routine must be used with the Trimble sub-routine for floating 

decimal arithmetic. 

2. For the routine of this report, the number (N+l) 0000 (N+2) must be 

entered into 0708. For example, for N = 10, the number entered into 

0708 would be 11 0000 0012. 

3. The matrix M and the vector B are entered into 0709 through 0708 

+ (N+l)(N+2) in the order previously given. 

4. The entry to the sub-routine is 0500. 

5. The exit from the sub-routine is the instruction address of 0628. 

The input information is entered by the L-l sub-routine, (1) which was 

relocated from 1977-1992 to 0677.-0692. This relocation was necessary to make 

available the 1950 band. Storage 0688 contains 70 0694 1150. This instruction 

sends control to 1150 when a nonload card is encountered. The nonload card is 

placed immediately after the load cards containing instructions and input data. 

Theoretical Physics Division 
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PROBLEM: ROUTINE PAGE 1 

LOCA'fION OP OAT A INSTRUCTION REMARKS , 
\ , 1150 60 1157 1182 

1; 1152 10 1 S9tl l1Sa 
, 11 Sa 21 1176 1184 

1181, 69 1189 1192 Set un constants and exit 
" O? ?I, ,lr:;Q " Rr:; 
" Rr:: f,o " on "0< ; n"+~'';:''< ~n to convert y. to 
~ 2), 1166 12iif 
,?, ~ t.O . ,.,,)f 

'??1 flMHn" rl"";m~' number 
, 22' 21, l' r:;1 1186 
1186 6Q 1101 119ti 
"01, ?I, "r:;R "r:;o 

Conv rsion Sub-Rout' ne 
" r:;o I (f,n (,Rnn) "6' ) Set. un 
" ,:;, ,,:; ~ ~ 

"'62 T.7 1167 1167 
~ ?1 ~ ~ 
~ 1.6 11~ 1161, 

6< 61 8002 117'i 
'7~ 11 1176 11 1 
;, lr:; 1172 11 0 ,-""fi <1 nnn? " ;f, 

11':; rr;;:;- ~ -'-162' Set un 

" 6 61 I 8002 117lt 

" ? Iii 1176 1171 
116' 60 111)9 1169 
lIb< 11 litj8 1181 
1.181 11 1':97 11", 
11", 4ti 1177 (1310) Variable exit instruction 
~ M ....,..,~Q 1178 
11711 '0 ,ill, 1,87 
1187 21 11"9 1179 
i1'7<l 60 1166 1180 
1180 10 1181 1188 
1'88 2' 1166 11r:;0 

1<10 (7 1':97 1 <1"1 
", <11 <r:; nnnr:: ,11? 
1 12 I.J, :1).90 1i;Q1 Col1vert n 

", ,on <0 oom , ,92 
1 \Ql 10 Dl1 , ',9, to flnatin" decimal mode -, 192 10 Dil, if;<) , ~ T1 nnm ,1,01 

" 11~ 20 11,19 119' 
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---~ 

PROBLEM, ROUTINE PAnE 2 

LOCATION OP. DATA INSTRUCTION REMARKS 

1195 60 1157 1196 
"l196 10 1599 1155 
11<;" 21 1176 1197 
1197 69 1151 1156 Set UD constants and exit 
1l~6 2h llS9 1198 
119il 69 11<;2 1205 instruction to convert f •. to 
1 ?OS 2h 1166 1199 
_1199 69 1202 12(l6 floating decimal number 
1206 2h 115"1 1207 
1207 69 1210 119h 
1l9!t 2Lt llSB 11S9 Enter cnnversi on sub-routine 

"-
_121, 61 10;97 1211, 
12lh 21 127h 1228 00 00 n 0000 - to 127h 
1??R ?I, 1 nil nm "nn t.n 1 ::>78 
1,09 60 11)97 1212 
1212 ,0 0001! 1221! 
122h 10 15"97 1219 
1219 10 1618 122, 
1221 21 1608 1220 07 OOn OOn to 1608 
1220 60 1597 1226 
~226 10 1602 1229 
1229 21 161<; 1211 0<; DOn 0000 to 1615 

r 

1211 60 10; c)o; 1201, What tvoe l1eiv,ht factor? 
1 ?Ol, 10 ~208 800, 

. 800, 00 0000 1229lt . 
1230 69 1619 1160 TYDe 1 Start fl. dec. compo at 12ho 
1211 69 1620 1160 Tvne 2 Start fl dec comD. at 12S0 
1?1? f,q 1 f,?l 11 f,o TVTI" i St.a rot. fl nec cnmn. at. 1261 
1)1, 69 1612 1160 TVlJe h Start fl dec comD at 1S3l 
1160 ?I 0029 0026 

1 ?!,n 00; 1600 1601 -
1 ?I,l nn (17nn) nnm -
1 ?) 2 01 12h1 IS97 - Put w. = ~ -in TlMt.in" rlprima 1 

1 ?I " 02 1601. OOOG -
12hh 13 0057 12h6 - into 1700 through 1699 ,t. n 
12 1S 12 15 1 0000 -
12 6 06 12 Ul 1183 -
12 17 00 12 Ul 0000 -
12 lil 12 12 0 0000 -
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PROBLEM, RC'UTINE He;;; 3 

LOCATION OF' DATA INSTRUCTION REMARKS 

\ 12 0 09 1600 (10 00) -
moo -

01 12 2 1"97 - CO!:lOute 1'11 = f1 -..1. and f"end 
12~ 02 160" (Xy)C -

ODS? 
liSs 12 ex: J~) - to 1700 through 16991 n 
1256 06 
1~ 00 

06 
12~9 00 OCOO -
1260 12 0[100 -

to 1700 thr01wh 1699 -I n 

1?68 of 126? 118'J -
1269 00 P6) 00:'(' -

1272 12 1:Jb1 Joro -

to 10S0 thrau,.." 1011 0 1 !O 

i<;),), 10 llin 1S10 

1 SI)c; 1(01 
1222 0826 

00 0000 -
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PROBLEM: ROLTTIIlE FA GE 4 

LOCATION OP. DATA INSTRUCTION REMARKS 

1'<1r; 01 1050 1051' -
l'n6 o~ (10<)2) ooq -
ll17 00 1222 0000 -
1 <18 01 1316 161 r; - n 
1,1 'l 02 1616 0000 - ComDu:te 1"1 " ' - /J~I TtJk 

1 '1?O 1< nnr;7 1122 - ~,.. k = 1 
1121 12 'LV6 0000 -
li22 06 1316 1617 -
1<2'1 00 1116 0000 -
112lc 01 1601 1222 -
1 ;?::; 12 1"16 0000 -
1"26 or; 1601 1222 -
1J21 00 0709 O()OO - j.\ 1 _ 1 to 0709 
1 '1?H 12 1556 0000 -
lS'16 09 1222 lwJ9 - -1 Sq 00 11, '1R 0000 - H to ll, 'l0 
lS s S 12 1273 0000 -

127, lfl 1700 1900 -
1271, 00 OOn 0000 - Set UD 
1275 05 0057 leO: - .. -. 
1?1e 00 \l(70) 0000 - r, I!, f, y, 1. to 1670 ~ i 
1277 1R 1700 1Rao - rr " 

1?7R 00 OOn 0000 - Set UD 
"279 I 0C; 00C;7 1601 - -4J. 
1250 00 (1630) 0000 - /" w "- :l<j, to 16,0 -I i 
1281 01 1606 1596 - 1< 
1282 12 1306 0000 -
1306 01 0057 1596 -
1307 02 1276 0000 -
130S 12 1283 0000 -
128 'l 1'1 00S7 1101 - Is i = ?n-l? No to 1'101 .. ". 

1284 12 1249 .; 0000 -
1,01 06 1601---- 1610 -
1'102 00 128S 0000 -
no, 06 1601 1611 -
1'10Lt 00 1286 0000 -
noS 12 128S 0000 -
12R<=; 07 (1 Rnn) (1700) - (\1 .x, ~."~) x, t,n 1 hOo .t k 
12Rh nn (1700) 0000 -

" ~ 

1787 01 "28<=; 1607 -
1288 02 1608 0000 -
1289 13 00C;7 1291 -
1290 12 1296 OO(Yl -

1291 06 1285 1609 -
1292 00 128<:: 0000 -
12..23. 06 1286 1183 -
129[, 00 1286 0000 -
1295 12 1285 0000 -
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PROBLEM, ROUTINE PAGE ') 

LOCATION OP OATA INSTRUCTION REMARKS 

1206 06 1276 11?'3 -
1 ?O7 nn 1?7iS nnnn _ 
1 ?oR (16 l?Rn 1-' R < _ 
1299 00 1280 0000 -
flOO 12 liil 0000 -

@ 
Transf r Mii to Invers on Stnraf' s 
12i~o 60 ~6 1168 
1168 10 118~ 1217 
,~ 21 1222 12<1, no :CN,t2) : nnnn +~ 1 ??? 
l2lJ, 19 1"'96 1~ 
1~ ~O oooh 12'36 -, 

1216 Is' 1622 12 'ill 2), (m07 j:CN/l) (Nj2Y, 'ni,? in U 
1218 20 1162 12'39 - Send to 1,62 -
12,0 60 1<::06 1<20 
1329 11 1183 1330 
1130 10 1222 11'1 
1131 '30 0002) 1'l'32 .' ~ 

1332 :LC; 162'3 1'l'l'3 221 f 0709 j N '(N.42)· , 1'1),2 in T,A 

1333 20 1'163 1334 Send to 136, -
1331! 60 1596 133<; 
IDs' 10 162i, lll6 2i, I 0710 .1 N I 1'187 in UA 
1,,6 21 1'186 1).18h Send to 1 '38 6 
1484 69 1488 148<; 
148<) I 2Ir 111 3 1 '3).10 U = 2 +~ 111,1 

1 11." "" , 1 -,--:;- ,-.;~ 

1116 2i 1 "2,q ~ V = U to;. :GGl 

, 11),1 69 (1616) ~), 
I ,ill, 21, (on nl 11i,? L = n71 n f',,~ +~ond·n.,. ~f' M. 

,~<) f..n :;~,O 1 <<::., 
, 

1<<::, " 1lAl 11},R 
1~48 hI! 1'1<;0 1'3 ;7 Is v:: 1? Yes to 11<::7 
i~C;o 21 1 ?'iro 11 6 V ~ V_1 
~6 6rl ----,--; 11<::1 
----,--; 21 , ,n --:;-;;-;; ,--;, ,<:: 
11i ,s' ?1 1 '11, ;1 ,1 -r. >:nn~_n~ T.fN"I~ . Con trol t,n (;'\ 

~ 60 i~i, 11 ~o ';:::;7 

1359 11 1,62 1167 
11(;7" T.T 1?1 7 11R<:: fb ~ M.d, .. /' been transfered? Alwavs nn 
11i,7 1n ---;;:nm l<hn "7 , "'"" 
i~ " 1,;;, 116R 
11hR 1.1 D 2 1171 Ho~ M hnnn +,"'on ~f'p.,.p rl? Yps t.O 1,71 

---=JTI2 61 11 11 1161 ll't 1.,1. 

" 11iS1 1(1 11111 ,~ 
,;~ ,~ 1r::Q6 116<: 
nAt; 0:0 000), 1'17<: 
1375 15 1183 1166 
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PROBLEM: 

LOCATION OP. DATA INSTRUCTION REMARKS 

1366 15 13L~4 1369 
1369 20 l]uh 1370 L becomes L ,t. 1 "n:,,11 (l-U) 
1370 00 13Lll nil 

1371 10 Ull3 1374 
1374 21 13L0- 1376 
1376 60 IJ!rJ 1377 
1377 10 U83 137B 
1378 21 13Lt3 13L~0 U become s Ufl, Control to (1' , 

After I{ 's trJnsfe red" 
1"373 -J.M 1"330 1379 
1379 24 1367 1381 
1381 69 1626 1337 
1337 24 1374 1338 
1,,8 69 1027 1339 
1339 24 1377 1382 
n82 69 1628 1383 
1383 211 1378 1376 

1"376 60 13h3 1377 
1377 U U83 1378 
117S 21 1 0 ),3 1372 U becomes U-l 
~,72 61 1343 1361 
1,61 10 UW3 136l, 
~,6h , 19 lC;()6 1365 
n6c 30 oooh 1375 
1170:;, IS nS3 1366 
~'l66 1'5 13!~4 1369 
1,69' 20 13114 1370 1 becomes L f 1 f(Nfl) (I-D) 

1370 60 1341 1371 
~371 10 1183 1374 
1 '3711 21 1341 13M 
1340 69 1343 1346 
13u6 24 1349 1341 V = U to 13W 

® 1 '3l~l 69 (l6X:fn 1344 
l,Ml 2h (0711fn 1342 L = ()711 .;. ')~] f"nr I'l ;,;.L1 

1342 60 13h? 1353 
",. 

1353 
, 

U 1183 1311tJ 
13),8 tiL 13~0 1357 Is V = I? Yes to 1)e;7 
1350 21 13~9 1356 
n~6 60 13)t1L 1351 
no;l 10 11)96 13L5 
11he; 21 1 <!~h 13l~l L b8comos L -.;. 17i Control to(k' 
13~7 60 131111 Ij:o~ 

],0,9 11 P62 1367 
n67 ld, 1376 poe; He.s :~ • .;., ~- /....,\ been tr"Jr:~=,~_'crl'cc'.': 

.I. • ..... , ", "' yc~ to Lor; • Lo to(f'. 
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PROBLEM, ROUTINE FA GE 7 

LOCATION OP cATA INSTRUCTION REMARKS 

1385 69 (1670) 1386 
1'186 24 ( Ono,tN) 1387 
l3B7 60 1'18<; l'18l.t 
1384 n 1629 1388 Transfer b from 1670 through 1670 .j N 
1'11111 11 l'O96 l'11l9 
1189 ),) , 1392 1393 to proper matrix inversion storages. 
1392 60 1'386 1391 
1391 10 IS96 1'390 
1'390 10 n8, 1194 
1394 21 1'386 1391) 
n9<: f,o 1,81) 1'396 
1'396 10 n8, 1,97 
1397 21 1385 1385 

~ 1'1(', 69 162"- 135'4 
13 4 24 0029 1355 65 ')601 0439 to 0029 
n' ~ 69 1352 nS8 
1358 24 0628 1209 Exit instruction for Mat. Inv. to 0628 
1209 60 1<;96 1201 
1201 10 n83 1200 
1200 30 0004 1216 
1 ?1f, ?1 1??? 122<; 
122<; 60 '<:96 1201 
120'1 '1<; 0004 1217 
12U I 10 1222 1227 
1227 21 0708 0500 (NJ1) 0000 (Nh) to OLOS 

0500 Matti x Inversi n Routine 

1400 69 (0709) n98 
n9R ?I, (15701 1'199 
1199 ?)J 1 ,?8 1401 
1),01 71 11,?7 l),O? Pnnr.h nol~mnmi~l r.npffir.ipnt,,,. 
1 ,O? f,o noR 11,0'1 
1 ltO, n 1106 lLn one per card 
1 n , 11 1<;96 L oli 
1 04 44 lli07 1 20 
1 l07 60 1'398 1 01) 
Iii 05 10 n83 lL09 
11 0-'2 21 1398 L 10 
1 10 60 1Loo 1 12 
1 12 10 n83 1 1 
1 1 10 1,96 1 1 
1 21 1400 1 1 
1 1 60 llt27 1 16 
1iL16 10 lIB, 1408 
HoB 21 1 ),?? 1),00 
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PROBLEM, ROUTINE PAGE 8 

LOCATION OP. DATA INSTRUCTION REMARKS 

1420 69 llJJO 
1 33 24 0709 1421 Zero to 0709 
1)21 60 lL.2L 
Ih31 
lLt:?2 
1132 60 -lh35 
lliliO 1423 

21 li,l9 1434 03 OOn 0000 to 1419 
69 lil,7 
2u 0029 0026 65 1445 OL,J9 to 0029 

Ihh6 os 1601 1601-
00 1222 0000-

14B 06 1601 
00 0000-
oR D800l 1222-
oS 1570,LN 0057-
00 1222 0000- Compute: 
01 1417-
13 1156-
12 0000-
Ot' 1451 

nono-
llJ58 12 0000-

03 11900) 1222-
1460 , 08 0057 0057-

08 (l050) 0057-
lLt62 05 0057 0709-

00 0709 0000-
01 1419-
02 141tl 0000-

Ih66 13 0057 1468-
lli67 12 0000-
Ih68 06 1429-

00 0000-
lil70 06 
1 ',71 00 0000-
.lW2 lL 61 111.29-

00 lu61 0000-
12 0000-
10 0709 

1!t76 10 00'57 1439-
16 0057 0709- (l" to 0709 

lLt78 03 0709 15911.- fT to 0057 
lLr79 11 0057 1107-
lil80 02 1594 0000-
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PROBLEM: ROUTINE FAGE 9 

LOCATION OP. DATA INSTRUCTION REMARKS 

1181 60 15'96 15'65' 
1 ~fi<: 10 118 i l<)fio Increase N bv unity 
1C;/iQ 21 1596 0026 
1182 12 149<) 0000 -

149S 61 1!t86 IS'30 
151Q 21 1<1fi lit 97 
1 1197 69 1189 lit 98 -_ .... _---. 
1198 24 13lt1 1499 
1 99 69 lilli, 11)00 
1 00 2it 1344 1501 Reset all variable instructions 
1 01 69 144S 1502 
1 02 2il 1<74 1503 
1503 69 1506 1509 
1509 2il IHI 1~04 

1<)04 69 110 07 1505 
ISO? 21; 1374 1 <:011 
lSnR fi9 1 <:11 1<01" 
IS14 24 n67 1510 
1<)10 69 15n 1 16 
1<)16 2 n8S 1 12 
1512 69 1515 1 18 
1518 2l.t 1198 1517 
1517 69 1520 1523 
1S2'3 I 2il 1400 IS19 
IS19 69 1522 1 2<) 
1<)2<) 24 lit27 1 2l . 

1 <)n 61 1<)2it 1<)27 
1<)27 2l 1"50 1441 
llltl 61 1444 1<)26 
1 <)26 21 111)9 Ihil2 
Il142 61 15_2R 1529 
1S29 21 1461 0026 
1h96 12 10il7 0000 -

10 "7 07 1438 lit39 -
10 8 00 0709 0000 - M, , to 0709_ 
10 ,9 1 ? 1,0] 0000 - -Return tor C • 

-, 

_1 82 69 1<)61 1<)64 
1 64 24 1423 1::62 

;62 l' fi9 moC) 1 <:fi, Funch cr-
1 <)Ii'l 24 1428 1566 
1 <: fili 71 Ih27 7000 
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PROBLEM, CONSTANTS 

LOCATION OP. OAT A INSTRUCTION REMARKS 

nC:;l 60 1900 1161 
11 :2 ?O 1900 116C:; 
11 ;7 nn ooon nnh9 
118, 00 0001 0000 
n89 60 1800 1161 
1190 20 1800 n65 
1191 60 1799 1161 
1202 ltlt 1177 1213 
1 ?oR 00 0000 1229 
1210 60 1899 1161 
_1218 I,), Jl77 Ino 
nn 00 0000 ooc:;o 
1'31h 00 0000 0051 
n<)2 h<) 0601 1hoo 
1 '180 4!) 1376 1385 
1 hn6 ?! 1<;'69 1329 
1417 05 1570 0057 
1W18 03 1t199 1222 
U19 03 00 n 0000 This constant is set UD 

1h2L! OS 1<)69 OOS? 
1426 03 0001 0000 
1 29 08 0001 0000 
L,0 20 0000 0000 
1~ 91 0001 0000 
1437 65 1h45 oh39 
1uu3 I 2u 0710 13u2 
1lJh4 03 1900 1222 
14u5 21 13hl 1376 
:L 86 05 101)2 OOS? 
1 88 00 0002 0000 
1 8~ 69 1610 134l! 
1 06 _10 1183 1378 
1 07 21 11u, 13ho 
] 11 LI, 13L7 1385 
l' :n 69 _1670 1386 
1 Ie:; 2h It:;70 n99 
1<)20 69 0709 1198 
'<)22 on '<;'7n 0001 
1 <;'21, 08 1800 1222 
,C:;?R 08 10~O 00<)7 
1539 69 1699 1S33 
1,,61 00 6666 0000 -
1600 1)0 1000 0000 
1601 00 0000 0000 
1602 0C; 0000 0000 
1603 00 1699 0000 
160h 09 0000 0001 

, 

160<;' 08 0001 0001 
1606 00 166-'1 0000 
1607 07 1799 1699 
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PROBLEM, CONSTANTS 

LOCATION OP DATA INSTRUCTION REMARKS 

1608 07 oOn 00 n This constant is set up 
11109 07 0001 0001 
1";1n 07 1800 1700 
1611 00 1700 0000 
1612 6S lS30 ()I!39 
16i<; 05 OOn 0000 Thi s constant is set up 
1";~ nC; 1n),Q 00<;7 
1";17 ~ nOOl 0000 
1";1R n7 0000 0000 
161Q ~ 1m 0439 
1 ";?n 6 121~ 0),-19 

1621 r;; 1260 0439 
1622 2 0707 1342 
162< 2 0709 1'142 
162 24 0709 1387 
162 6C; Ofnl 01139 
1626 2l 1341 1340 
1627 11 1183 1310 
1628 21 1343 1372 
Hi2q bi) 1669 1386 

I 

, 
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PROBLEM. de Sio Matrix Inversion 

~OCATION OF'. DATA INITftUC:),ION REMARK' 

O~OO 60 0708 0501 
n,m iO OOOu 0'002 
0~02 21 0708 00;0 
o 0 35 0008 050 
o 0 210699 050 
o 0 19 0708 0506 
o 06 30 0004 0507 
0507 15 0707 
0~08 20 0703 0~09 
0509 15 0699 
OSlO 16 010 
o 11 69 0607 0~12 

o 12 22 0607 
o 1 69 0616 
o 1 22 0616 0515 
o 1 6Y 070 o L6 

0516 24 0702 0~17 
o 17 65 0699 . O'ltl 
o 18 16 0706 0'19 
o 19 20 0705 o 20 
o 20 65 070b 0521 
o 2l 16 0706 
o 22 20 0704 
o 23 65 0703 o 2 
o 2 69 0603 0' 2 
o 2 22 0603 052( 
o 2 65 0707 
o 27 I::' 0706 
o 2b 69 0602 
o 29 22 0602 
0;30 11 bOOl o 31 
o :n 1<; 0 02 o 32 
0:32 10 0 03 o 33 
o 33 20 0 02 o 3L 
o 2l O)V. 
o 65 070 

o 20 070<; 0026 
o 3 69 0612 0539 
053' 22 0612 
0540 IS 0699 05 1 
0541 69 0609 
0,42 22 0609 05L3 
Oli < 1<) 0706 
0' 69 0611 
n' 22 0611 o ! 6 

r--~0',::6--ft---:67-t<) 070'\ 
0' Lt 7 ,0 0004 

o 7 
o 8 

n' til 69 0609 0' 19 
0549 23 0609 0550 
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PROBLEM, de Sio Hatrix Inversion 

LOCATION OPt DATA INIT~ueTIDN REMARK' 

6~ 0699 05'01 
05~1 16 0706 

20 0705 0026 
oS53 11 bOOl 0554 
oss 1,) 0012 

10 0011 0556 
20 0612 05)7 
21 0611 
66 0706 05S9 

0~59 30 0004 0510 
CSbO 05(1 

20 0609 
CSo2 0563 
0;03 16 0706 05"4 

20 070,) 0026 
69 OST O~66 

0566 22 0571 
0567 65 0609 05tti 

10 ooolt 
0569 69 0616 
0510 23 0616 0026 
0571 20 0000 O~ ? 
0" 2 6<) 07011 OS' 1 
057 16 0706 05 u 
o 7L 20 070li 0575 
o 7' OO?n 

0571 66 0706 OS77 
0577 0':o7b 

1;0 Otll 0') 79 
0579 10 0612 0500 

20 0011 O:oDl 
00 ill 21 0612 05ti2 
0;> tl2 60 0699 05Ci3 

l~ 0 ... -09 
?? c600 

0<)85 20 0705 o~fl6 
0586 6~ 0703 O~87 
OSS7 69 OS'9? 
0588 :>2 OS9? O~89 

16 Ofq9 

0<)90 
22 0593 

o 92 
o 93 2lt nono 

65 0705 
16 0706 

0'96 I, C; OS97 0626 
o 97 20 070<) 0598 
0;98 65 0706 0529 
0599 10 BOOl 0622 

-2)-
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PROBLEM, de Slo Ha trix Inversion 

LOCATION OP. DATA INSTRUCTION REMARKS 

0600 00 0000 0000 
0601 20 0702 0,1-( 

0602 09 0000 0709 -
0603 00 0000 0000 -
0604 ,,6 0700 0530 
060<=; n 070'0 0602 -
0606 09 0701 0709 -
0607 00 0000 0000 -
06011 6<) 0707 0538 
01'09 07 0000 0000 
OiS1O no 0700 0000 -
0611 06 0000 0700 -
0612 00 0000 0000 -
0013 66 0706 0553 
061h 13 0705 0609 -
061S bS Oc12 0;'65 
OCl6 07 0000 0000 
0617 00 0700 0000 -
0618 t6 0700 0571 
0619 13 0704 01;09 -
0620 65 Ob99 O;,b;, 
OUl 12 0602 0000 -
062? IS 0<;92 062) 
oM, 10 0<;91 06(lc 
062h 20 0592 0625 
062S I 21 0593 0592 
0626 65 0702 0627 
0627 1 ' ~O 0706 062Cl 
0628 4<) 0601 lhoo 

0699 00 0000 0000 Temnorarv s tora R'8 

07.00 00 0000 0000 Temoorarv Etora~e 
0701 50 1000 0000 
0702 00 0000 0000 Temporarv storaQ8 
07D3 _CO 0000 0000 Temporary storar.e 
07011 m 0000 0000 Ternnora rv stora poe 
070', 00 0000 0000 Tem-:Jorarv 2toraP'8 
0706 00 0001 0000 
07.01. 00 0709 0000 
0708 Nfl 0000 Nf2 Code word and temporarv storage 
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To: Recipients of DP-172, "IBM 650 Routine I - Polynomial Fit by 
Least Squares", by R. R. Haefner 

CORRECTION NOTICE 

The following errors have been noted in the IBM 650 prograrr 
of DP-172, "Polynomial Fit by Least Squares": 

The instruction in location 1532, page 13, should be 12 1315 0000-

1505, page 19, should be 24 1378 1508+ 

1435, page 20, should be 03 0000 0000+ 

0609, page 24, should be 07 0000 0000-

0616, page 24, should be 07 0000 0000-

The printed format from output cards can be improved by 
loading 00 1570 0001+ into location 1427 in the initial read-in. 

The program in the Appendix of DP-172 was given in the 
logical sequence of computer interpretation. Since the subroutine 
that transfers the matrix elements to the inversion locations is 
used differently for elements below the largest diagonal than for 
elements above that diagonal, both sequences of the subroutine are 
given in the Appendix. Thus, if one prepared one-field load cards 
from the program given in DP-172, those cards which apply to the 
second use of the subroutine would be loaded last and would be 
executed for the first use of the subroutine, giving erroneous 
results. To prevent this error, one should insure that the 
following orders are read-in: 

Location Instruction 

1344 24 0710 1342+ 

1367 44 1347 1385+ 

1374 21 1341 1376+ 

1377 10 1183 1378+ 

1378 21 1343 1340+ 



" 

·... .. 
• 'I" -
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The routine described in DP-172 permits the punching of 
the root-mean-square error, 6, only when 6 < K. The routine was 
recently revised to punch 6 for each order of the polynomial. The 
following orders are necessary for this revision: 

RRH: eef 

Location 

1479 

1523 

1525 

1529 

1566 

1567 

1568 

1569 

Instruction 

11 0057 1567-

24 1400 1521+ 

24 1427 0026+ 

21 1461 1487+ 

71 1427 1519+ 

69 1568 1569+ 

71 1427 7000+ 

24 1566 1487+ 

TECHNICAL DIVISION 
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