Notes on the back story of this document and Abstracts

The same way that after getting a wonderful HP-25 I immediately proceeded to write many programs for it (see a selection of
40 of them in HP Program VA250 - HP-25 40 selected vintage programs (Album Anillas).pdf), 1 did likewise once I got the
much more capable HP-67 back in 1976 (no less than 45 years ago as of 2021.)

The HP-67 had a magnetic card reader for mass storage to boot, plus ~5x the program steps, ~3x the storage registers and a
greatly enhanced programming paradigm, with labels, subroutines, indirection, flags, editing, better accuracy and display, etc.,
which meant I could write much more complex programs, both in length and capabilities, state-of-the-art in fact, as the HP-67
was the top programmable pocket calculator in the world at the time, bar none.

This I did, and though unfortunately many of the programs I wrote for it are now missing, I managed to preserve a notepad
(Cuaderno ICAI) in which I recorded about 30 of my best programs, complete with listings, theory where necessary, usage
instructions and worked examples aplenty. Additionally, the notepad also records assorted topics I indulged in at the time and
which I addressed with the HP-67, such as worked numerical analysis problems, mathematical issues, runs of other programs,
numerical data-fitting experiments and miscellanea. The contents are:

Caveat lector: All the programs' documentation is handwritten in my native language, Spanish, as they were developed mainly
for my private use, not to be shared with other people, foreign or not. However, as the subject matters are mostly mathematical in
nature, it's perfectly possible to follow and run the examples with little difficulty, thus also learning how to use the programs. Same
goes for the non-program materials.

Cuaderno ICAI:

(30 programs, 75 pages; HP-67 programs in blue, non-programs in red)

Super-Ellipse board for a 67 Games Pac racing game
Captura del Klingon (unknown author)

Ajuste de un polinomio de 5° grado a Gamma(x)

Ajustar un polinomio adecuado a integral de Fresnel
Ejemplo de ajuste de una funcién de 2 variables independ.
Ajuste mini-max de y=ax’+bx+c a Gamma(x)

Ajuste por min.cuad de polinomio de 4° grado a e**12
Ajuste de funciones: Inversa de Gamma(x)

Inversa de una matriz 4x4

Sistema de ecuaciones 7x7 (**%*)

Hallar un minimo de Gamma(x) entre 1y 2

Polinomio de colocacién grados 2,3,4

Numeros primos y factorizacion

Resolucién de f(z)=0 por Newton (z complejo)

Ecuacion de 4° grado: ax*+bx*+cx>+dx+e=0 (*)
Parédbola de minimos cuadrados: y=a+bx+cx? § y=e*?x+ex2 ()
Polinomio cibico de min. cuadrados: y=a+bx+cx*+dx? (*)
Regresion lineal de 2 variables: z=a+bx+cy (%)

Cambios de base (*)

Ejemplo de problemas de contorno: y"=xy, y(0)=0, y(1)=1
Problemas de contorno: y"=x*+y?, y(0)=0, y(1)=1
Polinomio de 3° grado mini-max

Ajedrez

Inversion de series de potencias: y=a;x + a>x*+...+ asx®
Newton - Sistemas f(x,y) =0, g(x,y)=0 (*%)

El buscador, el tesoro y el monstruo

Andlisis de funciones: raices, graficacion, etc.

Hand-drawn, shows a completed game
Klingon's Capture game (damaged listing)
Sth-deg. polynomial fit to Gamma(x)
Polynomial fit to Fresnel Sine Integral
Sample fit to a 2-variable function
Mini-max fit of ax’+bx+c to Gamma(x)

4" degree polynomial fit to e

Function fit to Inverse Gamma(x)

Matrix Inverse 4x4

System of linear equations 7x7

Find a minimum of Gamma(x) in [1,2]
Polynomial fit, degrees 2, 3, 4

Prime numbers and factorization

Roots of f(z)=0 for complex z

4" degree equation: ax*+bx’+cx’+dx+e=0
Least-squares parabola or e "
Least-squares cubic polynomial
Two-variable linear regression

Base conversions

Sample boundary value problem: y" = xy
Bounday value problem: y" = x*+y’
3"-degree minimax polynomial

Chess (all White pieces vs. Black King)
Series reversion: y=ax + a;x* +...+ asx’
Systems f(x,y)=0, g(x,y)=0 by Newton's M.
Treasure-hunt game

Function Analysis: roots, graphing, etc.



Método de Bairstow: raices de polinomios grado N<=8 (**%)
Bridge-it

Polinomio osculador ctibico: y=a+bx+cx>+dx?

Raices de y(x)=0 (Iterativo, Newton, Cibico, Parcial)

3x3 operaciones matriciales en cadena

Funciones elipticas de 1? especie (phi,u,sn,cn,dn,inversas)
Funciones especiales (7 funciones)

Regresion lineal de 2 variables: aplicaciones

Analisis de inversiones, Valor Presente Neto, Amortizaciones
Mate con rey, alfil y caballo

Sistemas tridiagonales NxN (N<=12) (**%*)

Célculo de integrales dobles

Inversa de una matriz NxN (N<=5)

Ajedrez: mate con rey, alfil y caballo

Series de Fourier - Analisis arménico - Datos discretos

Polynomial roots (deg.<=8), Bairstow Met.
Bridge-it game

Cubic osculating polynomial

Roots of y(x)=0 by four different methods
Chained 3x3 matrix operations

Elliptic functions of the 1° kind & inverses
7 Special functions (Bessel, Elliptic, etc.)
2-variable linear regression: applications
Net Present Value, Mortgage Loans, etc.
Checkmate with King, Bishop and Knight
Tridiagonal linear systems NxN (N<=12)
Double integrals

NxN Matrix inversion (N<=5)

Checkmate with King+Bishop+Knight vs. K
Fourier Series,Harmonic Analysis (discrete)

Juego de los barcos Battleship game

Aproximaciones racionales: y=(aox>+a;x+a2)/(x>+bx+bs) Rational approximations

(%) listing only, I intended to, but never got to document it.

(**)  totally blank, no listing or documentation. The program did exist and worked fine but for
some reason I never got to record its listing in this notepad, let alone document it.

(***)  written by Fernando del Rey.

Abstracts

Super-Ellipse board for a 67 Games Pac racing game

This Super-Ellipse race track was carefully hand-drawn by myself as per the information given in the HP-67 Games
Pac's Racetrack game. The page shows a completed game played by me (A) and three other players (C, D, E) ; all trajectories
are displayed until the final win. Up to 5 players could play at once.

Captura del Klingon

This is my adaptation of some Star Trek-themed game (unknown author) where you, as captain of the Enterprise, must
capture (not destroy) the Klingon ship, which at the start of the game is placed randomly on a 100-sector "galaxy" grid. You
have a certain number of energy units, which are used to destroy sectors (the Klingon can't move to a destroyed sector) and to
shield the Enterprise against possible Klingon attacks. There's also random supernovas which destroy additional sectors, and
the Klingon moves to an adjacent sector at every turn. If you manage to surround the Klingon ship amid destroyed sectors so it
can't move, it's considered captured and you win. But if you destroy it or have no energy left, well, you lose.

I give full description and instructions, plus 3 completed games, with diagrams and comments. The first game ends in
failure, as the Klingon ship is destroyed; the second game is a win, as the Klingon is captured, and the third game is another
failure because I ran out of energy.

Regrettably, the listing is damaged because after 45 years the tape I used to fix the thermal printer paper to the page
has erased the already very faded listing, so it's rendered unusable. Perhaps it can be found in another source.

Ajuste de un polinomio de 5° gradoa Gamma(x)
Non-program. 1 compute a fit to Gamma(x) in [1,2] (graph shown) using a 5"-degree polynomial which passes through

the 6 points at x=1, 1.2, 1.4, 1.6, 1.8 and 2. This results in a 6x6 system of linear equations, which is solved and the polynomial
is explicitly given; the value of its maximum error is found and commented as well.



Upon examining the error values, a new fit is attempted, this time forx=1/, 1.1, 1.4, 1.5, 1.9 and 2, to try and minimize
the maximum error, but it results in a polynomial with worse behavior. Another set of points is attempted, simulating a 3-point
fit at both the function and its derivative, which does no better.

Ajustar un polinomio adecuado a integral de Fresnel

Non-program. Polynomial fit to Fresnel Sine Integral in [0, 1]. 1 first obtain the accurate values of the integral for x=0
.. 1, at 0.1 steps, and then I obtain a least-squares fit to a power function, a cuadratic polynomial, a cubic polynomial, two 4®-
degree collocation polynomials and finally a 5" degree collocation polynomial.

The resulting errors are compared and analyzed and it's clear that the integral behaves like a simple power function, so
a suitable transformation is applied to the function values and two fits are applied to the transformed values: a least-squares
cubic polynomial and a 5" degree collocation polynomial, which results in a max. error 2.10°.

On the other hand, I also give an analytic approach by obtaining the Taylor series expansion for sin(x’) and integrating
term by term, which results in a short expression with simple coefficients giving a max. error < 10”.

Ejemplo de ajuste de una funcién de 2 variables independientes

Non-program. Sample fit to a 2-variable function, defined implicitly by a cubic polynomial equation with two
parameters (a, b) in [0 .. 0.8, 0 .. 0.8]. The resulting fit allows the direct computation of a real root of the equation as a function
of the parameters. I first obtain a 5x5 table of values for equispaced parameter values in the interval, then I fit a 4"-degree
polynomial to each of the rows, obtaining 5 polynomials on the variable b, whose coefficients are then fit by columns, obtaining
another five 4"-degree polynomials, now also on the variable a.

So, I've got a two-variable polynomial f{a, b) which exactly fits the data in the 5x5 table and provides at least 5 decimal
places everywhere in [0 .. 0.8, 0 .. 0.8]. It is then checked for interpolations and a few extrapolations.

Ajuste mini-maxde y=ax’+bx+c a Gamma(x)

Non-program. I obtain a mini-max fit ax*+bx+c to Gamma(x) in [ 1, 2] by using an initial equispaced 4-tuple and using
the exchange method to refine it. One exchange suffices and the minimax error is ~0.0046 in the interval.

Ajuste por min.cuad de polinomio de 4° gradoa e **?/?

(x+1)/2

in /-1, 1] by using orthogonal

X

Non-program. 1 analytically obtain a least-squares 4"-deg polynomial fit to e
polynomials. The resulting polynomial's max. error is ~0.000058, and it can be easily transformed into a polynomial for e
whose max. error is less than the Taylor series expansion's.

Ajuste de funciones: Inversa de Gamma(x)

Non-program. 1 obtain a least-squares fit to the inverse Gamma function in [1, 19!]. First, I create a table with 18
values and, after analyzing its nature, I apply a certain transformation to create a new table, which is used for a power fit (7 =
0.9999666), giving ~2 decimal places in the whole interval, to be refined with Newton's method.

Inversa de una matriz 4x4

Matrix Inverse 4x4. Inverts a 4x4 matrix quickly (1' 40") and efficiently (139 steps). Three examples are given,
including solving a 4x4 system using the obtained inverse and inverting the difficult 4®™-order Hilbert matrix.

Sistema de ecuaciones 7x7



System of linear equations 7x7 (by Fernando del Rey). Solves the system by inputting the coefficients just once, in row
order. It allows for re-entering a row in case of error and takes just 221 steps, so it fits in a single card. It does not require
reading or writing data cards either. A worked example is included.

Hallar un minimo de Gamma(x) entrely2

Non-program. 1 find a minimum of Gamma(x) in [1,2] by first inspecting the graph, which was drawn earlier, and then
creating a table for the five 5-decimal equispaced values of Gamma(x) for x=1.44 .. 1.48. Using divided-differences
interpolation I then obtain a quadratic polynomial fit for Gamma(x), and its derivative gives a simple linear fit to the derivative
of Gamma(x). Equating this linear fit to 0 and solving for x gives the approximate location of the minimum, which is correct
to almost 5 places.

Repeating the procedure using an 8-digit table, the minimum is obtained to at least 6-digit accuracy for the x value, and
7-digit accuracy for the value of the minimum.

Polinomio de colocacion grados 2,3,4

Polynomial fit, degrees 2, 3, 4. Finds the 2"-, 3" or 4™-degree polynomial which fits a set of 3, 4 or 5 data points, in
6", 8" or 11", respectively. Allows for review of the computed coefficients and for evaluating the obtained polynomial for a
given x value. A nice example involving the Gamma function is discussed.

Niimeros primos y factorizacion

Prime numbers and factorization (223 steps). Uses a factorization wheel to quickly find the prime factors of a given
integer or to tabulate all primes within a given interval. Many examples given. Also includes a simpler, much shorter version
(52 steps) using a factorization wheel too, to quickly factorize a given integer. Examples and timings included. Last, a couple
of nice non-related miscellanea are also featured.

Resolucion de f(z)=0 por Newton (z complejo)

Roots of f{z)=0 for complex z. Finds a real/complex root of f{z)=0 using Newton's method, where z is real or complex
and f{z) is a user-defined function. The program implements the following functions for real/complex arguments, which can be
used to define f{z): sin(z), sin'(z), €, In(z), 21+22, 2122, 21%22, 2122, 21"22 plus two complex storage registers, STO 1, RCL 1,
STO 2, RCL 2. All those functions can be used from the keyboard as well, stack diagrams are given. 50 steps and 15 registers
are free to define f{z), which can also be evaluated from the keyboard.

Two worked examples are included, as well as hints on how to save steps while defining f{z), how to compute other
functions (cos(z), cos™(z), tan(z), hyperbolics), and how to evaluate arbitrary expressions from the keyboard.

Ecuacién de 4° grado: ax’+bx’+cx’+dx+e=0

4"_degree equation: ax’+bx’+cx’+dx+e=0. It solves equations up to deg. 4 by directly using the exact formulas (no
iteration), achieving full accuracy (rounding errors aside) and finding all 4 roots at once. Listing only.

a+bx +cx2

Parabola de minimos cuadrados: y=a+bx+cx’ 6 y=e

Least-squares parabola or e ”“***. Computes the coefficients of a least-squares parabolic fit to a given set of data, or
of an exponential-parabolic fit. Listing only.

Polinomio ctibico de min. cuadrados: y =a + bx + cx’ + dx’



Least-squares cubic polynomial. Computes the coefficients of a least-squares cubic polynomial fit to a given set of
data. Listing only.

Regresion lineal de 2 variables: z =a + bx + ¢y

Two-variable linear regression. Computes the coefficients of a least-squares 2-variable linear fit to a given set of data.
Listing only.

Cambios de base (¥)
Base conversions. Listing only.
Ejemplo de problemas de contorno: y'' =xy, y(0) =0, y()=1

Non-program. Sample boundary value problem: y"=xy. I give both numeric and analytic approaches to a boundary
value problem, where the values of the function are given at the boundaries of the interval, instead of the usual initial value
problem, where the values of the function y and its first derivative y' are given at a single point.

First I determine what increment & will achieve 5 correct decimals by computing an initial value problem using various
h, each half the previous one, and inspecting the results. Then I try various guesses for the value of y' at the lower end, and
interpolate the results. The resulting table of y values is correct to 6 decimal places. I then fit a plethora of functions to the
values in the table, namely a least-squares (LS) parabola, LS cubic polynomial, 4%- and 5®-degree collocation polynomials,
cubic minimax polynomial, etc. This completes the numeric approach.

For the analytic approach, I use the Taylor series expansion of y and obtain the values of its n”-derivatives at x = 0 as
a function of a, the unknown value of y'(0). Equating the given value of y(/) = I with the value of the series expansion at x =
1 results in a linear equation in a, which is then solved for a, obtaining any desired accuracy by using enough terms from the
series. A 9-digit value of a is then used together with a suitable value for the increment 4 to numerically obtain a table of y and
y' values accurate to 9 places in [0, 1].

Problemas de contorno: y"' =x’+y%, y(0)=0, y()=1

Non-program. Boundary value problem: y” = x*+ y?>, y(0) =0, y(I) = 1. The problem is similar to the previous
one but I go directly for the analytic solution and use a different strategy. Instead of using a Taylor series expansion to compute
the derivatives, I assume the solution is an infinite series of a particular form, and equating both sides of the diff. equation I
obtain its coefficients as a polynomial function of a, the unknown value of y'(0).

Thus, the series expansion of y as a function of both x and a is obtained, and a is determined by solving the polynomial
equation in a which results from evaluating the series at x = / and equating this value with the given value of y(/) = /. Using
1, 2, .., 5 terms the corresponding polynomial equation is solved for a and we can see its quick convergence. The final, 7-
decimal value of a is then used to compute a numeric value for y(/) which is correct to 7 digits. Finally, the resulting series
expansion for y on [0, 1] is given explicitly up to the x”* term (error < 10°.)

Polinomio de 3° grado mini-max

Non-program. 3"-degree minimax polynomial. I show the way to obtain the coefficients of a cubic polynomial that
fits a set of 5 arbitrary data points (distinct abscisas) in such a way that the maximum absolute error is minimum (minimax).
First, I construct a system of 5 linear equations where the unknowns are the 4 coefficients and the maximum error, and then I
solve it analytically as a function of the data points. This solution for 5 data points can then be used iteratively to find the cubic
minimax polynomial for N data points via the exchange method.

An example is given where the best cubic polynomial approximating y=sin(x) in [0, 1] is desired. I obtain the cubic



Taylor approximation, the cubic least-squares polynomial, four cubic collocation polynomials and the cubic minimax
polynomial, and compare their maximum errors in the whole interval. The cubic minimax wins outright.

Ajedrez

Chess (all White pieces vs. Black King). Inspired in a puzzle by Henry Dudeney, the calculator has all 16 White pieces
vs. your lone Black King. Starting from the initial position, the calculator has to checkmate your King in 6 moves or less. If it
does, it wins. Else, you're declared the winner. I wrote this program in 1976, well before the adoption of the current algebraic
chess notation, so all moves are input/output using a key, which is explained.

This 207-step program also requires a data card loaded with 24 data values, which must be read before running the
program. One sample game is given (2 chess diagrams).

Inversion de series de potencias: y =ax + ax’ +... + asx®

Series reversion: y = a;x + axx’ + ... + asx’. Given the coefficient a; .. as of a series  y = aix + ax* + ... + asx’, it
computes the coefficients b; .. bs of the reverse series x= b;y + bzy” + ... + bsy’. Also, it allows for computing y if x is given
and conversely, computing x if y is given. All input and output coefficients are stored. Includes two nice examples, one finding
the reverse series for the Taylor series expansion of some function, thus obtaining the series expansion of its inverse, and the
other computes a root of a cubic equation by reversing the cubic polynomial.

Newton - Sistemas f(x,y) =0, g(x,y)=0

Systems f(x, y) = 0, g(x, y) = 0 by Newton's Method. Regrettably there's no listing for this program, let alone
documentation of any sort. If I ever manage to find it among my vintage papers, I'll include it here eventually.

El buscador, el tesoro y el monstruo

Treasure-hunt game of my own creation. There's a 10x10 jungle where a treasure is hidden somewhere, protected by a
number of nearby mines, and to win the game you must find it without stepping onto a mine. Alas, there's also a monster
somewhere else, which moves towards you at every turn, and you'll lose if it gets you before you get the treasure. You've got
a radar which will give you the rounded distances to both treasure and monster, a detector which will warn you of the presence
of mines nearby, and a gun to shoot the monster which, if hit, will materialize somewhere else; you can reload the gun by going
to a particular location.

Full instructions are provided and a complete game with 5 board positions shown and commented.

Analisis de funciones: raices, graficacion, etc.

Function Analysis: roots, graphing, etc. Given a user-defined function y(x), the program can compute for any given x
value the value of y(x), a series of values of y(x) given an initial x and an increment, the 1* derivative y'(x), the 2" derivative
y"(x), the definite integral of y(x) in the interval [a,b] or [a, Inf], a root of y(x), or a root of y'(x).

Método de Bairstow: raices de polinomios grado N<=8

Polynomial roots, degree <= 8 (by Fernando del Rey). Uses Bairstow's Method to compute all the roots real and/or
complex of an N"-degree polynomial with real coefficients, for N<=8. The polynomial is deflated after finding each root or
pair of conjugate roots. Three examples are included (of 8-, 6"~ and 5"-degree, respectively.)

Bridge-it

Bridge-it game. A game played on a grid of order N between the calculator and the user. Full instructions are given,



with diagrams, and a complete sample game is included.
Polinomio osculador cibico: y =a + bx + cx’ + dx’

Cubic osculating polynomial. Computes the coefficients of a cubic polynomial which fits two data points (x, y, y'), i.e.,
it matches the value of both the function y and the first derivative y' at each of the two x values. It allows for reviewing the
computed coefficients and for the evaluation of y or y’ for a given x. Two full examples are given.

Raices de y(x) =0 (Iterativo, Newton, Ciibico, Parcial)

Roots of y(x)=0 by four different methods. The user can select either an Iterative method (Secant method), Newton's
method (order 2), a cubic method (order 3), or a Partial Newton's method. It can also evaluate y(x) for a given x or for an initial
x and an increment. Three worked examples are included, comparing all methods, and the remark is made that the Partial
Newton's method is particularly effective if y(x) takes relatively long to evaluate.

3x3 operaciones matriciales en cadena

Chained 3x3 matrix operations. It simulates a stack of two 3x3 matrix registers, A, B, and implements the following
operations: Input A, Output A, ENTER (duplicate A), B + A, B - A, B x A, A” (inverse), A’ (transpose), DET(A) (determinant),
k. A (scalar multiplication). Additionally, the keyboard operation P<>S§ performs the A<>B (exchange) operation (like the
X<>Y operation). Two fully worked examples are given, including stack diagrams.

Funciones elipticas de 1? especie (phi, u, sn, cn, dn e inversas)

Elliptic functions of the 1* kind & inverses. For given k and u, it can compute phi(u) (aka am(u), amplitude), sn(u),
cn(u), dn(u) and their inverses. All of them behave like the built-in functions, i.e., they take their argument from stack register
X, leave the result in X, and preserve the argument in LAST X while leaving the rest of the stack (Y, Z, T) unaltered. All primary
registers are available for the user. Four nice, fully worked examples included.

Funciones especiales (7 funciones)

7 Special functions. Computes the Sine integral, the Fresnel Sine & Cosine integrals, the probability integral, Bessel
and Modified Bessel functions of order n (I,(x), J.(x)) and the Complete elliptic integral of the 2™ kind.

All of them behave like the built-in functions, i.e., they take their argument from stack register X, leave the result in X,
and preserve the argument in LAST X while leaving the rest of the stack (Y, Z, T) unaltered. All primary registers are available
for the user. Four nice, fully worked examples included.

Regresion lineal de 2 variables: aplicaciones

Non-program. 2-variable linear regression application. I demonstrate how the least-squares two-variable linear
regression program, together with applying various transformations on the input data, can be used to fit a wide class of functions
to a set of data points, while having three independent parameters to play with and the advantage of a least-square procedure.
A test case is included, as described next, with commented results and some useful advice.

I use the Gamma(x) function for x in [/, 2] as a test case, fitting 18 different 3-parameter expressions to a 6-point
equispaced data set, including various polynomials and power/exponential/logarithmic/trigonometric terms, composed either
by addition or multiplication. The correlation coefficient 7 and the maximum absolute error are given for each of them, with
the best one having *=0.9999 and max. |error| = 0.0006 in the whole interval.

Analisis de inversiones, Valor Presente Neto, Amortizaciones



Investment Analysis, Net Present Value, Loan Amortization, etc. It mimics some functions of the HP-92 Investor,
allowing the user to enter up to 21 uneven cash flows and then compute the Internal Rate of Return (IRR), the Net Present
Value (NPV) for a given % interest rate, the PVA profile by giving an initial % interest rate and an increment, or a detailed
Loan Amortization Schedule between any two given periods or for a single period.

The cash flows can be edited or reviewed at any time, and repeated cash flows can be entered by simply pressing [R/S].
Includes five very complete real-life examples and the results are thoroughly discussed.

Mate con rey, alfil y caballo

Non-program. Checkmate with King, Bishop and Knight vs King. A sample run of the program, where I conduct the
four White pieces vs. the lone Black King, and manage to checkmate in 31 moves (out of the max. 50 moves allowable).
Includes 6 chess diagrams. Can be used to test proper program loading after you first key it in.
Sistemas tridiagonales NxN (N <= 12)

Tridiagonal linear systems NxN (N <= 12) by Fernando del Rey. Solves NxN tridiagonal linear systems of equations
for N <= 12. The coefficients are introduced just once in order, from left to right and top to bottom, and the computed values

of the unknowns are then displayed and can be reviewed.

A nice example is given, in which a 2™-order differential equation boundary value problem is numerically solved by
using finite differences, which requires solving a 9x9 tridiagonal system to find the 9 intermediate values.

Calculo de integrales dobles

Double integrals. The definite double integral of a user-defined f{x,y) in the interval [Xo, Xm], [Yo, ¥a] is numerically
computed by using nested Simpson's Rule (exact for two-variable polynomials up to 3™ degree) applied over m*n subintervals.
The user has 115 program steps and 10 primary registers to define f{x,y). 3 examples included.

Inversa de una matriz NxN (N <= 5)

NxN Matrix inversion (N <=5). Can invert a non-singular (its determinant is not 0) NxN matrix for N <=5. The inverted
matrix replaces the original one in the storage registers. As only Ry is available to perform all the 2-dimensional indexing to
retrieve elements and store intermediate results, the execution times are quite slow.

Ajedrez: mate con rey, alfil y caballo

Checkmate with King, Bishop, Knight vs. King. The calculator conducts the four White pieces vs. the lone Black King
conducted by the user, who initially can place it in any legal position within a 4x3 rectangle on the board. The calculator wins
if it manages to checkmate the king in 8 moves or less, else the user wins.

A flowchart depicting the program's playing logic is included, as is a sample run (with 2 chess diagrams.)

Series de Fourier - Analisis armonico - Datos discretos

Fourier Series, Harmonic Analysis (discrete data). The program computes and stores up to 9 harmonics at a time for a
given set of N equispaced data points, plus the constant term ay (twice the mean value). If N<=19, the sum of the series will
exactly match the given data points and Smin(k) can be computed, useful to select the min. number of harmonics needed for a

given max. error. If N>19, the series will be a 9-harmonic least-squares approximation.

The user can compute the estimated y for any number of harmonics <=9, perform automatic evaluations using a given
increment, correct input errors and review the computed harmonics. 3 fully worked examples included.



Juego de los barcos

Battleship game. A solitary version of Battleship played on a 10x10 grid where the program places 10 ships of various
sizes from 1 to 4 squares long, so that none touch or overlap each other. Optionally, the grid can be 20x10 and 1 or 2 standard
fleet can be placed on it, or the user can place any number of ships from 1 to 5 squares long.

Once the fleet is randomly placed by the program, the user must try to destroy all the ships in a minimum number of
turns by introducing the coordinates of the grid location to shoot at. The program will return a code indicating if a ship was
damaged or sunk or else the number of nearby ships, if any. One sample game included.

Aproximaciones racionales: y = (apx’ + aix + a2) / (x> + bix + b»)

Rational approximations y = (agx’ + a;x + a2)/(x’ + bix + b2) . Given five data points, the program computes the

coefficients of a rational function that passes through all of them. The coefficients may be entered in any order and changed at

will afterwards, the computed coefficients may be reviewed, and the rational function can then be evaluated at any given x.

It works for arbitrary points, equispaced or not, and the data points may include Infinity values for x or y, as long as a
maximum of 2 zeros and/or 2 poles are specified. 4 full examples are provided, including a tricky one.

Valentin Albillo, 27-09-2021
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