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TI-59 PROGRAMS FOR MULTIPLE REGRESSION .

by o reepg

D. R. Barr

1l. Introduction

The general linear hypothesis model of full féﬁk.“

[Graybill, 1961] can be written as

Y = x B + € , e«aN(O,UZI) ’
nxl nxk kx1 nxl

where Y 1is the vector of n dependent variable values to be
observed, X is the "design matrix" of fixed values of the inde-
pendent variables, B8 is a vector of unknown fixed coefficients
in the model and ¢ is the unobservable random error vector.
The iEE row in this matrix equation,
4+ oo

Y + kaki + €, ,

i = XoiBo * B1%yy i
represents the iEE dependent value to be ubserved as a linear
function of the ir'-t—1 set of independent variable values:

XOi, Xli, .o ’ in.

The solution to the normal equations for estimating B8,

(x'x)é = X'y ,

et e e it



where y is the nxl vector of observed outcomes on Y, can be found
using program-02 in the TI-59 master module, provided x'x is

of full rank k and 1 < k < 9, Due to space requirements for
computing x'x, the program presented here requires k < 8.

Also, because of optional programs (which run faster) for k = 2
(OP12-0P15 and :r+) and k = 3 (statistics module program 18),

the programs presented here are most useful for 3 < k < 8. There
is no limit on the number of observations, n. Tests of hypotheses
about components of £ can be carried out using a "reduced model"
solution, and confidence intervals for linear functions of the

1 ~2

coefficients can be obtained using (x'x)_ and o~ , based

on the t-distribution, as outlined in [l]. Tests and confidence
intervals for 02 can ne obtained from 02, based on the X2

distribution.

2. The Programs

Listings of two programs are given in the appendix.
Program #l serves two purposes:
(a) computation of x'x, x'y and y'y as rows of the data

matrix (x . y) are entered;

A~

(b) computation of B8, E'x'y and (x'x)"%

for the full model.
Program #2 also serves two purposes: -

(a) computation of reduced model components (x'x)r and (x'y)r,

and loading them into memory:

(b) computation of B;(x'y)r for the reduced model.

2
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A multiple regression problem is solved with these
programs foliowing the sequence:
(a) load Program #l1 (2 banks)
(b) enter rows of the data matrix
(c) store x'x and x'y on cards
(d) compute and record E, é'x'y, (x'x)-l, y'y and x'y
(e) load Program #2 (1 bank), along with the stored data

(f) compute ﬁ;(x'y)r for the reduced model.

Steps (c), (e) and (f) are optional, depending on whether it is
desired to test hypotheses that various components of g are
zero. Components of g and (x'x)—1 can be recalled from
memory (or listed on the printer using the "INV LIST" command)
as desired.

Entering each row of the data matrix and updating x'x,
x'y and y'y requires from 30-60 seconds, depending on k.
Computation of E and (x'x)-l requires from 1 minute to 12
minutes, again depending on the dimension of x'x. In what
follows, we give instructions for using the programs in the TI
program record format. This is followed by an annotated example
printer output (use of the printer is optional). Program list-

ings are given in the Appendix.
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3. Instructions

Instructions for running the programs are given in
Figures 1 and 2. Using the quantities computed when both programs
are used, an "analysis of variance" summary can be constructed.
The format of this table, and sources of its entries, are given
below, in Figure 3. An hypothesis of the form HO:Bi =0 |is

tested with the F ratio with the "Bi sum of squares" in the

numerator and the "error mean square"

~2 _ xlx - élxlx
¢ = n - k

in the denominator. Degrees of freedom for this F ratio would
be 1 and n-k. Note that the sum of squares due to regression
in the full model, é'x'y, generally is not partitioned into
independent components due to 80’ Bl' cee 4 Bk unless the
design is "“orthogonal" (x'x is diagonal). Thus, tests of
several hypotheses about components of £ are generally not
statistically independent. See [Searle, 1972) for a discussion
of how to proceed if it is desired to test several hypotheses
in the non-orthogonal case.

If one wishes to compute the coefficient of determination
R2 (which is not as useful as the related F-ratio), proceed
as follows. First, compute the "adjusted total sum of squares,"
SST(adj) = y'y - (Zyi)z/n, where y'y is stored in register 78,
Zyi in register 71* and n in register 08 at the first step of

Program 1. Then

—e
See Comment in Figure 3.

-
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TITLE_MULTIPLE REGRESSION-——PGM #1 PGe l  of_1 T
 PROGRAMMER BARR DATE _4/1/80

Partitioning (Op 17) L_.5.T.D, | Library Module ____ MASTER

oo Racord O
Program Record

Printer OPTIONAL Cards__ 1

PROGRAM DESCRIPTION

(Banks 1,2)

for the general linear hypothesis model Y = X8 + ¢, calculates:
|x'x|, x'm"L, B, B'x'y. Iy, Program can handle wp to 7 independent variables.

Running time increases as the dimension k of x'x increases. Any aumber n of
data points can be accommodated.

x'x, x'y, v'y,

USER INSTRUCTIONS

STEP| PROCEDURE ENTER PRESS DISPLAY
| 1 Initialize k 1
2 | Enter rows of (x y) X, * RS x b RASi..Ls x|+ R/8; yl»n/s
. . B next row index
) {(repeat above sequence until all rows entexed).*
3 | Display x'x, x'y, Y'Y, tyi (or use "INV LIST” with printegx)
#08 ~ (07 + k?): columns of x'x (note: #08 is n)
#71 - (70 + k): x'y. (NOTE: #71 is L‘yi.)
#78: y'y
. Mote: save x'x and x'y on cards if "rdduced model”| is desirpd (Janks 2,3,4)
| 4 | Campute 8 c 1
| .. (with printer, [x‘x| is printed)
S | Display B8, 8'x'y, (x'x)-lz Recall (or use ("INV LIST" wyprinter)
#08 - (07 + kz): Columns of (x'x)-l in permuted order--prder of permytation
_ stored in #(08 + k%) - (01 + k2 + k)
(408 + k2 + %) - (07 + k2 + 2k): B
#71 - (70 + k): x'y
$79: B'x'y
USER DEFINED KEYS DATA REGISTERS (.. (BB ) LABELS (Op 08) (see listing)
L ¢ ° [ww] (s} (€] . & (o) &% _
’ x'x update 1 ALL USED; 1INTERNAL O _(h)_ 50 _fd__Sa _JF% _
¢© 8§ computation | ' PARTITIONING |Td 319.79 IGO0 & @s
0 s s ool (@) WA
t Initialize . ) . CA_E_m . O_.
T s s = _ I\ _Io OB
JIf an error in entgy is made, press ".SER 015" | _E o Do m B
' B m O D m.
cand re-enter the data row. This must done o _m s m now
"before pressing "B'l. ! ' D O & 5 e |
3 ’ ’ . m o
FLaGs | 1 1| Al of ] ]| '
£ 1977 Texas Instroments incorporated W1
f
FIGURE 1
5




TITLE_MULTIPLE REGRESSION--PGM #2 PAGE 1 _OF__1 T P(ogrommoble !@‘.’-\
e

PROGRAMMER BARR _oae_anm  Program Record
Partitioning (Op 17) L3,1,9.7,9] Library Module __ MASTER PrinterQPTIONAL Cards_1 ____
(Bank 1)
PROGRAM DESCRIPTION
For use with multiple regression program #1 to compute the reduced model components
(x'x)z and (x'y)r, and to compute the sum of squares due to regression in the .
reduced model, B;(x'y)!.
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
1 Enter full data (x'x, x'y) into Banks 2,3, 4.
2 Load PGM #2 into.Bank 1.
3 Enter variable to be omitted A o]
(Repeat if several variables to be omittedt-
omit in decreasing order of subscripts)
1 1] L} L]
4 Compute Br(x y)t B Br(x y)t
USER DEFINED KEYS DATA REGISTERS (v It ) LABELS (Op08) (see listing) |
A Omit vari'.ahles o 00-79 used 0 imv,  exl (ce] R, [=5) {=)
¢ Compute B;_(x'y)r ! ' o ve] _s10) (ecl jsud TR
[ ? ? (€] (41 (0] (%], 6™ _ (X3
0 ) ) (ser} . (=1 _@sy . [(¥)__®A] (7]
¢ . . @ (5] @ Em KR KR
. s . [ B o -1 B > B (v B o, I R
_ m o1 g3 IO KX
’ ¢ : B m m 23K 3
¢ ! ! m | B m m.
o ' ' M O |2 2o e .
v ’ ’ o 0
FLags o - i Al ] | 3l )
11977 Teaa. Incirgment, i o potated . - 1014966 1

FIGURE 2
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- SSE

SST .
R2 - (adj)

SST(adj)

where the sum of squares due to error is given by

~

SSE = y'y - B'x'y = (n-k)a2

4. Example. (k = 3 example from the TI "Applied Statistics"
module booklet; page 5-15) .

(1) Read in Program #1, banks 1 and 2,

(2) enter "3', press E,

y), as follows (do not forget the

(3) enter first row of (x

"1" corresponding to the constant term):
g

1/ R/S, 0, R/S, 0, R/S, 17.3, R/S, B (next row index displays),

(repeat this sequence, entering 9 rows of data as in

Table 5.2, which we produce in Table 1 for convenience.

row number

Y
o]
V]

dependent variable

0 1 2
1 1 0 0] 17.3
2 1 0 1 18.1
3 1 0 2 18.7
4 1 1 0 18.6
5 1 1 1 19.1
6 1 1 2 19.5
7 1 2 (0] 19.6
8 1 2 1 19.9
9 1 2 2 20.3
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(4)

(5)
(6)

(7)

P R o S i Ah et

write banks 2, 3, 4 to save x'x, x'y if tests of hypotheses

about coefficients are desired (see listings below). Save

y'y (register 78) and Iy, (register 71),

press C to compute é, E'x'y. (x'x)-l,

recall and note desired components, as follows (see listing

below)

a) columns of (x'x) ! in registers 08 to 16, order of
columns permuted; permutation stored in 17, 18, 19

b) é in registers 20, 21, 22

c) x'y 1in registers 71, 72, 73

d) y'y (total sum of squares) in register 78

e) RB'x'y (sum of squares due to regression) in register 79.

To test HozaO = 0 (for example) reduce model to eliminate

the first independent variable as follows:

a) read in data (stored at step 2) in banks 2, 3, 4

b) read in Program #2, bank 1

c) enter the variable to be deleted ("1" in this case),
press A

d) when computation is complete, Press B to compute the reduced
sum of squares due to regression

e) when computation is complete, the sum of squares due
to regression in the reduced model é;(x'y)r (where

"r" means "reduced" ), is displayed and is stored in

register 79.




f) The F~ratio for testing Hoza0 = 0 is formed as follows:

g'x'y - é;(x'Y)r
(y'y - B'x'y)/(n-k)

= 2705.2

. e —

degrees of freedom are 1 and (n-k) = 6.

(7') If it is desired to test other hypotheses of the form

e e e G . i

Hy:a; = 0, repeat the steps in (7) above, with appropriate

i entry of "i" at step (7c). (Step (7b) need not be repeated.)
? (7") It is desired to test a hypothesis that several coefficients
are jointly zero, Ho:ai = aj = cer=an = 0, repeat

‘ step (7c) for each variable to be deleted, in descending

order of magnitude of the subscripts. In this case, the

!
F-ratio shown in (7f) should be divided by the number (say s) ﬁ
i

of remaining variables, and the F statistic has s and

n-k degrees of freedom.

(8) Values obtained for the example and the hypothesis illustrated
in step (7) are shown on the attached printouts. A summary

AOV table is shown in Table 2.

10
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Source df SS
Regression: full 3 3259.7161
reduced 2 2565.8327 693.88 _ 27
.1539/6

due to ao 693.8834
Total 9 3259.87

Error 6 (3259.87-3259.7161)=.1539 .1539/6

Table 2. Summary AOV for example.

11
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EXAMPLE RESULTS

At Step 4 <

0. oz
3, oz
=, 04
P 05
&, Che
3. oy
9, ]
S, o
9, i0
o, i1
x'x 15, 2
o, i
3, 14
o, 5
15, 1E

4

D R R e R R | EXTSRY &

LY e Wx ST I O (I O3 SN
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Step 5 <

L
[ne}
o

— e

JOCRS OO SR RN i g0 SN ]
[ R e Y
wn DO SR SN

o
$a

24, Qe

-y AN

- JGEGREEEET oz
-7, 13 0=

Permutation

N .

i, 1<

N 17. 56111111 )
8 0, 95 21
| L, o o
o, i

0 24

0. 25

o, 70

171. 1 71

17F, & Ta

174, 1 Ta

L, V%

o, 7S

Q. TE

. Ty

' J25a, o7 Ta
JHK 3255, P1611 ] v
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Step 7c-7e: J

(enter "1",
press "A")

= oo

16. o1

. oz

Q. 03

T3 04

74, as

1. 0&

E- gz

reduced 1o Q3
x'x I, 0%
(omit a,) 7. 0
{ 9 15, 1

9 L] .':.

e
ol N W ) K W) s
- -

[ PR

DO M n S I OO R ¢

12

20

L.

reduced Ive, =
x'y 174. 1
1741

':'l

':"

Q.

.

TEEg o
SS9, By

.

(Press "B")

Ix'x_| C 144,

Bp(x'y) <

S R NS N L., J =] F 1

20 =g TN e DO b

-) -
Sl

(displayed and stored in 79)
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APPENDIX 1

PROGRAM LISTINGS

Note: Program #l1 is recorded with standard partitioning;
when run it internally partitions the calculator to 319.79.
Program #2 and data cards storing x'x and x'y (if written)
are written with 319.79 partitioning.

If it is desired to write Program #l1 after it has been

run, repartition back to standard format prior to writing
nd

(enter 6, press "2 OP 17").
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