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Program Title Multiple Linear Regression

01299 (

Contributor’s Name _Walter W. Steffen

Address Meridian Life Ins. Co., P.0. Box 1980,
City Indianapolis State __Indiana Zip Code 46206

Program Description, Equations, Variables ___This is a powerful multiple linear regression program

that calculates the regression coefficients, correlation coefficients, standard

error of estimate, net regression coefficients and partial correlation coefficients

for any number of independent variables up to 8. This user-friendly program

performs all the calculations when the user executes one function. The data is

preserved for reuse in computing the various factors and can be stored on mag cards,

adjusted by adding additional data sets or subtracting data sets before recalculating

new coefficients. The principle features and parts of the program are as follows:

l. Clear registers and flags by XEQ b, after setting in User Mode.

2. Initiate by XEQ MLR (Assigned toJ¥), or XEQ C in User Mode. This

prompts for the number of variables and then uses that information to set up

the appropriate controls to store the entered data and cross products in the

appropriate registers depending on the number of wvariables.

Quad : :
Necessary Accessories__HP_41CV or HP 41C with A Memory Module Math Pac I ROM, Printer,
Card Reader and/or Wand

Operating Limits and Warnings

Reference(s) Any good statistics book. For example: Methods of Correlation and

Regression Analysis, Third Edition, Mordecai Ezekiel and Karl A. Fox, John Wiley

and Sons.

This program has been verified only with respect to the numerical example given in Program Description ii. User accepts and uses this program material AT HIS OWN RISK, in reliance solely upon his own
ir ction of the prog ial and without reliance upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM MATERIAL.
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3. XEQ "X" (Assigned I+) or A in User Mode, to store each data set.
Prompts appear to request each data point as needed, reducing the possibility
of error from forgetting which data is needed.

4., R/S after XEQ X will correct the last set of data entered by subtracting
it and then permit entry of the correct set of data by XEQ X. XEQ a will permit
any previously entered set of data to be subtracted.

5. After all data is entered, XEQ RG (Assigned 1/X), or B in User Mode,
to calculate:

a. The regression coefficients, labeled X; through X,.
b. ‘Rz, the coefficient of Multiple determination -

c. R% (frequently designated as R? in textbooks), an unbiased estimate
of the percent of variance most probably associated with the par-
ticular sets of values of the independent variables in a universe
where the independent variables remain fixed, but values of the
dependent variable are subject to random variation.

d. Sy.z (which is really SY:ZIZZ"'Zn)’ which is the standard error

of estimate, i.e., the amount of variance in Y that is not associated
with the independent variables.

e. SY:ZU (which is §Y:ZIZZ"'Zn in textbooks), which is an estimate of
the standard error of estimate in the universe.

f. sy, which is the standard deviation of the dependent variable in
the universe.

6. Then calculate the B coefficients (XEQ F). These represent the net
regression coefficients, which is the regression coefficient when the
corresponding variable is stated in its own standard deviation. Thus
the regression formula:

Y = X1+X221+X322+XAZ3...+X928 is transformed into:

Y z z
=X +8 214 22 4.,
sy 1T Prney s, (Byzy.2,23...2,) sz,

The relative sizes of the B's gives one a measure of the importance of
each item on Y. They also reflect the "amount of change" in Y corresponding
to a Unit of change in Z.

7. Y may be predicted. Prompts are made for the appropriate Z value to
make the prediction. Control numbers are determined from the number of variables
in order to call up the X 's from their various registers. See page 58 of the
Math Pac booklet for the Tocation in the chart under the heading "Location of
Column." For matrix of N order, they are in registers (N2+§+15) to (N2+2N+14).
For N variables (matrix order N+1) they are in registers (N2+3N+17) to (N2+4N+16).

8. Partial coefficients of correlation are calculated in LBL G. This
calculation will destroy the previously calculated Xn's stored as indicated in
paragraph 7. Hence, theyare moved to the next higher unused registers in
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LBL 25 for preservation and future use without having to recalculate the regression
coefficients. However, when there are 8 variables there are no registers available
and this routine cannot be used in that case without revision by deleting this
moving routine and the recall routines in Labels F and Y. It would then require
recalculation of LBL RG to recall the regression coefficients for prediction.

The partial correlation coefficients, ry, , etc, represent a measure of the
i

importance of the variable Z; after all the other variables except it are taken
into account. It can also be defined as a measure of the extent to which that part
of the variation of the dependent variable which was not explained by the other
independent variables can be explained by the addition of the new factor.

In our sample problem R§ 23 (Z's have been omitteg to simplify notation,
thus 1 is really z,) is .810 9% and Ry 59 = .900552; 93 = 557963 (secured
by working backwarés from the formula below for Ty :?: Thus (1 - Ré_123) =
.189006 or 18.9% of the variance is left to be explained; and (1 - 2 3) = 442037,
or 44.2% of the variance is left unexplained when only variable Z; and Z3 are
correlated. Adding the additional variable (Z;) has increased the variance which
can be explained by the difference between these two figures, or 25.3% (44.2 - 18.9).
If the importance of this increase is determined by comparing it with the variance
left unexplained before the new variable was added, we find that 25.3/44.2, or
57.2 percent of the variance previously unexplained has now been found to be
associated with variable Z;. Taking the square root of this number gives .756307,
which is Iy.23 (The difference between this and .756584 is because of rounding
since figures were carried to only three digits in this paragraph.) This illustrates
the power of performing the partial correlation coefficient calculation and the
importance it can serve in a multi-variate regression analysis to determine which
variables are highly significant or unimportant.

Incorporating this feature in an 8-variable analysis without destroying data-
requiring its reentry (8 times for an 8-variable problem) - retaining prediction
capability and net regression coefficient determination uses every 'mook and
cranny" of your 41C. See a paragraph below for minor revisions available when
less than 8 variables are used.

Notation used to display various calculated items differs occasionally from that
generally used in text books. This occurs because of (1) the difficulty in pro-
ducing certain displays, such as R? or SZ, and (2) the large number of bytes
required to produce K .12345...n° Shortened notation has been adopted -- the
following table of reference can be used to relate the shortened notation to
the customary notatiom.

Shortened Customary
Notation Used Notation
R42 (R?) R¢.12...n
R424U (RS) ®.12...n
SY:Z (Sy.z) Sy.123...n
SY:Z4U (Sy, 1) 5v.12...n
BYZi (By.z3) Byi.12...(i-1) (i+1)...n
rYZi (ryzi) Tyi.12...(i-1) (d+D...n

Xi byi.12...(i-1) (i+1)...n
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Formulas used:

(For 8 variables)  Y=X)+X,Z)+X3Z,+X,Zq+XsZ,+XgZs+X726+XgZ+XgZg (1)
(For n variable, n<8) Y=X|+X5Z1+. . . X142, | (2)
Regression coefficients:

Determined by solving a matrix of order (N+1) for N variables, using the Math
Pac instructions booklet. '

(For n variables, ng8) R%= E(nﬂzznw...+xzzzlY+xle-(zY)2/:D s1y2 (3)
where Zy2=2Y2—(2Y)2/n and n = number of data sets » 4)

R%(or §2)=1—(1—R2) {Bn-l)/(n—mi} where m = no. of regression (5)
Coefficients calculated

Sy.p = N (1-RDzy%/n (6)

Sy:zp = N (1-R2Zy?/ (a-m) | )
sy §r2-@En 2/} /(1) (8)
BYZi=Xyy) (s1/5.)=Ksy) \{;;:21/_27 ? (9)
where £z3=172- (2% )2/n | (10)

2
¥2i=l-(-RG 1y ARy 1p 1oy (D) ) (11

r¥Zi= I rzYZi (12)

Y is determined by solving equation (1) using the determined values of Xj
and the values of Z; used to predict.

General comments regarding the program.

R14 is very important throughout. It is used in the Math Pac matrix evalu-
ation and requires the matrix order (one more than the number of variables) to be
stored in R;, to work successfully. When calculating ryy; the matrix starts at
order (N+1) and then changes to order N. Hence, Rj4 is carefully controlled.

F3 is set when it contains the number of variables and cleared when it contains the
matrix order. The Flag control does not always occur back-to-back with the storage
in Ry4; it sometimes occurs at the end of the routine. Should you stop the program
operation in the middle of a routine and start it somewhere else in the program,

it is desirable to check R14 (VIEW 14) and make the F3 and R14 data consistent

with the above before starting the new operation.

Ry - R , are used in the Math Pac and cannot be used for other than temporary
storage. Tﬁey are used frequently between Math Pac runms.

If you have 8 variables, the rYZi feature cannot be used without modification.
The following modifications are reconrr.ended - only when you have 8 variables and
wish to use the rYZi feature.
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1. Change the present steps 108, 175 and 529 to 125

2. Change the present step 155 to 124

3. Load the entire program

4. Change step 161 to END

5. Record the MLR part of the program on a mag card. Call this Pért I.
6. Change step 161 back ‘to RIN

7. Change step 126 to END

8. Record the RG part of the program on a mag card. Call this Part II.
9. CLP and put Part I in the calculator.
10. Set Size 180
11. Load data
12. CLP Part I and put Part II in the calculator.

13. Run the rest of the program (RG, LBL F, LBL G, LBL Y) routinely.

14. You may retain it as 2 parts and use it for any number of variables

without

too oft
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changing it back. The reason it wasn't written in this
manner was to permit it to be used without the inconvenience of
reloading various parts as it is used because 8 variables are not used

en.

Frequently a particular user may routinely work with less than 8 variables.
This user can avoid tying wup the whole calculator by making a few minor changes

and retain full

flexibility and use of the program., The following table gives
these changes according to the maximum number of variables.
column for 8 variables are those presently used and are included as a frame of
reference to be sure the correct numbers are being changed.

The numbers in the

The numbers in

of

22

parenthesis in the 8 variable column are the changes to be used if the modifications
suggested in the preceeding paragraphs are used.

No. of Variables . 8 7 6 5
Size 170(180) 150 123 99
Steps 108, 175 and 529 115(125) 105 87 71
Step 155 114(124) 104 86 - 70

When less than 8 variables are customarily used, these minor changes will

free-up registers for other use. These changes do not limit the partial correlation

4
78
57
56

3
60
45
44

2
45
35
34

coefficient calculations, but provide for it (except of course when 8 varlables
are used without modification as mentioned earlier).

This program has been thoroughly tested, but if any user finds an error,
weakness, or limitation, I shall welcome hearing about it.

ments will also

be of interest to me.

Any further enhance-
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Sample Problem

Example:* Calculate the regression coefficients, coefficient of correlation for
the sample and the universe, standard error of estimate for the sample and the
universe, standard deviation of the dependent variable, net regression coefficients
and partial correlation coefficients for the following data. Then predict Y for

Zy = 12, Z, = 150, and Z3 = 100.
1 2 3

z, Zy Z3 Y
0 136 106 103
1 140 103 108
2 86 108 102
3 115 102 111
4 115 111 95

12 161 91 109

13 235 109 118

14 304 118 123

15 224 123 108

16 185 108 100

17 108 100 88

18 193 88 109

19 175 109 103

*Taken from Ezekiel and Fox, Methods of Correlation and Regression Analysis;
Table A2.1, p.490.

SOLUTION:

input B Function Display Comments
| XEQ b Clear registers and flags
77| XEQ MLR (asg {X) No. Z VRBLS? Initiafe for data loading
3 _ __R/s 125.129
o XEQX (asg I+) Zy =7 Load first set of data
N ¢ R . R/S ZZ =7
2106, . R/S % = 7
103 _R/S 1
77 ] XEQ X (asg ) Zy =1 Load second set of data
1 R/S Zy =
.0 L. R/S , Zq = ?
~103 . R/S Y=27
108 o R/S 2
Repéat. this proqcessv for each set] of data. The last et entered will be as follows.
LT | wmx esgEn| oz e ]
19 ___R/s Zy =7 Load 13th set of data
Y150 . _R/S Z3 = ?
109 .. R/S Y=27
103 . R/S 13
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input

Function

Display

Comments ‘

As a check that the data was lo

ded accurately

PRINTER ON

115,129

XEQ

PRREGx

R115= 13.009098800
Rile= 134.0008000
Ril17= 2177.008008
R113= 1376.6000809
R119= 1994, Anea8a
R128= 25315.00888
Ri21= 14153, 00080
R122=  489443.8088
R123= 233143.0008
Ri24= 146738,0000
R125= 146855.0400
Ri26= 1377.800040
R127=  14224.00804
Ri28= 235519.0009
R12%= 145923.0000

XEQ

RG

X1=116.518367

A2=-8,389588

#3=0.188353

X4=-9,309440

Rt2= 8,319994

Rt2l= 8,747992

5Y:2= 3.818943

SY:24U= 4,580133

_5Y= 9.123793

Calculate regression coeificients, |

coefficient of correlation for

the sample and universe, standard

error of estimate for the sample

and universe and standard

deviation of the dependent (Y)

variable

XEQ

F

BYZ3=-8, 323736

Calcilate net regressiom coefftrtien

BYZ2= 1, 208473

BYZ1=-A.034A34

|

A1=189.5081851

42=0, 117933

K3=-8.133368

rt2YZ1= 9.572419

rYZ1=-8.755584

X1=88,479633
X2=0.836841
%3=9.139344
ri2¥22= A,805294
ryz2= 8.897382

X1=87.268161
42=-9,665481
X3=8.152333
rt2Y23= 0.297665
ryZ3=-9,543587

Calculate partial correlation

coefficients

22

ts
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SOLUTION:
Input Function Display Comments
XEQ Y (asg LN) 21=7 - Predict Y
12 R/S 22=17
150 -~ RIS 23=?
100 _R/S Y= 1083.2127%

—Note: Steps k. 5..6.and 7 may be performed in any ofder, or one or more may be

omitted,
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,,,,,, - SIZE:
S User Mode (HP-41C) 170
STEP - TTTTINSTRUCTIONS INPUT - FUNCTION DISPLAY
I.| Clear flags and registers XEQ b
II. Initiate for-data loading XEQ MLR (asgJx) No. Z VRBLS?
‘Insert number of Z variables N R/S
ITI. 1. Enter Data—— XEQ X (asg IZ+) Zy=?
_Enter each-Zy value in turn as Z1 R/S Zp=2 -
" prompted by number, then thec Y- Z9 T R/S etc unEil |  Z =7 o
‘va;ue' when the Y-prompt appears. Z, R/S Y=? o
At the end the display shows the Y R/S n
number of Séts. of.data entered
2. Repeat ITI.l1. until all data is Sqme as III.1. i
entered
3..To correct last entry _.....R/S n-1 .
4. To delete or.subtract a set of daty XEQ a Zl-_.'v?
e z R/S Z,=7
T Z, R/S etc until Z,=?
- B vZn R/S v =7
- Y R/S n-1
_IV.| Fit Multiple Linear Regression XEQ RG (asg 1/%) X
X2 etc
X
Rt2=
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SIZE:
User Mode (HP-41C) 170
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
R424U =
SY:X =
SY:X+¥U =
Sy =
V. Calculate B coefficients, i.e., net XEQ F BYZ
regression coefficients in terms of BYZ,_1 etc
its standard deviation. BYZ1
VI. Calculate partial correlation XEQ G X,
coefficients. All partial correlation X, etc
coefficients will be calculated in X1
r?yzl
turn_and each printed and labeled £YZ1
until finished. The X; etc. X
output represents to regression X,
coefficients for a regressionm fit of Xy etc
Y with the dependent variables when Xn-1
' . r2yz2
one (represented by the subscript of
‘FYZZ et o]
rYZi) is left out, -
X
Xy etc
...... X1
r2YZn

rYZn
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SIZE:
) User Mode (MP-41C) 170
STEP INSTRUCTIONS | NpuT FUNCTION DISPLAY
VII.| To predict ¥ XEQ Y (asg LN) Zq=?
The various Z-values are prompted Zy R/S 22=?
and entered and the § is printed. 22 R/S etc to Z.=1
Z. R/S Y=(predicted

value)

VIII| Note: Steps V, VI and VII may be perfprmed in gny order when tijere are

7.0xr less independent variablesl . Where flhere are 8 varidbles . .. .

the changes mentioned in Program Descripfiion I are necesgary to

perform step VI.
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COMMENTS

Qe7 097 0 a1C
STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY . (67/97 only)
dlelLEL b Clear Flags and 42 =7
a2 CF aa Registers 49 FC? a2z
a3 CF @il 58 PROMFT
a4 CF a2 51 FC? @z
as CF a3 22 STO INHD
ae CLEG 12
a7 RBRTH S3 ISG 12
as«LEBEL "HMLF Initiate for data =4 GTO "x-
" entry S5 RCL 11
a3 “Ho. Z ¥ S5 SToO 12
REBLS?" 57 1
18 PROMPT S8 FS? QAo
11 STO 14 59 CHS
12z 1 E-3 &8 ST+ IHD
17 SsTO 14 aa )
14 = &1 ISG 9@
15 1 ‘62 SF G4
i + &3 XEG A1
17 =TO 11 Controls for &4 ISG @
12 sSsTo 12 cross products 65 CF a4
19 < 24 Controls for &5 RECL 11
2B STO Y storing n,ZZi and 67 FEC
21 LASTH $ZiZj &2 STOo 11
2 B4y &9« BL @3
Zz32 RCL 1#&a 7a IsSG 11
=24 + 71 RCL 11
25 + v2 STOo 12
26 STO 132 T3 XER &l
=27 RCL 14 Cmmnﬂ'hg 74 ISG 99
o = storing IY<, EY 75 oTOo a3
29+ and LZiY 76 RCL 12
IR RECL 14 ¥7¢ STO 11
21 * T2 RCL 14
32 0+ 9 -
323 FRC g STO 12
34 + 21 SF 29
=25 IS X SZ2«L.BL 84
Zn STO 15 g3 ISG a8
27 SF a3 Ry4= # Variables g4 GTO Ai
38 RETH g5 RCL 13
Z9«LEL = Subtract data 2¢ STO A@
4@ SF ag a7 “¥=7-
41+ BL = Enter data 28 FC? a2
2 ECL 1= Control Zi data 29 PROMPT
43 STO go storage 28 FS?C a2
44 Flx & 91 RCL IND
S CF zZ9 11
{ 45 =Z*" Prompt for Zi data 92 STO IND
T RARECL 12 ' 11

>£n

By-pass to correct
last data

Store in Ri for
cross products

Restore Control #

Store n
Subtract n

Control for IZi
Store LZi

Restore

Number

Store LZiZj

Restore Control
Number

Store "Y" Control
number

Prompt for Y
data

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE ™ for specitic information on keysirokes. The Function Index is found at the very back of the Handbook. Refer 10 Appendix E in
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUHDE™ for exact keystrokes.

22
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Oe7 Q97 0O41C

STEP/ KEY CODE STEP/ KEY CODE

LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS

a3l RCU 8 S 135 Z ’ . columnge — - - poes

94 FS? 8@ | : L 136 * ;

25 CHS ] ;137 0+ o]

25 * [ y? 138 14 o
. 97 ST+ IHND i 1Y2 139 +

aa j t 148 RCL 1@

oz ISG 99 . ;141 %

29 LASTH Ly [ 142 +

18 ST+ IND i TY ' 143 15

@a % ;144 +

181 ISG @A : i 145 STO B84

182 XEQ 81 | Store $ZiY | 146 GTO 67

163 RCL 11 | Restore Control | 147eLBL 20 -{ Calculate control
184 RCL 14 aumber P 148 3 - -{ numbers to calcu-
185 — E © 149 RCL 14 ~{ late R? and store
186 STO 11 L 158 + data.

1@7 STO 12 ; 1 151 RCL 14 |

163 1195 " Displ S 152 * 2

1@9 RCL IND et 1S53 2 g

® k {154 - | )
118 SF @2 B | Ry4=# variables : 133 114 | Control for R
111 CF @8 - . 156 STO 82 i

112 RTH 157 1

113 SF B2 " Correct last data'! 138 + | Control for

114 GTO a set stored $ 159 STO 81 (n

115+LBL 81 * Subroutine to o 1e@d +

116 RCL IND store LZi and 161 RTH ; )

i1 ) TZiZj - 162«LBL "RG™ Regression fit
117 FS? @84 ' , 163 FIXK 6

118 1 : 164 XKEQ 27 - Store Matrix
119 FS? aa S 165 STO 13 . Order in Ry,
128 CHS C 186 R®T2 :

121 RCL IND (167 14 - Control for

2 168 + - storage of Matrix
122 =* - S 169 1 E-3 :

123 ST+ IND 178 STO 109

aa 171 = )

124 ISG 12 Control to RIN ¢ 377 13

125 GTO @4 when last item 173+ ~

126 RTH stored 174 STO a4

127«LEL 13 Calculate Control 172 113 Control for

122 1.5 numbers to store 1¢©& EHWTERT storing matrix
129 ST+ B3 Y data in proper 1?? DSE 13 ;. TOWS

138 RCL 14 registers to 175 RCL 14

131 ¥tz s 179 + _

132 STO ¥ "o 188 RCL 1@ |

133 LASTY 2 € proper Y - 181 =* |

134 ST+ =2 " data in matrix 182 +
Note: Refer 1o “HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for ity on key The Function index 18 found at the very back of the Reler 10 Appendix E in

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.
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Oe7 0O97 QO41C

STEP/ KEY CODE STEP/ KEY CODE

o LlNE KE‘Y ENTFWIY _ (EILQJ only) COMMENTS LINE KEY ENTRY ‘(67197 only) COMMENTS

183 RCL 1@ ‘ - 229 RCL IND ‘:subroutine' - -
184 - _ i @At :lst part of row
125 STO 83 o . 238 STO IHND i

186 RCL 1@ : © B84 o

187 - j 231 IsSG @1 N

182 STO a1 i 232 GTO 11 |

189 STO @9 : . 222 DSE @S i Switch to last
i@ o : Gontrol indicating 234 GTOD 12 ipart of matrix row
191 STO as ‘which matrix is ' 235 GTO 86 i storage

192 STO A& being stored (0 =  236«LBL 11 ‘

192+LBL 87 ‘row 1, etc.) | 237 1SG 04 o .
194 RCL IND  Matrix storage | 233 GTO 18 !

a3 i subroutine I 239eLBL 12 | Adjustment of
195 STO IND 248 RCL 13 | control # to seledt
a4 241 @‘:L 18 proper data for
196 ISG A3 zd4z ok !matrix storage.
197 GTO Q& 243 RCL B7 :

192 1 . Test when matrix 244 -

199 RCL 13 ' storage is in last 245 ST+ @1

28R X=Y7? " row and completed ; £24& DSE 13 :

z@a1 DSE 83 : S 247 GTO 11 §

262 CLD : 248«LBL 86 { Determine when
203 HLY? : 249 ISG 64 matrix is completT
264 GTO 13 : | 258 GTO @7 §

2@S RCL 19 ~ Change control to ! 251 FS?C @6 _{Return for partial
206 * - select data for = 252 RTHN . corr. coef. calc.
207 ST+ A3 last part of next 253 gF @4 'Set flags to

23 RCL @89 - row of matrix. . 254 SF a7 ~{evaluate matrix
269 1.881 Control # for 255 X¥ROM “PV ‘Evaluate matrix
218 + first part of next - :

211 =70 a9 row of matrix - 236 CF 83 ‘Clear "left over" [F3
212 RCL 14 F 257 XE@ z9 'Control # for R?
213 1 - 253 FC? 86 ‘calc.

214 - 259 GTO 85 ;

215 STO 13 ;268 RCL 14 i Control # for
216 1 E-5S . 261 2 ipartial correlatiorn
217 STO a7 P 262 + ‘coefficient

218 =% 263 + ‘calculation

219 + L 264 RCL ,

2z2@m STO @i 265 RCL 14

221 RCL @as Matrix "'row 266 —

2z2 1  number" control 267 RCL IHD

223 0+ az

224 STO 85 268 INT

225 STO @& 269 +

226 15G 64 278 ¥=Y? ;

227 DSE 13 : 271 GTO @z i

Z28<«LBL 1@ Matrix storage 272 1 E3

Note: Reter to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for fic i on key The Function index 18 found at the very back of the Refer to App Ein

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for exact keystrokes.
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Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specifi
67 or 97 “OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

The Function index is found at the very back of the F

PROGRAM LISTING Page 150t
Oe67 097 0O41C -
STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS
""" 273 - T 216 "RTZ2- Print RO -
274 + ; 317 XEQ 17 N
275 GTO 8% | 318 CHS ]
2v6eLBL B2 P 2191 - )
277 1 [ 328 + 1(1 - R%)
278 - 1 321 RCL @3
279¢LBL 85 Control # for S22 LASTX -
289 STO A4 regression coef. 323 - (n - 1)
231 RCL 1@ 324 RCL 83 ;
282 1 E-Z 325 RCL 14
283 + _ 326 - - m
284 STO 12 | 227 STO B8 -
285 CLST 7 ) dgg s 1 (n-1)/ (n-m)
286+LBL 14 |, Calculate R 229 * - :
B ! .
287 RCL IND ‘ 338 CHS
1@ - } 331 1 1,
222 RCL IND ) 332 + 1R“U
a4 T 233 "RT2" " Print R2U
289 * ! 334 XER 12 B
298 + | 335 1 N
291 DSE @4 E 336 RCL 90O T
292 GTO 82 ; 337 -— | 5RH)
293 RCL 94 ! Adjustment for 333 RCL 11 R4
294 INT ' partial corre. : 239 *
295 STO a4 coef. calc. { 348 STO a7
296 RIN | 341 RCL 83
297 DSE 04 ‘ L F42 -
298+LBL @2 ' Control of RZ and - =33 SERT
299 DSE 1@ r2 calculation ; 344 “3Y: <_ ' Sy:z
308 GTO 14 : ;345 XEQ 17
3@1 RCL IND zy? . 346 RCL 07
24 f - 347 RCL @8
382 1SG 84 + 348 %=@7?
383 CLD , { 349 GTO @2
384 RCL IND 'IY | 358 RDN Adjustment for
B4 b . 351 RCL @3 1n=m
385 X1z (zy)2 . Z52eLBL B2
386 RCL IND n 333 7 |
a1 354 SORT ;
IB7 STO B3 355 "SY:Z2" ' Sy.ou
zas - £v2/n 356 XEQ 12 5
38% ST- Z Z 357 RCL 11 ;
318 - 5y2 358 RCL 93 |
311 STO 11 ; 359 1 :
313 FS?C B9a ' Return for r2 361 ~ .isy
314 RTH ! calculation _3,62 SART b
315 STO 606 i 363 SF_ 13 _Print sy |

Reter 10
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PROGRAM LISTING

Page 16 of

0O 67 097 [QO41C

STEP/ KEY CODE STEP/ KEY CODE

LINE  KEY ENTRY (67/97 only) COMMENTS LINE KEY ENTRY  (67/97 only) COMMENTS
64 vSt o 482 15 ‘Ry14) appears to
255 ACK ; 418 + jcalculate rygy
Z6k CF 13 . 411 RCL 14

367 "y ? 412 1

368 GTO 17 ¢ . 413 -

359«LBL 12 i Print_subroutine | 414 RCL ¥

78 RACA for RIZJ and Sy.,y 415 +

37V r ! : 416 - RCL 16

372 ACCHR 417 *

273 RDH ; - 418 +

374 “u- : 419 @ Deletes row i of
EF7oeLBL 17 ! 420 XEQ 22 +matrix

376 “F=x i Print subroutine | 421 1 E-2 -

277 RACA e 422 RCL 14 1 Control number
ZI¥8 FIX © 423 # " to delete column
379 -HCH 424 LASTH “{of matrix in
3868 PREUF 425 X1t2 which Zj appears.
381 RTH : 426 LASTH ’

322«LLBL G r2's routine con- . 427 2

383 1.883 ‘trol for r2 calc. | 428 *

24 STO IMD ‘429 + i

az ; 438 14

385 RCL 12 .Control to restore; 431 +

F36 INT :and preserve 432 +

3283¥ ST 692 ‘regression 433 RCL 1@

388 1 .coefficients and 434 *

389 + 'R2 while calcula- | 435 RCL IND

F9@ RCL ¥ ting r*. - 8z

291 1 E-Z : 436 INT

392 * 4327 15 i

293 + 432 + |

294 RCL 14 439 + -

=95 + 4483 a -iDelete column
396 STO 1@ 441 XEQ 22 rof matrix

327 ¥EQ Z1 ‘Restore regres- 442 RCL 14 rControl number
398 RCL B8a :sion coefficients 443 H12 “tto "pack'" matrix
399 STO IHD and RZ while 444 14 “iinto order (N-1)

168 ‘calculating r2. 445 + " to determine
408 RCL 18 . 446 RCL 18 2,

4@1 STO @A . | 447 ok |

402+LBL 30 Calculate r2 443 15 B

483 SF 85 ’ 449 + ?

494 ¥ER "RG"™ 45a 14.2 ;

45 RCL 14 Control number to 451 ¥E@ 232 ‘Pack matrix
40 RCL IHND delete row of 452 RCL 14 ;Control number to
az ‘matrix in which 452 1.882 4ipack "Location of
487 INT 'Z; (i = row # in 454 * {Columns" section
4RAZ * 455 ST+ 2 of matxrix,
Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" tor speaific i on The Function Index is found at the very back of the Refer to Appendix E in

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.
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PROGRAM LISTING

Q67 097 0Oa1C
STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS
~ 456 RDN o S88 FS? 07 e
457 LASTH ‘ s@1 “12YZ2*"
452 RCL 14 | | 5@2 FC?C @7 .
459 DSE X i 503 “vyZ*
4683 STO 14 f . 584 ARCL IND
461 * j Bz
462 + sA5 GTO 17 .| Subroutine to
463 XE&G 23 tPack Y-data of . SascelLBL 22 delete unnecessary
464 SF aa fmatrix . 587 STO INWD -~ rows and colummns
465 XEQ 86 'Evaluate matrix - Y -tof matrix toQ
466 CHS 588 ISG ¥ --i calculate r
467 1 - 8589 GTO 22 =
468 + - (1-Régy) rS51@ RTH
469 1 " Si1i1eLBL 23 "1 Routine to pack
478 RCL IND ! 512 RCL IND ~imatrix
A . b .
e L (1-8%) ' 513 ®=07?
472 K<Y 2 514 GTO @2
473 - '515 ISG ¥
" 474 CHS § {516 STO IND
475 1 : ?v
47E + 2 S17eLBL 82
477 SF @7 pidi 2 | 518 RDHN
478 XEQ 98 , {519 ISG Y
479 SART r | 528 GTO 23
428 RCL @4 . Routine to deter- | 521 RTH
481 RCL IND ‘mine the sign of s522+LBL F 1B routine
az 'r — same as that 523 FS7? @3 {Restore X,'s and
4282 + of regression 524 XEQ 25 R“ to original
433 1 - coefficient 525 RCL 14 ~{ registers
484 + : s26 1 ' Control for IZj
485 RDHM 527 - -
486 RCL IND 528 STO 85 .
T 529 115 B
427 SIGHN - S323 +
4238 * o 531 STO 85 1
489 XEQ @8 Print . 532 LASTX "
498 SF 93 'Ry, = # Variables 533 RCL B8
491 ISG IND ‘Control for mext ri'534 X12 ! Control for 1zZ
az ‘ - 535 + :
492 GTO 34 536 1 E-S :
493 STOP . 537 STO @7 B
494« BL 86 Subroutine to . 538 + i
495 SF 13 print < and r 539 STO a4 !
496 “R*" <  54@ RCL 12 i
497 ACHAH ' . 541 1 E-3 »
493 CF 13 § 542 - |
| 499 FIX 6 S43 STO 18

Note: Refer to “HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specific ir
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

ion on key The Function index is found at the very back of the |

Reler 10 App Ein
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PROGRAM LISTING Page 18 of

Oe7 097 0O41C

STEP/ KEY CODE STEP/ KEY CODE ’

LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS
[ S44¢LBL ©9% 5 ' 588 K< >Y -
545 RCL IND A | 589 LASTX *

a4 598 ~ ]

S46 RCL IND 1224 L 591 + ]

as 592 STO @84 .

S47 HKT2 (224)2 593 1.1 | Control for Z
S48 RCL IND ‘n 594 STO 85 - prompt

a1 _ 595 FIX O - ‘

549 ' (324)%/n s96 CF 29 .

558 - 1Lz2 597 RCL IND X4

SS51 RCL 11 iTy2 a4 ~

S52 - 'Iz2/1y? 598 ISG 04 :

553 SERT ¢t S99eLBL 09 :

554 RCL 1IND, Xy 68a 2= "1 Prompt for Zj
18 i 681 ARCL 85 i B

555 "*® ' BYZi &A2 “F=7"

556 S  Print B 683 PROMPT

557 ACCHR ; 684 RCL IND 1X,'s

552 RDH | a4 ’ N

559 FIX @ ; 605 * |

s6@ “YZ*" § 686 + ‘

S61 ARCL @8 ; : 687 ISG aS

562 XEQ 17 - 608 ISG @4 )

S63 RCL 7 «Adjustzcontrol 689 GTQ Q9 RR

S64 ST+ 84 for IZ 618 FIX 6 Y .

S65S DSE A5 - Controls LZ C B11 ey .{Print Y

S5S66 DSE 84 Y~ 612 GTO 17

567 DSE 19 ' " X4 , B13«LBL 295 _ { Control numbers
S8 DSE 83 - B calc. 614 RCL IND 1{to restore
569 GTO @8 ; ‘ 88 - regression coef.
s7@ STOP ' 61T <> 86 and R to original
S7ieLBL 27 - Subroutine to store 616 XE& 27 “{registers.
572 RCL 14 matrix order in 617 +

5373 1 Ry4 & clear F3 612 INT

S74 FC?C 83 ; 619 STO B89

S7S CLX o 628 RCL 12 ]

S75 + - 621 1 E-3 -

s77 STO 14 . ' 622 STO @S -

S72 RTH L - 623 RCL 14

S7¥3eLEBL "¥V" ‘Prediction routine 624 2

58@ FS? A3 _Restore X,'s and @ 625 *

521 XKEW 25 'R? to original reg. E25 * L

522 RCL 12 Control for 627 LASTX 1

583 INT regression 628 + k

584 LASTX :coefficients ; 622 1 !

sS85 FRC | . 63@ + j

Ss86 1 E3 1 . 631+
| S87 * : 632 STO_ 12

Note: Refer 1o “HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for pecit on key The Function index is found at the very back of the F Reter to Appendix E in

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keysirokes.
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Oe7 Q97 0O41C

STEP/ KEY CODE STEP/ KEY CODE -
INE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS
633 RCL OS5 % LS : N
634 — @ | ; %
635 STO 1@ ’l S
62aelLBL 21 %Transfer regres— o vt R
637 RCL IHD ‘sion coefficients |~ HEE A
aa ‘and R? to proper ; i
638 STO IHND | registers for [ T i
1a istorage or return ' S :
639 DSE @2 ‘to original 60
649 DSE 1@ ‘registers. ! o -
641 GTO 21 | I FRR |
642 END I ,_
CAT 1 | R A A
LBLYMLR . ’
LBL ™3 : S
LEBL"RG § .
LBL™Y : S E —
EMD ; S -
1832 BYTES ﬁ T ]
. END. ? I
94 BYTES z ]
- [ S
‘ § f
| o
% . ) . - 803
: :
40 L ’ % ‘
; i
50 o ' o0 " i
Nots: Reter to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specifi on key The Function Index i1 found at the very back of the F Reter 10 Apy ix € in

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keysirokes.
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QFM‘%TERS’ STATUS, FLAGS, ASSIGNMENTS |

Data Loading - Illustrating 8 Variables

DATA REGISTERS STATUS
0| control 1450 oo —— | size _* TOT.REG. __* __  USER MODE
=1 CZ475 ENG FIX & sCI ON _X_ QFF
22 =ZZ2426 —m ] DEG RAD GRAD
=32 LE4ET7
=4 22428 — | FLAGS
05| zs 150 =zs5t2 INIT ,
Z5 57 #__SIC SET INDICATES CLEAR INDICATES
o TraT 00 | C. | Subtract Data | Add Data
7a TrsTFe Evaluate r Matrik Evaluate RZ Matrik
Y Z2512
10| .891 155 EZ8Z7 01
Caoantraol ZZBZR
Contraoal =27 T2 02 | C | Correct Last Entry|Prompt for data
Control EZVZR entry
M - BmZat2
15 Control 160 =yrTe 03}c¢c R]lx = N R14 =N+ 1
170| See Chart for EY
8 Variables - EZ1Y 04)1cC [z, L2327,
Rji5ff are =72y Evaluate Matrix i
=ZZ3YW
115| En 165] =Z4Y 05
== ZZsY o 5
- EZEY 06 | C [RIN for r< calc. |R% calc
g ZZ7Y
E;; 169] =Z8Y 07 Evaluate Matrix :
120 EE"- Display r<¢ Display r
EZ6
oF7 13}¢C Lower Case Upper Case
=Zs '
ol & 29 1 C  lRadix Point No radix point
125 =z12=2
ZZ123
2124
EZ21Z25
130 zz1Z27
z21282
z2212
Tra7I ASSIGNMENTS
224 FUNCTION KEY FUNCTION KEY
135] E£2£5 LBL X T+
=226 LBL RG 1/X
RZ2ZET 1LBL MLR X
ZE2Z5
c=312 LBL Y LN
2324
140 2325
EZ23Zn
BE2ZZ7
ZETT=
*See Register Chart. Total Registers = Size + 148.
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REGISTERS STATUS FLAGS, ASSIGNMENTS

i2990

DATA REGISTERS

IBL's RG, F & Y

LBL G

STATUS

00

05

10

{Cortrol—

MsH+1

FErz

Control

SIZE

TOT. REG.

Control

ENG

Fx X sq

Contraoal

DEG

RAD GRAD

Controlan

USER MODE
oN*X_oFr

B e o

Contral

== e [

Control

INIT

# SIC

FLAGS
SET INDICATES

CLEAR INDICATES

LBEAAa1>(1 - rf"-

2IEv1r2 o

See Page 21

.Bﬁﬁﬁ1+f1 Rt

(21

2¥S¥1r2 —=

ti—m T,

Control

.BBI*FontroL~—

Zvtrt2 e s

o 1 --1 ol

Contraol R A—

Contral

15

ee_Chart on Pazeii*—

to

169

ASSIGNMENTS

FUNCTION

KEY

FUNCTION

KEY

See Page 21




MULTIPLE LINEAR REGRESSION USERS’ LIBRARY PAGE 1
- PROGRAM NUMBER: 01299C OF &
PROGRAM REGISTERS NEEDED: 148

ROW 1 (1:8)

l |||||||||||||||||||l||||||||||||||||||||||||||||||||||||||||||||||||I||I|I|||||||||||||I|I||I||||||||||||||I|I||||||II|||||||||
A
A
A
e

ROW 6 (36 : 41)
e
ROW 7 (42: 48)
O U
ROW 8 (48 : 54)
e g
ROW 9 (55 : 63) )
A

ROW 10 (63 :71) ;
e
ROW 11 (72:80)
e

ROW 12 (81:87)
L i
ROW 13 (88 : 94)

L
T
O
O
O

ROW 18 (126 : 134)
O e




MULTIPLE LINEAR REGRESSION USERS’ LIBRARY PAGE 2
PROGRAM NUMBER: 01299C OF 5

ROW 19 (134 : 144)

ROW 34 (267 : 275)
ROW 35 (275 : 284) )
ROW 36 (285 : 293)




MULTIPLE LINEAR REGRESSION USERS’ LIBRARY PAGE 3
: PROGRAM NUMBER: 01299C OF 5

ROW 37 (294 : 302)

ROW 45 (364 : 370)




MULTIPLE LINEAR REGRESSION USERS’ LIBRARY PAGE 4
i PROGRAM NUMBER: 01299C OF &

mmmmmuwmmmmmmmmmmmmmmmmmmmmmmmnmmmwmmnmmmmmm
A
A
L
R
T
O
T
O
e
A
A
O
A
A
O
L
'




MULTIPLE LINEAR REGRESSION USERS’ LIBRARY PAGE 5
PROGRAM NUMBER: 01299C OF 5

ROW 73 (585 : 593)

O
e
e
0
e
e T
e
A




