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ABSTRACT
A routine was prepared for the IBM 650 computer

to obtain the least squares fit of a polynomial
N .
S a,x to a set of 100 or fewer experimental

i=0
points fk(xk)' The upper limit of N is 15.
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IBM 650 RCUTINE I
Polynomlal Fit by Least Squares

INTRQDUCTION

It is desirable to have a computer program that will it & 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
cbtain this f1t by using & least squares criterion are very simple for the case

of a polynomial expansion, and readlly lend themselves to automatic computatiocn.

SUMMARY
A program was prepared for the IBM 650 to obtain the coefficients of a
pelynomial such that

n

2
i
b {fk(xk) - 3 agx, } W,
k=1 i=0

1s a minimum. The number n of experlimental results fk’ determined as a function

of an 1ndependent parameter x may be as large as one hundred. The maximum

k!
order N of the polynomial 1s 15. The input data of the problem, fk and X)» are

entered in the fixed decimal mode. The output parameters a; are given in the

1 2

¥ (3) fi’_{ E

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

fioating decimal mode. The welght factors w . may be (1) unity, (2) fi

is [O.OOl6n(N2+10N+20) + 0.002(N5+10N2)] minutes; for example with n = 20 and

N = 10, the time is 10 minutes.

DISCUSSION
EQUATIONS
In order tc obtaln the least squares it of a polynomial to experiﬁental

data fk(xk), it is necessary that

be a minimum. The W, are welght facfors. This minimum condition is met by re-

quiring that

de n

= -2 3 w %)
Eaj k=1 ¥ { k 7k

for all j from ¢ to N.

T




The resulting set of N+l simultaneocus linear equations is:

n n n 2 n In
a, & w,_+a, I XW +a, % XW_ + ... +a. 3 Xxw,_ = 3 wi (x)
0 k=1 k 1 k=1 k' k 2 k=1 k'k N K1 kK'k kel kK kK
n n n n n
2 3 N+1
a, I xW_+a, I XW_ +a, I xw + s tas Zox, o ow, = 2 owx £ o(x )
© )l Kk TR M T8 2 Ky N oo Tk Tk T2 M7k e
n I n n In
3 I N+2
8 I KW, +a; EOX{W, +a, S XW 4+ ... +a. 3 x0T = % woxer {x,)
T 2 21 "k Nl Tk Tk T2 ek
n n n n I
a, = xﬁwk +a; = xi+lwk,+ a, = x£+2wk e Ay F xink = 3 wkxifk(xk)
k=1 k=1 k=1 k=1 k=1

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

M is a square matrix of order N+1, A 1s a column vector of order N+l, and B 1s =
n

column vector of order N+l. The matrix elements of M, M s are X ow xr+c"2
r,cC ke1 k7k
where r =1, 2, %, ..., N+l and ¢ = 1, 2, 3, ..., N+¥i. The matrix elements of A
n
are the coefficients of the polynomial. The elements of B, b, are ¥ w xr_lf {x )
r Ke1 k7k k*k

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

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

equation by M"l, the inverse of M; then A = M © B.

After the soluticn 1s cbtalned, the root-mean-square error 5 is de-

termined by:

N G
w [f(x,)- = a.,x
lk(kk ifoik)]

(=}

I
o]
SJH
-
i
I ™ s

where

)
I
=1

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 crder 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 mcde.

-5«




Step 2. If w, = fil {Type 2} or W, = fig (Type 3) the w, are computed. If the

w, are arbitrary they are introduced as input parameters (Type 4).
Type 1 1s the case 1n which W = 1. The Wy are stored in 1050 through
{1049 + k).

step 3. M, | is computed and stored in 0709. "= My l/n is also computed and
3 3

stored.

n
Step b, b wkkai, 1=0,12,2, ..., 2N-1 are computed and stored in 1670
k=1
through 1670 + 1.

n
b3 wkx;+1, 1i=0,1, 2, 3 ..., 2N-1 are computed and stored in

k=1
1630 + 1.

Step 5. The elements Mr c and br are transferred from 1630 through 1630 + 2N
and 1670 through 1670 + N to the proper storages in preparation for

the matrix inversion.

Step 6. The matrix M ls inverted and the vector A is obtained. The vector is

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

Step 7. 6 is computed and compared with a predetermined 1limit K. If ¢ 1s less
than or equal tc K the problem ls completed. If ¢ is greater than K,
N 1s increased by one, and the routine returns to Step b to compute
only the sums required by the augmented N. Then Steps 5, &, and 7

are repeated until 6 < X,

Detalls of Step 4

The set of storages 1700 through 1699 + n originally contalned Wi These

n n
, 1 i+1 i
locations are used asg temporary storages for Wy X while El Wy Xy and kzl wkkak
n 1
are being computed for i = 0, 1, 2, ..., 2N-1. For a glven N, X wkkak need
k=1
only be computed for values of 1 from O to N. Since the program increases N by 1
n
if 6 > K at Step 7, 1t would be ilmpossible to return to Step 4 and compute I
k=1
wkka+1 at that time because the temporary storages now contain wkxian. Thus
n
the sums X wkkai are computed for 1 = N+1, N+2, ..., 2N-1 although they are
k=1

never used.




Details of Step 5

The matrix element Mr c ls the game for all indices r,c for which the

2

n
quantity r+c-2 is the same. This element, equal to =X wkx§+c_2, is stered in
k=1

1627 + r't+e, except r = ¢ = 1. The matrix elements and vector B are transferred
for inversion to locations 0709 through 0708 + (N+1)(N+2) in the sequence My s
3

B M M B M M

1,20t My ngar By M g0 My os eees My 0, By, 3,17t My e By

The routine stores the contents of 1630 (M1 o and M, 1) in locations
2 3
L = 0710 and L = 0711 + N. Then, the contents of 1631 (M, -, M, 5, and M, ,) is
1,27 72,2 3,1

stored in locations I, O7ll, L = 0712 + N, and L = 0713 + 2N. This procedure

fl

continues until r+4ec-2 = N. At this point, the contents of 1629 + N (M1 N41®
3

My o oo My o MN+1,1) 1s stored in 0708 + (N+1) 0708 + 2(N+1), ...,

0708 + (N+1)2. The elements of the longest dlagonal are now in their proper

locatlion. The parameters U and V are used In the coding sheets to explain this
procedure. The number of elements on a diagonal, U, 1s equal to r+c-1. The

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

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

of 1630 + N, (M s MN,B’ MN+1,2)’ is stored in 0709 + 2(N+1),

2,8+17 M3,

0709 + 3(N+1), ..., 0709 + (N+1)2. The elements of the diagonals below the longest

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

(M ), 18 stored 1in location L = 0709 + N(N+3). The elements of the vectcr
N+1,N+1

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

INPUT DATA

The input data fk(xk) are entered intc storages 190C through 1899 + k
in the form .yyyyyyyyyy x lOF. The exponent F must be the same Ffor all fk. The
exponent, a two-diglt number, 1s entered into storage 1599 in the form OQQOFFOQ00.

The number of points to be used, N, 18 read into storage 1597 in the form

00 Ozzz 0000, ne < 100.

The values of the independent parameters Xy, are entered into storages
1800 through 1799 + k& 1n the form SYYYYYYYYYY X 10X, The exponent X must be the
same for all Xy This exponent, also a two-diglt number, is entered inte storage
1598 in the form 0000xx0000.




The order of the polynomizl N is entered into 1596 as N+l in the form

00 QO{N+1) 0Q0CO.
The parameter K 1s 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 Q00t. If Type 4 1is used, the W must pe input parameters. They are

entered 1lnto storages 1700 through 1699 + k in the floating declmal mode.

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

the L-1 sub-routine of IBM(I)
SUB-ROUTINES

The flcating decimal arithmetic 1s perfeormed by a sub-routine of
G. R. Trimble and E. C. Kubie(g). The matrix inversion sub-routine was devised
by R. W. de Sio of IBM. This latter routine has not been published, so the
program 1s glven 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 arithmetlc.

2. TFor the routine of this report, the number (N+1) 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+1)(N+2) in the order previously glven.
4, The entry to the sub-routine 1s 0500.
5. The exlt from the sub-routine is the instruction address of 0628.

The input information is entered by the L-1 Sub-routine,(l) which was
relocated from 19077-1992 to 067T7-0692. This relocation was necessary to make
avallable the 1950 band. 8Storage 0688 contains 70 0694 1150. This instruction
sends control to 1150 when a nonlcoad card is encountered. The nonload card 1s
placed immediately after the load cards containing instructions and input data.

HE facfe
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PROBLEM; ROUTINE PAGE 1
LOCATION oP. DATA {NSTRUCTICN REMARKS
1150 60 1157 1182
1182 10 1598 1150
115, 21 1176 118
118) 69 1189 1192 Set up constants and exit
1192 2h 1159 1185
1188 69 1190 1193 instrugtion to convert x. _to
1193 2l 1166 1215
1218 69 1218 1221 floating decimal number
1221 2l 1153 1186
1186 £9 1191 119}
119l 2l 1158 1159
Convgrsion| Sub~Routine
1159 (60 {1800) 1161) Set_up
1141 14 [alalale} 1162
1162 L7 1167 1167
1167 21 1172 1175
1175 L6 1163 116
163 61 8002 1173
_ﬁ¥g%% 11 1176 1171
171 15 1172 1170
1270 Il 31 0002 1166
1166 (20 . | (1800} 1165) Set up
116l 61 | 8002 117h
117 10 1176 1171
1165 60 1159 1169
1169 11 1158 1181
1181 11 1597 1153
1153 Lk | 1177 (1310) Variable exit instruction
1177 60 1159 1178
1178 10 1183 1187
1187 21 1159 1179
1179 60 1166 1180
1180 10 1183 1188
[ 1188 21 1166 1159
1310 65 1597 1311
1311 35 0005 1312
1312 Wy 1490 1491 Convert n
11,90 H_ao 0001 11,92
1,91 10 1313 1593 to flpating decimal mode
1); 92 10 131 11,93
11,93 31 Q002 1Lk
1h9h 20 1439 1195

~17]-
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PROBLEM: ROUTINE PACE 2
LOCATION OP. DATA INSTRUCTION REMARKS
1195 £0 1157 1196
1196 10 1599 1155
1150 21 1176 1197
1197 &9 1151 1156 Set up constants and exit
1156 2l 1159 1198
1108 49 1152 1205 instructionto convert r = to
1208 oh 1166 1199 -
1199 69 1202 1206 floating decimal number
1206 2] 1153 1207
1207 69 1210 119k
1194 2l 1158 1159 Enter conversion sub-routine
1213 £l 1597 121)
121l 21 127 1228 D0 Q0n 0000 - to 127h
1228 2] 1278 1309 __and to 1278
1309 &0 1597 1212
1212 30 000Gk _ 1221,
122k 10 1597 1219
1219 10 1618 1223
1223 21 1608 1220 07 00n 0QOn to 1608
1220 £0 1597 1226
_1226 10 1602 1229
1229 21 1615 1211 05 00n 0000 1o 1615
1211 60 1595 1204 What twvpe weight factor?
1204 10 1208 8003 _
8003 00 0000 12204%
1270 £9 1619 11460 Tyoe 1 Start f1, dec., comp, at 1210
1231 69 1620 1160 Type 2  Stari f1, dec, comp. at 1250
1232 £9 1621 1260 Type 3 Start f£1, dec. comp, a2t 1261
12133 69 1612 1160 Tvpe LI Start f1, dec, comp. at 1531
1140 2k 0029 0026
1250 05 1600 1601 -
1247 00 {1.700) Q000 -
12L2 c1 1242 1597 =~ Put w,, = 1 4ip floating decimal
1213 Q2 1603 000G =
12LL 1 0057 1246 ~ into 1700 thrcugh 1699 £ n
1245 12 1531 0000 -
1246 06 1241 1183 -
1247 00 1241 0000 -
izh8 12 1210 0000 -

~12-




PROBLEM: RCUTINE PiLCRE 3
LOCATION QpP. DATA INSTRUCTION REMARKS
1250 09 1400 (1900) -
1251 00 (1700) 0000 - B
12i Ol :_251 15’97 - Compute El—"r = f\‘ =L and gend
1253 02 1503 0500 -
1254 13 0057 ipsf -
1258 12 1837 0CoG - to 1700 throuesh 1699€ n
1256 06 187 -
1257 00 0000 -
1258 05 1A0h -
1259 00 QOG0 -
1260 12 o000 -
1261 R (Zew0) [ (i9n0) -
1262 09 1405 o657 - -

1263 00 (1700) CO00 - Compute w = fip * and send
126 01 1247 1567 -
1268 oz 1402 0000 -
1266 1 oon7? 1268 - to 1700 throuch 1499 £ n
1267 12 1531 0200 -
1268 o0& 1263 1182 -
1269 00 1263 Q000 -
12 70 06 1271 1905 -
1271 00 1261 2000 -
1272 12 1241 2000 -
1531 69 (1700) 1533
1533 ol (1con) 193l
153 &0 15371 1535
15135 11 1539 in36 Transfey we foom 3700 thpoues 1699 f 1
1936 11 1597 1537
1537 Ll 1540 1545
1540 &0 1531 161 to 1050 throurh 1040 4 n
1th1 10 1183 1542
1542 21 1531 1553
15043 £D 1533 15l
15hl 10 1183 1538
1638 21 1523 1531
1515 69 1501 15),6
1546 2l 1299 0026 Zero to 1220
1532 00 1315 0000 -

- _J_')ﬁ




PROBLEM: JOUTINE PAGE 4
LOCATION oF, DATA INSTRUCTION REMARKS
1315 01 1050 1051 -
1316 05 (1052) Q057 -~
1317 00 1222 0000 -
1318 o1 1316 1615 - n
1319 02 1616 0000 - Compute M, _ = >, %,
1320 13 0057 1322 - I
1321 12 1326 0000 -
1322 06 1316 1617 -
1323 Q0 1316 0000 =
132l 01 1601 1922 -
1325 12 1216 0000~
1326 05 1LA0L 1222 =
1327 00 0709 ON00 - M, 7 to 0709
1328 12 1566 0000 - 7
1556 0% 1222 1h39 - -
1507 00 11,38 0000 - W_to 11,38
1558 12 1273 0000 -
& [1213 18 1700 1900 -
127k 00 00 n 0000 - Set up
1275 05 0057 TEGL - N
1278 00 (1£70) 0000 - CoW o fox Lt to 1670 £ 3
1277 18 1700 1800 - oS T
1278 00 00 n 0000 ~ Set up
1279 09 0057 1602 - v
1280 00 (1630) 0000 - D W, %X, to 1630 £ i
1281 gL 1EDE 1596 - " i
1282 12 1306 0000 -
1306 01 0057 1506 -
1307 02 1276 0000 -
1308 12 1283 0000 -
1281 13 0057 1301 - Is i = 2n-172  No to 1301
1281 1z 1249 |, 0000 -
G 1301 06 16014 1610 -
1302 00 1285 0000 -
1303 06 1/01 1611 -
1304 co 1286 CON0 -
1308 12 1285 0000 - o
1285 07 1 (1800) | (1700) - (yEge ) X to 1409 4k
1284 00 (1700} 0000 -
1287 01 1285 1607 -
1288 02 1608 0000 -
1289 13 0057 1291 -
1290 12 1296 000N =
1291 0é 1285 1609 -
1292 00 1285 0000 =
1293 06 1286 1183 -
1290 00 1286 0000 -
1295 12 1285 0000 -
“1k-




PROBLEM: ROUTINE PAGE 5
LOCATION oP. DATA INSTRUCTION REMARKS
1294 0& 1276 1183 - ]
1297 00 1276 Q000 —
1298 06 1280 1183 -
129G 00 1280 0000 -
1300 12 1273 0000 -

. Trancsfalr Mijito Inversjion Storag
@ [22ho £0 1596 1168

1168 10 1183 1237 _
1237 21 1222 1231 00 {N#2) ;_0000 %o 1222
123 19 1506 1235
1235 30 000l 1236 . R
1236 15 1602 1238 2L Q707 £ (NAL) (Mg2) [ 13L2 ip 1A |
1238 20 1362 1239 "~ Send to 1362 -
1239 || éo 1595 1329
1329 11 1183 1330

(¢
A

1330 19 1222 1331
1331 30 000k 1332 - -
1332 15 1623 | 1333 2L {0709 A N “(N42) , . 1342 in TA
1333 20 1363 1334 Send to 1363 ~
133 60 1596 1335
1335 10 162) 1336 2l [ O710 A N | 1387 in UA
1336 21 1386 184 " Send to 1386
148l 69 1188 1485
185 | 2k 1343 1340 U= 2 to 1343

((E_12L0 £9 1303 1346

) 1316 2l 1349 1301 v = U oy 1349

@ 131 || 6o | (1630) | 1l

R 13kl 2l {0710) 132 L = 0710 for transfer af M. 5
132 60 1309 1353 ’
1353 17 1183 13L8
1318 LL 1350 1357 Is V= 1?2 Yes to 1357
1350 21 13,9 1356 ¥ becomes V-1
1356 60 13hh 1351
1351 10 1596 | 7113l5
13 I ooy 13Lh 1301 L hecomes LyNfla . Controlghg(gj

13587 60 13Lh 1359
1359 11 1362 1367

1367 Ll 137 | 1138%8 Has Mys wiy been transfered? Alwavs no. |
13h7 10 8001 1360

1360 11 1363 1368

1348 I 1372 1373 Has Mﬁil + been transfered? Ves +o 1373
1372 &1 1343 1361 ’

1361 10 1183 136

13480 19 1596 1365
1365 30 000k 1375

1375 15 1183 1366

-15-




PROBLEM: ROUTINE Talh 6
LOCATICON OP. DATA INSTRUCTION REMARKS
1366 15 1344 1362
1369 20 20l 1270 T hecones L £ 1 A(14L) (1-103
1370 G0 1200 1371
1371 10 1183 137
137L 21 13410 1376
1376 &0 133 1377
1377 10 | 1183 1378 ’
1378 21 | 1313 13L0 U becomes UL, Control to(1?
After BL;l - tronsferreds
1373 g7 | 33% 1379
1379 2l 13567 1381
1381 69 1626 1337
1337 2l 1374 1338
1338 6 1627 1339 ]
1339 2l 377 1382
1382 69 1628 1383
1383 20 1378 1376
1376 60 1303 1377
1377 11 1183 1378
1378 21 1343 1372 T becomes U-1
1372 61 13L3 1361
1361 10 1183 138
g P19 1596 1365
1365 30 2004 1375
375, 15 1163 1366
166 15 1340 1369
1369 20 130k 1370 L becomes L 4 1 A(¥AL) (1<)
1370 60 1300 1371
1371 10 1183 137L
137k 21 1541 1340
13L0 69 1343 1346
13L6 e | 13L9 1341 T = U to 1319
131 69 | (1&304my 13Lh ]
13LL 2, | (o7ilf2r) 1342 1, = 0711 4 2N for I wdl
1342 &0 1359 1353 ' e
1353 11 1183 1368
13L08 L [ 1350 1557 s V= 17 Yes to 1357 ]
1350 21 | 139 1.356 ' ]
1356 50 130, 1351 ]
1351 10 1596 13L5
1305 21 120 1341 L beccmes 1, £ ¥41, Conlrol to (k) ]
1357 60 IBﬁE 1269 ]
132? 11 1362 1367
1367 Ll 1376 13065 Hos o0 4. edyy_been transferryed:
T T Yos t0 1065, To tdZE\ ]
—_

1A=
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PROBLEM: ROUTINE PACE 7
LOCATION OoP, DATA iNSTRUCTION REMARKS
1385 69 {1670) 1386
1386 2h | (07104M) | 1387
1387 £0 1385 138l
138l 1 1629 1388 Transfer b, from 1670 through 1670 £ N
1388 11 1596 1389 -
1389 L 1392 13¢3 to proper matrix inversion storages.
1392 &0 1386 1391
1391 10 1596 1390
1390 10 1283 139
139k 21 1386 1395
1395 &0 1385 1396
1396 10 1183 1397
1397 21 1385 1385
1393 &9 1625 135h
135L 2L 0029 1355 £5 0601 0439 to 0029
1355 69 1352 1358
1358 2l 0628 1209 Exit instruction for Mat, Inv. to 0628
1209 60 1596 1201
1201 10 1183 1200
1200 30 000k 1216
1216 3l 1222 1225
1228 60 1596 1203
1203 30 000l 1217
1217 | 10 1222 1227
1227 21 0708 0500 (NA1) 0000 (N42) to 0708
0500 Matrilx Inversidn Routine
1400 69 {0709) 1398
1398 21 (1570} 1399
1399 2l 1128 101
1101 71 127 1h02 Punch _ponlymomial coefficients,
1,02 &0 1368 1103
1403 11 1106 1411 one per card
1411 11 1596 11,04
1ok L 1407 1420
1L07 60 1398 1405
14,05 10 1183 1409
1,09 21 1398 1410
1410 60 1L00 22
1112 10 1183 1513
1513 10 1596 11l
1h1h 21 1400 1415
1h15 €0 1127 1416
116 10 1183 1L08
1408 21 1427 1,00

-17-




PROBLEM: ROUTINE PAGE 8
LOCATION oP, DATA INSTRUCTION REMARKS
1120 £9 1430 1433
1h33 2l Q709 1h2l Zero to 0709
1,21 &0 1,240 FER
1h31 10 1596 1Lep
122 21 125 1432 05 (1570 ¥ N) 0057 to 1L25
132 A0 1435 1D
100 10 | 1597 1423
1123 21 119 13l 03 0OCn 0000 to 1119
1.3l 69 137 1436 ,
1):36 2); 0029 0026 65 14,5 0L39  to 0029
1LLé 05 1601 1601
1047 00 1202 0000-
1045 06 1601 1425~
114h9 00 1551 0000~
1B 08 | (1800} 1222-
1451 05 | 1570#N 0057- |
152 00 1222 0000= | Computes
14573 0. 1,51 117w
1hSh 13 0057 1156 r N A
1455 12 | 1159 0000- | o =| L & % (f.~3 a.xp)
lngé O)[-' l).'Sl 1617“ -.U.W I Iy L2y ll;O S SR j
1157 00 1,51 0000~
ih58 12 1150 0000=
1569 03 1 (1900) 1222~
. 1460 L 08 0057 0057 =
| 1161 08 | (1050) 0057
1LE2 05 0057 0709~
1563 00 0709 0C00-
| 108001 | s 1,15-
11,65 02 118 0000~
‘ 1,66 13 0057 1,66=
| 1,67 iz | 1,75 0000-=
1168 06 150 129~
1469 00 11,50 0000-
} 1470 06 1159 1026~
1h71 09 1L59 0000=
1L72 08 1Lél 1,29~
1173 09 161 0000--
107k 12 )6 0000-
1475 10 0709 1438
176 10 0057 1435
L1077 16 0057 0705= o to 0709
1,78 03 0709 156 m g Lo 0057
1479 11 0057 1137=
14,80 02 159 0000=
-18=




PROBLEM: RCOUTINE FAGE 9
LOCATION o©OP DATA INSTRUCTION REMARKS
1,81 || 60 | 1596 | 1865 g
1565 10 1183 1560 Increase N by unityv
1560 21 16596 0026
1,82 12 1495 0000 -
1499 &1 1484 1530
1530 21 1316 1,97
1h97 £9 1189 15,098 ]
1198 24 1310 1499
1199 £9 1443 - 1500
1500 2l 134k 1501 Reset all variable instructions
1501 £9 1LL5 150z
1502 2L 1374 1503
1503 £9 1506 1509
1509 I 24 1377 150L
0 69 1507 1505
1%0% 2L 1374 1508
1508 69 1511 151k
151k 24 1367 1510
1510 £9 1513 1516
1516 2h 1385 1512
1532 69 1515 1518
1518 2k 1398 1517
1517 £9 1520 1523
1523 2l 1L00 1519
1519 69 1522 1525
1529 2L 1427 1521
1521 63, 152) 1527
1527 21 1450 1Lkl
1,41 61 1hhl 1526
1526 21 1159 142
112 61 1528 1529
1529 P21 1461 0026
14,96 12 1067 00C0 -
1047 07 1438 1439 -
10L8 0C 0709 0000 - | My 4 to 0709
10).9 12 1201 0000 - Feturn tolC )
1487 69 1561 1584
1564 2L 1427 1562
1562 59 0709 1563 Pypnch T
1563 2h 128 1566
1566 71 1427 7000
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PROBLEM:; CONSTANTS

LOCATION QP. DATA INSTRUCTION REMARKS

1151 &0 1900 1161

1152 20 1200 1168

11572 Qo 0000 QChg
1183 00 0001 0000
1183 £0 1800 13161

1190 20 1800 1165

1191 60 1799 1161

1202 L 1177 1213

1208 00 Co0g 1229
1210 &0 1899 1161
1218 by 1177 1310
1313 00 0000 0050
131k 00 0000 0051
1352 15 0601 1,00

1380 Ll 1376 1385

1106 2l 1569 1369

1417 05 1570 0057

1418 03 1899 1222

1419 03 00 n 0000 This constant is set up

152l Q5 1569 0057

1426 03 0001 0000

1529 08 0001 0000

1430 20 0000 0000

1435 03 0001 0000

1L37 65 1h15 0l39

k3 )2l 0710 1342

1hLl 03 1900 1222

15 21 1341 1376

1,88 Q05 1052 0057

11,88 G0 0002 0000

189 [ €9 1630 13Lk

1506 10 1183 1378

1507 21 133 13L0

1511 Ll 1347 1385

1513 69 1670 1386

1515 2L 1570 1399

1520 £9 0709 1398

1522 Q0 1570 0001

152 08 1800 1222

1528 Of 1050 0057

1539 £9 1699 1533

1561 00 b666A 0000
1600 50 1000 0000
1601 00 0000 0000
15602 05 0000 0000
1603 00 1699 0000

1604 09 0000 0001

1605 08 0001 0001

1606 0Q 1667 0000

1607 07 1799 1699
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PROBLEM: CONSTANTS
LOCATION oP. DATA INSTRUCTION REMARKS
1608 07 00n 00 n This constant is set up
1609 07 COOL 0001
1610 07 1800 1700
1611 00 1700 0000
1612 €5 1530 oL 39
1615 05 0On 0000 This constant is set up
1616 08 1049 0057
1617 05 Q001 0000
1618 07 0000 0000
1619 65 1239 OL3%
1620 65 1249 0,39
1621 é5 1260 oL 39
1622 ok 0707 1342
1623 2l 0709 1342
1624 2h 0709 1387
1625 £5 0601 oL39
1626 21 1341 1340
1627 11 1183 1378
1628 21 1343 1372
169 69 16 69 1386
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PROBLEM: de Sio Matrix Inversion

LOCATION OF, DATA INSTRUCTION REMARKS
0500 60 0708 0501
0501 30 000! 0502
0502 21 0708 0503
0503 35 0008 050l
050k 21 0699 0505
0505 19 0708 0506
0506 30 000k 0507
0507 [ 15 SXieYi 0508
0508 I 20 0703 0509
0509 15 0699 0510
0510 16 0706 _ 0511
0511 o 05607 0512
0512 07 0607 0513
0513 6o 0616 0511
051L 22 0616 0515
0515 &0 0708 0516
0516 2l 0702 0517
oo [ T 518
, 0518 16 | 0706 0519
0519 20 0705 0520
0520 €5 0708 0521
0521 18 0706 0508
0522 50 0705 0523
0523 &5 0703 0521
0524 69 0603 0525
o§2§ 29 0603 0528
0526 & 0707 0527
0527 15 0700 0528
0528 &9 0602 0525
0529 22 0602 0026
0530 11 5001 0531
0531 15 0602 0532
0532 10 G503 0533
0533 20 0802 053],
0534 21 0603 0535
0535 || 0 0705 0536
0536 18 G706 0537
0537 20 0705 0026
0538 69 0612 0539
0539 20 0612 05h0
0540 15 0699 051
OELT %9 0609 UGz
0512 T2 0809 O5LT
15 0706 05k
5L 69 0611 Q545
QShe 22 0611 0546
05hé 65 0703 087
30 000k 0ch8
onL8 £9 0609 059
05h9 23 0609 0550
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PROBLEM: Ce Sio Matrix Inversion

LOCATION oP, DATA INSTRUCTION REMARKS
0550 £5 0699 0551
0551 16 0706 0552
0562 20 0705 0028
05573 11 8001 SEGIN
O5th 15 0512 0555
Q5585 10 0811 0556
0556 20 0612 0557
0557 21 0611 0558
0556 66 0706 0559
0559 30 0001k 0560
Ta 60 5 De00 B
0541 20 0609 0562
CS &7 &5 0705 O5€3
05 65 5 0706 e
SEEN 20 0705 0026
OH55 69 0577 Onhas
0566 0D 0571 0567
0567 &5 0609 0568
058 30) 000l 0569
0589 69 0616 Qo700
0570 23 0&16 0026
0571 20 0000 0572
0512 251 070k, 0573
0573 16 0706 05 7L
057 20 070k 0575
0575 %5 05 76 0O2H
0576 & 0706 0577
0577 11 E001L 0578
0578 15 0611 0575
0579 10 0B1z7 CoR80
0580 70 CHIL 0581
_O;c‘il 21 0612 0582
Ob 02 4 0699 0553
0503 15 0609 Coal
Qcd) 20 CA09 CBlA
0585 20 0705 CoBé
0586 &5 0703 0587
587 &9 Q502 0583
0588 PP 0562 0589
0o8c 18 0499 0590
0590 £9 0593 0591
0591 29 0593 [
0592 £9 Q000 0593
0593 2h 000 Q59ol
059l 65 Q709 0595
0595 16 Q706 0596
0596 Y 0597 0626
0597 20 0705 0598
0598 &5 0706 0599
0599 10 8001 0627

-D%_
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" PROBLEM: de Sjo Matrix Inversion
LOCATION oP, DATA INSTRUCTION REMARKS
0400 00 0000 0000
0601 20 0702 0517
c60?2 09 0000 0709 -
0603 00 0000 0000 -
060L £6 0706 053¢
Q605 13 Q705 0602 -
0606 09 Q701 Q709 -
DEQT 00 0000 0000 -
0608 A5 0707 0538
0EQ9 07 0000 000C
0A10 00 0700 0000 -
0é11 oé 0000 Q700 -
g&12 00 aon0 0000 -
0413 66 0706 0553
ALY 13 0705 0e09 -
0ALE [ £172 0565
0€1¢ 07 00C0 0000
0617 00 0700 o000 -
0618 33 G7C0 G571
0619 13 C70L Or0% -
0620 £5 0699 05565
Q621 17 0602 Q000 -
0622 15 G592 0623
0623 10 0593 Gé2l
062l 20 0592 0£25
0425 21 0593 £92
0626 £5 0702 0627
0&E27 16 Q706 0628
0628 5 0601 1400
0699 co 0000 0000 Temporary storage
0700 00 [6;8]0[0) 0000 Temporary ctorace
0701 50 1000 0co0
Q702 g0 0000 00C0 Temporarv storage
0703 co 0000 0000 Temporary storace
070k 03] 0000 0000 Temporary _storasge
0705 0 £000 0000 Temporary sterage
07C6 00 0001 Q000
0707 o0 0709 0000
0708 N41 0000 N£2 Code word and temporary storage
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To: Recipiehts of DP-172, "IBM 650 Routine I - Polynomial Fit by
Least Sguares", by R. R. Haefner

CORRECTION NOTICE

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

The instruction in locatlon 153%2, 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 00C0-

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

The program in the Appendix of DP-172 was given 1in the
logical sequence of computer Interpretation. Since the subroutine
that transfers the matrix elements to the inversion locatlons 1s
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 erroneocus
results. To prevent this error, one should insure that the
followlng orders are read-in:

Location Instruction
1344 24 Q0710 1342+
1367 Wiy 1347 1385+
1374 21 1341 1376+
1377 10 1183 1378+

- 1378 21 1343 1340+




-2 -

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 thils revision:

Location Instruction
1479 11 0057 1567-
1523 24 1400 1521+
1525 24 1427 0026+
1529 21 1461 1487+
1566 71 1427 1519+
1567 69 1568 1569+
1568 71 1427 7000+
1569 24 1566 1487+
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