~entirely at the user's risk. No responsibility as to the accuracy and

A Collection of Information
on
The TI-74 and CC-40 Computers

. by
Palmer 0. Hanson, Jr.
Editor - TI PPC Notes

July 1988

This collection is a compilation of articles
on the TI-74 and CC-40 and peripherals which
| appeared in the Volume 12 (1987-1988) issues

of TI PPC Notes.

This material is not copyrighted and may be reproduced for personal use.l

When the material is used elsewhere we ask as a matter of courtesy that
TI PPC Notes be mentioned., The use of material in this compilation is

the consequences due to the lack of it will be borne by either the club
or the editor.




TI PPC NOTES V1Z2N4P2i

REDUCED Ti-74 AND T1-95 PRICES - V1Z2NZ2P4 listed pricea from vari:cuse

suppliera. A recent viait to the
local Servace Htr:hundxlt outlets shows that they hsve reduceda vrices
for Ti-74 and TI1I-95 hardware by some ten to eighteen percent. The
current prices are:

& 99.97 ROM Modulies $29.8U

129.90

---———ﬁ---#----——hd—------‘—ﬁ-----——-—"———-—--—_—-ﬂ----------_—--——_-k-——-

TI PPC NOTES VI2N1PS

MORE ON A DISK DRIVE FOR THE TI-74 - I received s flyer én the
Mechatronic Quickdisk-02 Drive

from Technical Application Product Engineering, Ltd., 1439 Solano

Place, Ontario, California 91764. Storege capacity is listed as 64K

on aach aide. Operation is possible with either a power nupply or AA
batteriea. NoO prices are given.

TI PPC NOTES V12N3P15

BAR GRAPHS AND HISTOGRAMS

A routine for the TI-74 end PC-324 ia not
complex due to the availability of the RPTS
command. See the program at the raght. To use
the plot routine the valuep to be plotted muat
be stored in seguence in the Array U. Lines
1020 through 1040 of the routine uae Maurice
Swinnen’as technique for entering valuesa as
stringe, and for marking the end of input with
entry of an “E". The routine in lines 10350
through 1070 prant the bar graph, where line
1060 uses the RPTS command to generate a seguence
of O’s of the required length. The bar graph
is the same as that from the Tl1-95 and PC-324.

1000 TIm Lozl
1010 OFEM #1127 2UTRLT
1020 INFUT X%

1020 I Xi="E"QOR ¥i="&"7
HEH §0S0

1040 K=relturash, U
60T 10z0

1080 FOF 1=1 TC ¥

100 PHINT 81 RFTE 0" L
1o

1070 N2 ]

FOE0 ENT

For more elegant bar graphs the TI-74 user can use the interface cable
from page 13 of thia issue to obtain the graphics capability of the HX
-3000 Printer/Plotter. A sample program .and ber graph appear below.

18090 DIM X(28)

110 INPUT X¢

120 IF Xe=rE DR X¢
= g"THEN 2002

130 K=K+l

140 XI(K)=UAL(XS$)
150 G070 110@

200 OPEN #i1,"10°,0
UTePLT

210 PRINT #1,CHRe(
19)

302 FOR I=1 7O K
312 Yo=STRe(X(]I)x]
e’

320 Pex="L(06,0),("L
YL ,@), ("LYeL",~2
2),(0,-20),(e,0)"

330 PRINT &{,"0D"
340 PRINT &1,Ps
350 PRINT #f,*H{0O,
-21)"

300 NEXT I

408 PRINT #1,CHRS(
172)

418 CLOSE #1:END
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T1 PROGRAMMABLE CALCULATOR NEWS - This is & new publication by Texas
Inatruments which sppears to be the
free newsletter promised by materiasl received with my TI-95. The
eight page firat issue provides coverage of the TI-74 and TI-95, but
no coverage of any of the earlier devices such as the TI-59 or CC-40.
There ias no mention of the additional peripherals described in the

survey telephone call that I received earlier this year (see page 7 of
thia issue),

There is one apparent mistake in the firset isave. The first column of
page 6 states that "In the calculestor scde, the TI-74 offera 70
acientific functions, alphanumeric messages, and 13-digit accuracy
which spans a numeric range of +/- 9,999998999999%E127. ...". 1 dad
copy the ninea correctly. There were 14 in all, 13 to the right of
the decimal point. More correct descriptiona of the numerical
accuracy of the T1-74 appesar in the TI-74 Prograsming Reference Guide:
“The TI-74 uses a ainimum of 13 digita to perform calculations. ..."
from page A-32, and "The TI-74 uses redix-100 format for internsl
calculationa ... ... Another benefit of this technigque is 13, and
aonetimes 14, digits of internal precision.” A more complete
discussion of radix-100 arithaetic appeared in pagea F-1 and F-2 of
the CC-40 User’a Guide and in Laurance Leeda’ treatise "Numeric
Representation in the TI-99/4 and CC-40" in VONSP&/7.

TI’a Direct Marketing Progrem Manager heaas offered to provide copies of
the firast issue for our membera. If they arrive in time & copy will
have been included with this issue TI PPC Notes. 1If they do not, the
copy will be included with the naxt issue. You can get on their
mailing liat by writing to Programmable Cecluletor News, P. O. Box 53,
Lubbock, TX 79408. Please mention Tl PPC Notea.
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Tl PPC NOTES Vi2ZN4P3

A NEwW CLUB FOR THE TI-74 AND TI1-95 - Thomas Coppens, who prevaiously

- T - was the editor of the TISOrT
newsletter for uasers of the TI-59 and TI-99/4, has announced the
beginning of & newsletter and software exchange club for the Ti-74 anc
TI-95. The organization is called SeTIc, whach atands for Software

exchange for Texes instrumenta calculators. The newsaletter 18
avaiilable an eixther French or Duteh. A one yesar subacraption 1is

f{1f{teen dollare (8$15.00).

SeTIc haa alac published & progrem listing and flow chert for the
Mathematics moculie of the TIiI-95. There 18 no expianatory materis.
auch as that which was in the so-celled "Fish Book"™ foir the Ti-53.
The ilisting comee in & 6 anch by 8 inch licose leaf form. The price 18
ten doliarse ($10.00) aincludang shipping. This wil be & vasluvab.e DOOK
1f you plan to use routinea from the module in your programrs, OX 1 £
you want to ans.yze the routines in the module. |

To order these materisls senc an i1nternationalil postal mohney oraer
{no checxs, p.ease!) to!

Thomas Copbens
r. O. Box 683
2080 Kapre.iien
Be_gium

Strate whether you want the French or Dutch veraions.
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USING CC-40 PERIPHERALS #ITH THE TI-74 - Maurice Swinnen

0O OO0 0O 00 00 8 O

10 98 7 65 4 3 21

Rear view TI-74 Hex-Bus cable

In spite of reports to the contrary, it is possible to use &all of the CC-40
peripherals with the TI-74. All you need is a special interconnecting cable.
The connections have been kept a deep secret by certain interested parties.
Experimenation revealed the following:

The TI-74 has a 10-pin connector as show above. Diameter of the pins is 0.076"
or 0.4 mm. Distance between pins is 0.1" or 2.54 mm. Does that ring a bell? Of
course it does! That is the same distance and diameter used with ICs and 1ts
inline dip-sockets. The connector on the TI-74 uses only 8 of the 10 pins, pins
1 through 8. To make a good female connector for it, simply saw off half of a
16-pin dip-socket, preferrable one used for wire-wrap, with long, sturdy wire-
wrap stems. They allow for neat soldering. If you then shrink enough heat-
shrinkable tubing around each stem so as to fill up the space between stems, it
is possible to shrink one, large-diameter pliece of heat-shrinkable tubing
around everything and obtain an almost perfect socket.

If vyou prefer to have all ten pins used, cut one side of a 24-pin dip-
eccket and trim off two pins. That will give you a 10-pin socket. You could
even glue a small hump on the top, to prevent reverse plug-in. (I tried reverse
plug-in; it doesn't harm anything, but, of course, it doesn't work either)

For the hex-bus connector you will have to sacrifice a dual-plug hex-bus
cable. Take a long one, cut it in two, and share the other half with a friend.
when you strip the wires, you will find, of course, 8 of them. All will be sol-
dered to corresponding pins on your TI-74 connector, except one, the green one.
Insulate it, and forget it. Wires are soldered as follows:

TI-74 connector Hex-Bus connector Color
1 D orange
2 not connected |
3 C red
4 E brown
5 H blue
6 G black
7 B vyellow
8 A grey
S nolt connected

10 not connected

1 tried it with the following peripherals with great success: Printer B0, RS232
Interface, the Disk Drive and the Printer-Plotter. I tried to have one TI-74 10
talk to one CC-40, without success. The TI-74 is willing, but the CC-40 acts
finicky and tells me that i1ts memory may be lost.. Well...

Editor's Note:r I made the cable and successfully demonstrated use
of My Ti-74 with the HX-1000. This cabling has not been approved
by TI and use could result in loss of warranty.
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SOLVING LADDER PROBLEMS -~ P. Hanson. I have alwvaya been intereaated

in the solution of the ac-called "ladders in
ean alley” problema. My interest was rekindled by en article in a
recent in-house Honeywell publication which reported the use a ladder

problem to illustrate the problem-asoclving cepability of Borland’as
“Eureka: The Solver"” progranm.

There are two kindse of "ladderas in the alley" problem. For both the
laddera are set 8o that they touch the ground at one side of the alley
end lesn againat the building on the other side of the alley. The
lengths of the ladders are given. In the firast problem the width of
the alley isa given, and the problem is to find the height at which the
laddera croas. Thia is solvable in a straightforward manner asa the
intersection of two straight lines.

in the second "ladders in the alley” problem the height at which they
croas is dgiven. The problem is to find the width of the alley. The
claassical analyseis eventually reduces the solution to a fourth degree
polynomial in the square of the width. The capability of the 'Eureka:
The Sclver'" program to solve simultaanecus nonlinear equationa avoids
the necesasasity to reduce the problem to a polynomial in x. The
Mathematicas Library module for the TI-SS hes & similar capability, so
thia ladder prcoblem provides a good vehicle to demonstrate the use of
that routine, and to demonatrate other methodsa of solution.

Conasider the ladder problem illustreted at the right, where one ladder
is 30 feet long, the other ladder is 45 feet long, and the lsdders
croas 10 feet above the ground. The heights at which the ladders
touch the copposite walla are deaignated a and b, the width of the
alley ia x, and the distance £fronms
one side to a point directly below
the peoint at which the laddera
cross is y. Then, four equations

in a, b, ¥, and y may be written as:

(1) x®' + ot = 45°

(2) x* + bt = 35t

(3) y/10 = x/b

(4) (x-y>/710 = x/a

The four equations in four unknowns above can be easily reduced to two
equations in two unknowns by substituting egquation (4) into equation

(1) to remove a, and by subatituting equation (3) into egquetion (2) to
remove b. The resulting equationa are:

(5) vy = x - 10x7 /(2025 - x %)
(6) y = 10x/J/(1225 - x¥)

Subtracting one of those eguations from the other yields an new
equation in x where the zerc is the desired solution. That function
can be aclved with any "zerces of e function' routine.

(7)) y = x - 10:-:(1/./(2025 - x%) + 1 J(1225 - x%))



Solution uaing Zerces of s Function

Solutions using zerces of & function routinea with equatioen (7) cen be
obtained with the £x-70006G uwsing the technique described on ViIN3P10,
with the TI-58/59 using ML-08, and with the TI-74 or TI-95% uasing
either the bisaeaction or Newton-Raphson methoda from the Methesatics
Library modules. I will begin with the TI-74.

The bisection rootfinder program requires that :ggo 32: FX(XsY)

the function be entered aa a subprogres. The 25_;*,‘).’::;;;2*“’50“2“
subprogram I used is illustrated et the right. ) leeS-Xex))
For boundary values of A = 1 and B = 34.9, and 1002 SUBEND

Epsilon = 0.000001 the program calculates

x = 31.8174588¢6 in sbout 2% seconds. If the
Printer is used the printout at the right will
occur. JIf you try to use A = 1 and B = 35 the
program will stop with the error message

“"W26 at 1001 Diviaion by Z2eroc“. If instead

RODT FINDER-BISECTIDN

A= -
1 f

YOou try 'to usee A = 1 and B = 36 the progrem will | B»
atop with the error sesasage “E23 et 1001 Bad 34.9
Argument™”. Both of those errors might be Ersilons

expected due to the SOR(1225 - %) in the . 000001}

denominator of the function.

Roots
31.81745886

1000 SUE F¥(x.¥)y
100! Y=¥# (i-10s% (17207 20
CI=XEX) 41 /50R (1225-%a¥y Y

The Newton-Rephson root finder in the TI-74
Mathermatics Library requires that both the

function and its derivative be entered as )

subprograms. The subprograms I used are 1002 SUREND !
illustrated at the right. Note that I did 1003 SUR FL¢x, V)

not use the eguetion which isa the exact 1004 Y=X# (11031 808 ¢3¢
deravative of the function, but rather used 25—K*X)+:/59R(1225_x*x};
an approximation by finding the alope in the )

neighborhood o0f x by numerically evaluating 1003 R=X+,00M

(£(x + Ax) - £(x))/Ax where Ax was selected 1006 B=R# (I-10% (1/5¢R (20
as 0.0001. For an initial gueae of Xo = 29 23-A%R) +1/8QR (1225-A*f)) |

eand Epsilon = 0.000001 the program finda )
x = 31.81745%91 in about 10 seconds. lf the :ggﬂ Y'Qf"’)"-ﬂﬂﬂl
printer is used the printout at the right & SUBENI

will occur. If you try to use an Xo leas
then 28.57 the program will atop with the

errcr measage "E23 at 1001 Bad Argument'. You _
aight think thet asituation could be relieved | ROOT FINDER-NEWTON
by defining a better derivative function. Xo=

However, if you run the Newton root finder in 29

the TI-95 Mathematic Library, where a user Ersilons
dafined derivative is not required, you will . 000001
experience a similar problem where an Xo leas Rootr=

than 28.57 results in the error message 31.8174591

“INVALID ARGUMENT®".

In both the TI-74 and TI-S5 an Xo between about 19.4 and 28.57 will
stop the program. A Xo between O and 19.3 will find the root at zero.
There isa alac an inconsistency in documentation for the program. Page
3-16 of the TI-74 Mathematica Library Guidebook indicates that
approximetions are used by the program to compute the derivetive. “The
approximation formulas presented are similaer in concept to the cnea
that I used. Now, if the program implements a derivative internaily,
then why must ] enter a subprogram to compute the derivative? 1
thought thet I aight not need to have a aubprogram FD, but when I try
to run without one 1 get an error meassge “E13 Not Found"”. Can anyone
explain?
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CURVE FITTING WITH ORTHOGONAL POLYNOMIAL METHODS

Pages 155 through 160 of the June 1987 issue of
BYTE presented a BASIC program by William Hood

which uases orthogonal polynomial methodas for curve
fitting.

The program as listed in BYTE is not

competible with either the CC-40 or .he TI-74.

The liating at the right is compatible. Mr.

Hood

haa kindly given us permission to present the

modiaified progran.

He aakas that any inquiries

about the modified program be eddreased to TI PPC

Notea.

The changea which were made relstive to

the liating in BYTE were:

Lines 1000-1050 were changed to accept the
peculiarities of the TlI-74 such as

Variable Dimenaioning not allowed in the TIiI-74.
Functions are not aveailable on the TI-74.

LN changed to LQ since LN is & reserved word in

‘the TI-74.

Deletion of lines 1020 and 1030 saince the TI1~-74
aets all variablea to zero at program entry.

lLines 1030-104%5 provide printer control needed
by the TI-74 and PC-324.

Line 1050 establishes a printout formet to be
used by the PRINT USING command st line 1780.

Line 1060 has & change in the GOTO addresas.

Lines 1070-1310 are the same as in the BYTE

listing.

deleted to consarve ReROYYy.

Lines 1400-1550 provide a data entry routine sore
consistent with the capabilities of the TI-74. A
prompt is provided for the entry of esch X, Y, or

w

velue.

Line 1680 mechenizes the same eguation as in the

BYTE listihg,

but without the use of & function.

. The soclution illustretes a little-used feature of
“BASIC, that a relational expresaion evaluates to
-1 if the condition is true or to 0O if the

condition is falae.

See page 1-12 of the TI-74

Programming Reference Guide.

Lines 1650-1710 are the sanme as in the BYTE
listing.

Linea 1720-1750 provide an altered output of the
polynosial coefficienta to implesent a preferance

for C(O) as the conatant,
of the first degree ternan,

C(l) as the coefficient
ate.

Linea 1320-1%50 of the BYTE program wvere

1000  dim X(SO) Y (B0
s (30 ,CI Y |
1010 Dim D1dCiireD20

1)sD3¢18)+sDACLL1)s DB (11
De(i1)

1020 LG=30:LD=11

1030 INPUT "Use Printer

CYZ/N>? "ifi$

1035 IF AS="Y"DR AS="4"T

HEN PNz}
1040 IFf Eyti THEN INPUT
"Enter device name: "3T§

1045 1f PN=1 THEN OPEN #

PN:sFS» DUTPUT

1050 IMAGE #,4%uN44

1060 GOTO 1400

1070 IF MF{O AND M<MM TH
EN JisMMei:MMsM:COTO 113
1

1080 Ji=j:MM=M:S1=0:52=0
1$3=0:54=0

1090 FOR I=1 TO0 NiWT=Y(I

)

$1100 Si=Si+uTEX(]1)152=82

+WT:53=53+WT#Y (]) 1 54=584+

UT#Y (D) e¥Y (D)

1110 NEXT 1

1120 Da(1)>=51/82:D5(1) =D
tD6(1)=53/82:D1¢1)=0: L&«
1)=1tYR=S4-§3:D6 (1) ~
1130 FOR J=J1 TO MM:Si=0
182=0:83=0: S4=(

1140 FOR I=1 TO NiP1=D:P

2=} |

1150 FOR K=1 TD JiP=P2:P

2= (X (1)=-Da (K))2P2~-DO(K) #

P1:Pi=P:NEXT K

1160 BT=sW(l):PaT&P24P2
1170 S1=S1+P#X(]):52=82+
P1S3=S3+WT4P1#P1:54=84+U
TeY (1) ®#P2tNEXT I

1180 D4 (J+1)=81/82:D5(J+
1)=82/83:D6(J+1)=84/52:]

3¢ =4 (D2 (1)-DS5(D*

D1(1)

1190 IF J<(4 THEN 1210
1200 FOR K=2 TD J=-2:D3 (K
YeD2 (K~1)~D4(J)#D2 (K)~D5
(J)#D1(K) INEXT K

1210 If J>2 THEN B3(J-1D
xD2(J~2)=-D4 (J)#D2{J=-1) -]
5D

1220 1F J»i1 THEN D3(Jy=ID
2¢J-1)-D4a (D) “
1230 FOR K=3 TD J:Di<Ks=
B2CK):D2CK)=DI(K):DE(K)=
D6 CK) +D3(K)#DE(J+1) TNEXT
K .

1240 NEXT J

1250 FOR J=31 TO M+1:C (D
D6 (M+2-J) sNEXT J

1260 P2=0:FOR I=1 TO N:P
=C (1)

1270 FOR J=1 TD M:PzP#X(
I)+CCI+1) S NEXT J

1280 P=P=-Y(I):P2=P2+U(])
sPEPINEXT 1
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Curve Fitting with Orthogonal Polynomials - (cont)

Lines 1760-1770 are the equivalent of line 1750 in
the BYTE listing.

Linea 1775-1790 are the egquivalent of linesa 1760-
1770 in BYTE. The PRINT USING command at line
1780 together with the IMAGE commend at line 1030
accomplish the same limiting of the answer to six
decimal places @8s line 1760 of the BYTE listing.

Lines 1800-1870 provide 8 printout of the residual
errors. 1 have found that this ias more useful in
finding bad data entry than the tables of the
input and calculated dependent variables.

Lines 1900~1910 permit the aclution for another
degree. I moved this downstream from the table of
reasiduals. This permits reviewing the residuals
before selecting another degree. The BYTE progranm
provides the option for another sclution before
the printout of the data. That means that the
uaser cannot get a printout of the date if he alsasc
want to try another degree.

Lines 1800-2130 of the BYTE program were deleted.

The program permits use of weighted or unwveighted
data. A complete set ©of prompts are avesilable.
With the PC~-324 the reasponae to the “Enter Device
Name:" prompt is 12.

The run time for the solution to the 10 data pair
problem outlined in the BYTE article is very
saimilar thet for the row reduction program on page
14 of this issue, and about a factor of two faster
than the Vi1N4P12 aoclution uaing in the
Mathemsstica module for the TI-74. The aums of the
aquareas of the reaiduala are agqual to nine decimal
placea for all three programa. A printout for the
sample problem from BYTE appeara below.

(O
C 1)
ey
Y
€4

-. 9700247169
7.19996€58
~1,113133706
. 0669297883
-, 0012073187

-.2400328374
. 9451840484
~-1,028420627
. 8898320409
-.5371941066
. 42813552822
-.,877228933%
. 7686350189
-.902158865
. 1879759383

D 1)
B(2)
DR
B (4>
D (S
B (6
D(?)
D (8
B (9)
D(10) =

Residual VarianCe =
. 9917402194

Coeff of Det (R*2) =
. 984184

"\.
----*------------“----------------‘--'------—_‘----

1290 S$2=0:IF N>M+! THEN

S2=P2/ (N-M-1)

1300 Rz=i:1F VYR<>0 THEN

R2=1=-P2/VYR:1F R2{0 THEN

R2=( , -
1310 RETURN

1400 INPUT *"ls the data

weithted (Y/N)7? "34%
1410 IF WS<)>“"Y"AND W8>

y*THEN WS="N"

1420 INPUT “How Many Dat

a Points? "IN

1430 IF N<2 DR N>LQ THEN
1420

1500 FOR X=! TO N

1510 INPUT *X("&STRS (KO &
") = "3 XKD

1520 INPUT "Y("&STRS (K%

") = "3Y (KD

{530 IF WS="N"THEN W(K)=

1:60T0 1550

1540 INPUT "W C("LSTRS (K> &
") = "1 (K

1550 NEXT K

1680 PM=((LD=1)C(N=-1)) %8¢
I=LD)+({N=-1)<{=(LD=-1))+ (]

-N)

1690 INPUT "Desree of Po
lynomial? “i¥

1700 IF M<1 OR mM>PM THEN
1690 -
1750 GOSUB 1070

1720 FOR J=M+1 TD 1 STEP
o ¥

1725 PRINT #PN» "C("&STKRS
(R+1=-10&%) = *3C())

1730 IF PN=0 THEN PRUSE
1740 NEXT J N

1750 PRINT #PN

1760 PRINT #PNy"Reésidual
Variance = "3:182
1765 1¥ PN=0 THEN PAUSE
1770 PRINT #PN _

1775 PRINT #PNs"Coeff of
Det (R*2) = "

1780 PRINT #PNsUSINE 105
OsR2

1785 1IF PHN=0 THEN PRUSE
1790 PRINT @PN

1800 INPUT "Print the re

siduals {Y/N>? "3RS

1810 1F ASC>"Y"AND AS()H"
y*THEN 1900

1820 FOR I=1 70 N:P=C(1)

1830 FOR K=1 TO M:PsPEX(
DD+C(K+1) tNEXT K

1840 PRINT #PNs "D("4LSTRS
(I)E™) = " P=-Y(])

1850 IF PN=0 THEN PRUSE
1860 NEXT 1]

1870 PRINT #PN

1900 INPUT "Try anpther
devree (Y/N)? ":RS$

1910 IF A8%="Y"OR R$="y"T
HEN 1680

- 3000 END
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Curve Fitting with Orthogonal Polynomialas (Vi2N1P24) - George Thomaon

found that the

following changes are needed in the TI-74 veraion of William Hood’a

program, Firat,

will be:

1070 IF MF>0 AND M>MM THEN JisMM+1:MN=M:GOTO

add a new line at 1778.
in line 1070, and change line 1910 to set NF = },

Then, change the <’as to >’s

The revised lines

1130

1778 IF PN=0O THEN PAUSE 1
1910 IF A=Y OR As="y" THEN MF=1:GOTO 1680

The change at line 1778 flashea *"Coeff of Det (R*2) = " before
atopping with the value in the display wvhen a printer ia not uaed.
The changes at lines 1070 and 1910 provide a faater solution for a
polynomial of & higher degree 1if a solution for e polynomial of lover

degree halh already bean coapleted.

Without thoae changea the fitting

a third degree polynonial to the ten point problea from BYTE requires
about 13 seconda and the fitting a fourth degree polynomial to the

problem reguirs an additionel 17 seconds.

With the changes the third

degree solution would atill require about 13 seconds if it were the

firat solution,
additionasl eight aeconda.

TI PPC ROTES

A PROGRANMING CHALLERGE - While faater
- algorithas
have been know to be available, (e.g.,
see The Art of Computer Programaing by
D. Knuth, volume 2, pp 364-398), the
factor finders in previous issues of

TI PPC Notes have all been versions of
the sieve of Eratosthenea. The notice
st the right, which is froa Page 39 of
issue #35 of the EduCALC catalog, offers
diacusaions and exasples for one of the
faster algorithass. VWrite to Algorithma
Dept., EGuCALC Mail Store, 27953 Cabot
Road, Laguns Niguel, CA 92677 for a
copy. Reamsaber to include the self-

sddressed envelope with 39 centa in
atanpa.

0f course, the cheallenge ia to ahow
that more than five or aix digits cen
b% obtained from TI Programaables.
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but the fourth degree scolution can be obtained in an

V12N2P7

Factoring Large Numbers
on the HP-16C

Factoring large numbers intrigues both amateur and
serious number theorists and factoring now gets increasing
attention with recemt applications to cryptography. You
may be inserested in the facioring algorithms that are
offered in a recent article by Blair/LacampagneiSelfridge.

In addition to o short discussion and a step-by-step de-
scription of each algorithm, they include programs tha
factor numbers up to 19 digits, fast, using the HP-16C!
Interestingly, these algorithms would only work up 1o
about 5 or 6 digit numbers on other calculators.

As a public service, EAuCALC will send you a copy of
this article if you send us a self-addressed envelope with
39 cerss in postage on it—please send it 1o our “Algorithms
Dept".

CC-40 SOLID STATE CARTRIDGES FOR SALE - The certridges which are available include

a satheastics certridge, a meno processor/

data comaunications certridge, a 16K RAN cartridge, a battery backed-up RAN

cartridge, and an editor/assesbler cartridge.

Urite to Devid R, Hertling, 4546

Cherie Glen Trail, Stone Mountain, GA 30083.

TI PPC NOTES
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V1i2N1lP2

CC-40 For Sale - Write to Arthur O. Jecobsen, 56 Naguire avenue, Avon,
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NORE USEFUL FUNCTIONS ON THE CC-40 AND TI-74 - P. Hanson. Page S5 describes ay
diacovery that the CC-40 and TI-74

perait slgebraic expreasiona as the reaponse to en input ateatement. 1 decided to
look through the manuals for sdditional capabilities that I aay have missed. I

found the PAUSE ALL statement and the subprogrea capsbilities, both of which provide
easier solutions for certein progremsing requiresents.

The PAUSE ALL statement suspends progrem execution sach time a coamplete ocutput line
haa been aent to the display, and execution continues when the CLR or ENTER key is
prasaed. When used with PRINT #PN atatesents where PN is set to zero if the printer
is not connected, or set to one if the printer is connected, the PAUSE ALL atatement
provides an eaay way to stop execution with & result in the diaplay if & printer ia
not used, but to continue without stoppping if & printer is used. The alternstive

which I used in earlier prograns ves & statement such as IF PN = O THEN PAUSE each
tise the option waa deaired.

The lubprégrln capability ia useful wvhen the programser would like to use the sanse
asthenatical routine seversl plaeces in the sane program, but with diffesrent
definitiona for the variablea. The argusent liast in the CALL atastesent passes a
variable list from the »sain program to the subprogram. The SUB atatement which
asrka the beginning of a subprogram can redefine the variable liat as deaired. The

aubprogras ceapability is particularly useful in providing portability of a routine
fron one progras to another.

Both the PAUSE ALL and the aubprograa cepability are demonatreted in the cubic ]
prograr by Larry Leeds on page 10. The subprogram capability is also deaonstrated
in an iterative leaat sagquares progras elasvhare in this fssue, and in the DKS to

decimal degrees program on page 7 of the firat issuve of Prograsmsble Calculator
Hewa.

TI PPC NOTES V12N2P3

During evaluatien of solutiona for cubic equations wa used a test probles proposed
by Peter Nesser: x - 2x ¢+ (4/3)x - 2/9 = 0. The fractional coafficients did not
cause any difficulty vhen we were using celculstor programs, but when Larry Leeds
developed a BASIC program on his Nodel 100 he found that it was not 80 esaay to
enter the fractional coefficients, and he used prograa statements to enter the
coefficients. When I converted his Nodel 100 program for use on the CC-40 and

TI1-74 1 received a pleasant surprise. The Input statesent -
M

- 10t DPEN #3,"12"» 0L
with those machines peraits a8 response with s numeric 20 RAD: INFUT A

30 PRINT #1.H

expression, An exesple will take the place of sany words.

Consider the program at the right. Press RUK and see a0 INPUT B

‘ziquestion mark in the display. Place 2/9 in the display and 50 PRINT #1+F
press ENTER. The value .2222222222 is printed. A question 60 INPUT C
aark appears in the display indicating that & value for B 70 PRINT #1,C
will be sccepted. Place SIN(PI/6) in the display and B0 INPUT I
preaa ENTER. The value .5 is printed. A question mark in 90 PRINT #1,D
the display indicates that a value for C will be accepted. 99 END
Place 2 + SOR(5) in the diaplay end press ENTER. The value o
4.236067978 is printed. A question mark indicetes that a - 22222222227
value for D will be asccepted. Plece A/B + C in the displsy '3

4,23606797¢%
and press ENTER. The value 4.6803512422 ia printed. 4 680512422
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EVALUATION OF POLYNOMIAL CURVE FITTING PROGRANS - Vi2N1P24/25 presanted a progras

by Willisa Hood for curve fitting
uaing orthogonal polynosial techniques. A prisary reason for using such technigques
ia reduced susceptibility to ill-conditioning;: hovever, the sasple provided with
Hood’s article in BYTE did not illustrete that effect. VI2N2P25 reported that for
the sasple problem the sums of the squares of the residusls were equal to nine
decinal places for the orthogonal polynomial method, for the row reduction progras
on Vi2N1P!4 and for the ViiIN4P12 solution using the Meth amodule of the TI-74.

One question is what are the correct coefficients of the solution. Richard
Spurrior calculated the aclution in quedratic precision using & version of Hood’s

progran. " The first twenty digits of his results for solutiona with second through
fourth degree polynosiels are (constent teras first):

Degree 2 3 4

AQ . 9.3993800361687283825 0.49716955875172%9304 -0.57002471695%57546353
Al 1.5004168043476485057 §.7929781587696064511 7.1999665801335072608
A2 ~0.0326693617568390723 -0.7139797262710357798 -1.1131337063816293808
A3 0.0281457985295984565%4 0.0669397883174221636
Ad -0.0012073187307998324

Variance 7.5798137801289391680 1.02062368865340448785 0.9917402194039777401
R-aquared 0.8307672547295986789 0.9804680860539975219 0.9841840320617458167

George Thomson proposed that the so-called “Waspler quintica” would provide better
inaight into the relative capabilities of various curve fitting progress. The
sethod was described in Roy H. Wampler’s paper “An Evaluation of Linesr Lesaat
Squarea Computer Programa™ in the April-June 1969 issue of the Journsl of Resesrch
of the National Bureau of Standards. Two test polynoaials were proposed:

y = 1 ¢+ x o x% e y¥ oy ¢ x¥
y = 1 e x/10 + (x/10)° ¢ (x/10)° + x/100* ¢ (x/20)°

vhere 21 input data pairs are defined for values of x from O to 20. Thus, for the
first quintic the y velues range froa 1 to 3368421, and for the second quintic the
y values range from 1 to 63. The paper slso defined a measure (C) of the nuaber of
correct decimal digits in a coefficient of the fitted polynonial as the negative
log of the megnitude of the relative error. If a coefficient is exect the nuaber of
digits with which the mschine computes is used. The paper uses the average of the
C values for the six coefficienta es the figure of merit of the solution. George
Thomson prefers the use of the ainiaum C value as a figure of merit. Others like
to conasider the standard error of the residusle as well.

The following table comparea various £1gurti of serit for the firat quintic for

w40ur prograss which hsve been published in previous issues of TI PPC Notes:

T1-59

Nachine T1-74 T1-74 TI-74
Prograns VON2P20 VilNeP12 VI2Z2N1F 14 Vi2N1P24
Nethod Kat Inv Nat Inv Row Red Orth Poly
Clave) 3.65 4.36 9.62 7.41
Cinin) 2.16 2.62 .15 6.05
S.E. 1.95E-03 2.954E-01 2,26E-05 2.95E-06
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Bvalustion of Polynomial Curve Fitting - (cont)

Preliainary teats showed that the sescond quintic, the one with tens in the

denoainatora, did not provide aa auch differentistion betwesn the results froa the

different programs. Accordingly, the resulta for ths second quintic have not been
presanted here.

Exanination of the figures of merit on page 1€ reveals one anomsly: the number of
correct digits in the coefficients is alightly higher for the T1-74 matrix
inversion routine than for the TI-08 aatrix inversion progrem: however, the
standard error of the residuals for the TI-59 program is two orders of magnitude

apaller then for the Ti-74 progrea. Examination of the details of the sclutions
for the four prograsa ahows why:

Cy = 3,000000207
Al = ,998¢ CCi) = ,999989412
| A2 = 11,0024 Rl = 1,000030632 C<2y = 1,00000044%
, A3 = ,999¢ :2 » ,99992933 CC3) =  ,99999992
Rd = 1,000087 3 = 1.000027049 C) = 31,0000
Al = 1.003396496 AS = ,999999 R = 9999963001 C(5) » ,gggggggggz
42 = 0.9932158746 e = 1.0000001 RS = 1.000000209
A3 + 1.002437183 A6 = 9999999959 Residual Yariance =
At = 0.9996749308 é1 = .0014 $.723924£-12
AS = 1.000017923 42 » -.0009661 ol » -, 000030632 '
A6 = 0.9999996501 ’ .
d3 = -, 0026232 d2 » 0000164043 Loeff of Det (R*2) =
di = .00339649%7 44 = -, 0042523 43 = 2.8%0306E-0% 1.000000 ,
42 = -,0012279293 65 = - 0062344 ¢t = ,000021932¢
43 » -,0026679%:3 46 » -, 000925 45 = 0000068424 LYY = 0000002074
d¢ = -,0022512867 §? = -, 0128%53¢ 46 ¢ =, 0000085344 " BC2) = «2,98076E-07
4% = - ,000999407 ¢t = -, 0183607 47 = -,0000195047 §C3) = =3, 13736E-07 |
46 = 000380358 1 4% = =, 02359648 48 = =, 00002381 BC4) = -, 0000001457
d7 = 'WH"“;E €10 = «~, 0362869 49 = -,00002128 (%) = 0000000014
¢4 o .0019632 ¢11 = -, 0499 410 = =.00001319 9<6) = 0000000049
a9 = 00189487 ‘
410 = ,0013272¢ 012 = -, 0673411 éi1 = =, 00000192 DT = -.0000001638
dii &  .000E44 413 = -, 0%00222 ¢t2 = ,00000965 (8 = ~, 00000056
412 = -,0005187 did o =, 1182673 di12 = 00001857 IO = =,00000108
413 v -,0013138 015 = -, 1933144 t14 = 0000224} DCIOY = -, 00000168
diq = . 0017271 416 = = 1963373 d15 = 00001966 PCL1) = =, 00000229
di1% « - .0016179 d)7 = -, 248654 ¢16 = .0000102¢6 DC12) » =, 00000265
d16 = =,0009602 dif = ~.311736 - §1= -, 000004 D13y = =,00000203
417 = L,O00112 419 = ~, 87225 418 = -, 000019 Bi4) = =, 0000029
dig » .om:;i 420 = = 476942 ¢1% = -, 000026 BC1%) = -,00000273
:;: - -gg:z“ €2 = -, 9829 620 = -,000016 D36y = -,00000264
421 = -. 001982 é21 = ,000027 DCIY) = -,000002
Rearn Error = D(18) » -, 000002
Nean = ,00000842% -, 1271938636 Mean » =1,0)17973E-07 5¢19) = -,000003
| 3(20) = ~,D00004
$.E. = .0019%2144 $.E. = ,25430093%4 $.E. = 2.204843E-03 D21 = =, 000007
VON2P20 ViiNeP12 Vi2NiPia Vi2N1P24

The reaiduals for the V1IN4P12 aoclution (the TI-74 using the Nathematica module
matrix inversion routine) are all negative axcept for the first residusl which is
vary ssall. Clearly, the »ean of the residuals, wvhich should be zero for s least
aquares polynomial curve fit, cen not be zaro. The residuals for the Vi2NiP24
solution (the TI-74 using Hood’s orthogonal polynomisl routine) show a asimilar

negative bias, albeit much ansller in asgnitude. For both prograas the msean of the

residuals vaa of the sasae order of magnitude as the standard error for the
residuala. George Thomaon had found & aimilar effect with a varaion of Hood’a

program on his PC where he observed a well defined raap in the residuvals even
though the mean of the reasiduala wvas very ssall.

In contraat, the reaiduala for the VON2P20 solution (the TI-%9 uaing the NL-02
aatrix inveraion routine) and the VI2N1P\4 aclution (the TI-74 uaing a row

reduction routine) have both poaitive and negative signs such that the aean of the
residuala ia auch smeller than the atandard error for the reaiduals.

What is not evident froa the tables is that the residuals for all four prograas

aeer tO be on amooth error curves. See the figures on the next page, but remasber
that the vertical sceles vary conaiderably.

11
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Evaluation of Polynosial Curve Fitting - (cont)
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Vi2KiPi4 - TI-74 Row Reduction V12i1P24 - TI-74 Orthogonal

Polynoaial

The nature of theae residual curves suggests that one aight be
able to £ind another set of polynomnisl coefficients which would
£it the reaidual curves. Then, if the coefficients froa the

sclution on the residuals were combined with the original coeffic- al
ients, the resulting coafficients aight provide a batter fit to A2

the original date. The table at the right shows the results | ::

after such an axercise with the polynoaisl regresaion progras as
for the TI-59 (VON2P20). The nav coefficients have a Cl(ave) of

8.53 digits and & C(ain) of 6.54 digita, & four digit improvement di

-4
over the solution on page 17. The mean of the residuals is re- ::
duced by a fector of seven, and the standard error is reduced by s

45
& factor of over 1600. Thet kind of improvesant in parforsance a6

cones very hard with the T1-59 progras where ::

1.000000106
0.9999997117
1.000000121
0.999999%824
1.000000001
1.

1 . “"‘. - ﬂT
-7.6282 ~-08
«1.1218 -07
-7 .04 -8

"o
"

* B @ > n n ] .

=08
-07
-Q7
-07
=07
-07 ]
-7
-07
-07
g
=06
=06
-0k
=06
«~-0b

- O
L

-

1. The original aet of 21 date pairs muat be entered snd esach i1

dats pair takea sbout 20 seconda to be accepted. 412

2. The regreasion auast be completed. :::

3. The originel set of dats pasirs aust be re-entered and the 16

?
residuaias calculated. :::

4. The set of dats pairs for the residusl errors aust be entered. 419

20
Again, each date pair requires sbout 20 seconds to be sccepted. ::1

S. The regression on the residusls aust be coapleted, and the
results coabined with the original coefficients by hand.
€. The original date pairs sust be re-antared and the new re- s.E. = 1.20-0¢
siduals calculated. Thias atep cen be easy this time if the
user resaadered to store the datsa entered in atep 3 above.

L

dh b b o g Bt LB R b e bt b
- [ | ] » -

. ®
e

Hean = %5.49-07
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Evalustion of Polynoaial Curve Fitting - (cont)

Setting up an interative solution is much essier on the TI-7¢ where asufficient

senory ia evailable to hold the interamediste results. One guestion is how many

~ iterations ere needed. The following table helps answer that queation for the
solution which vses the aatrix jinvarsion routine froa the Nath aodule (Vi1N4P12).

Al = . 9%89000000000€+00 Al o ,9999999833080€ +00 . L 9999999830344E+00 Al = ,99999993497E9E+00
A2 » ,1002400000000E+01 A2 = ,1000000061400E+01 * 1000000052284 +01 A2 = ,1000000127748E+01
A3 = ,9996000000000E+00 A3 = 9999999685980 +00 = . 99999997426838+00 A3 = ,9999999445710E+00
A4 = ,1000067000000E+01 Ad =, 1000000005442E+01 s ,1000000003639E+01 f4 = ,100000000829¢E+(i2
AS = 9999990000000 +00 AS = ,999999999¢273E+00 = .9999999997036E «00 RS = ,9999999593032E+00
A6 = 18000003 00000E+01 A6 = , 1000000000009¢ +D1 s .1000000000004E¢01 A6 = .10000000000:0E+01

= 1,:0000000000E-0%
s -9,66100000000&-04
« ~2,62320000000E-03
¢ » =4,2%5230000000E-03
»
[

dl = 1.66920000000E~D8
2 = -1,03040000000€-08
43 = -1,83600000000E-08
d¢ = -3,80000000000€~09

‘!
T
63
44

1.69435600000E~ 06

-1,%0330000000E-08

-1.84730000000E-08
«8.00000000000E~05

ol = 4,502:06000002~0%
2 = -3, 01C70000C00E~-D8
3 = -4,74980000000E-08
44 = -2,55000000000E-D8

¢35 = =6.23440000000E -03 45 = §,14000000000€-06 43 = 3,90000000000€~09 45 = §.90000000000E-09

46 = -$.96250000000E-03 ¢ = 5.930000000008-08 46 = 1.66000000000E-08 ¢ = 3.42000000000€~-0€

o7 = i, 28336000000E-02 47 = 1,64000000000E-08 €7 = 2,09000000000E-0% 47 = 4,02000000000E-08

¢8 = -3, 83607000000E-02 T . 00000000000E +00 €0 = 2,00000000000E-08 4¢ » 4,00000000000E-08 -
¢9 = -2,59848000000E-02 ¢9 = -1,00000000000€-08 ¢% = 1,00000000000E-08 ¢9 * 3.00000000000£-08

010 3 =3.628495000000E~02 ¢10 = -4,00000000000E-08 410 = ,80000000D00E +00 410 = 1.000000:00000F-08
€11 = -4,99000000000E~02 411 = <7,00000000000E-08 413 » -1,00000000000E-06 411 = -2.00000000000E-08
012 = -6.75411000000E-02 -$.00000000000€ ~08 412 = ,00000000000E +D0 412 = -4.00000000000E-08
¢13 = =9,00232000000E-02 =1.10000000000E -07 913 = 1,00000000000£-08 413 = -3.00000000000E~08
414 = ~1,18267300000E-01 -1, 2000006000008 ~07 did = 4,00000000000L-08 é14 = 1,00000000000E-08
415 = ~1.93314400000E-01} » «1,40000000000E=-07 ¢1% = 1.100000000008~07 413 = 7.00C00000C000E-0D8
416 » ~1.946337300000€-01 e =§,70000000000E-07? d1é = 2,00000000000E-07 di6 = 1.60000000000E-0?
§17 = «2,48654000000€~01 s ,00000000000E+00 €17 = 1.000000000008-06 17 = 1.00000000000E-06
€18 = =3, {1736000000E-01 = =1, 000000000008 =06 d18 = . 00000000000E +00 410 s 1.00000000000E-0¢
019 = -3,87225000000E-01 = =1,00000000000E-06 €19 = ,00000000000E +00 1% = ,G000000000DE+00
620 = ~4.76942000000E~01 = ~1.00000000000E-06 420 * 1,000000000008 06 420 = .0000D000000E+00
¢2: » -5,82900000000E-01 = =2,00000000000E-04 21 = 1.00000000000E-06 d21 = 1,00000000000E-08

Hean Error = fean Error »

Fean Error = Rean Error =

= 1332307143 -2.727025E-07 1,61849%E-07 1,3503579E~-07

$.E. = 2543009854 §.E. = $.875774E-07 £.E. = 4,.5137318-07 $.E. = 4.506149E-07
$2 = 9700346677 | §2 8 7.09144E-12 $2 = 3_@553;;5-12 §¢ = 3,04%5806E-12
C = 4,30837688 | C = 8.538493149 (= $.69650453%

C= B,313573e5:

The baseline program from V1I1IN4P12 was nodified to print out the solution and the
reaiduals in exponentisl formst, end to add solutions for the sum of the squares of
the residuals (S2) and the average figure of merit (C). The left-hand coluan is
the baseline aclution, the sare as in the second coluan on page 17. The next three
coluans reflect the result of sdditional iterative solutions on the residusla. The
teble ahows that there is aubatantiel iaprovement after the first iteration, but
little improvessnt after additionesl iteretiona. The coefficienta after the firat

iteration show an jiaprovement of 4.2 digits end the stenderd error is reduced by a
factor of 370,000, |

Teata of the iterative £l=hniqul with the solution based on the row reduction
routine (VI2K1PI14) also showed substantial improvement sfter one iteration but
little iaprovement from additional iterationas. The coefficients after the first

iteration show an iaprovesment of 2.6 digitas and the standard error is reduced by a
fector of 60. |

Prograas which provide a aingle iterstion for both the mestrix inversion routine and
the row reduction routine appesr on pageas 20 and 21, 0Of course execution tise is
increased. The satrix inversion program requires 135 aeconds to solve the gquintic.
The row reduction progras requires 110 seconds.

In a future issue we vill eaxanine the affect of iterstive techniques on the

orthogonal polynorisl routine, end will address polynocaial regression and iterstive
technigquea for the TI-95.
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appeared in V1iiNeP12/13,

V1i2N2P20

veraion of the progra» which

The least squares aoclution was moved to & subroutine

(lines 900 to 995), an array for accumulation of the coefficients vas added, and a
working array, 2(30), to held the dependant variables for uase in the solution vas

added. Lines 130 end 140 provide for data input.

Linea 1%50-170 select the order

of the solution, clear the coefficient array, end tranafer the input independent
veriables to the working array for use in the first pess least agquares solution.
The GOSUB 900 coamand at line 200 provides the firat pasaa. The GOSUB 900 command
at line 210 providea the second paas uaing the residusls froa the first pess as the
dependent variablea. Additional iterations could be added by inserting more GOSUB

900 comasnda between lineas 210 and 300.
solution to a printer or to the diasplay.

Lines 300-6350 provide output of the
The PRINT USING comnends at linea 340 and

550 define exponential format for maxiaua resoclution in the output. Lines 700-740
provide options for different solutions without re-entry of the input deta.

User Inltfhctionn

1. The Nathesatics software mcdule auat be installed.

2. A full aet of proapta are available.

3. The uaar defined functiona muat be defined by F(1) through F(N) in subroutine
800. To obtain a conastant in the solution define one of the functions as one a&a in

line 810 of the progras bealow.
entry to this subroutine.

provides for a polynomial solution.

100 DIMm R(Bs8)sB(E)sC (8
BYsC1(B)sF(BY s X(50) s Y(50
)1 2<50)

110 CALL UP(*Least Squar
es Fit“sPN)

120 PRINT "Are the funct
ions correct?"IPRUSE 2
130 INPUT "Number of Dat
& Pairs? "3K

140 CARLL RUC"X"s*Y*s X O
YO e 19K PN

150 INPUT "QOrder of the
solution? “3N

160 FOR I=1 TO N:Ci(I)s=(
INEXT 1

170 FOR I=1 TO K:2(I)=Y(
IDINEXT 1

200 &OSUB $S00

210 GOSUB 900

300 PRINT #PN

310 FOR I=1 TO N

320 X$="RA"LSTRE(I)L" = *
330 PRINT #PNi XS

340 PRINT @PNsUSING "#4. &
I12 12111 ] Ialatalal Yol W@
350 IF PN=0 THEN PRUSE
360 NEXT 1

370 PRINT #PN

900 INPUT "Disrlay Resid
uals <Y/N>? "i1RS

910 IF AS="N"OR RS="n"TH
EN 600

920 FDR L=1 70 K

930 PS="d"LSTRECLIL" = *
940 PRINT $#PN+P§$;

S50 PRINT SPN;USINGC"88.8
SRS RARR AN, 2(CL)

560 IF PN=Q THEN PRAUSE
970 NEXT L

980 PRINT #PN

600 PRINT @PNs"Mean Erro
r = *351/K

610 ]1F PN=Q THEN PRUSE
620 PRINT &PN

630 PRINT #PN:*S.E. = *;
SOR(S27 (K-N))

640 IF PN=0 THEN PRUSE
650 PRINT 8PN

700 INPUT ®*Edit Inrut Da
ta (Y’N>? *"IR%

710 IF AS="N"QOR AS="n"TH
EN 730

720 CALL RUC"X"s*Y"sX O
YO11KsPN)

730 INPUT *"Different ord
er <Y’/NX>? "iR$

740 IF A$="Y"0OR RS="y"TH
EN 150

799 STOP

800 REM User Defined Fun
ctions

810 F(1)=]

820 FOR ¥=2 TD N

830 FC(W)=F (W-1)>8X (L)

840 NEXT &

890 RETURN

Each pair of X,Z2 values are availeble in turn at
The user defined functiona in the prograas listing below -

900 REM Normal Eduation
Subroutine

S05 FOR I=1 TD W:FOR J=1
TO N

S10 R(I»JX=0:NEXT J

915 BC(I)=0tNEXT ] -
920 FOR L=1 TO K:GOSUE 8
00

925 FOR I=1 TO N:FOR J=]
TD N

930 RCIs DD=R(II)+F (D) &F -
(JYSNEXT J

935 B(I)=B(I)+F (1) #2(L)*
NEXT I

940 NEXT L

945 CALL MARTS(RG )2 C(s)

BOs»1s13s s IHR)

950 If R=-1 THEN PRINT *

Batrix is sindular®:PRUS

E

955 FOR I=1 TO W:Ci1<I)=C
ICID+RCLYIYSREXT 1

960 S1=0:S52=0

965 FOR L=1 YD K:$0OSUR 8

00

970 YF=D:FOR J=f TD N
9?75 YF=YF+Cl (J)&F (J) INEX
11

980 Z2<L)=Y(L)-YF

985 S1=S5142(L):82=82+2 (L
Y82 (L) |
990 NEXT L

895 RETURN

- O S B e B B B B S N o N W B e ol e o e e e N N O S B A e A e e B S A AR O e e .
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ITERATIVE REGRESSION USING A ROW REDUCTION ROUTINE - This program ia an iterstive

verasion of the progrem which
appearad in VI2NiPi4. In thia cease the least aqusres solution was noved to a
aubprogras SOLVE (lines 1000 to 1400) to provide snothar demonstration of the
subprograa capability, including the celling of a aubroutine within the aubprogras.
A aubroutine mechanization such as that used on page 20 would sctually yield a
sonevhat more efficient program. An array for sccumulation of the coefficients wes
added, and two working arraya, R(50) and Z2(350), were sdded.

Lines 105 to 190 provide for setup and dete input. Lines 200-210 select the order
of the solution, end clear the coefficient erray. The CALL SOLVE command at line
300 provides the first pass. The CALL SOLVE command st line 310 providea the
aecond pass using the residusls froa the first pess as the dependent variables.
Additional iterstions could be added by inserting more CALL SOLVE coamands between
lines 310 and 400. Linas ¢00-650 provide output of the solution to s printer or to
the display. The PRINT USING commands at linea 425 and 545 define exponential
format for maxisus resolution in the output. Lines 700-790 provide options for
different solutions without re-sntry of the input data. The user defined functions
inside the subprogram at ateps 1300-1350 are for & polynoaiasl regression.

1060 DIM ACBy8B(B) L (8)
yF(B)»X(S0)sY(50)+2(50),

RS0

105 INPUT "Use Printer <

Y/N>? "3 HS

110 IF AS="Y"DR RE="y"TH

EN PMNst ELSE §25

115 INPUT *Device Code ?
“;P3

120 OPEN #1,P3,DUTPUT
125 PRINT “"Are the funct
ions correct?"sPHUSE 2
130 INPUT “Number of Dat

a Pairs? *3K

140 FOR I=1 TO K

150 AS="X"&LSTRE(IDL" = *
t INPUT RS X (I

160 IF PN<>0 THEN PRINT

$PNs RS X (1D

170 AS="Y*LSTRS(I)&* = ¢
s INPUT RS3Y (DD

180 IF PN(>0 THEN PRINT

PN RS Y (1D

185 PRINT #PN:IF ES{O>*"T

HEN 700

190 NEXT 1

200 INPUT *0Order of the

solution? "IN

210 FOR I=1 TO N:C(1)=0

NEXT I

300 CRLL SOLVE(XOsYO Y
ORODICOINIKIS1IHS2)

310 CALL SDLYE(XO\»YO R
OsROICOINIKS1252)

400 FOk I=1 TD N

410 XS="RA"LSTRS(DHL" = °

420 PRINT 4PN X$:

425 PRINT SPNsUSING "$4.4

dEdsNsnagn~ 2" C(H

430 IF PN=0 THEN PRUSE

440 NEXY I

450 PRINT @PN

500 INPUT ®*Display Resid
uals <Y/H)>? “iRS

510 IF A$="N"0OR AS="n"TH
EN 600

$20 FOk L=t TO K

530 PS="d"LSTR$(LHXL" = *
540 PRINT #PN:PS;

545 PRINT SPNsUSING 84,8
SRedRERABE~A22 "R (L)

550 IF PN=0 THEN PRUSE
560 NEXT L

S70 PRINT &PN

600 PRINT #PNy"Nean = "3
$1/K

€10 IF PN=0 THEN PRUSE
620 PRINT &FN

630 PRINT #PNy"S.E. = *;
SOR (827 (K-N))

640 1F PN=0 THEN PAUSE
650 PRINT #PN

700 INPUT "Edit Inwrut Da
ta <Y7Z/NO)? “3ES

710 IF E$="N"DR ES$="n"TH
EN 780

720 INPUT *Which Bata Pa
ir to Edit? “31

730 IF I<1 DR 1>K THEN ?
00

740 GCTO 1350

780 INPUT "New Solution
(Y7N>? "IRS

790 IF AS="Y"(R RE="y"TH
EN 200

799 STOP

1000 SUB SOLYE(XO»Y (2
OsROSCOIMNIKIS1:82)
1010 FOR I=! YO N:FDR J=
i TON

1015 A(1+ J) =0 NEXT J
1020 B(I)=0:NREXT 1

§025 FOR L=1 TO K

1030 GOSUB 1300

1035 FODR I=] TO N:FOR J=
1 TO N

1040 RCIs =Ry D +F (1)
FCI)INEXT J

1045 B(I)=B(I)+F (1)>#2{L>
INEXT 1 i

1050 NEXT L :

1100 FOR L=! TO N

$105 P=RA(LsLD

1110 FOR J=L TO N |
1115 AL D =R(L» J) 7PINEX
T J

1120 B(LY=B (L) /P

1125 FOR I=1 TO N

1130 IF I=L THEN 1133
1135 6=R(IsL)

1140 FDR J=L TO N

1145 ARCIsy DRI D) ~GxH (L
s JI)INEXKT J |

1150 B(1)=B(l)=-G#B (L)
1155 NEXT 1

1160 NEXT L -
1200 FOR I=1 TO N:C(l)=(
CI)+BCI)SNEXT I

1205 S$1=0:52=0

1210 FOR L=31 TD K:GOSUB
1300

1215 YF=0:FOR J=1 TC N
1220 YF=YF+C(J) #F (J) INEX
TJ

1225 R{L>=Y (L) ~YF

1230 Si=S1¢R(L) :S52=282+R
L) &R (L)

1235 NEXT L

1240 SUBEXIT

1300 REM USER DEFINED FU
NCTIONS

1310 F(1) =}

1320 FOR W=2 TO N

1330 F W) =F{W-1) #X (L)
1340 NEXT ¥

1350 RETURN

1400 SUBEND

---*-_---------ﬁ-----------_*'_-------------------- ---------------------------------
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CUBRIC SOLUTION - Larry Leada. V11N4P16/17 exanined the

results for a variety of cubic soclutions,
and invited members to submit more accurate sclutions. The Ax*3 ¢ Bx*2 + Cx + D = O
algorithas for the progras presented here is as follovws: Ax
2ero ia used as the firat approxination. An Exact Newten B -2
(the progran does the differentistion) finds one of the real C= 1,333333333
roots, or the only one. Thia value is truncated to s aix D = -, 2222224222
digit nuaber which ia used aa the approexismation. JMNewton -
then produces an exceptionally cloae anaver end printa the
root. Synthetic diviasion derives the residual quadratic. A
teat is nade to deteraine if the roots ars coaplax or resal,
and the quadratic ia solved. If complex, the roots are
printed. 1lf real, the two roota are truncated to 6 digit
nuabers which are conaidered aa approxisationa. EKach root,
in turn, ia then. presented to the original cubic and solved

Real Root =
2.466929833686E-001
Comrlex Roots =

Real Part
8.766535083155E-001
Imasinary Part |

+/- 3.637078786574E-001

by the exact Newton, Ax*3 + Bx*2 ¢+ Cx + I = 0
. =

The improvement obtained froa truncation is presumed to be 2 = -2,975

asaccisted with the Newton iteration proceas and the C = 16.216874

overflow truncation which occurs in the cosputer. Each D= ~12.5680758

iterstion produces a 14 digit nuaber which will be both

squared and cubed, hence the value of the function is not Real Root =

exact. As the iteration approaches the correct value of X 2. 324000000000E+000

you aay obtain e value which is in error in both the 13th Real Root =

and 14th digit positiona. Becsuse of overflow truncation, Rf;i*?:gggf’fﬂ‘??“ﬁ*”ﬁﬂ

the prograr would conciude that the erronecus value of X is 2. 32%000000000E +000

the exact root. 1 found by experiment that if thias value of
X is then truncated and is put through the Newton aoclution
again, the result will be very ciose to the sxact value.

The axampleaa ot the right show the effect of the truncetion.
The aolutions at the top are with the progras as on page

11. The sclutiona st the bottom are with the truncations
reaoved. MNote that the prograes finda the exact rootas for
the second exaaple whean the truncation is in place.

I would appreciate hearing froa the club meabears of any
difficulties encountered with thia algoritha.

Ax*3 + Bx™*2 + Cx + D = 0

= |
B=s =2
C = 1,333333333
D= -,2222222222

Editor’a Note: Larry writes hia BASIC progrems in Nicroaoft R:lezg;;asaesss-nnr
BASIC for the Radio Shack Nodel 100. I convert thes for uae ComPlex Roots = ;
with the CC~40 and TI-74. The truncation function is very Real Part

esay to implement on the Nodel 100 by uaing the single 8.7663535083160E-001

preacision comaand, @.9., A = CSNG(A) truncetes the precision
from 14 digits to 7 digits. The subprogres in lines 1001-
1004 soclves the problem nicely for the TI-74¢ or CC~-40. The
calls at lines 240, 250 and 800 pass the sppropriate value

Inagdinary Part

/- 3,637078786559E-001

Ax*3 ¢+ Bx*2 + Cx ¢+ D = 0

to and from the subprograa, and the subprogram uses its own Al 1

variablea S and K. DNote that it is parmissible to uae K for B = =-6,973

Sy L= 16.216874

ofie purpose inaide the subprogreaa even though it is defined D= 12 %eE0756

differently outaide the subprogres and in the call to the

subprogran. One alternative was to repest lines 1002 and Real Root =

1003 three tises with appropriastely chosen varisbles. - 2.324000817341E+000

Another vas to call & subroutine -- that would require a Real Root =

change of variasbles prior to entry to the subroutine and 2.325999823508E+000

after exit from the subroutine. \ Real Root =
2.324998366829E+000

Line 100 of thia prograa illustrates the use of the PAUSE

ALL command to stop the coaputer for diapley if a printer ia
not used,
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Cubic Solution - (eont)

10 REM Cubic Solution by
L. Leeds

12 INPUT "Use Printer (Y

/N> ? "3RS

14 1F AS="Y"OR AS="y"THE

N PN=i ELSE 20

16 INPUT "Device Code ?

";1PS

18 DPEN #1+PS,QUTPUT

20 PRINT #PN:PRINT #PNy*

Ax*3 ¢« Bx*2 + Cx + D = 0

25 IF PN=0 THEN PAUSE

S0 IMAGE “#u,Suesnubsiss
'ahﬁﬁﬁ [ ] ; H

40 R$="Real Koot = *

60 AS="H = ":INPUT RS:A
65 PRINT 8PN>RS:R

70 BS="B = *:INPUT BS:B
75 PRINT #PN»BS:B

80 C9="C = *"!INPUT CS$:(
85 PRINT #PN,CS8:iC

90 D$="D = “":INPUT D$:D
95 PRINT #PN,DS$:D

100 PRINT &PN:PAUSE ALL
110 P=B/R:Q=C-/A:R=D/A
120 R=P:B=Q:C=R

130 FeiiX=0:E=1,E-08

140 GOSUR 600

A R R A AR P T PR ae el e gy YR e EE R TE ER WS e av W e o gr -

150 Y=X~-U,V

;60 IF E>RABS(X-Y)THEN 18
170 X=Y:607T0 140

180 IF F=1 THEN BOO

190 PRINT @PNyRS:PRINT &
PNsUSING 30, Y

200 C=A+Y:H=C#Y+}B

210 M=GeG/4: J=N-Hi:Ge-(C/2
220 IF JCO THEN J==J:2=S
QR (J):C0TO 700

230 Z2=SER(J) :K=20+2:N=6=-2
240 CALL TRUNC )

250 CRLL TRUNC W)

260 X=K

270 GOSUB 600

280 Y=X~Us¥

290 IF E>RBS (X-Y)THEN P=
Y:PRINT SPNsRS:PRINT #PN
tUSING 30:P:COTO 310

300 X=Y:60T0D 270

310 X=N

320 CUSUB 600

330 Y=sX-Urv¥

340 IF E>RBS(X-Y)THEN Q=
Y:PRINT #PNsRS:PRINT #PN
sUSING 30:Q:60T0 900

350 X=Y:CDTD 320

600 UzX#X% (X+R) +BaX+(

TI PPC NOTES

MORE PERIPHERALS FOR THE T1-747 - P.

Hanson.

V12N2P11

610 V=¥X# (3#X+2+A)+B

620 RETURN

700 IF RBS(G)(9,E~13 TKE
N &=0

710 PRINT #PNs"Com? lex R
oots = °

720 PRINT #PNs"Real Part

®":PRINY $PN,USING 30:C
730 PRINT #PNs"Imaginary
Part®

740 PRINT #PNj)*+/="3

750 PRINT #PNsUSING 30,2
760 CUTO 900

800 CALL TRUNC (Y)

820 F=0:X=Y:CDTD 140

900 INPUT "Rnother Probl

en {Y’N) ? ";iRS

910 IF AS="Y*DR AS="y"TH
EN PRUSE 0:80T0 20

920 END

1000 REM Subrrosrams
1001 SUB TRUNC (S)

1002 K=~INT(LOG(RBS(S)))
+9

1003 S-IHT(SiID*K)iioﬁ(-
K>

1004 SUBEND

VI1ZN1P7

In early epring I'uu-

contacted by a telephone survey

17

performed for TI. Purchasers of the TI-74 and TI-95 were baing
surveyed. The queations suggeat that several newv peripherals are
being considered for those devicea:®

« An interface which would nilou the connection of the AC-9201
to the TI-74 without the use of the PC-324.

e A Centronics interface for use with printers and plotters.

&« An RS-232 interface.
. A coabined Centronica and R§-232 interface.

One of the purposes of the survey was to determine what might be
ecceptable pricea. The caller aaked what I thought might be a price
at which I would probably buy, and then asked the liklihood that I
would buy at various other price rangesa. Nothing in the catalogs yet.
Ve will have to wait and see.
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‘BOOK REVIEWS:

STATISTICS LIBRARY. Application Software for the Sharp EL-5500 and PC-1403
Scientific Computers. Neurice E. T. Swinnen and David Thoass. Systeams
Publicetions, Box 300488, Arlington, TX 76010. 1987. 105 peges. Paperback. $11.95.

The bock contains 23 BASIC language prograss for the lolutinn of typical problema 1in
statiaticas. The programa are:

Cauchy Distribution Curve Fit Nultiple Linear Regreasion with 2 Veriebles
Circle Best Fit Hultiple Linsar Regreasion with 3 Variables
Chi-Square Distribution One-Way ANOVA
Contingency Tabie #=Parabolic Curve Fitting
#=Exponential Curve Fitting Poiason Distribution
Gauasian Distribution #+Power Curve Fitting
Hiatogram #Reciprocal Curve Fitting
sHyparbolic Curve Fitting #=2Straight Line Curve Fitting
#»Logarithaic Curve Fitting Student’s t-Distribution
Nann-Whitney Ranked-Sum Test T~Test for Paired Observations
NMeans and Noaents T-Teat for Unpaired Observations

Two~Way ANOVA

The documentation for sach program includes progres listings, step-by-step user
instructions, and sample problems. Although the programs vwere vwritten for the Sharp
sachines they are easily convertible for use on the TI-74. An example conversion
appears on pages 4 and 5 of this issue.

I have started working my way through this book, including & cross check of the
resuita against those from other published programs. 1 have verified the resuits
within the limits of differences between machines for the programs identified with a
# sign in the table above. There are some ainor errors in the book:

a. Page 5 statea that the Cauchy distribution has "... the rather peculiar
characteristic of a nean but no standard deviation". References such as the
Mathenaticel Dictionary by Jeames and Jenea, and Nathematical Nethoda by Craser,
indicate that the Cauchy diatribution may have a node and a median, but not s mean
or & standard deviation since no moments of positive order are finite. Willies Volik
aade & ainilarly incorrect stateasent on page 76 of the sacond edition of his book
Curve Fitting for Prograasable Calculatora which was reviewed in VEN2P20.

b. The squation for the logarithaic curve on page 35 should be y = & « b(LN(x)).
The squation is correct in the progras listings on page 37.

¢. The prograss which require aultiple input such as the curve fitting progranma
accept the input as string values and convert the strings to numerics ainternally
with VAL commands. This peraits teraination of the input by entering the letter k.
A promapt "End Input by entering E" ia provided to remind the user of this feature;
““however, for seven of the prograns the address for sn earlier GOTO is improper such
that the prompt will not be seen. The progrsas with that discrepancy have an

asterisk in the listing above. 1n each case the problea can be corrected by
changing line 40 to IF PF=0 GOTO 60.

Old-timers will remamber Maurice Swinnen sa the editor of TI PPC Notea from 1980
through 1982. MNaurice has arranged a twenty per cent diacount to club sembers on
this book and the two booka which follow. Order froa the addreas listed above, and
aention TI PPC Noteas when you order. There is a $2.00 dollar shipping and handliing
charge for an order of one book, or a $3.00 charge for two or aore books.
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Book Reviewa - (cont)

ELECTRICAL ENGINEERING LIBRARY. Applicstion Software for the Sharp EL-5500 end PC-
1403 Scaentific Computers. Maurice E. T. Swinnen and David Thoaas. Systess
Publications, Box 300488, Arlington, TX 76010. 1987. 13159 pages. Paperback. $11.95.

This second book in the series of lidrarieas of BASIC progrems is available now. The
included programa are:

Active Band-Pass Filter Power Supply Filter Deaign

Active High-Paas Filter Rating Unknown Power Tranaforasere

Active Low-Paas Filter Reactance Chart

Biomediceal Filtering Circuit Self-Biea FET Circuit

Bit-Error Probability Serial-to-Parallel Conversion
Bode/Nyquiat Calculation Single-Layer Coil Deaign

Gate-Bias FET Circuit T~ and Pl-Pad Attenuatera .
Logarithaic Converaiona Teaperature Converaiona |
Low Frequency Tranaiator Aaplifier Tranaiator Paraseter Converaionsa

O0dd Reaistance Value Synthesaizer Twin-T Circuit Deaign

Passaive Filter Deaign Voltage Feedback FET Circuit

Phase Locked Loop Deaign Zener Diode Power Supply

-----------—-----H---—-----——-—-- --------------------------------------------------

MATHENATICS LIBRARY. Application Software for the Sharp EL-5500 and PC-1403
Scientific Computers. Meurice E. T. Swinnen end David Thomas. Systeas .
Publicationa, Box 300488, Arlington, TX 76010. 1988. 120 pages. Paperback. $11.95;

Thia third book in the series of libreries of BASIC prograss will become avsilable
in early 1988. The included prograsa will cover aubjects such as

Coasplex Functiona: add, subtrect, multiply, divide

Compiex Functions: square, square root, reciprocal, log, exponent,
polar to rectengular, and rectangular to polear.

Cosplex Tragonometric Functiona: sine, cosine, tangent, srcain,
arccos and arctan.,

Coaplex Functiona: VY*X, Y*(1/X) and log to the base x of vy.

Differential Equetiona, Runge-Kutts Three Point Interpolation

Gaaaa Function Polynoaial Addition and Subtraction
Gauas Quadrature INtegrstion - Polynomial Multiplication

3D Coordinate Tranaformationas Polar to Rectangular

Coaplex Roota of a Complex Number Rectangular to Poler

Derivatives Quadratic Equationa

Nultiprecision Diviaion Coordinate Tranalation

Polynomial Function Evaluation Rational Fractions

Extended Precison Factorials Siaultaneous Equationas

. Fourier Seriea

-----ﬁ-ﬁ---—---—----—---------------n--ﬁ---—-------------ﬂ---------------—-ﬁ#——-------

ERROR IN PROGRAMMABLE CALCULATOR NEWS ~ A copy of the Voluse 1 Nuabar i issue ves

included with VI2N1. A Tl representative
vrites that there were errors in the listing of Patrick Hicks’ program “Can I Really
Afford It"” on pesge 8 of the newaletter. Lines 190 and 230 should have read as
followsa:

190 PVsPATe(1-(1+13~(-N))/1

230 PHNT=PVe]/(1-(1e1)~(~-N))

---‘-------_--—---—--------_---------------------------‘_-------- -------------------------

19



20 TI PPC NOTES V12N3P6

CONVERSION OF SHARP BASIC TO TI-74 AND CC-40 BASIC - P. Henson. The books reviewed

on pagea 4 and 5 anclude
program listinga in BASIC: however; the listings contain coamands which are unigue
to Sherp BASIC. MNMaurice Swinnan haa given me Paraission to reproduce one of the
progress froa the Statiatics Library to illustrste the converaion process. The
progren asiected was that for Power Curve Fitting from pages 73-75. The listing in
the left-hand c»Hlumn on the facing page ia from page 75 of the book. The listing in
the center coluan ia a converaion for the Tl-74 and CC-40. The mathesaticas portiona
of the progras can be uaed aa is by the TI-74 or CC-40, Noat of the input/output
routines require sose change. You should try to understand each change in order to
be able to translate other programa. Repreasntative changes are:

In line 40 the GOTO has been changed to THEN to accommodate the differences between
the two BASICa. A similer change is required at lines 70, 100, 110, 260, 270, and

290. The THEN address 1a changed to 60 to perait acceas to the proapt on ending
input of data.

The BEEP 2 commanda in lines 60, 70, 260, 280, 290 and 380
are deleted since the TI-74 doea not have that cepability.
CC-40 users shouid replace BEEP 2 with DISPLAY BEEP.

y = ax”b

The PAUSE ALL commmand inserted st line 210 atops the progran
wvhen any subsegquent sequence coapletes a line in the display.

The INAGE command st line 230 providea formast control for
the PRINT USING commands in lines 240 and 250.

N

1
3
r4
7.4
3
i
4
1

O
.
L

Lines 320-360 are changed to convert the "Use Printer" 22

. 2740¢
The listing in the right-hand columan on page 7 is an 1.19642 ?99996805
enhancenent to provide output of reaidual errora. The Corr.RR= . 99945741
changes relative to the progras in the center column are: 3

11,955€93¢

Line 15 provides the dimension statesment to set up the
arrays to hold the input date paira for use in the residual
calculations. 1f you are going to uae more than twenty data

peirs you should change to dimensions accordingly. Power y = ax®b,

The atatemsent N=0 is added to line 20 to zerc the counter of ﬁ: ;;2
data pairs. Ve 'f‘
Line 145 increments the counter and stores the input deate :: ;“4
pairs in the arrays. Ye 12
Xz 4
Line 255 peraits the user to elect output of residuals. Y= 16.8
X2 9
-Lines 500-580 are the subroutine which calculates the Y= 22
“residuels, end the mean and RMS of the residuals. ax  4,21174529z
be 1.196427406
Parentheses which vere not needed have been deleted in lines ER' - gg;ggig:
160 through 200. OTT.KKS® ' N
"9 di==,0117452%%

Prinntouta for the sample probles from the book appearas at de= 0395963302

the right. Note that the asan of the reaiduals is not very
" ¢close to z2erce. Thia occurs because of the tranaforsation
used to linearize the power equation for the least aguares
calculation. The least squares calculation is in the
linesrized variables, LN{X) and LR(Y), not in the variablea
X and Y. The mean of the residuals fros the equation

LN(Y) = LN(a) +« beLN(X) is -1.8E-14, near 2erc aa expected.

d3= ,0441063%%
da=-,067944759

d5=-,0296686614
d ave = ~, 0051312011
d RMS = 0427736287
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Conversion of Jharp BASIC to Il BASIC - (cont)

I01°C sualT 159:PRINT *
Pouver yugznrh*’

2017104t T8ed: T iBnt
Ui=hiy2ad

J8:005UD 310VSING

49:1F PF=d GOTO TH

SOTPRINT » Pover ys
ax~p*

SULDEEP 2:INPUT "End in
put Dy enteriny E"»2
28

THDIEEP 281 INPUT “X=? *}
AXSt IF xXus='E” GOTO
169

i1 XxsVaL (XX$):IF PFay
GOTOD 109

:zirn:nr "Xz *IX
100 JEEP 23 INPUT *"Yeu? *}
$tIF YYse®E® GOTO
169

1103 YeVaL (YYS)S]F PFud
601D 134

1201PRINT *Ye *3Y

1O TinT 43t TRTHeLN (X)
STOaTRelN (N)n21U0ay
LN (Y)IULay]oLN (Y
Ing

F40LU2U2+ (LN (X)LN (Y)
)

135016070 70

IE0IRI=(T1eT)=(TE=TY)

170181 (T B)=(TEelI2))
RILASEXP (1)

100820 ((T12U2)=(ThoU9))
RS Dus?

1901 RRe( (S 1vig)+($200U2)-
CCUBsUR) 7T )7 UL =L
yaeU)/T1))

2 RSnt=({L1=RR)=(T)=1)/
(Ti=2)

2101 PRINT "a» *jn

2201 PRINT *nm *})

20t USING "B2332.2RR22EE
t‘

248 PRINT *Ritm *IRR

ZS0tPRINT "Corr.RRa*iRSt
UsSInNG

201 BEER 21 INPUT *Predic
t Y7 Y/N "i128tIF 28a
*N* OR Zf%e*n" GOTO 2
| [

2T0:GOSuUD ITeLDEEP 2t
INPUT Y asain? YN
“$28311F 29=°Y* DR 28
«"y* G370 279

801 DEEP 21 1MPUT "Add a0
re data? YN “iZstIF
25=°Y" OR 28m®y"
GOTo ™

LI DEEP 21 IWPUT “New ca

Icuistion? Y7 288
IF 2’.l*l ol 2'.I'I
GOTO 20

30 END

S1BRER  wwnprinter Pene

J201PF=R1uAlT tDEEP 21
INPUT “Printer? Y7N
“INg

330:1F Ne=*"N" OR NS="n°
¢OTa 338

S40:PFe1tPRINT = LPRINT

- *360T0 3
(1

I30PRINT = PRINT

60 RETURN

STOLRER o» Predict Y o

SO0 REEP 25 IRPUT *Na? *)
XX:IF PFed GOTD 409

SHAPRINT "X= *XX

490 YYRAOXXAD

S10LPRINT *Ys "JYY

4201 RETURN

V12N3P7

10 ASe*Pouwer v & ax"Hy"}

PRINT ASIPRUSE 2

20 T1=0:T8=0:T9=0: U0=D3U

i=0:u2=0

30 GOSUE 310

40 IF PF=0 THEN 60

20 PRINT #1:+ASPRIRT 01

60 INPUT "End itvrut dy ¢

ntering £ "322%

70 INPUT °*X = *:XXN$:IF X

X$="E"OR XX&="¢"THEN 160

80 XmVAL (XX$):IF PF=Q TH

Ex 100

90 PRINT #1,"X= "3}

100 INPUT *Yu? *1YYSLIF

YYSa*E*OR YYS="»"THEN 16

0

110 YsVAL{YYS)IIF PF=(Q T

HMEN §30

120 PRINT #1:"Ya *1¥

130 Ti=T1e12TRaTReLN(X)L

TI=T9+LN (X)) ~21 UO=UD+L N (Y

)3ULsUL+LN(Y)~2

140 U2=U2+ LN OD SLNCY))

150 ¢0TD 70

160 R3=(T1aT9)=(TH2TH)

170 S1=((T9eU0)=-(TH:UD))

/RSLASEXP (S))

180 $2=C(T12U2)=-C(T85U0))

7R31 J=§2

190 RR=((S1300)+(S2802) -
(UORUD) 7T1)) 2 (UL - C (UDAU

0 rT1))

200 RS=1=C(1=RR)#(T1-1}/
(T1-2))

210 PRAUSE ALLEPRINT &PF,

“a= “iR

220 PRINT #PF»"ds "3 B

230 INAGE dusdo. . ddsnbasgn

240 PRINT #PF,"RRs .

1:PRINT SPF2USING 230+ RR

230 PRINT #PFs»"Corr.RR»"
$IPRINT BPFUSING 230:RS

260 INPUT “Predict Y? Y~/

N "3128:1F 23=°"N"0OR 2%="n

“THEN 280

270 GOSUB 3701 INPUT Y a

fain? Y/N “328%8:1F 28="Y"

OR ZS="y*THEN 270

200 INPUT "Rdd more data

? YN "328¢IF 2%="Y OR Z

$="y"THEN 70

290 INPUT "New calculati

on? Y/N "128:1f 28="Y"OR
28="y"THEN 20

300 END

310 REN seaPrinter?2as
320 IF PFai THEN CLOSE 9
11PF20

330 INPUT “Use Printer?
YZ/N “3N$

340 IF NS="Y"(UR NS="4"TH
EN PFal ELSE 360

350 OPEN $1»"12"0OUTPUT
360 PRINT SPF:RETURN
370 REM ## Predict Y »»
380 INPUT *"X= “; XX

390 PRINT #PF,*X= “;XX
400 YY=A#XX"B

410 PRINT #PF."Ys "3¥YY
420 RETURN

10 AS="Power 3 3 yx*h":
PRINT H$:PRUSE 2

15 DIM U220 ¥ (20D _
20 Ti=sQ:T3aj:sTa=]: Q=021
i=0iU2e0: N=}

30 «0SUB 310

40 IF PF=0 THEN &0

S PRINT #1,AS:PRINT #1
60 INPUT "End ineut by »#
ntering ":122%

70 INPUT "X = "1XXS:IF X
XE="E (R AXS="e*THEM 160

80 X=VAL (XX$):IF PF=0 TH

EN 100

90 PRINT #1."%X= ":%

100 INPUT “Y=2 *1vyy$:1IF
YY$=*E"0R YYS$="¢"THEN 14
D

110 YsYRAL (YYS$):IF PF=Q 7
HEN 130 '

120 PRINT ¥#1,%¥= "1¥vy

130 MisT1+1:T8=TE+LNCX) ¢
TOsTI+LNCXI~Z UQ=2D+LN (Y
JiUl=myLl+LN(Y)~2

140 U2=U2+LHN (X)) #LN (YY)
145 NaN+131UCN) aXiV (N) =Y
150 01D 70

160 RS=T{#T9=TR4T8

170 Si1=(T9+U0=-TE#02) /RS
R=EXP (S1) '

180 S2=(T1#U2-T3#U0) 7RS:
B=52

190 RR=(S1#UQ+S2%U2-U0sU
0778 7CU1=U0#VD/T 1D

200 RS=1=-{1-RR)*#(T1-1>~¢(
Ti-2)

210 PAUSE RLLIPRINT #PF.+
Yaz *IR

220 PRINT #PF»"b= ":3B
230 INAGE #8984, SESENREN
240 PRINTY #PF,"RR= .
JIPRINT #PF2USING 230sRR
2350 PRINT #PF:"Corr.RRa"
}sPRINT #PF:USING 230,RS
253 INPUT "Disrlav resid
uals? Y/N “128:1F 2%="y"
OR 2%$»"y"THEN SOSUB 300
260 INPUT “Predict Y7 Y/
N “1Z8tIF Z28="N"(R Z8="n
*THEN 280

270 GOSUB 370: INPUT °*Y a
2in? Y/N "$28:1F Z8="y"
OR 2$="y"THEN 270
280 INPUT "fAdd more data
? Y7H "128:1F 28=*Y*0R 2
$=2"y*THEN 70

290 INPUT "New calculati
on? Y/7H "328:IF 28="Y"QR
283" y*THEN 20 -
300 END

310 REM #2&Printer?ans
320 IF PF=t THEN CLOSE #
1iPFe(

330 INPUT "Use Printer?
Y7/N "$NS

340 IF NS="Y DR NS="y"TH
EN PF=} ELSE 340

350 OPEN #1,"12%,0UTPUT
360 PRINT SPF:RETURN

370 REM %+ Predict ¥ #3
380 INPUT “X= *:%¥X

390 PRINT #PF)"%= *ixX
400 YYsRAEXX"D

410 PRINT #PF,"Ys "3YY
420 RETURN

900 REN =% Residuals #»
510 S1=0:82=0

920 FOR I=1 TO N

930 DeV(I)=RaUCI)~B:S1=S
1+4D1S2x52+D2)

340 PRINT #PF."d“4STRS (I
ye'="3)

950 NEXT 1

360 PRINT #PFy"d ave = "
3S1/N

970 PRINT #PF,"d RMS =
I1SQR(S2-N)

380 RETURNM

21
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ANOTHER SIMULTANEOUS EQUATION SOLUTIOR - In V1i2K3P4-7 1 reviewed

three books of BASIC progranma
which were co-authored by former TI PPC Notea editor Neurice Swinnen.
The programa are written in Sharp BASIC which contains sofe unigue
coamands which are not aveailable with the TI-74. An example

converaion of a program from the Statistics Library was provided.

Although the contents of the Nathematics Library book ware liated on
Vi2N3P5, the book did not become available until after V12N3 was
printed. When it arrived I converted the simultanecus equations
progrem for use with the TI-74 ao I could compare its capability wath
similar programs published in earlier issuea. The liating for the
converted program on page 13 wes made using the HX-1000 end e cable
like thet described in Vi2N3P13. Comments on the conversion follow:

Lines 10 through 210 set the dimensioning, call the subroutine which
selects the printer options, and provide for deta input. Appropraiate

changea have been made to accommodate the differences between
nachines.

All of the programs in the Mathemetics Library use the atatement
COSUB "PRINTER?" in line 20 to call the printer option aubroutine, and

the firat line of the subroutine is the statement “PRINTER?". Thas
indicetes thet Sharp BASIC has a labal capebility that ia not
available on the Ti-74 or CC-40. The GOSUB 800 atatement at line 30
of the convera:on providea the equivelent result. The programs in the

Stetiatics Library and the Electricsel Engineering Library did not use
the label capability.

Lines 220 through 720 which mechanize the solution equations are
nearly identicel to the program in the book. The only changea are the

replacement of GOTO with THEN in lines 230, 240, 350, 390, 420, 590,
710 and 720.

Lines 730 through 790 provide for output of the solution. Again,

appropriste changes ware made to accommodate the differencea betweaen
nachines. '

Line 800 through 830 provide for selection of the printer option. The
subroutine provides prompting for use of either the PC-324 or HX-1000.
Line 880 selects the compraased print (36 characters per line) option
of the HX-1000 to avoid the wrsparound which would occur with the 18
character per line normal mode.

Aa with the conversaion in V1i2N3P6-7 the BEEP 2 statesments which appear

in the bock were deleted since the TI-74 does not have a BEEP
capability. CC-40 users can replace the BEEP 2 statements wath
BISPLAY BEEP.

Linea 790 through 810 and 910 through 830 in the program in the book
provide an option to soclve another problem without going through the
printer sslection proceas agein. That capebility waa not provided in
the tranalation. To solve snother problem with the translation saimply
run the program again. The RUN comaand zeroes all the variables.

A full set of prompts are provided with the progran. Each egustion 1a
entered in order. The matrix of coefficients of tha varisbles is
atored in the two dimensional A array. The vector of conatants ia

atored in the one dimensional B array. The solutions ere derived in
the X array.
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FOR J=1J TO N
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Tl PPC NOTES ViZ2N4P1l3
Another Simultaneous Eguation Solution - (cont)
Progremn Listing:

10 A$="Simultaneou 358 If ABS(A(J,I1)) 708 I=]-1
¢ Equationsg":PRINT {BC THEN 380 218 1IF 158 THEN &4
As$: PAUSE 2 360 BC=ABS(A(J,1)) %)
20 DIM A(22,22),8BI 3790 L=J 728 1F Z<>! THEN ?
22}, X(22) 380 NEXT J %)% |
30 GOSuB 800 380 1IF BLC<>@ THEN 730 PRINT #&PF, "No
40 IF PF=0 THEN 2@ 420 Solution Found":IF
58 PRINT #1,AS$ 480 Z2=1 PF=0 THEN PAUSE
60 PRINT #! 410 GOTO ~2@ 740 GOTO 785
70 INPUT "Number o 42¢ IF L=1 THEN 51 758 PAUSE ALL:FOR
f equﬁtions = ? "3 % =1 TO N
N 430 FOR J=] TO N 760 J1]1$=STRS$(]): XX
162 FOR I=1 TO N 440 G=A(L,J) ¢="X("&]J®&" )= "
110 FOR J=1 TO N 450 AlLyJI)=AR{],J) 778 PRINT #PF,XX$;
120 11¢=STR$(]):JJ 460 A(1,J)=06 XCI)
$=STR${JI:AAS="A(" 470 NEXT J 780 NEXT I
LIfsa,"gJJ8R" )= 0 482 G=B(L) 7285 IF PF=1 THEN P
1490 INPUT AAS$;A(], 499 BI(LJ)=B(I) RINT #1
J) 580 B(1)=G 79@ STOP

158 PRINT #PF, AAS; 510 FOR J=IJ TO N B0@ IF PF=1 THEN C
ACl, J) 520 T=A(J,1)7A(],] LOSE #1:PF=0
168 NEXT J J 818 INPUT "Use pri
170 BB$="B("&]I6&" 536 FOR K=1J TO N nter? Y/N "j}N$

= 540 A(J,KI)=A(J,K]~- B20 IF N&="Y“OR NS$
190 INPUT BB$;B(I) TXA(I,K) =y THEN PF=1 ELSE
202 PRINT #PF,BBS; 550 NEXT K 830
B(I) 566 B(J)=B(J)-TxB( B30 PRINT "Dewvice
212 PRINT #PF:NEXT 1) Numbers: “:PAUSE 2

1 570 NEXT J B40 PRINT “*For the
220 2=0¢ 580 NEXT 1 HX-10080 enter 10
230 1F N<>B THEN 2 598 IF A(INYNICB T :PAUSE 2
S0 HEN 6206 B850 PRINT "For the
240 IF A(l,1)=0 TH 680 2=1 PC-324 enter (2"
EN 270 618 GOTO 220 PAUSE 2
258 X(1)=B(1)sA(1, 628 X(NI)=BINJI/7A(N, 86@ INPUT "Enter d
1) N) evice number "i;D$
260 GOTO 120 638 I=N-1 870 OPEN #1,Ds,0UT
270 Z=1 640 $=0 PUT
280 GOTO /20 6568 I1J=1+1 8828 IF Dé="10"THEN
298 M=N-1] 660 FOR J=1J TO N PRINT #1,CHR$(18)
300 FOR I=1 TO M 670 S=S+A(],JI%xX(J 892 PRINT #PF:RETU
310 BC=ABS(A(I, 1)) ) RN
320 L=1 680 NEXT J 989 END
330 1J=1+1 690 X(I1J)=(B{(IJ)-S)~
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Another Simultaneous Esultion Solutaion - (cont)

One of the important features of the Swinnen books is the provision ot
exanpie problems for each progrem. The two exanples for the
aisuitenecus egquationa progran are.

iza « 22b + 33c = 15 and b - 2c = -8

23a + 34b +« S6¢c = 18 b+« ¢ = 7
e+ 2b+ 3c = 7 2b - e = 10
The exact solution for the farst

exsaple 18 & = -62, b = -46.8
and C = 54.2 . Seample printouts

Simultanecus Equations

fimitancssus Eaual lane

for the firat problem with both AClyio=s 12 ML
the PC-324 and the HX-1000 are H(ly2i= 22 Al 8 B
1llustrated et the raight. The ACly2)= 3% i) 18
apparently exact sclution from Bcl,=z 1% :::;:: :
the program i1a 8 result of the 2,3 =
ten digait ocutput format of the RiZri)® 2o e
print statement. If PRINT USING Azs2r= 34 e %
with the format WHN.WNNNNINNENN R2y3r= S A3, 3e 3

B(2)= 1§ $3= >

vere used the praintout would be?

Nil)» -4R.
Nik)s =48.8
NLCX)e .12

M{(3s1)=
R(Sr2>=E
B(3y3)=
B 7

g, JUCOCDNO024
~4¢. 0000000027

e, 2D00000unzQ

where those values are about Xii)e =62,
R00 times more accurate than X(2)® =4&.7¢
the valuea ahown in the book X(3)= D4,2
for one of the Sharp machines.

A more demanding teat of a sisultanecus equation solver is the 7x/ sub
-Hilbert proposed by George Thomson in VBNEP18 together with the teat
of the solution to the sub-Hilbert proposed by Jamesa Walters in

VGN2P18. The reaults for this program were.

Exact Solution Walters Teat
56 56 .00068891 1.0000000000
-1%512 -1512.0161%6 0.9999999970
12600 -32600.119 1.0000000020
-46200 -46200,.391 0.9999999973
83160 83160.63758 0.9999999980
-72072 «72072.50%508 0.9998999973
L. #4024 24024 .15504 0.9999999983

Max Error 1.23E-05 3.0E-09

RMSE Error 2.2E-09

S.07E-06

The ahorter row reduction program from VBNGP20 yields an RNS error for
the sclution of 2.57E-06 and an RMS error for the Walters test of
1.43E-08. The errora from the progras from the Mathematica Library
are five times larger for the solution and saix times ansller for the
Walters test. Either program yields results which compare favorably
with results from other progrems and machineas. The row reduction
progras presented in VBNEP20 was incorporeted inte the the least
agquare progrems on Vi2N1Pl4 end V12N2P21.
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probiem from the book.
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Another Simultaneocus Eguttion Scolution - (cnﬁt)

The aecond example in the book is e tast of the
ability of the program to recognize indeterminste
seta of egquetiona. The printout et the upper

right illuatratea the messsge "No Solution Found”
for thia problenm,.

Note that you muat enter the 2ero coefficienta in
the example. Clearly, the determinant of the
patrix of coefficientas ias zero. What about other
cases where the determinant ia zero such aa

12a +» 22b + 33c = 15 and 128 +« 22b +» 33c = 15
ls + 2pb +«+ 3¢ = 7 la + 2b + 3c = 7
28 + 4b + 6¢c = 14 2a + 4b ¢« 6c = 2i;

where we recognize that the system at the lefit has
many solutions and the ayste» at the right hes no
acoluvtion. The middle and lower printouta at the
ieft ahow the reaults from the progrem. How do

other linear eguation solution programs reapond to
these indeterminate problema?

The Matrices (MAT) program in the Tl-74

Masthematics Library gives the maessage “THE SYSTEMNM
1S SINGULAR" for both problena.

The row reduction program from VBNG6P20 yields the
messege ... Division by Zero" for all three
problema where the determineant should be zero.

The Inversion/Linear Syatems progrem in the TI-95
Mathematics Library yields the message “SINGULAR"
for the second problem from the book, and the
determinant is zero. The determinant for the
natrix of coefficients for the two problema above
18 i.2e¢-12, not zero. The probles at the left
yields the solution -62, =-350.5 and 56 .66666667
which ia different from theat from the progrem from
the book, but as aisoc a soclution. The problem at
the right yieids -132.0833333, ~-i.75el3 and
1.166667e13 whaich a2sa not a soclutaon.

The ML-02 program in the TI-59 Master Laibrary
vields zero for the determinant for the second

The determinant for the
matrix of coefficients for the two problems above
18 -1.2e-12, not zero. The problem at the left
vields the solution -62, -60.5 and 63.33333333
which ias different from thet from the progrem from
the book or from the TI-95 Methematicas Library,
but 1a alaoc a solution. The problems at the raight

vielda -123.75, =-1.75€13 and 1.166667el3 whach is
not & soiution.

----------_--‘—----—---'---“--“---'—-----'—-—'-ﬁ---*----—
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Simultanecus Equations

ACly1>= 0
R{ly2)= |
R(1y3)= =2
B(i)= =B

Acgy1)= O
A{Zy2)=
A(zy3)=s 1 \
B<2os 7

Hi3s122 O
A(3:2) 2
A(313)= -]
E(H= 10

Mo Solution Found

Cimultaneous Eauation:

H{lseld= 1¢
A(ls2)=s 22
HCly3) 38

Eild)s 1S

HéEZy 1)z ]

f(z2e20= 2

RiZe3)= 3

B(2y= 7

Kissiv=s 2 ]
Hi3y2)= 4

H{313)= b

3= 14

X(1)s =62 |

X(2)= O
X(3)s 2Z.66666667

Simulitanecus Edvations

Mila3)= &

E{l)= 1%

Hizaiv=e

R(2s2)® 2 '
Aizry)=

Bi2)>s 7

R(3: 1) ¢

R(3:y2>= 4

H(3:3)= &

8(3)=s 21
X{1)= =82, 0B333334
K(2)= -?|E+12
X(3)s 4.666867E+12
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FIVE FUNCTION CURVE FIT - Thas program was written
in reaponse to reguests
for a Tl-74 curve fit program which would be
versatile, but essier to use than some of the
recently published programa. 1 decided to model
the program after the Forecasting - Auto Curve
Choice proaram i1n the Reel Eatate/Investment Solad
State mocule for the TIiI-59. That program tests the
capabilaity of four functions--linear, power,
exponentiali ano logaraithmic--to fait the anput date,
selecta the function which yieids the largesat
coefficient of determinetion (rt), and provides the
ebiiity to calculate values for y as a function of
% using the selected best fit function. Thas
program provides the same capability, adds the
hyperbolyc function, selects the beat fit based on
the largest magnitude of the correlation
coefficient (r), and saves the input data pairs ao
that the reaidual errora can be examined. That
capabilaity 3a particulery helpful in identifyang
wiid data pointa. The program also providea for
operetor intervention to select one of the
functiona for fitting, & capability which wea also
aveilabie in the Real Estate/Investmant module.

The proaram includes a fairly compiete set of
prompts. Users are cautioned that the uae of zero
or negetive input values will cause the "Fand Best
Fit"” optaion to ebort. If non-positive anput values
are reguired for the fat then individuel functions
may be used asccording to the following teble:

Linear No lamita on anput valiues.
Exponential Y input must be positive.

Power ¥ and Y input must be positaive.
Logarathmac X input must be positive.
Hyperbolaic X input may hot be Zzero.

In aome casee the user may find that @& rule against
zero veiues can be& circumvented by replacing the
zero by a very amall positive nunber.

The sample printout at the right waa made with the
SHX-1000. You may recognize the test problems as
being from Maurice Swinnen’s Statistaics Library
book. When run without a printer the program
pauses to permit the user to vaiew the output.

The listing on page 25 was printed with the PC-324.

In the next ismsue ] will try to present a TI-95
equivalent.

Curwve Fitiar

Kw 1

3.
Ke 2
Y& 7.4
Xw= 3
Y= 132
K= &
T= 10.8
Xe B
Y= 2

Find the Bust FIi

Sslution tar v = & + by

L |

] a &%,/

r e (BB21X2437
aan = @

S0 iyl lon fopr y = g b

& L] E;miﬂa N
b w . SE/SDEEL7S
r m 787

aean = -, LOBA1DAAD
e = 1. 9S1979]4

e lution far y = b

a = 3. JL1L2482973
b = L. 18842740
r o DhRp: s
-Nen E '-“1312'11
rim = .N27700287

Selution for y = g4 #+ BLAlx)

& e 1.481208000
b w  1i. 2900200
r = V1IN
amaen = B.E-1% }
e = L.7780L02

Balutison fer y. & & % brx

a » 21.3452017%
] = = 20000578 -
L4 a = 4Rl 2977

Beat tit I ¥ = ax™b
fee idusin far y = b

di = -~ BLL247292
i2 = R0
13 = 4100350
#4 « - PE7I447D0
43 = -~ 2000,

Pradict v for v » grd

e " 3.2Li72402%3
b L1804 2480

x i 3
pix) = L1, 908893¢C

Curwva Filtiar

X+ J

Ys» B8.%

Ke 5

Y= B2

X= 2

Y= 801

X = 93

Y= (.4

xe 1l

e il.1

B lut lon far » = a % bunin]
4 = 2.001100882
] = 3. 540748323
T « 20 iannd
amah = li“‘il
e = SPOTSOE2T]

Bed tduais for v = & + bloix]

41 = SIS
€2 = - BB N0

43 = W7 1780688.
4 = BEER29RIL
d8 = -, ENA0ORDdRs

Pradict v for v & & + bln(xl

a s 2. 001100083
| 5 = 3,548748923

» L 3
r‘!:' w “-mlm
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Five Function Curve Fit - (cont)

Program Liating:

10 RE="Curve Fitter":PR]

NT A$:PRUSE 1

11 BEC(l)="Linear .

tC8(ld)="y = 2 + Hhu™

12 BE(2)="ExPonential "

1C3¢2)="y = ae~bx"

13 BE(3)="Power ¥

CFA)="y = ax~p"

14 BE{(4)="Lodarithmic *

1C8d4)="y = 3 + bHLn(x)"

19 BE<S)="Hyperbolix "

CE5)="y = a2 + by

16 BE(5)="Find the Best

I.lt“ :-.

20 DIM H(ED) Y {50

25 INPUT “lUsa printer? ¢
“'23

SD IF 28="Y"0R 2$="u“THE

N PN=1 ELSE 70

39 PRINT "Device Numbers

t"IPRUSE |

40 PRINT “For the HX-100

J enter 10":PAUSE {

45 PRINT *For the PC~-324

enter 12":PRUSE |

50 INPUT “Enter devica n

umber "3D3%

55 OPEN #1.3%,0QUTPUT

60 IF DE="10"THEN PRINT

$1sCHRICLIS)

63 PRINT #1:PRINT #1+A%

70 PRINT sPN

100 PRINT "End InkPut by

entering E"IPRLSE 1

100 PRINT “Zero or nedat
ive inkbuts will":PARUSE 1
110 PRINT “prevent some

solution options™:PRUSE
1

115 N=1i
120 X$="¥
125 Y§="Y
130 INPUT XB3xX33IF XX%=
"E'OR XXE="e"THEN 170
135 INPUT Y3:YYS:IF Y¥$=
"E'OR YYS="e“THEN {70
140 X (N =YAL (XX$)

145 7Y (NI =VAL (YY$)

150 IF PN=]Q THEN 165

1535 PRINT #PN3sX$:X(N)
160 PRINT #PNsYS:YI(N)
165 N=N+1:60TD 130

170 N=N=-1

179 PRINT "Tne Redressio

n drtions aret”!PAUSE !
180 FOR I=1 TO 6

183 PRINT STRE(I)&" - "3

BS (I)&CS (1) s PRUSE 2

190 NEXT 1

200 INPUT "Which Ortion?
"iP

2035 IF P=6 THEN PRINT #pP
N:PRINT #PNsBS(6):P=1:Q=
6

213 $1=0:52=0:83=0:54=3:
S$5=0

220 FOR I=1 TO N

22% UsX(I):V¥=Y(l)

230 IF P=2 OR P=3 THEN V
=LNCY)

239 1F P=2 0OR P=4 THEN U
=N U

240 IF P=5 THEN U={-U
2435 S1=51+:52=52+U%y
230 S3=S3+YiS4=S4+ Yy
235 SI=55+U*VINEXT I

260 DET=N#52-S14S1

265 IF DET=0 THEN PRINT
"“determinant = O":PRUSE
270 R¢P)=(S3%52-5%5%51)/D
ET

279 BeP)=(N#S5-51%53)/DE
T

280 IF P=2 OR P=3 THEN A
(P)=EXP CACPY)

290 R(P)=(55-~-S51%53/N)/8a
R{(S2-51%S1/N) # (54-S3%83
/N>)

299 2=1:60SUR 800

300 PRINT #PN:PRINT #PNs
"Solution for “&CS(P):IF
PN={) THEN PHUSE

305 PRINT #PN:PAUSE RLL
310 PRINT #PNs"a = "3
R{P)

3195 PRINT #FNs"d
B(P)

328 PRINT #PHNs"r
R(P) .

329 PRINT #PNs"mean = "
MCP)

330 PRINT #PNs"rms
RMS (P)

339 PAUSE Q:PRINT
340 IF G=¢& HNDR P<{5 THEN
P=P+1:607T0 2195

345 IF G<>& THEN 400

350 RM=ABS(R{1DY:iR]=]
399 FOR I=2 T3 S

360 IF RBSC(R(I})>RM THEN
RM=HES(R(I)):RI=]

3635 NEXT 1

370 PRINT #PNIPRUSE ALL -

37% P=RI

380 PRINT #PN;“Best fit
is “&C3(P

385 PRUSE O

400 Y$="Residuals for "&
CS <P

405 INPUT YS3&* 2 ";2Z%
410 IF 2%="N"OR 28="n"TH
EN 300

Vi2N4PpP25

415 PRINT #PN:PRINT #PN»

YEIPRINT #PN

420 2=2

423 GOSUB 2309

500 Y$="Predict v for "&

CSCP)

903 INPUT Y3&" 2 "12%

310 IF Z%$="N"QOR 2%="n“"TH

EN 600

915 PRINT #PN:PRINT #PNs

YS:PRINT #PN

920 PRINT #PMNs“a = ":R(P

»

923 PRINT #PNs"b = ":1EB<(D

)

930 PRINT #PN

935 X¥='x = "sY¥Ps="y(x

) = ¢

540 INPUT X330 .

943 PRUSE RLL:PRINT #PN

X8 U

320 v=0:2=3:608UB 815

995 PRINT #PMyY$3-~D

260 PAUSE Q:PRINT #PN

965 INPUT "Tryv another x
(Y/N) 2 ":12%

270 IF Z§="%¥"0R Z2$="4"TH

EN 540

o0C INPUT *Try another o

ption CY/NY 2 "3i2Z%

610 IF Z2%3="Y"0OR Z2$="4"TH

EN 4=0:60T0 175

799 STOP

300 S51=0:52=0

805 FOR I=1 TO N

810 Us=X<{I):iv¥sY (I

815 ON P GOTO 3820 325:9?

08351840

820 D=%-R{1)~-B(1)#y:6070
8495

829 D=Y-A(Z)*EXP (B (2} #i}
:60TU 845

820 D=s¥=-R(D+U B 6070
£49

839 D=VY-R{P - B(4)*LHfU>

GOTO 845

840 D=Y-H{5)~B(5)

845 ON 2 6OTD 870,350,249
0

850 DE="d"&STRS (D)

995 IF I<10 THEN D%=D%a"

860 DE=]%L" = "

8635 PRINT #PM»D$:D:IF PN
=0 THEN PRUSE

870 51=51+D:52=82+*]
875 NEXT I

880 MIP>=S1/N

885 RMS(P)=SQR{52/N)

890 RETURN

999 END
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-

NANY DIGIT SQUARE ROOT IN BASIC - Larry Leeda

Larry writeas Baaic programs on the Radio Sheck Model 100
which ia a fourteen digit, baae 10 machine. Conversion for
use on the CC-40 and TI-74, which are 13-14 digit, base 100
mRechinea, ia typically straightforward. But this progras
for caiculstion of aultaiprecision aquare roots was
diffarent. The prograa liating ia at the right. Larry’a
inatructiona were "Move the decismal point two placea at a
timne until the remaining integer is one or two digita. I
one digit, partition with seven digita in the fairat group,
with the remaining groups aix digits each. If two digita,
partition with six digits in each group. Add trailing
zeroesa to the laat group 1f needed.” In reaponae to the
progras prompta you ahould provide twice aa sany digits for
N as for the aguare root of N,

Line 70 is provided to make it possible to generate aquare
roots of integers without entering all of the treiling
zeroes. fror J3 sisply resove the REM indicetion. For
aquare roots of other integers nake a auitable replaceaent
for the 3.E+06 in line 70.

Page 21 includes a ahort eddition to the program which makes
it possible to run a test problem» which yields an anaver of
20 blocks of all nines. With steps 800-870 in place simply
enter RUN 800 in the display, press ENTER, and wait about
ainute for the solution to appear in the display.

The first probleas that 1 tried with this program were
aquare roots of single digit integers. The sqQuare roots of
2, 6, and 8 vere noraal, but the aquare roots of 3, 5, and 7
vielded negative values in the third block of the output.
Teats of the aquare roots of 2, 3, 5, 6, 7, and 8 for 100
blocks (600 digita) did not ahow negative velues in the
output at any other poaition. The progrem» was modified to
work with five digit blocka to aee if the problea would be
clesred. (VI2N2P12 had reported that another program had
problana when converted froma the Nodel 100 to the TI-74, anc
the probiess were cleared by changing £rom aix digit blocka
to five digit blocka.) The moiutiona for and J5'9¢rt
correct, but the soclution for Jg'cantinUQd to have a
negative value for the third block. The printouta for the
firat six blocks of J§*lnd ngart ahown below for both the
s1x digit and five digat block prograas.

1732050 2236087
U756 977500
4. =122707 -2103C4

22360¢
79775
0-211

69640
91736
68731

- 527446 409173
341505 668731
87236€ 276235

The same problem did not appear with the Nodel 100
isplenentation. Cosparative testing isolated the socurce of
the Ti-74 probles to the first ateatement in line 150,
Teating with the atatesment D=INT(CeZ)+1 changed to
D=INT(Ce2Z) showed that the negative output problerm had been
elininated for the aguare roots of 3, 5, and 7. See the
prantouts for J3 and Jgﬁan the naxt page.

10 DIm N(200)

20 2=i.E+0¢: ju]

30 PRINT 248 SQR(N) s2#
“:1PAUSE 2

35 IRPUT "Use Printer Y/
N?"*i28

40 1F 28="NH"0R 28%="n"THE
N 350

4 PHs110PEN @),"12%,DUT
PLT

S0 INPUT ®Nusber of $rou
#s in Sqr i) 2 *iy

#0 IMPUT "Musber of 4rou |
*3 in M ? "X i
70 REM N(1)=3,E+06:80TD
i1S

80 FOR 1=] 7D X

90 HE="H("LSTRYCIHL")Y =
[ |

100 INPUT WSINC(I)INEXT ]
115 PRINT “"wait®

120 ASNCII4273eN (e i) 82"
2

- 130 P=SGR(R) 72

140 C=3-INT (i

150 DsINT(CaZ)+1iBwE-C
160 NCJel) =M (J)aZeNt T+,
-3*2

170 I=3e2iN()=-1)=B

180 N(J)=DifFuig-1:Cri+!
200 MWaG-FilL=M: )N

210 NCJ+LYeN (D) aZ4R(J+1)
tR{J)alt]Ju]e]

220 JuaJeH=1iKxeH=11 Rx)K: D=
J3C=2

250 MeN())+L~2=N(K) 8D
260 L=l 2+2

270 PeC~INT{C)

280 CsC=PiN(J)uPe?

290 KaK=11)sl=1tHuH=-]
J00 JF HSY0 THEN 2%0

J10 1F C=2 THEN 400

320 A= (C-2)82: JuJ+IN(D)
2N (J)+N

330 IF m)=2 THEN 400

340 C=0:DaD-3tmWuliKaR: I |
Qi (JIN(J)#]

330 FOR Y=x TO | STEP =} {
360 Ce(MCK)+N(I)+L) 72

370 M=C-INT{O)

380 N(J)mnaZiCalaMiKaK=1
tJe)=1tNEXT ¥

290 ImJeliNCXeN()YeLa2:
N{R)=]

400 HeL=1IKBAIN(K) ENCK) +
b

410 FDR Y=an TO | STEP -t
420 IF N(K)<{2 THEM 440
430 Can(K) /72 MeC=-INT ()
440 W(K)aPM4Z:Col=MiKsK~]
450 N N(KY+CINEXT Y
460 Fub=1:[F FOOO THEN &
#1¥ {
470 MWuL:kad:Cx({

490 N(K)s (NCK)+C) 2

SO0 MeN(K)=INT(NK))
S10 OO RNIK) =P emMaza?
920 KeKel:Her=1}1F M< M !
THEN 499

930 PRUSE ALL:FOR I=0 70
¥

40 Leb-LEN(STRE(N(I1 )¢
IF L<0 THEN iL=(

S50 NS=RPTS (D" L)LETRS ¢
N(1))

$60 PRINT SPNINS:NEXYT 1:

END

600 Keps2

610 R C(NCK)82%N(Ke]1)) D
*N(K+2))$ZoN(K#3)

65 K=K+

620 SE((NC(D)RZH#NCL))#2eN
(2))

630 ToM /81D INT(T)RzR+]
INCR) =] |

640 6070 200
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Many Digat Sguare Root ig Basic - (cont)

gallixndq(:iJsli2=: E«

FOR K=] TC 1%

N(K) 999999 NEXT K
N(20)=999998

FOR Ksgi 7D 39

N =DINEXT K
N{40) =]

1732050 2236067
BO7368 77499
e7re93 789696

27446 409173
341505 68731
7238k 276430

G0TD 11%

No other probiems have been identifiedc to date with this change in place.

Furthersore, no problem has been identified when the same change is »ede to the
Model 100 program. Even 80, we were unesasy.

Kyer Boland rarn the program on hisa TlI-99/4 whaich haa the sene 13/14 digit, baae 100
aechanization ae the Ti-74 and CC-40. He found the asme negative value probies 1in

the thiro block of the output. Hia soclution waas to change the first part of the

user instryctions to “Move the decimal point two placea at & time untii the .
TeR8iNning integer 18 one or two digita. If one digit, partation with five cigits in
the first éroup, with the remaining groups six digits each. ... ". Thus, to scive

for the square rooct of three, the farst input block would be 30000. No propierms

have been identifiec with this method on either the TI-99/4, the Tl-74¢ or the Mode:
100. The praintouts for the sgquare roota of 2, 3, S5, 6, 7 and 8 are:

141421 173205 223606 24494

264575 282842
356,537 GEDTEE 797749 97427k 131106 712474
304504 GE77EY $78%¢9 317809 459054 61900¢
BR0168 | 252744 640917 8197z% 0301€1 760337
872420 634150 66877 407470 975363 744541
$69:507 5875k 187623 589139 926042 939615

in a aenae the negative output i1a correct. Consider the asguare root of five
aciution where the asecond and thaird linea are 977500 and ~210304. If & one 21
borrowed from the second line i1t becomes 977499, If the »agnitude of the third lane
is subtracted fromn the borrowed 1000000 the third line becomeas 789696. The mocifiec
linea are correct. This suggesatsa another aoclution for the negative output probien:

818piy scan the sociution before disaplaying or printing it. JIf any group is negative
perfora the borrowing proceas outlined above. |

Althouagh the negative output has only appeared in the thiro group of any soiution
that has been tried to date soke experimentation will show that negestive values have
apear¢o i1n other groupa while the program is running. Thia ability to reach
“correct” aclutiona even if aome of the slenenta becoae negative suggests that the
slgorithm ia particularliy forgiving. Can one of our aembers expiain?
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BOOK REVIEW - TI-74 BASICALC Technical Data Manual. Thia 30 psge
aanual was snnounced on page 8 of the latest issue of

Programmable Calculator Newa. It ias available from Tl for ten

dollara. Call 1-800-TI-CARES for the latest information on ordering.

The manual includea descriptive text, block diagramsas, schematicsa,

AenOory sapa, and interfece details. A auast document for those who
want to delve deeply into the workinga of the TI-74,

-“------_---_'_'--"-"--'--——------‘-‘----‘-"_------‘-‘---‘--‘--—‘--_--------ﬁh----ﬁﬁ



TI PPC NOTES V12N3P19

- MULTIPLE LINEAR REGRESSION WITH TWO VARIABLES - P. Henson. I needed & linear

regression with two varisbles for en
applicetion where I work. 1 modified a Nodel 100 program for regresasion with uaer
defined functions similer to that on V12K1Pi4. I needed a sample problea to check
the capability of the modified progrss snd reseabered that there was an equivaient
progras anc s sample probles in the Statistics Library book reviewvad on pege 4 of
this issue. When 1 entered the values from the teble on page 50 of the bodk 1 got
ansvers that were different from those listed on page 51 of the book. 1 knew that
the different numerical precision of the Model 100 and the Sharp mschanes ano the
different methods of aclution would lesd to socaswhat different results, but the
actua. difference seemed too large. 1 then converted the program from the boox tor
the Mode. 100, entered the sasple probles froa page S0 of the bock, and got an
ansvwer which agreed with the result with »y modified version of the user definec
function progras to seven decimel places. After a considerable amount of racnecking
of programs anc dates entraes 1 found that there vas a typographic error in the tabje
in the bocxk. The first y value in the table was listed as -9.9 when 1t should have
been ~9.99°.
One thing that this exercise did prove 1s how versatile the progra» from V1IZNiP.i4
1s. The only changes required to accept two independent variables W anc X, ano one
dependent variable Y are:

1. ASdd W(S0) in line 100.

2. Add the following linea:
143 AS="W"LSTRS(I)&™ = “IINPUT AS;W(])
246 IF PN<>O THEN PRINT #PN,As,W(])

3, For & linesr regression with two varisblea enter the
foilowing user defined functions at the end of the prograa:

- r
o) L)
m N
= £ o)
~l

]
-

810 F(id=l yé = 4
830 F(3)=X (L) '
840 RETUKN v§ = £
x: * 9.92
Yo = '5153
The prantout from & scdifiedc TiI-74 progras for the sample
probles from the Statistics Library book appesrs at the :5‘ 6
b = 1%
right. Sose other solutions for the sane aanple probles ars: YE ® -16.95
¥? = 7
X7 = 19, $€
Y7 = -26.37
Sharp from 53,.55751069 -12.08011876 0.1317365269 B1 = 83, 5E7509EE
the booX, Re = -12.080:1194%
pagea S0-51 A3 = 1317364727
.I'-T":.’.“"'.-' ' dl = -, 001343022
Model 100, 53.9575106929 -12.080119760479 0.13173652694611 ¢2 = ~, 0012232672
: €3 = 00284585882
book method ¢4 = 0029683456
¢35 = -, 0016424302
66 = - 00ZE4DL33E
47 = 0012318219

Kodel 100, 53.53750998008 -12.080119522791 0.13173647935745

converted
from V12N1Pl4

Mean = 4, 2B37L4E-13

. 0028507199

On the next page we will see & more dramstic illuatration
of the differancea between solutiona on different aachines.

------—.----.---------—l--#—-—---—-------------------------ﬁ-------- ----------------------
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CALENDAR PROGRAM FOR THE TI-74 - P. Hanson.

Long tine members know that ] e» fascineted by cslendar
printing prograzs, and so will not be surprised that I
have wraitten one for the TI-74. In this case the
progras alsc serves to illustrate the differences in
the printing capability of the T1-74/PC-324¢ end the
CC-40/HX-1000,

A celendsr progres for the CC-40/HX-1000 appesred in
VBRSP8., Allowing two characteras for sach dete ansd one
apace between detes yields 20 characters as the hinisus
nuaber needed per line. That was the formet used on
the TI-36/PC-100 prograss where the PC-100 provided
exactly 20 characters per line. The HX-1000 provided
two print modes, either 18 characters per line or 36
characters per line. One solution would have been to
use the 18 character per line sode and the Europesn
forsat as in Deve Leising’s celendar program for the
TI-66/PC-200. I chose another alternstive: the progras
in VONOP8 used the 18 character mode for the month and
Year, and avitched to the 36 charscter mode for the
days of the wveek and the datea. Three-letter
abbrevistions were used for the days of the week. The
actua: prograr was s ainiaum change version of an
ear.ier program I had written to diapley a calendar on
the acreen of ay Nodel 100. A sample printout from the
CC-40/HX-1000 program appesrs beiow. The use of two
character sizes provides an sttractive format.

Printout of a aingle month required about 21 seconds,
agonizingly slow by TI-59 standarda where Patrick
Acoste’s progrem in VON2P7 prints out @ & full year in
only 83 seconds when running in fast aode.

The program at the right is a modificstion of the CC-40
progran for use with the TI-74/PC-324. The necessary
acdification accomsodates the 24 chsracter print width
of the PC-324 by returning to a format similar to that
used with the TI-59/PC-100, thet is esch column
aeparated froma the next by only one apace, and two-

letter abbreviations for the days of the wveak. I also

cleaned up the progras by removing the subacript
notstion for the individuasl lines of the calendar. I
cen’t recell why I used subscripts in the first place.
A representative printout eppears below. A month ecan
be printed in nine seconds, about the sase speed as the
TI-59/PC-100 in fast msode, and much faster than the
CC-40/HX-1000.,

s .,%;..'.

CC-40/HX-1000 TI-74/PC-324

FEBRUARY 1900

BN v ME MDD DU MI
T T 3

FEBRUARY 2000
Su Mo Tu We Th Fr S,

1 2 2 4 S
& 7 8 9 10 1t 12

13 14 15 16 17 18 19

el 21 22 23 24 25 2¢

W
v
e 27 28 29

100 BIm GCi2)

105 DATA 215289514200 %1
30:31931130:31530) 21

110 FOR I=1 TD 12:REAI @
CI)SMNEXT 1

115 DRTA “JANUARY ", "FE
BRURRY "» *MARCH "y "HF

RIL "y "MAY "y " JUL
NE N
120 DATR "JULY “+ "RU

GuUST “3y*SEFPTEMEBER"."D(
TOBER "y “NOVEMEEFR "»"DE
CEMEER *

130 INPUT “Enter Month (
{-12): *3

135 IF M<1 DR M>1Z2 THEN
130 -

140 INPUT "Enter Year O
19582): *3R

145 IF RC1583 THEN 140
150 IF R-4#INT(R/4)=0 TH
EN Q(2)=2%

§95 IF R-100#INT(R/710D) =
0 THEN Q(2)=28 -

160 IF R-400%#INT(R/400>=
V" THEN Q(2)=29 )

"165 R1=R=-1:R2=R+INT (R} 4

Y=INTCR1Z1000 +INT (RE/400C
)

170 FOR I=0 7D M-1sRZ=RZ
+@(IYINEXT 1

1?3 DI=Rz-7%INT(RZ/7:
180 RESTDRE 31S:FOR I=1
TD M:READ MS:NEXT 1

185 OPEN #1+%12",QUTRUT
1SC PRINT #1:TRB(Z) Mg "

210 PRINT #1,»* Su Mo Tu
Ve Th Fr Sa* N
225 C$=" “LRPTS (" “+ D1

)

230 FOR I=1 TOD 7-D1:C%=C
$£" "LSTRSC(I)INEXT ]
235 PRINT #1,CS

245 ]=8-Di

250 Cs=" "

2%% FOR L=1 TO 7

260 IF 1>9 THEN BS=" * E
LSE B§=* ¢

265 CO=CHLBSLSTRS (1)

270 Isl+1:IF I>Q (M) THMEN
PRINT #1,C$:6D070 300

279 NEXT L

280 PRINT #1,C$

285 607D 250

300 PRINT #!

305 CLOSE #1:6070 1320



