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Diff:
Differences between given skeleton and solution
In order to make the sample solution easier to understand, the differences between it and the given skeleton source
code were highlighted with the help of the program diff.

Legend:
• Gray: unchanged text (only excerpts).

• Green: new lines

• Yellow: changed lines

• Red: deleted lines

Note: Files not listed have not been changed.

This document was created with the help of diff2html erstellt.

1

http://git.droids-corp.org/gitweb/?p=diff2html


diff	-u	../course07-advanced-programming-techniques/exercise/code/data1.txt	../course07-advanced-programming-techniques/exercise/solution/data1.txt
.​.​/​course07-​advanced-​programming-​techniques/​exercise/​code/​data1.​txt .​.​/​course07-​advanced-​programming-​techniques/​exercise/​solution/​data1.​txt

⋮ ⋮

2 -​15 2 -​15
3 2 3 2
4 -​7 4 -​7

5 #	​stabiles	​System	​(schwingungsfähig)​
5 6
diff	-u	../course07-advanced-programming-techniques/exercise/code/data3.txt	../course07-advanced-programming-techniques/exercise/solution/data3.txt

.​.​/​course07-​advanced-​programming-​techniques/​exercise/​code/​data3.​txt .​.​/​course07-​advanced-​programming-​techniques/​exercise/​solution/​data3.​txt
⋮ ⋮

7 2 7 2
8 5.​1 8 5.​1
9 -​6 9 -​6

10#	​instabiles	​System
diff	-u	../course07-advanced-programming-techniques/exercise/code/data4.txt	../course07-advanced-programming-techniques/exercise/solution/data4.txt

.​.​/​course07-​advanced-​programming-​techniques/​exercise/​code/​data4.​txt .​.​/​course07-​advanced-​programming-​techniques/​exercise/​solution/​data4.​txt
⋮ ⋮

2 0 2 0
3 2 3 2
4 -​7 4 -​7

5 #	​stabiles	​System	​(nicht	​schwingungsfähig)​
5 6
diff	-u	../course07-advanced-programming-techniques/exercise/code/data_tools.py	../course07-advanced-programming-techniques/exercise/solution/data_tools.py

.​.​/​course07-​advanced-​programming-​techniques/​exercise/​code/​data_tools.​py .​.​/​course07-​advanced-​programming-​techniques/​exercise/​solution/​data_tools.​py
⋮ ⋮

1 #	​this	​file	​is	​initially	​empty	​and	​is	​to	​be	​completed	​in	​the	​course	​of	​the	​exercise	​(cf.​	​task
10)​ 1 """

2 Module	​with	​auxilliary	​functions
3
4 """
5
6 import	​numpy	​as	​np
7
8
9
10def	​create_rhs_from_1darr​(arr)​:​
11​	​	​	​n	​=	​arr.​shape[0]
12​	​	​	​n2	​=	​int(np.​sqrt(n)​)​
13​	​	​	​arr2	​=	​arr.​reshape(n2,​	​-​1)​
14
15​	​	​	​return	​rhs_factory(arr2)​
16
17
18def	​rhs_factory(A)​:​
19​	​	​	​"""
20​	​	​	​factory	​function,​	​to	​"produce"	​a	​̀solve_ivp`-​compatible
21​	​	​	​rhs	​function	​based	​on	​a	​matrix	​̀A`.​
22​	​	​	​"""
23
24​	​	​	​n,​	​m	​=	​A.​shape
25​	​	​	​#	​ensure	​that	​A	​is	​a	​square	​matrix
26​	​	​	​assert	​n	​==	​m
27
28​	​	​	​#	​define	​the	​new	​function	​(this	​is	​the	​'product'	​of	​the	​factory)​
29​	​	​	​def	​rhs(time,​	​state)​:​
30​	​	​	​	​	​	​	​#	​ODE:​	​derivative	​of	​the	​state	​is	​Matrix	​A	​times	​state	​vector
31​	​	​	​	​	​	​	​x_dot	​=	​np.​dot(A,​	​state)​	​	​#	​alternative:​	​A@state



32
33​	​	​	​	​	​	​	​return	​x_dot
34
35​	​	​	​#	​add	​the	​state	​dimension	​as	​additional	​attribute	​to	​the	​function	​object
36​	​	​	​rhs.​state_dimension	​=	​n
37
38
39​	​	​	​#	​return	​the	​procuct	​of	​the	​fatory	​(the	​created	​rhs	​function)​
40​	​	​	​return	​rhs

Nur	in	../course07-advanced-programming-techniques/exercise/solution/:	__pycache__.
diff	-u	../course07-advanced-programming-techniques/exercise/code/simulation.py	../course07-advanced-programming-techniques/exercise/solution/simulation.py

.​.​/​course07-​advanced-​programming-​techniques/​exercise/​code/​simulation.​py .​.​/​course07-​advanced-​programming-​techniques/​exercise/​solution/​simulation.​py
⋮ ⋮

1 1
2 import	​numpy	​as	​np
3 from	​scipy.​integrate	​import	​solve_ivp
4 import	​matplotlib.​pyplot	​as	​plt

2 5
3 #	​In	​this	​exercise	​the	​order	​of	​the	​given	​code	​snippets	​is	​arbitrary 6 from	​data_tools	​import	​create_rhs_from_1darr​
4 #	​For	​each	​task	​you	​select	​the	​appropriate	​the	​block(s)​,​	​uncomment	​and
5 #	​make	​your	​adaptions	​at	​̀(.​.​.​)​̀
6 7
7 #	​Use	​the	​ability	​of	​Spyder	​(or	​another	​IDE)​,​	​to	​move	​blocks 8 def	​simulate(rhs)​:​
8 #	​with	​multiple	​lines	​and	​to	​blockwise	​(un)​comment! 9 ​	​	​	​"""

10​	​	​	​Perform	​the	​simulation	​for	​a	​given	​rhs	​function	​object
9 11

12​	​	​	​:​param	​rhs:​	​	​	​	​	​̀solve_ivp`-​compatible	​function	​object
10 13
11 #import	​numpy	​as	​.​.​.​ 14	​	​	​:​return:​	​	​	​	​	​None
12 #from	​scipy.​integrate	​import	​odeint 15​	​	​	​"""
13 #import	​matplotlib.​pyplot	​as	​plt
14 16
15 #	​optional	​debugging	​tool 17	​	​	​np.​random.​seed(75)​	​	​#	​initialize	​random	​generator	​-​>	​reproducibility
16 #from	​ipydex	​import	​IPS 18	​	​	​xx0	​=	​np.​random.​rand(rhs.​state_dimension)​
17 19

20​	​	​	​#	​run	​the	​simulation

21​	​	​	​#	​(tt	​is	​global	​variable,​	​(tt[0],​	​tt[-​1])​	​is	​a	​2-​tuple	​with	​first	​and	​last	​time	​instant)​
22​	​	​	​res	​=	​solve_ivp(rhs,​	​(tt[0],​	​tt[-​1])​,​	​xx0,​	​t_eval=tt)​

18 23
19 #	​#####################​#####################​#####################​ 24​	​	​	​#	​Extract	​time	​evolution	​of	​the	​first	​state	​component

25​	​	​	​x1	​=	​res.​y[0,​	​:​]
20 26
21 #	​np.​loadtxt(.​.​.​)​ 27	​	​	​plt.​plot(tt,​	​x1)​
22 28
23 #	​#####################​#####################​#####################​
24 29
25 #for	​k	​in	​range(1,​	​.​.​.​)​:​ 30#	​create	​a	​list	​for	​the	​function	​objects
26 #	​	​	​	​fname	​=	​f"data{k}.​txt" 31rhs_list	​=	​[]
27 #	​	​	​	​print(fname)​
28 #	​	​	​	​try:​
29 #	​	​	​	​	​	​	​	​x	​=	​np.​loadtxt(.​.​.​)​
30 #	​	​	​	​except	​ValueError	​as	​ve:​
31 #	​	​	​	​	​	​	​	​print("Error:​",​	​ve)​
32 #	​	​	​	​else:​
33 #	​	​	​	​	​	​	​	​#	​Task	​3:​
34 #	​	​	​	​	​	​	​	​rhs	​=	​create_rhs_from_1darr​(x)​
35 #	​	​	​	​	​	​	​	​rhs_list.​append(rhs)​



36 32
37 #	​#####################​#####################​#####################​ 33for	​k	​in	​range(1,​	​5)​:​

34​	​	​	​fname	​=	​f"data{k}.​txt"
35​	​	​	​print(fname)​
36​	​	​	​try:​
37​	​	​	​	​	​	​	​x	​=	​np.​loadtxt(fname)​
38​	​	​	​except	​ValueError	​as	​ve:​
39​	​	​	​	​	​	​	​print("Error:​",​	​ve)​
40​	​	​	​else:​
41​	​	​	​	​	​	​	​rhs	​=	​create_rhs_from_1darr​(x)​
42​	​	​	​	​	​	​	​rhs_list.​append(rhs)​

38 43
39 #def	​rhs_factory(A)​:​ 44tt	​=	​np.​linspace(0,​	​5,​	​int(1e3)​)​
40 #	​	​	​"""
41 #	​	​	​factory	​function,​	​to	​"produce"	​a	​̀solve_ivp`-​compatible
42 #	​	​	​rhs	​function	​based	​on	​a	​matrix	​̀A`.​
43 #	​	​	​"""
44 #
45 #	​	​	​	​#	​ensure	​that	​A	​is	​a	​square	​matrix
46 #	​	​	​	​assert	​.​.​.​
47 #
48 #
49 #	​	​	​	​#	​define	​the	​new	​function	​(this	​is	​the	​'product'	​of	​the	​factory)​
50 #	​	​	​	​def	​rhs(.​.​.​,​	​.​.​.​)​:​
51 #	​	​	​	​	​	​	​#	​ODE:​	​derivative	​of	​the	​state	​is	​Matrix	​A	​times	​state	​vector
52 #	​	​	​	​	​	​	​.​.​.​
53 #	​	​	​	​	​	​	​return	​x_dot
54 #
55 #
56 #	​	​	​	​#	​add	​the	​state	​dimension	​as	​additional	​attribute	​to	​the	​function	​object
57 #	​	​	​	​rhs.​state_dimension	​=	​.​.​.​
58 #
59 #	​	​	​	​#	​return	​the	​procuct	​of	​the	​fatory	​(the	​created	​rhs	​function)​
60 #	​	​	​	​return	​rhs
61 45
62 #	​#####################​#####################​#####################​
63 46
64 #def	​create_rhs_from_1darr​(arr)​:​ 47#	​two	​different	​variants	​to	​restrict	​the	​simulation	​to	​systems	​with
65 #	​	​	​	​n	​=	​arr.​shape[0] 48#	​state	​dimension	​smaller	​than	​3	​(see	​task	​9)​
66 #	​	​	​	​n2	​=	​int(np.​sqrt(n)​)​
67 #	​	​	​	​arr2	​=	​arr.​reshape(n2,​	​-​1)​
68 #
69 #	​	​	​	​return	​rhs_factory(arr2)​
70 49

50if	​0:​	​	​#	​switch	​filtering	​on/​off	​completely
51​	​	​	​if	​0:​	​	​#	​distinguish	​between	​̀filter`-​func	​and	​list	​comprehension
52​	​	​	​	​	​	​	​rhs_list	​=	​filter(lambda	​q:​	​q.​state_dimension	​<	​3,​	​rhs_list)​
53​	​	​	​else:​
54​	​	​	​	​	​	​	​#	​task	​11	​(part	​1)​
55​	​	​	​	​	​	​	​rhs_list	​=	​[q	​for	​q	​in	​rhs_list	​if	​q.​state_dimension	​<	​3]

71 56
72 57
73 #	​#####################​#####################​#####################​ 58#	​Apply	​the	​̀simulate`	​function	​from	​above.​

59#	​̀map(.​.​.​)​̀	​creates	​an	​iterator
60#	​̀list(.​.​.​)​̀	​evaluates	​the	​iterator	​and	​thereby	​causes	​the	​actual	​execution
61#	​the	​application	​of	​the	​̀simulate`	​function:​

74 62
75 #	​implement	​equation	​x_dot	​=	​A*x:​ 63res	​=	​list(map(simulate,​	​rhs_list)​)​



76 64
77 #def	​rhs(time,​	​state)​:​

78 #	​	​	​	​x_dot	​=	​np.​dot(A,​	​state)​
79 #
80 #	​	​	​	​return	​x_dot
81 65

66#	​task	​11	​(part	​2)​
67res	​=	​[simulate(rhs_func)​	​for	​rhs_func	​in	​rhs_list]

82 68
83 #	​#####################​#####################​#####################​ 69plt.​show()​
84
85 #rhs_list	​=	​[]
86
87 #	​#####################​#####################​#####################​
88
89 #	​apply	​the	​̀simulate`	​function	​(3	​options)​.​
90 #	​option	​a)​:​	​classic	​by	​ordinary	​for-​loop
91
92 #for	​rhs	​in	​rhs_list:​
93 #	​	​	​	​simulate(.​.​.​)​
94
95
96 #	​option	​b)​:​	​in	​functional	​programming	​style	​with	​̀map`
97 #	​̀map(.​.​.​)​̀	​creates	​an	​iterator	​object

98 #	​̀list(.​.​.​)​̀	​iterates	​over	​such	​an	​iterator	​object	​and	​thus	​causes	​the	​execution	​of	​the
function

99 #list(map(.​.​.​)​)​
100
101
102#	​#####################​#####################​#####################​
103
104#plt.​show()​
105
106#	​#####################​#####################​#####################​
107
108#	​Task	​9
109#rhs_list	​=	​filter(lambda	​.​.​.​)​
110
111#	​#####################​#####################​#####################​
112
113#tt	​=	​np.​linspace(0,​	​5,​	​int(1e3)​)​
114
115#def	​simulate(rhs)​:​
116#	​	​	​	​"""
117#	​	​	​	​Perform	​the	​simulation	​for	​a	​given	​rhs	​function	​object
118#
119#	​	​	​	​:​param	​rhs:​	​	​	​	​	​̀solve_ivp`-​compatible	​function	​object
120#
121#	​	​	​	​:​return:​	​	​	​	​	​None
122#	​	​	​	​"""
123#
124#	​	​	​	​np.​random.​seed(75)​	​	​#	​initialize	​random	​generator	​-​>	​reproducibility
125#	​	​	​	​xx0	​=	​np.​random.​rand(rhs.​state_dimension)​
126#
127#	​	​	​	​#	​run	​the	​simulation
128#	​	​	​	​#	​(tt	​is	​global	​variable,​	​(tt[0],​	​tt[-​1])​	​is	​a	​2-​tuple	​with	​first	​and	​last	​time	​instant)​
129#	​	​	​	​res	​=	​solve_ivp(rhs,​	​(tt[0],​	​tt[-​1])​,​	​xx0,​	​t_eval=tt)​
130#



131#
132#	​	​	​	​#	​Extract	​time	​evolution	​of	​the	​first	​state	​component
133#	​	​	​	​x1	​=	​res.​y[0,​	​:​]

134#
135#	​	​	​	​plt.​plot(tt,​	​x1)​
136


