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CAS

¢ [he Beginnings

¢ Ihe software to be used

¢ Possibilities in Engineering
¢» DERIVE and MAXIMA

Nechnology andits Intedgration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

DERIVE

¢ \/ery popular

& Assocliations

¢ Meetings

¢ PUblications

¢ AUthOr's exXperience
¢ CUrrent sitbation
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MAXIMA and DERIVE

¢ ITwo CAS with similar features
» MAXIMA's characteristics
¢ he results will be shown

Nechnology andits Intedgration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

Use of CAS in Spanish Universities

o Ingquiries sent to 158 Engineering Schools off
44 Spanish Universities

¢ 112 replies collected from 36 different
Universities

¢ 44 centres that use DERIVE in 13 diffierent
UnRiVersities

o 20) centres, i L2 universities), using MAXIMA

¢ Erom DERIVE tor MAXIMA In Leon, MUKkcia),
Oviedo, UNEDRranec URIV

Miechnelogy andits Integration nto;
11/07/201.0 Mathenatics) Ediication. MIME 2010




MAXIMA versus DERIVE

o Step 1: Assessment of the general
characteristics

¢ Step 2:Gauging the results of a reail
EXPErmeEnt

¢ Step S:Iimplementation and analysis
of several batteries of tests in
Ealculus

9 Step 47 A guantitative; evaluation

Nechnology andits Intedgration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

Essential requirements for math software

¢ Easy of use

» Symbolic, numerical and graphicai
capacities

o Availapility: off specific programming
language

» Portability, and Interoperamiity:

¥ Accessipiliity, analeasy. Installation

9 GO MaINtENINCE

o \Widerdiftision

Miechnelogy andits Integration nto;
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General characteristics

o Some DERIVE advantages: Graphical
interactivity: and displays capacities
(symbols and Greek letters)

» Some MAXIMA advantages: Open
SOUrce and fifee software, more
INtEractive With inputs, more natukal
programmingllanguade; anereasy: to
transiate torothertiiles

117017/ 2010

2. A real experience of change
from DERIVE to MAXIMA

¢ 2009-2010 in UPM (Mathematical
Analysis for first year students of
Computer and Software Engineering)

¢ |Laboratory sessions and lleam Work:
Similar than demne with DERIVE

¢ NO special time devoeted te: teachi the
o))

¢ Usealferiearnineranarevaltation

Miechnoelogyandits Integration into;
11/07/201.0 Mathenatics) Ediication. MIME 2010




Some differences An0ex

¢ Recursive sequences: MAXIMA more
natural definition and more efficient
evaluation

¢ Diffierence; and Differential equations: Not
nermalization needed with: MAXIMA

» Some MAXIMA eutputs are; Unexpected

» DERIVE has the GEOMENTRICH fUnction| o)
SEIVING GEOMELTIC FECUFENCES

nNechnology andits Intedgration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

Student’s Marks

& Similar
o DERIVE wins ini marks
» MAXITMA WIR'S! N pErCENtage

Miechnoelogyandits Integration into;
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3. Systematic tests

» Solving  withs  MAXIMA proposed
preplems off ourr book, Calcults I (real
and  complexs RUMDErS, Eelementary.
fURctiens,  limitst ands  CoRtinuIty,
derivapility, anciRtegration)

Similar results than DERIVE

nechnology andits Intedration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

Some Differences

+» MAXIMA does not solve inequations
neither equations with absolute values

» Complex numbers: Some additional
use off options with MAXIMA

¢ Functions (more or less the same)

» MAXIMA does net compute limits anad
derivatives) off PIECE-WISE URCLIONS

¢ DERIVE offers better features for

HRcIRErpPRImItVES Anrex

Miechnoelogyandits Integration into;
1:1/07/2010 Mathematics Education. IME 2010 14




4. Quantitative evaluation
ISO 9126 standar

Functionality
Reliability.
Usapility
Effilciency
Malntainabilicy,
Portapilicy,

Mechnology andhits Intedration interMathematics
11/07/2010 EdUucation: iIME 20710

Quantitative evaluation

Designed for a Calculus I course

o Reliability
o Efficiency,

MiechnelogyanditstintegrationiinterMathematics
11/ 2010 EdUucation: iIME 20710




Quantitative evaluation

Functionality (40%)
Usability: (40%)
Maintainapility: (1.0%:)

Portapility (1:0%5)

Mechnology andhits Intedration interMathematics
11/07/2010 EdUucation: iIME 20710

Functionality: The marks for
each of sixty metrics

¢ [t does not work (1)
¢ It works, but the result is unsatisfactory (2)

¢ In generall it works), altheugh in seme
floreseeaple; cases! it does not (3)

o [t works, well, althoughi in some cases it takes
lenEEer than desirable or theroutput s haral to
nanale (4)

9 It Works efficientiy and the outputis the
expected one (5)

MiechnelogyanditstintegrationiinterMathematics
11/ 2010 EdUucation: iIME 20710




Functionality: General Results

¢ Detailed results of the assessment of both
CAS can be seen in Annex 3

¢ Mean values:

¢ Both MAXIMA and DERIVE meet the
requisite off functionality, consisting o that

» WhHICH
MEANS! thiat beth can be USEd as: al SUPPOIL
teplinra Calculus colirseE o ERGINEERS

Usability: Subcategories evaluation

Accessibility and easy installation
Learning time

Accesible documentation
Friendly interface

Graphical interface

Presentation on screen

Help systems

Mean value

O, IE I, [ N S 6 I OV
= W A N DD UU

AN
W
AN
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Evaluation of Usability for each
metric

¢ It is not intuitive and I have not found it on the
help page (1)

¢ It isi not very intuitive and the help offered is
not very: explicit (2)

¢ e command IS iR the menul and/or the help
page, but the help is not sufficiently: clear (3)

¥ e wWay ISt intultiver or there s a comimand Key,
On the menu but I"Reed the help page (4)

9 it hiast BEENT Easy/ o mE tordonit and the ouitput
IS easy. to handle (5)

Mechnology andhits Intedration interMathematics
11/07/2010 EdUucation: iIME 20710

Quantitative evaluation: Usability

Miechnoelogyandits Integration into;
11/07/201.0 Mathenatics) Ediication. MIME 2010




Quantitative evaluation; Global results

Category DERIVE MAXIMA
Functionality (40%) 4.73 4.17
Usability (40%) 4.51 4.20
Portability (10%) 3
Maintainability (10%)

Final score

nechnology andits Intedration into
1.1/07/201.0 Matheniatics) Ediication. IIME 2010

Conclusions

¢ Peculiarities

MiechnelogyanditstintegrationiinterMathematics
11/ 2010 EdUucation: iIME 20710
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Final remark

o DERIVE'S friends

|

o VIAXIMA'S USsers

MiechnelogyanditstintegrationiinterMathematics
11/ 2010 EdUucation: iIME 20710




THANK YOU
GRACIAS

COME TO MALAGA ON TIME 2010
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(] . -
Annex 1. Seguences with Maxima

E RECURRENT SEQUENCES

e

(%i1) a[1]:1;
(%01) 1

4 (%i2) a[n]:=n+a[n-1];
(%02) ap:=n+ay_3

(%i3) a[5];
(%03) 15

" Te definition of a recurrent sequence with MAXIMA is very easy.

But it is necessary to unassign the value of a, before introducing a new definition for a[n].

e

(%i4) kill(a);
(%04) done

K Fibonacci Sequence

e

(%i5) a[0]:0;
(%05) 0
7 (%i6) a[1]:1;
(%06) 1

(%i7) a[n]:=a[n-1]+a[n-2];
(%07) apn:=ap_1tapn-2

e

(%i8) a[200];
(%08) 280571172992510140037611932413038677189525

K Evaluation of recursive sequences with Maxima is more efficient than DERIVE recursive evaluation

(%i9) time(%);
(%09) [0-04]

E DIFFERENCE EQUATIONS
(%i10) load(solve_rec);
(%010)
C:/ARCHIV~1/MAXIMA~2 _.1/share/maxima/5.20.1/share/contrib/solve_rec/solve _rec

K A general command for wich normalization is not necessary
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? (%i11) solve_rec(x[n]=x[n-1]+n,x[n],x[1]=1);

(n-1) (n+2)+1

(%011) Xn= 2

? (%i12) expand(x[n]=((n-1)*(n+2))/2+1);
n2 n

o) =+
(/0012) Xn 2 9

7Figura 1: SOLUTION WITH DERIVE

[ B] Derive 6 - [Algebra 1]
: &rthivn Editar Insertar Introducik Simplificar Resolver Calculo Opciones Yentana Ayuda - |E| X|

DEEHE $§BBX P =% &% lindg J ST 4+ % &

#1: LIN1_DIFFERENCE(1, n+ 1, n, 1, 1)

Pulse F1 para obtener Ayuda Samp (#1)

o= i I'I'inl_d'i'F'Ference(l.n+1,n,l,l}

| | 2Blx]®|e|g|n] 8] c]c|A|p]v|E]o|n]p | L]L]+|-]"] u] =] e
| alelr]slelz|sle|z|x|almNI=]ofnle | | 3|3 -] /]| £]#]>|2]al 2] <] ol || £

K Sometimes the output is unexpected

? (%i13) solve_rec(x[n+1]=(n)*x[n]+(n+1)!,x[n],x[1]=2);

. (N2+Nn+2%r2) (n+1)1
XK=
(%6013) Xn 2n(n+1)

—(%r2+1)(n-1)!+2(n—1)!

7 (%i14) subst(0, %r2, %);

_(n?+n) (n+1)
(%6014) Xn= 2n (n+1)

+(n-1)!
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“Figura 2: SOLUTION WITH DERIVE
i B Derive 6 - [Algebra 1]

DEES »B2BX MMl =% Q% ma § T +% &

#3: LIN1_DIFFERENCE(n, (n + 1)!, n, 1, 2)

Samp(#3)

[ ‘ v = 2 & u |11'nl_d‘if1:erence(n.(n+l)!.n.l.2)

TalBlx el <l el 8] ] <Al e]v[E]o] ] [ | LIt]«l- ] AI5]=]<]<]]=[\[o] [=]e]
O A B S s S S S E S

I e

—

——

Second order linear equations

(%15) solve_rec(x[n+2]+5*X[n+1]+6*X[n]=0,x[n] X[1]=1,x[2]=4);
(%015) Xp=2 (- 3)” +7 (- 2)n -1

? (%i16) solve_rec(x[n+2]+4*x[n+1]+4*X[n]=0,x[n],x[1]=1,x[2]=4);
(%016) Xp :(32n_ 2) (- 2)”
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“Figura 3: WITH DERIVE

B Derive 6 - [Algebra 1] =19
Erchivn Editar Insertar Introducir Simplificar Resolver Célculo Opciones Yentana Avuda | |E| Xl

DEEHE $BRBEX FhemE =% ~Q % lng [ ITIT +%k &

N

#5. LIN2Z CCF BY(5, 6, 0, nh; 1, 1; 2, 1)

n n-1
#5: 2:3 «COS(min) — 742 +COS(aren)

#7: LIN2_CCF_BV(4, 4, 0, n, 1, 1, 2, 4)

=1 n
P

¥8: 2 S(Bun = 4y.{-1)

£

SIMPLFES )

H AN A | n>_ccf by(4,4,0,n1,1,24)

ofBly|8|e|€|n|B] | e|A|u|v|E]o|n]p ||/ L] t]+]-|*|%]=|<|<|v]-\]|u]*]:|e]
Y o8 e K e 1 W 3 2 P = )

K Second order linear equations with complex roots on the characteristic polynomial

(%i17) solve_rec( x[n+2]+x[n]=0, x[n], x[1]=1 , x[2]=4);

%i -4y (-%i)" (% +4) (-1)"/?
ERESCE TCURLICTS

E x[n] is a sequence of real numbers

7 (%i18) X[N]:=((%i-4)*(-%i) " n)/2-((Yoi+4)*(-1)N(N/2))/2;

%i -4y (-%i)" (% +4) (-1)"/?
h01) xpie 1L €1

? (%i19) makelist(rectform(x[n]),n,1,20);
. (%019)[1,4,-1,-414 -1 -414-1-414-1-414-1-4]
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B Derive 6 - [Algebra 1]

7Figura 4: DERIVE gives the real solution

Erchivo Editar Insertar Introducir Simplificar Resolver Célculo Opciones Ventana Ayuda

DS &+ BEX

EiET el = % o & Sug

=l=] x|

im 3 J TIT 4+ %k &

#9: LIN2_CCF_BV(D, 1, 0

#10:

Operator diferencia de conjuntos

1 I"'I 1I 1I 2I 4)

~

<€

= T

'mBVSﬂﬁqeﬂﬂl

(AlB|r|alE]z|H]e] 1] K]A

PER

v| -

=

8]

R ENEER
INEREE

Y A

a5

1A

=1
IlLI_

!
!
Lt

| i

o I
=N

A Nonhomogeneous second order linear equations, that DERIVE does not solve

(%i20) kill(x);
(%020) done

(%i21) solve_rec(Xx[n+2]+5*x[n+1]+6*x[n]=1,x[n],x[1]=1,x[2]=4);

5(-2)"*1 23 (—3)”'1+ 1

(%021) Xn= 3

4 12

(%i22) solve_rec(x[n+2]+5*x[n+1]+6*x[n]=n,x[n],x[1]=1,x[2]=4);

31(-3)" 61(-2)""' n 7

0, =
( /0022) Xn 16 9

12 144

K A Geometric recurrence tha Maxima does not solve

e

e

(%i23) kill(all);
(%00) done

(%i1) solve_rec(x[2*n]=2*x[n]+1,x[n],x[1]=1);
(%01) solve_rec(Xp n=2 Xp+1 Xy, X1=1)
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7Figura 5: Solution with GEOMETRIC1 command

B Derive 6 - [Algebra 1]

g_n:hivo Editar Insertar Introducir Simplificar Resolver Calculo Opciones Ventana Ayuda I |E| Xl

DEEHE $BEBRX F0emE =% &% lng J SIT +X% &

~
#11: GEOMETRIC1(2, 2, 1, n, 1, 1O |
#12: Z2an = 1
v
v=x® XX

e

PRNEERDERENPRERER R E R R N
| Alslrialefz el =lolnle || LTz el sl o

Sum of power series

(%i2) x~n/nt;
n

D)
(%02) ni

(%i3) sum(x™n/n!, n, 0, inf), simpsum,;
inf

XN
(%03) m
n=0

DERRIVE simplifies this sum to exp(x), but do not get the power series of exp (x)

(%i4) powerseries(exp(x),x,0);
inf

il
(%04) il

il=0

6/ 6
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) ANNEX 2: Unexpedted results with Maxima

K Problems by simplifying an absolute value
7 > a(n):=(-1)n*37n/(47n);
(-1)" 3"

4n

(%017) a(n):=

7 > absam~NA/my);
n.1/n
3y

(%018) - 4

? -->limit(%, n, inf);

) 3
(%019)

? --> abs(a(n))™(1/n);
3 ‘(_ 1)n ‘1/n
(%020) 5

7 > limit(%,n,inf);

3
| (%021) =
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7Figura 1: DERIVE simplifies to 3/4

| B] Derive 6 - [Algebra 1]

)

DEEES & BB X FET o[

Archivo Editar Insertar Introducir Simplificar Resolver Célculo Opciones Yentana Ayuda

2 /5

=l=| x|

# &S lmg JZTIT Xk &

n n
-1) -3
afn) =
n
4

1/n

[ 1/n
latn)|

atn)

]

il #2:

Pulse F1 para obtener Avuda

s w

-l':x|U-f
I——1

Samp(#2)

e

— P
=i v

v

¥ ¥ |[abs(a(n))*(1/n), abs(a(n)*(1/n))]

ERRE
Alelrls

Eﬂllle L
Z[]ol1

k|Ap|v|E|o|n|p|o
K|Alm|n|=]o]n|p|Z

[
|
|
[
J

[ Lltle] 7] ]
IIbIEVAFIFY

=10

==
515

K A mistake in calculating a limit
L — .
[ --> f(X):=x™N(1+1/x);

1
1+—
X

(%01) F(X):=X

e

--> wxplot2d([f(x+1)-f(x)], [x,1,15])$

1.9
1.8
1.7 [y
1.6 [

1.5 \
(%t2)| ¥ 1.4}
1.3 |

1.2 ¢

(4L L/ {1+ ) =1 {1/ R+1)

1.1 1

1
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--> limit(f(x+1)-f(x), X, inf);
(%03) Inf

K DERIVE does not simplify this limit. Te correct result is 1.

K A piece-wise function, defined with if

? --> f(x):=if x<1 then 2 else x;
| (%04) f(x):=1fx<1then2else x
7 > wxplot2d([f()], [x.-5,5])$
5
4,5
x
o 4r
3
o HSF
(%t5)| *
- 2,5¢t
v
x
« 2
=
1.5
1 ;
-4 -2 <] 2
| H
7 - o
[ --> limit(f(x), x, 1, minus);
(%008) lim X->1-
| iTfx<lthen2elsex
7 > limit(f(x), x, 0);
(%09) lim x->0
| ifx<lthen2elsex

K Derive simplifies correctly these limits and the following derivative

-->  diff(f(x),x);
= d
(%010) (1 Fx<1lthen2else X)H

3

/ 5
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7Figura 2: A piece-wise function, defined with IF

B Derive 6 - [Algebra 1 annex2.dfw]

&rchivo Editar Insertar Introducir Simplificar Resolver Célculo Opciones Ventana Avuda _ & _E
LeEdE & X Fieal =% &S limg J T 4 X &
A
fi(x) =
Ifa <l
#1: 2
X
I:'I'im (%), Tam f{x), Tm 'F(x}:l
#2: x-=1+ x=1- x=1
#3: [ll 2| 1]
d
#4 — ()
dx
#5: IF(x <1, 0, 1D
#6: (1)
47 il v
] C:\Documents and Settings\garcial\Mis documentosieducativos\TIMEZ010\Calculolannexz. dfw guarc S imp(#6) m (

o % |[LIMCFG), x, 1, 1), LIMCF(xD, x, 1, -1), LIM(F(x), x, 1)]

ERREEEEENE NN EE BRI EEE EN A REEEEE
T T T P P Y

Integrals wich Maxima does not calculate, but Derive do it

1
oot J NFcTeye

--> integrate(abs(x),x,-1,1);

(%014) J

1
x|dx
1

--> integrate(1/(sqrt(x™2+1)+1),x);

dx
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7Figura 3: Integrals

B Derive 6 - [Algebra 1 annex2.dfw]
&rchiw:n Editar Insertar Introducir Simplificar Resolver Célculo Opciones VWentana Ayuda = |E |i|
DEEE s+ BEX B0emE =% &% lnd J ST + Xk &

3 o
#8 [ x| dx

-1
#9: il

1.

[ dx

#10: 2
Jix ¢ Ei 41
2
2 Jox +1) =1
#11: LNGS(x + 1) + %) -
X
" = |'int(1f(sqrt[x‘“‘2+1}+1:).x)
T T 5 o T R e e B R A B
)0 8 1 e o Y T W Dl 2 1 = B A 6
S Bt - ‘



EVALUACION DE METRICAS FUNCIONALIDAD Y USABILIDAD Derive F Derive U Maxima F Maxima U
1.1. Aritmética racional exacta 5 5 5 4
1.2. Definicién y almacenamiento de variables para calculos intermedios. 5 5 5 4
1.3. Numeros reales (aritmetica exacta y aproximada de precisidn arbitraria) 5 5 5 4
1.4. Aritmética entera (factorizacién, cociente y resto de la dvision entera, mcd.... 5 5 5 5
1.5. Operaciones con nimeros complejos 5 5 5 5
1.6. Mddulo y argumento de nimeros complejos 5 5 5 5
1.7. Funciones exponenciales y logaritmicas. 5 4 4 4
1.8. Funciones trigonométricas. 5 4 5 4
2.1. Manejo de expresiones algebraicas (incluyendo descomposicion en fracciones simples ) 5 4 4 5
2.2. Factorizacion de polinomios. 5 5 5 5
2.3. Resolucion de ecuaciones polinémicas (soluciones exactas y/o aproximadas). 5 5 4 4
2.4. Resolucion de ecuaciones trigonométricas. 4 4 4 4
2.5. Resolucidn de ecuaciones exponenciales y logaritmicas. 4 4 3 4
2.6. Resolucidén de ecuaciones con valores absolutos. 5 5 1

2.7. Resolucidn de inecuaciones. 5 5 1

2.8. Resolucidn de sistemas sencillos (lineales o no lineales). 5 5 5 5
3.1. Programacion de algoritmos sencillos (unas pocas instrucciones consecutivas). 4 4 5 5
3.2. Definir y modificar el dominio de una variable (uso de esta informacién) 4 4 4 4
4.1. Definicion y evaluacion de funciones reales de variable real. 5 5 5 5
4.2. Realizacidn de tablas de valores de funciones. 5 5 5 5
4.3. Curvas explicitas (grafica de f(x)) ( traza, cambio de escala..) 5 5 5 3
4.4. Curvas implicitas 5 5 4 4
4.5. Curvas en paramétricas. 5 5 4 4
4.6. Representacion de una lista de puntos 5 5 5 4
4.7. Graficas simultaneas y animaciones 5 5 4 4
4.8 Célculo de limites y limites laterales. 5 5 5 5
4.9. Limites en funciones definidas en intervalos 4 5 3 5
4.10. Calculo de funcidn derivada y derivada en un punto. 5 5 5 4
4.11. Derivada de funciones con valores absolutos o definidas a trozos. 4 5 2 2
4.12. Facilidad para probar por induccion la expresion para la derivada n-ésima 4 5 4 4
4.13. Programacion intuitiva de la obtencion de la tangente o del Método de Newton. 5 5 5 5
4.14. Polinomio de Taylor (facilidad del célculo y el uso para aproximaciones) 5 5 5 4




4.15. Interpoalcion. 4 5 5 4
4.16. Calculo de primitivas. 5 5 3 5
4.17. Funciones de apoyo del calculo de primitivas. 5 5 4
4.18. Manejo de funciones definidas por integrales. (evaluacion aproximada, representacién

grafica, derivacion). 5 5 3 5
4.19. Integrales impropias. 5 5 5 5
4.20 Integrales especiales, f. elipticas Ganma y Beta. 5 5 5 5
4.21. Programacion de métodos numéricos: Trapecio y Simpson compuesto. 5 4 5 5
5.1. Definicion y evaluacion eficiente de sucesiones recursivas. 4 4 5 4
5.2. Calculo de limites de sucesiones. 4 5 3 5
5.3. Ecuaciones en diferencias lineales de primer orden. 5 3 4 5
5.4. Ecuaciones en diferencias lineales de segundo orden. 5 3 4 5
5.5. Ecuaciones en diferencias geométricas. 4 3 1

5.6. Simplificacion de algunas sumas de n términos. 5 5 3 5
5.7. Suma de series geométricas. 5 5 5 5
5.8. Suma de series aritmético-geométricas y telecdpicas 5 5 1

5.9. Suma aproximada de series 5 5 5 4
5.10. Aplicacidon de modo efectivo criterios como la raiz o el cociente 5 5 3 5
5.11. Series de funciones (de Taylor y de Fourier). 3 3 5 3
6.1. Graficas de superficies. (graficas simultaneas, curvas de nivel, ...). 4 4 5 3
6.2. Curvas en el espacio. 4 4 5 3
6.3. Coordenadas, poalres, cilindricas y esféricas 4 4 1
6.4. Derivadas parciales 5 5 5 5
6.5. Gradiente 5 5 5 4
6.6. Hessiano 5 4 5 5
6.7. Jacobiano 5 5 5 5
6.8. Operadores vectoriales (rotacional, divergencia). 5 4 5 4
7.1. Resolucién de EDO’s lineales de primer orden. 5 4 5 5
7.2. Resolucion de EDO’s lineales de segundo orden. 5 4 5 5
VALORES MEDIOS 4,73333333 4,6 4,16666667 4,26315789
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