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Paradigmas



Paradigmas de programacion

Programacion imperativa Programacion declarativa
o Detadllalos pasos para resolver un O Expresar el problema a resolver, sin
problema. dar los pasos.

o Fortran, Java, C, Python, Julia, Ruby o LISP, Haskell, Prolog, SQL, Elixir, XPath

-- Haskell

int total 0, _
for(int i = @: i < 10; i++){

| sum[1..10]
total++,;
printf(“%i\n", total),;

}




Aplicaciones declaratfivas



o0 Cdlculo simbdlico
O Integracion
o Diferenciacion
o ODEs
O AEs

O Transformada de Fourier

o Solucidon analitica

]

wxMaxima 16.04.2 [ borranwxmx* ]

Archivo Editar Ver Celda Maxima Ecuaciones Algebra Andlisis Simplificar Graficos Numérico Ayude

Bd e & DOE

B =26 - & b

[ (%i1)

F(%i2)

‘integrate(1l/(1+x), x) = integrate(l/(1+x), x);

'diff( cos({ x™2), %) = diff( cos( x*2), x):
d

— 23 _ ; 2

Ix cos(x ) 2x51n(x )

I

K1

Bienvenido a wxMaxima

Preparado para la entrada de usuario




owxMaxima 22.04.0 (Windows 10 (compilacién 18363), edicién de &4 bits) [ no guardado™ |
Archive  Editar  Vista Celda ‘Maxima' Ecuaciones (O} Matnz  Analisis  Simplificar  Listade  Tramade MNuménco  Ayuda

r E il ‘ = 4 ‘ I:] T ‘ L= ";_, ‘¥ @ Matematicas  ~
Letras Griegas o= " indice de Contenidos
L 1 Resolucion de ODEs
i m™ p
v op X

/ eqn_1: 'diff(f(x),x)="diff(g(x),x)+sin(x);

d - = g = i
= E A = =

o eqn_2: 'diff(g(x),x,2)="diff(f(x),x)-cos(x):
— — f(x)=—— g (x)+sin(x)

Simplificar (r) 2
Factorizar d_ d_
g(x)=

Forma Cartesiana 2 X

d x

f(x)-cos(x)

Expandir

Sust...

Canonico (tr)

Simplificar (tr) | atval ue('d Iﬂ:(g (X) ,}() ,)(:0 :a)$

%mm:us hlaten‘:... :l >: atvalue(f(x),x=0,1 )$
; = - desolve([egn_1, eqn_2], [f(x),g(x)]);
- . [f(x)=a %ex—aﬂsg(x):*ﬂﬂs(x)” %ex“”g(o)‘l]
S =

‘Maxima’ preparada para la entrada. Preparado para la entrada de usuarno



Otros CAS (computer algebra system)

SageMath WoltramAlpha

(\ Z Projects % Welcome to CoCalc!
S
Thank you for trying CoCalc! Please sign up te avoid losing your work. * Wo I fra I I IAI p h a ‘gn[}ralé)gﬁ[alg;[amal.

ES Files ® MNew (Clog Q Find Welcome to CoCalcsagews X

d
— x=x*(1-x
O File v EEEIE G EES ® Run | B Stop | ORestat | @in | @out | ® = a = dt (1) o8

@ Help - MModes ~ # Data = Control = Program - x Plots = Calculus = Linear - Graphs = N

1 -
2 1  solve(x"2-x+1,x)
3 - [x == -1/2*I*sqrt(3) + 1/2, x == 1/2*I*sgrt(3) + 1/2]

— =Xx(t) (1 =x(t
at X(t) (1= x(t)

Nombres de ecuaciones diferenciales ordinarias
Ecuacion separable

G
(1-xien x(e)

Ecuacidn de Bernoulli
X'() = x(t) - x(t)*

Ecuacidn de Bernoulli »

Clasificacion de ecuaciones diferenciales ordinarias



https://www.sagemath.org/index.html
https://www.wolframalpha.com/

Graficadores

Geogebra Desmos

GeoGebra  Suite Calculadora | AV Calc. Gréfica ~ < @
O f=x i e



https://www.geogebra.org/
https://www.desmos.com/calculator?lang=es

Graficadores
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https://scidavis.sourceforge.net/
https://labplot.org/

CalcMe =

Simbolos
Aritmética
Polinomios
Estadistica
Funciones

Calculo

Algebra lineal
Combinatoria
Logica y conjuntos
Resolver

Griego

Unidades de medida
Graficas

Programacion

Cookie Preferences

Sistema de ecuacionesx Hoja 1 +

+ " ¥ BDTBH BB ;: o

Archivo ~ @ £

Ejemplo obtenido de https: / / youtube.com/watch?v =R25
XlyQKJYg&feature = shares&t=434

v x=4 Solucionar

x—y=1 « Dibujar tablero1 @
xryi=2 & Dibujar: tablerol @

+ O X

CalcMe



https://calcme.com/a

alculadoras

CalcPad

X < Code

1 a=1m

2 b = sqrt(a)

3 $Plot{ sin(x) @ x = @ -

7 8
4 5
1]2
0

9 X
6 +
3] =
= s

2}

AC

DA« @

if

sar

log

round

floor

atan2

max
trunc
ceiling

random

Z Results 0 2 @

a=1m
b=vg=yim=1ms
(62811
v
075
05
025
025,
05
re Root Root2 Find
im Plot Map Sum
phase Sup Inf Product
abs Area Slope Repeat

EngineeringPaper.xyz

10k|

8k

6k|

y [feet]

4k|

2k|

0 2k 4k 6k 8k 10k 12k 14k
z [yards]

y (9 = 45 |degrees] , Vi = 1200 [

#t

sec

] , 0 [yards] < = < 15000 [yards]) = [feet]

+

© Use of this software is subject to these Terms and Conditions (updated 10/1/2024) | Accept]



https://calcpad.eu/Ide
https://engineeringpaper.xyz/

EE i

Home = Try ESL Online > Compile/Run ESL

International Simulation
Limited

Esl Examples ¥ [ Compile/Run ] [ Show Plot 1/2 == ]

ESL Text x

-- Tanque

STUDY
MODEL TANQUE;

REAL: L, F3

COMNSTANT REAL: F@/28E-3/, A/@.785
rho/16@8.8/,
INITIAL

L:= 1.8;

DYNAMIC
-- Calcula el caudal de descarga
F 1= Cv*x*sqri(rho*g®L);

-- Calcula el nivel

L S mh i

Quiput x

*#*=* E 5 L Compiler (Lite) v8.2.5.9
*#*#%* Copyright (C) ISIM International Simulation Limited 1992-

2022.
< TANQUE @ WARNINGS @ ERRORS >
------------------------ < EXP3MN @ WARNINGS @ ERRORS >

Compilation succeeded
*#*#=* E 5 L Interpreter Run-time v8.2.5.9

/s Cv/4.039E-4/, *#=* Copyright (C) ISIM International Simulation Limited 1992-
g/9.81/, x/8.25/; 2022,

Ejemplo del tangue

Run finished

Copyright @ ISIM International Simulation Ltd. 2018

ISIM ESL



https://www.isimsimulation.com/

-- Tanqgque

STUDY

MODEL TANQUE;

REAL: L, F;
CONSTANT REAL: F0/20E-3/, A/0.785/, Cv/4.039E-4/,
rho/1000.0/, g/9.81/, x/0.25/;

Plot plot 1

INITIAL
TANQUE Plot 1/2 L :=1.0;
DYNAMIC
-- Calcula el caudal de descarga
F := Cv*x*sqgrt (rho*g*L) ;

-- Calcula el nivel
L' := (FO-F)/A;

STEP
PLOT "TANQUE Plot 1/2", t, L, 0, TFIN,O,4;
PLOT "TANQUE Plot 2/2", t, F, 0, TFIN,0,2*FO0;
END TANQUE;
—-—-EXPERIMENT
PRINT "Ejemplo del tanque";

TFIN := 110.0;
Copyright © ISIM International Simulation Ltd. 2018 CINT := 1;
TANQUE;

END STUDY



PolymathPlus

1 # Tangue con descarga gravitatoria
2
3 # Inicializacion
4 t|e:110
5L|1
. . s . 6
O Aplicacion online R —
o Resolucién de varios tipos de S| = (Fe-R)/a
problemas independientes: 10 # AEs
11/F = Cv*x*sqrt(rho*g*L)
O ODEs 12
o AFs 13 |# Parametros
14 FO = 20E-3
O Lineales 15 A = 0.785
. 16 Cv = 4.039E-4
O No lineales 17 rho = 1000
O Regresion 18 g = 9.81
19 x = 0.5



https://www.polymathplus.org/index.php

E3 PolymathPlus 7.0.32

File Edit View Tools Examples ’SDWE

L|1

coONOYUVT B WN

L ]
9

# ODEs

(FO-F)/A

10 # AEs
11 F = Cv*x*sgrt(rho*g*L)

12

13 # Parametros

14 FO
15 A =
16 Cv
17 rho
18 g =
19 x =
20

20E-3
0.785
4.039E-4
= 1000
9.81

if t < 10

Tanque con descarga gravitatoria.pol

# Inicializacion
t|e:110

then 0.5 else 0.25

Integration chart

Formatted equations

d(L) F,-F
d(t) A

F,=20E-3

A=0.785

Cv=4.039E-4

p=1000

g=9.81

F:Cvﬂwﬁﬁ;f
Differential equations

1 diL)/d(t) = {FO-F)/A

Explicit equations

— X

@ Report ® Settings ® Help

QENRI{]UE |B Auto Save |Ln: 12 Col: 19

-

-




Sim version 2.21: Project ...Users\eetar\OneDrive\Documentos\Enrique\Simulacién y Optimizacién\ Ejemplos\JSim\02 Tanque con descarga gravitateria.proj

[ rancue | - v | stow i
N [ ]

axis label

[Title]

—

axls label



https://www.imagwiki.nibib.nih.gov/physiome/jsim

© O O 0O 0O 0O 0 0o o o

Declarativo

Unidades fisicas

Limites de variables
Vectores

Eventos

Resolucion sistemas AEs
Integracion de ODEs
Integracion de PDEs
Optimizacion

Simulacion de Monte Carlo

// Tanque con descarga gravitatoria
math tanque {

// Pardmetros de simulacidn
realDomain t; // tiempo
t.min 0,

t.max 110;

t.delta 0.15;

// Parametros
real FO = 20E-3, A = 0.785, Cv
rho = 1000, g =

// Variables
real F(t);
real L(t); // Variable de estado

// Condiciones iniciales
when (t=t.min) {

L =1;
}

// ODEs
L:t = (FO-F)/A;

// AEs
F - Cv*x*sgrt (rho*g*L) = 0;



[ £ JSim version 2.27: Project ...Usersh\eetar, OneDrivel\Documentos\Enrique Simulacidn y Optirnizacion\Ejemplos'JSim\02 Tanque con descarga gravitatoria.proj

E project

@T&nme: ParSet Pages

Domain t
t.min i
t.max 110
t.ct 734
tdelta .15

Model Inputs

@ Tanque
@@ Run | All_Runs Help
- Advanced
#inner loops 3
#Houter loops 3

FO .02

A .785

Cv 4.035E-4

rho 1E3

g 5.81

X 0.5

L_init |1

Model Outputs

Fit) .02

Lit) 99983

L:t(t) -£.9911E-7
|.,_ Run Time | | [

il 11ene23. 10:20

Lvs_t File View Zoom Help

XY plot"update after rlun|

oo Tares [ - [ <o«

oo 0000000000000 |J—W]
1| Y |Log [ Autoscale [ i - Max | L
; [Title] T
2
2 |
2
2
T T T T T T T T T 1
o S0 100
axis label

Graph




Regresion

Simulacion de Monte Carlo
O Modelar ruidos de datos.

O Realizar la simulacion de Monte
Carlo.

O Determinar intervalos de confianza
de los pardmetros.

0.3 04

|

34.1%| 34.1%

0.2

0.0 0.1




pen Modelica

File Edit View Simulation FMI Export Debug Tools Help

FwBR - @eee \OoHOTHS B- 99E -)o»oD 96 Xlog 3% HéEt D

Libraries Browser 5 x [ A tancues_controlados* 8 |
[:‘n:-»r,ar.-—,:r. | 1.'.. °|MIM|MM|M l.:.— 11.0-64 fanques {0 |uae:1.od:o]ﬁ
Libraries * -

= 4 i

@ g;) PumpingSystem

@ \;b) HeatingSystem

& [E] DrumBoiler

] [E] Tanks

=] LE] ControlledTankSystem

@ \‘,Efl ControlledTanks tankcontrO"erl.

2 R utiities .'
G TankController

NormalOperation

E RadioButton

@ AST_BatchPlant

‘\_;1 Incompresst.. JuidNetwork

H start valvel [>

<

valveDiscrete2

=N stop vave2 =

)

"
v
m

B

. P shut valved
levell level2

tank2

2} (E) BranchingDynamicPipes
i (E) NonCircularPipes | - -
® E] HeatExchanger E - : level =

= 3
2] [B TraceSubstances m i

@ iE) InverseParametenzation ey
| @ Explanatory
@ g} system E

® Vessels ambiente
1 @ Pipes ‘ k
& 28] Valves. s |IC £

AECORDLOLY I Th X:-107.75 ¥:-1.38 | G Wekome | off Modeing | B Plotting | @ Debuggng |




Open Modelico

[N X} o4 OMEdit - OpenModelica Connection Editor

PeBE ~ . OHe \OPDHOTHR->EBB> B, 9> ¢
Q06 Libraries Browser

Libraries ; Writable | Model | Diagram View Line: 1, Col:0 | 1!
e * A B0 Diagram |
[}[E] Examples
# (/9] Continuous
E

Discrete

Interaction step1 PID secondOrder1

Interfaces 4 feedback1 4
Logical & / " /\/

Wath startTime=0 Ti=Ti w=w
MathInteger |

MathBoolean

Nonlinear

Routing 3 =
=3 E] Sources
- 3 Real...sion

- 2 Integ...ssion
- 3 Bool...sion ©6 2 .
- Clock

5201 13:34:46 Scripting Notification
- E} Constant 16-03-09 13:34:46.040 OMEdit[13012:8562098] modalSession has been exited prematurely - check for a reentrant call to end

ModalSession:

n Z Ramp g’] 13:37:16 Scripting Notification
16-03-09 13:37:16.324 OMEdit[13012:8562098] modalSession has been exited prematurely - check for a reentrant call to end
- \} sine ModalSession:

= Cosine

2



Open Modelico

{4 0MShell - Opentodelica Shell
e Edt Ve Heb

smmeaen]

Cpentiodelica 1.4.3 |elemedieis -
Copyright 2002-2006,

Bouncing Ball
To get help on using| 1 Bouncing Ball Model
press enter. Abommcng bal w2 good example o byt

Ffle Edt Cell Format Inset Window Help
o il m/mely [

Factorial Function

>> loadModel (Modelic
true

>> loadFile ("C:/Open)
true

>> simulate (Bouncing]

record o The near recd
resultFile = "Bo PRGN
end record below:
>> plot(h) (factorial | 27
true s <ncu] .
(=S (= ¢
>>

4
4
4
4
4

ITLLL

5
]

fEile Edn Special

Plot by OpenModelica

I
i

— ——

S 08

. FTT——C

0o




Tangue conico

Tanque_conico.docx



Open Modelico

& OMEdit Edit View Simulation FMI Export Debu OMSinr
e o oA OMEGdit - Simulation ' - DrainingModel
Simulation Setup - DrainingModel
S output  Simulation Flags  Archived Simulations
Simulation Interval
Start Time: 0 | secs
Stop Time: 1300 | secs
© Number of Intervals: 500 s
) Interval: (0.002 | secs
__ Interactive Simulation
Simulate with steps
Simulation server port:  [4841 |
Integration
Method:  dassl o A B
Tolerance: [1e-6 |

| Save experiment annotation inside model
| Save __OpenModelica_simulationFlags annotation inside model
2 Simulate

B  ce

t(-D"2 +

AA



Open Modelico
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Sistema mezclador

Mixing system

Figure 1 shows a set of well-mixed mixing
tanks, All the strenms contain a binary
mixture of substance X and substance Y.,
Steams A B3 and C are fed into the systemn
from an upstream procesy,

Tanls 1 and 2 are drained by the force
of pravily (asiume How iy proportional to
level), while the putup attached to the tank
3output is sized such that the level in tank
3 docs not affect the Howrate through the
prusp.

Yean may assume that the valves in lines
G, I, J and L ean manipulate those Aows
directly,

The density of substance X 5 py =
1000 kgfm® and the density of substance Y
Is py = S00kg fin®.

A
STk
' m
b} b K
I
a *D
C & I
H "
a D
F ﬁ G

Fignre 1: Mixing system



Sistema Mezclador

O Tanques bien agitados.
O Dos componentes: X e Y.

O Los caudales de descarga de los tanque 1y 2 son proporcionales a
los correspondientes niveles.

O Debido ala bomba de descarga, el caudal de descarga del
tanque 3 es independiente del nivel.

O Las valvulas instaladas pueden manipular directamente los
caudales G, H, Jy L.

O La densidad de la substancia X es 1000 kg/m?3 y la densidad de la
substancia Y es 800 kg/m3.



Sistema Mezclador

@)
@)
@)
@)

Sistema isotérmico
F es independiente de V.
Componentes: 2

Balances dindmicos:

o 1 global por tanque

O 1 de componente por tanque
O Balances seudoestacionarios:
o 1 global por divisor

o 1 de componente por divisor

Andalisis de grados de libertad

H


https://youtube.com/watch?v=HmIlzyQJfws&feature=shares

U master*

¢ R ®% ¥ o ©

= Tut3mo X 9 M -
Users > alchemyst > Documents > Development > Dynamics-and-Control-admin > cpn321 > 2019_T:

1 model Tut3 SR |

1

2 e

3 // Flow rates, mass / time 13 u

4 Real A, B, C,D, E, F, G, H, I, 3 K, L; L

5 // Mass fraction X in each stream i I\

6 Real xA, xB, xC, xD, xE, xF, xG, xH, xI, xJ, xK, xL; i

7 // For each tank: -7"”'_‘““

8  Real M1, M2, M3; // Mass L

9 Real x1, x2, x3; // Mass fraction X I :':.' ;

10 Real hl, h2, h3; // Height -

11 Real V1, V2, V3; // Volume

12 parameter Real Al=3, A2=3, A3=3; // (Cross-sectional area

13

14 parameter Real rhox=1000, rhoy=800; // Density of x and Y

15

16 // Setting fixed=false causes these values to be calculated at init

17 // Discharge coefficients

18 parameter Real k1(fixed=false), k2(fixed=false);

19 // Flowrates of the flows with valves

pl parameter Real Gstart(fixed=false), Hstart(fixed=false), Jstart(fix

21

22 initial equation

23

a =

S QDO0OAO0 ®18mins Ln9, Col36 Spaces:4 UTF-8 LF Modelica @ A




= Tutamo X W ([

Users > alchemyst > Documents > Development > Dynamics-and-Control-admin > cpn321 ) 2019 T
17 // Discharge coefficients SORYS.,.

18  parameter Real ki(fixed=false), k2(fixed=false); -
19 // Flowrates of the flows with valves 0

¢ B % F o B

20 parameter Real Gstart(fixed=false), Hstart(fixed=false), Jstart(fix:
21001

22  ipitial equation L e
23 [P”““
24 hl = 1; i
25 h2 = 1; i

26 h3 = 1; i
27

28 H = G;

29 H = 2%J;

30 J = 2%L;

31

32 der(M1) = @;

33 der(M2) = @;

34 der(M3) = 0;

35

36 der(x1*M1)
37 der(x2*M2) i 0;
ﬁ:} 38 der(x3*M3) = 0;

I
=
-

39
LD cauatrinn

Umaster* © @QO0AO0 Spaces:4 UTF-8 LF Modelica @ A




55

U master*

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
b1
62

=N

o

= Tut3.mo X

equation

// Flowrates 1in
A = (if time <
B = 1 * rhoy;
C = 1 * rhoy;

® then 1 * rhox else 1.5 * rhox);

// Fractions in

XA = 13
xB = 0;
xC = @;
I

// Flowrates with valves
// Right now fixed at starting point, but could be changed here

G = Gstart; // For instance try this: 6 = A + B + C
H = Hstart;
J = Jstart;
L = Lstart;

// MB over tanks

der(M1) = A + L - D "MB Tank 17%;
der(M2) =B + D + K - E "MB Tank 2°;
der(M3) = C+ E + I - F "MB Tank 3";

QOAO ® 23 mins

@ M -
Users > alchemyst > Documents > Development > Dynamics-and-Control-admin > cpn321 > 2019_T?

<UD
............

l" J
.‘l-.11|_
R
in

§

H

‘s

|

(L SURET

Ln 38, C}Jl 15 Spaces:4 UTF-8 LF Modelica & A



= Tutdmo X 9 @M -

Users > alchemyst > Documents > Development > Dynamics-and-Control-admin > cpn321 > 2019_T?
57 L = Lstart; SR .
58 T
59 // MB over tanks 3
60  der(M1) = A + L - D "MB Tank 1"; Wi

61 der(M2) =B + D + K - E "MB Tank 2"; e
62 der(M3) =C + E + I - F "MB Tank 3"; Erins
63 SRR R

% 9 o ©

64 // X balance over tanks [i 2
65 der(x1xM1) '

XA*A + xL*L - xDxD "CB Tank 1"; i
66 der(x2*xM2)
67 der(x3*M3)

xBxB + xD#D + xK*K - xExE "CB Tank 2"; e
XCxC + XExE + xI*I - xFxF "CB Tank 3";

68

69 //Junctions

70 F=H+G;

)
=

¢

71 H=1+ J; I

72 J = K+ L3

73

74 // Fractions are the same for all the junctions

75 XF = XG;
76 XF = xH;
77 xXF = xI;

78 XF = xJ;
{é}' 79 XF = xK;

on wlE o wl e =

Umaster* © @O0A0 ®23 mins Ln38,Col15 Spaces:4 UTF-8 LF Modelica @ A




= Tut3mo X @ --
Users > _al_cherny_st > Documents > Development > Dynamics-and-Control-admin > cpn321 > 2019_T?

80 XF = xL; J“

81 BT
82 // Fractions coming out of tanks .

83 D= %1 -2l
B4 XE = x2; A" -
85 xF = x3; A
86 ‘“' ="

87 I// Discharge i
88 D =kl * hi; WL 18
89 E=k2 * h2;

90

91 // Geometry

92 V1 = Alxh1;

93 V2 = A2%h2;

94 V3 = A3+*h3;

95

96 // Mass to volume |

97 V1 = M1x(x1/rhox + (1 - x1)/rhoy);

¢ By v D

98 V2 = M2%(x2/rhox + (1 - x2)/rhoy); |
99 V3 = M3x(x3/rhox + (1 - x3)/rhoy);
100
{g} 101 annotation(
102 ;L experiment(ﬁtartﬁme = 0, Stoplime. = 28, Tolerance = le-6, Inte

Umaster* © @O0A0 (O®23mins Ln80,Col9 Spaces:4 UTF-8 LF Modelica @ A



Aplicaciones imperativas



Integracidén de las ODEs

o [t X] = odelbs (odefun, tspan, X0)
Sistema DAE

[P U D Y] = AEs solution(t,X)

% Calculo de las ODEs
function dXdt = odefun (t, X)

o Meétodo robusto
% X y dXdt son vectores columna
O P:Vector de pardmetros.
. . % 3lculo de 1 AE 1 1
o U: Vector de variables manipulables. Calculo de las ARS para el valor
% puntual de t
O D: Vector de variables de perturbacion. [P UD Y] = AEs solution (t,X)
, dxdt = ;
O X:Vector de variables de estado. d
O Y:Vector de variables de salida.
o + Vector de fiem % Resolucidn del sistema AEs
- Vecior ae iempo. function [P U D Y] = AEs solution (t,X)
o tspan: Intervalo de infegracion.
end
O

X0: Vector de valores iniciales de X.




Sistema DAE

© O O O O

Método especifico de MATLAB y GNU
OCTAVE

Y: Vector de variables del sistema.
f: Vector de tiempo.

tspan: Intervalo de integracion.

Y0O: Vector de valores iniciales de Y.

M: Matriz de masa.

% Resolucidén del DAEs

M= 1[1020; 010, 0O0O0];, % 2 ODE, 1 AE
options = odeset('Mass',M);
[t,Y] = odelbs(daefun, tspan,Y0,options);

% Evaluacidén del DAEs

function out = daefun (t, X)

% X y out son vectores columna

dXdt = ODEs;

residuos = AEs; // Igualadas a cero.
out = [dXdt, residuos];

end



Ejemplo de sistema DAE

Ecuaciones Variables
dy, ) O Variables de estado: vy, y,
ar -0.04y,+10%y, y, o Variable de salida: y,
dy, ) o O Matriz de masa:
o =0.04y,-10"y,y, —=3x10"y; 10 o
O=y,+y,+y,—1 M=0 1 O
\O 0 O)




Implementacion en GNU Octave

Método robusto Método especifico

function dX = ODEs (t,X) % Sistema DAE
[yl y2] = num2cell(X'){1,:};
Y = ABs(t,X);

131 = nunzeell (1) {1,517 function out = robertsdae(t,y)
FER RS P ARV out = [-0.04%y (1) + led*xy(2).*y(3)
enatunction & o4 0.04%y (1) = led*xy(2).*y(3) - 3el*xy(2) .72

y(l) + y(2) + y(3) - 1 1;

function Y = AEs(t,X)

% Datos
[yl y2] = num2cell (X'){1,:}; end
y3 =1 -yl - y2;
Y = [y31;

endfunction % AEs

. % Resolucidn
srapmeys = Corpio s yOo = [L; 07 017

nicializacién = * — .
1 miciatize tspan [0 4*1logspace(-6,60)]1;

% Resolucién M = [1 00, 01 0; 0O O];

tpts = [0 4*logspace(-6,6)]"';

frete i = odetne (Qopte tore 07 options = odeset('Mass',M,'RelTol',le-4,'AbsTol',[le-6

% Calculo de las variables dependientes

) R T

B T Ts Ams(epts (1) X ( ) ) [t,y] = odel5s(@robertsdae,tspan,y0,options);

endfor



% ODEs
function dX = ODEs (t,X)
[vl yv2] = num2cell (X"){1,:};
Y = AEs(t,X);
[v3] = num2cell(Y){1l,:};
dyl = =0.04%yl + led*y2*y3;
dy2 = 0.04*yl = led*xy2*y3 - 3c/*y240;
dX = [dyl dy2]';

o)

endfunction % ODEs

% AEs

function Y = AEs (t,X)
[yl y2] = num2cell (X"){1,:};
y3 =1 -yl - y2;
Y = [y3];

endfunction % AEs

$=============== Programa =================
% Inicializacidn

X0 = [1; 0]

% Resolucidn

tpts = [0 4*logspace(-6,6)]1";

[tpts,X] = odel5s(QRODEs,tpts,X0) ;

% Calculo de las variables dependientes
n = size(tpts,1l); YY = zeros(n,7);
for i =l:n

YY(i,:) = AEs(tpts(i),X(i,:)");
endfor

Implementacion en

GNU Octave

% Sistema DAE

function out = robertsdae(t,y)

out = [=0.04*%y (1) + led*y(2).*y(3)
0.04%y (1) = leld*y(2).*y(3) = 3el*y(2) .42
y(l) + y(2) + y() - 1 1;

end

% Resolucién

yO = [1; 0; 01

tspan = [0 4*logspace(-6,6)1;

M= T[1O0O0;, 010; 00071

options = odeset('Mass',M, 'RelTol',le-4, 'AbsTol"',[le-6 le-

10 1e-61);

[t,y] = odel5s(@robertsdae,tspan,y0,options);




o Notacion matemdtica
o Unidades
O Vinculo con wxMaxima

O Conftroles

O Exportacidon de ejecutable

O Lento

€ SMath Solver - [Tanque con descarga gravitatoria.sm]
Archivo  Editar  Vista  Insertar

N@Esd
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Tanque con descarga gravitatoria Simulacion del tanque

Parametros del sistema D(e, x)=|[Lr]=x%
FG::gvlg__E [dL(t, L]]
A:i=0.785 X0:=[1]

F § —_— 2 _5

Cv:i=4.,039-10 tG::D Ef::llﬂﬂ N =500
rhe:=1000 }r::Rkadapt[Xﬂ, Eor Ter Ny D]
g:=58.81

tV::ccl[F,l]

Modelo del sistema Lv:=col(y, 2]
x(t):=if t <100 N
0.5 Fv:=F(tv, Lv)
else
0.25

I T T T 3"‘1[]_3

AEs

F(t,L)=cv:x(t) - ,/rho-g L

Cf.L[tIr L]::

2x1073

1x107>
FO-F(t, L)
A

o o= R W = = o

t

augment (tv, Lv)
augment (tv, Fv)




Fuler Math Toolbox

O Interfaz con celdas

O Vinculo con wxMaxima
0 Comentarios con LaTeX
O Sintaxis similar a MATLAB
O Unidades

L EuMathT - Euler Math Toolbox (00 - A first Welcome)

File Recent Edit Extras Options Snippets User Menu Help

You can size and position the graphics window as yvou like. Euler will
remember the screen layout.

There is a special mode of Euler, where the plot appears in the text
window. To see the plot, you then need to press the tabulator key.

Plotting Functions in one Variable

Euler can plot exXpressions, functions or data in 2D or 3D. 2D plots
are generated with plot2d, and 3D plots with plot3D.

The easiest way to plot uses expressions. Expressions are strings
containing an exXpression in the variable "x".

>plot2d("sin(x) /=", -2pi, 2pi):

Press the tabulator key to see the plot, if the windows is hidden.

Of course, Euler has functions like sinc(x) which is defined as
sinlx
sine) 4

0 x=1

sinc(x) =

S50 this example could also have been plotted using "sinc(x)".

More functions can be added to the same plot using the parameter »add.
The colors are set with "color=...". There are 16 predefined colors.
But Euler can use any color with rgb(red,green,blue).

Note the : after the following plot! This inserts the current graphics
into the notebook after the command. These images will be sawved in PHG
format, and they will be used in the HTML export.

>plot2d ("1-x"2/3'+x"4/5! ", color=cyan, >add) :

LK}

0.4




Fuler Math Toolbox

Tanque con descarga gravitatoria

>F0 = 20E-3; A = 0.785; Cv = 4.039E-4; rho = 1000; g = 9.81;
>function x(t) ...

if £t € 10 then return 0.5;
else return 0.25;
endif

endfunction

>function F(t,L) &= Cv*x(t) *sgrt(rho*g*L):

>function dL(t,L) &= (FO-F(t,L)) /A;

>t = 0:1:110; LO = 1;

>y = runge ("dL",t,L0);

>plot2d(t, v, title="Nivel", z1="¢", v1="1L"):
}FlmtEd{t,map{F,t,y},title="De5carga",xl="t",yl="F"}:
>



o Cdlculo numérico

o Orientado a matrices

O Sintaxis similar a MATLAB
o XCOS

O ODEs

O AEs

Desired Water Lewvel

Watertank

Systemn without contral

Water-Tank System

Controller Water-Tank System




// Tanque con descarga gravitatoria
clear all;

close (winsid()) ;

clc;

// ODEs
function dX = ODEs (t, X)
Y = AEs (t,X);

A =Y(l); Cv =Y(2); rho = Y(3); g = Y(4);

x = Y(5); FO =7Y(6); F =Y(7);

dL =(FO0-F)/A;
dx = [dL];
endfunction //ODEs
[ /===
//AEs
function Y = AEs (t, X)
// Datos

FO = 20E-3; A = 0.785; Cv = 4
rho = 1000; g = 9.81; x = 0.5;

if t < 10
x = 0.5;
else
x = 0.25;

end

L = X(1);
F = Cv*x*sqgrt (rho*g*L);

Y = [A Cv rho g x FO F];
endfunction //AEs

// Programa
// Parametros de simulacién
tfin = 110; nts = 100;

// Inicializacién
LO = 1; X0 = [LO];
tpts = linspace (0, tfin, nts)';

// Resolucidn
X = ode(X0,0,tpts,ODEs) ';

YY = zeros(nts,7);

// Calculo de las variables dependientes
for i = l:nts

YY(i,:) = AEs(tpts(i),X(1));
end

// Grafica

// ¥ = [ACv rho g x FO F];
figure(1l);

plot (tpts,X(:,1),"-0o");
figure (2);
plot(tpts,YY(:,7),"-0");
figure (3);
plot(tpts,YY(:,5),"-0");



o Cdlculo numérico

o Orientado a matrices

O Sintaxis similar a MATLAB

O Muy compatible con MATLAB
O ODEs

O AEs

<

Archive Editar Depurar

Ventana

Ayuda

Noticias

Octave

U %1 Diectorio actual \Octave\Dctave-3.8. Zshareloctave\3.8. 2miplotidran v 4 | | s Informacién de la GUI experimental

Explorador de archivos

LIS

‘C1foC‘BVE,rDCTBVE-S.8.ZfShEI'E,'OdEVE,B.ﬂ.zfm,rD‘OUdrEW V|f i;'

Nombre

| private
) aream
G bar.m

G barh.m
(j colorbar.m
<

-

comet.m

(j comet3.m
) compass.m
G contour.m
G contourd.m
(j contourc.m
(j contourf.m

G cylinderm

~

Espacio de trabajo

Mombre Clase

A double
r double

<

Dimensidn
3x3
11

Historial de comandos

=1ES)

A = magic(3)
r=rand()
sombrero

Editor
Archive Editar Depurar Ejecutar Ayuda
i = e e F (P e e o BT D a
sombrero.m [
52 function [x, v, z] = sombrero (n = 41)
53
54[] if (nargin > 2)
55 print usage ();
56F] elseif (n <= 1
57 error (" must 1 1");
58 endif
59
60 [x%xx, yv] = meshgrid (1li
61 r = sqgrt (EX."2 + yy."2
62 zz = sin (r) ./ : File Edit
63
64 ] if (nargout == 0)
65 surf (xx, vv, zz);
66 ] elseif (nargout == 1)
67 ® = zzZ;
68 ] else
69 K = HH;
<
| Edtor | Doamentadén |

Ventana de comandos.
>>» A = magic (3)

L=
& 1 13
3 ) 7
4 a 2

>»> r = rand()
r = 0.12009
>> sombrero
> []

[-7.E76,

15.771




Qo

% Tanque con descarga gravitatoria
clear all; close all; clc;

% ODEs
function dX = ODEs(t,X)
Y = AEs(t,X);

[A Cv rho g x FO F]

num2cell (Y){1,:};
dL =(F0-F)/A;

dX = [dL];
endfunction % ODEs

% AEs

function Y = AEs (t,X)

% Parametros

FO = 20E-3; A = 0.785; Cv = 4.039E-4;

rho = 1000; g 9.81;

if t < 10
x = 0.5,
else
x = 0.25;
endif

L = X(1);
F = Cv*x*sqgrt (rho*g*L) ;

Y = [A Cv rho g x FO F];
endfunction % AEs

[

[

% Pardmetros de simulacidn
graphsys = "gnuplot";
tfin = 110; nts = 100;

adaptativo = false; % paso constante o variable

% Inicializacidn
=1;

LO
X0 [LO]

Q

% Resolucidn
if ~adaptativo
tpts = linspace (0, tfin, nts)';
[tpts,X] = odel5s(@ODEs, tpts,X0) ;
else % adaptativo
[tpts,X] = odel5s(QODEs, [0 tfin],X0);
endif

% Calculo de las variables dependientes
n = size(tpts,1);
Y zeros(n,/);
for i = 1:n
Y(i,:) = AEs(tpts (i), X (1)),

Grafica

Y = [A Cv rho g x FO F];
graphics_ toolkit (graphsys) ;
figure(l);

plot (tpts,X(:,1),"-0o");

o° oe

F=============== Programa _________________



Método adaptativo para el nivel

Sin adaptacion Con adaptacion
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O Lenguaje de propdsito general

F(L) = Cv*x*sqrt(rho*g*L)

O Maneja matrices

tanque L
dL = (Fe-F(L))/A

o Sintaxis similar a MATLAB

o Compilacion especial JIT il
O ODEs

[ ent Ve
O / \ES ®@oMho@27 Juliaenv:vi7

Julia P

Julia Plots (4/4) X

DQmo -
il




#Listado en Julia
#Tanque con descarga gravitatoria

using ParameterizedFunctions,

OrdinaryDiffEqg

#Condiciones iniciales

N0
x0

1
[LO]

#Rango de tiempo

tspan = (0.0,110.0)
#Parametros

FO = 20E-3

A = 0.785

p = [FO A]

Cv = 4.039E-4

rho = 1000

g = 9.81

x = 0.25

Plots,

#AES
F(L) = Cv*x*sqgrt (rho*g*L)

#ODEs

tanque = (lode def begin
dL = (FO-F(L))/A

end FO A

prob = ODEProblem(tanque,x0,tspan,p)
sol = solve(prob,Tsit5())

#Evito que se sobreescriba el grafico
p = plot(sol,vars=(1))
#plot! (p, sol,vars=(2))

display(p)

#Para suavizar el plot de F
#5i no se hace esto, grafica 6 puntos.
t = range(0,sol.t[end], 20)

plot (t,map(F,sol(t)[1,:]),label="F")
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