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1 LÔsh sust matoc diaforik¸n exis¸sewn

1.1 DiatÔpwsh tou probl matoc

'Enac oikonomolìgoc, me eidÐkeush sta makro-oikonomik�, sthn prosp�jei� tou na
brei èna upìdeigma to opoÐo ja dièpei thn qronik  exèlixh pènte basik¸n megej¸n
miac oikonomÐac, ac tic onom�soume x1, x2, x3, x4, x5, afoÔ melèthse ta dedomèna tou
pareljìntoc kai skèfthke katèlhxe sto akìloujo sÔsthma grammik¸n diaforik¸n
exis¸sewn: 

x
′
1(t) = +4x5 (t)

x
′
2(t) = x1 (t) −16x5 (t)

x
′
3(t) = x2 (t) +25x5 (t)

x
′
4(t) = x3 (t) −19x5 (t)

x
′
5(t) = x4 (t) +7 x5 (t)


(1)

EpÐshc èstw ìti ston qrìno mhdèn, dhl. ìtan diatÔpwse to upìdeigm� tou, oi
timèc twn makro-oikonomik¸n megej¸n eÐnai oi akìloujec:

x1 (0) =
1

10
, x2 (0) = − 1

15
, x3 (0) =

3

7
, x4 (0) =

4

9
, x5 (0) =

3

4
(2)

Oi 1 mazÐ me tic 2 apoteloÔn èna Prìblhma Arqik¸n Tim¸n (P.A.T.) to opoÐo
kai jèlei na lÔsei o oikonomolìgoc tou paradeÐgmatìc mac kai m�lista endiafèretai
na problèyei thn tim  twn megej¸n met� apì t = 10 èth. Gia na ton bohj soume
toÔ proteÐnoume na gr�yei to prìblhm� tou upì morf  exÐswshc pin�kwn wc ex c:

x
′
(t) = A · x(t)

A =



0 0 0 0 4

1 0 0 0 −16

0 1 0 0 25

0 0 1 0 −19

0 0 0 1 7



x0 =



1
10

− 1
15
3
7
4
9
3
4



(3)
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1.2 Jewrhtik  lÔsh tou probl matoc

'Eqontac diatup¸sei to prìblhma tou oikonomolìgou se morf  pin�kwn gnwrÐzou-
me1 ìti h lÔsh tou sust matoc 3 ja dÐnetai apì ton tÔpo:

x(t) = eA·t · x0 (4)

To prìblhma loipìn eÐnai o upologismìc tou ekjetikoÔ pÐnaka eA·t. E�n prospa-
j soume na k�noume ton upologismì �me to qèri� ja doÔme ìti o pÐnakac A eÐnai mh
apl c dom c2 kai gi' autìn ton lìgo den diagwnopoieÐtai. Prèpei loipìn na upo-
logÐsoume thn kanonik  morf  Jordan autoÔ kai katìpin na broÔme ton ekjetikì
pÐnaka pou zht�me. O upologismìc thc kanonik c morf c Jordan eÐnai apì mìnoc
tou èna dÔskolo prìblhma sthn sugkekrimènh perÐptwsh, all� met� apì arket 
diadikasÐa katal goume sthn ex c an�lush:

A = P · J · P−1

P =



−14 1 11
4

−1
4

1

49 0 −33
4

−2 0

−63 −6 143
16

75
16

0

35 8 −33
8

−49
16

−1
2

−7 −3 11
16

5
8

3
16



J =



2 1 0 0 0

0 2 0 0 0

0 0 1 1 0

0 0 0 1 1

0 0 0 0 1



(5)

T¸ra gnwrÐzoume, l.q. koit�xte sthn sel. 557 tou G. Golub & C. Van Loan
(1996), ìti o ekjetikìc pÐnakac ja eÐnai:

eA·t = P · eJ ·tP−1 (6)

1
Βλέπετε λ.χ. στην σελ. 456 του βιβλίου Boyce & DiPrima (1997)

2
΄Ενας πίνακας λέγεται μη απλής δομής όταν ο αριθμός των ιδιοδιανυσμάτων κάθε ιδιοτιμής δεν

είναι ίσος με την πολλαπλότητα της ιδιοτιμής.
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1.3 Akrib c lÔsh me to wxMaxima

UpologÐzoume ton ekjetikì pÐnaka me to wxMaxima qrhsimopoi¸ntac tic entolèc:

load("eigen")$

load("diag")$

A:matrix( [0, 0, 0, 0, 4], [1, 0, 0, 0, -16],

[0, 1, 0, 0, 25], [0, 0, 1, 0, -19],

[0, 0, 0, 1, 7])$

X0:matrix([1/10],[-1/15],[3/7],[4/9],[3/4])$

et:ratsimp(mat_function(exp,t*A))$

xt:ratsimp(et.X0)$

x(t)=xt;

plot2d(makelist(xt[m][1],m,1,length(xt)),[t,0,10],

[xlabel, "t"], [ylabel, "xi(t)"])$

xmax:float(subst(10,t,xt))$

x(10)=xmax;

'Eqoume thn grafik  par�stash twn pènte sunart sewn xi(t), i = 1, · · · , 5:

Sq ma 1: Gr�fhma thc lÔshc tou sust matoc 3 me to wxMaxima
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Fusik� mac endiafèrei h lÔsh sto tèloc tou qrìnou t = 10 opìte kai eÐnai:

x (10) =



1.3878952370488977 1011

−4.8993923789736987 1011

6.3708244797780591 1011

−3.5950560884359155 1011

7.357291154178479 1010


(7)

H ap�nthsh tou wxMaxima faÐnetai akoloÔjwc:

Sq ma 2: LÔsh tou sust matoc 3 me to wxMaxima
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Shmei¸noume ed¸ ìti h akrib c lÔsh tou P.A.T. 3 eÐnai:

x (t) =



(21718 t−36977) e2 t+(2087 t2+17086 t+37040) et

630

− (76013 t−123990) e2 t+(6261 t2+55432 t+124032) et

630
(390924 t−600432) e2 t+(27131 t2+255510 t+601512) et

2520

− (108590 t−152308) e2 t+(6261 t2+61693 t+151748) et

1260
(43436 t−52236) e2 t+(2087 t2+21260 t+54126) et

2520


(8)

MporoÔme na k�noume epal jeush, eÐte me pr�xeic sto qèri eÐte me to wxMaxima,
gia na eÐmaste apìluta sÐgouroi gia to akribèc thc lÔshc mac:

x
′
(t) − A · x(t) =



0

0

0

0

0


  me entolèc tou wxMaxima wc ex c:
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1.4 Proseggistik  lÔsh me to MATLAB

1.4.1 LÔsh me thn qr sh thc mejìdou ode45

LÔnoume t¸ra to prìblhma 1 kai 2 qrhsimopoi¸ntac to MATLAB kai thn entol 
ode25, dhl. thn mèjodo Runge-Kutta 45. Gia ton skopì autì dhmiourgoÔme ta
parak�tw dÔo m-files:

m-file:sys5.m

_____________

function out1 = sys5(t,x)

out1 = [4*x(5);x(1)-16*x(5);25*x(5)+x(2);x(3)-19*x(5);7*x(5)+x(4)];

m-file: sysode45.m

__________________

function [x,xend]=sysode45(t1,t2,x0)

[t,x] = ode45(’sys5’,[t1 t2],x0);

clf

plot(t,x(:,1),’-’,t,x(:,2),’-.’,t,x(:,3),’-’,t,x(:,4),’-’,t,x(:,5),’-’)

set(gca,’XTick’,t1:t2)

xlabel(’t’)

ylabel(’x_{i}(t)’)

title(’Plot of x_{i}(t), i=1,...,5 (method = ode45)’)

xend=[x(end,1);x(end,2);x(end,3);x(end,4);x(end,5)];

end

T¸ra èqoume sto MATLAB ta apotelèsmata:

>> format compact

>> format long e

>> [xall45,xmat45]=sysode45(0,10,[1/10;-1/15;3/7;4/9;3/4]);

>> xmat45

xmat45 =

1.388295292439706e+011

-4.900805164349407e+011

6.372662504697011e+011

-3.596094003855919e+011

7.359417359143037e+010
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EpÐshc to gr�fhma:

Sq ma 3: Gr�fhma thc lÔshc tou sust matoc 3 me to MATLAB (ode45)

Blèpoume ìti kai to MATLAB èdwse perÐpou ta Ðdia apotelèsmata. E�n sug-
krÐnoume tic dÔo lÔseic sto tèloc tou qrìnou t = 10 ja doÔme ìti h epÐ toic ekatì
diafor� touc eÐnai:

>> xmax=[1.3878952370488977e+011;

-4.8993923789736975e+011;

6.3708244797780579e+011;

-3.5950560884359149e+011;

7.357291154178479e+010]

xmax =

1.387895237048898e+011

-4.899392378973698e+011

6.370824479778058e+011

-3.595056088435915e+011

7.357291154178479e+010

>> (xmat45-xmax)./xmax*100

ans =

2.882461010953169e-002

2.883593038541592e-002

2.885066014276175e-002

2.887063218131414e-002

2.889929078518063e-002
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Dhlad  èqoume èna sqetikì sf�lma sthn lÔsh tou MATLAB thc t�xhc tou 0.03%,
to opoÐo mporeÐ na jewrhjeÐ mikrì. E�n ìmwc doÔme to apìluto sf�lma, tìte autì
eÐnai:

>> xmat45-xmax

ans =

4.000553908081055e+007

-1.412785375709229e+008

1.838024918952637e+008

-1.037915420004273e+008

2.126204964558411e+007

'Eqoume èna apìluto sf�lma sthn lÔsh tou MATLAB thc t�xhc twn 100 ekatom-
murÐwn, prìkeitai gia polÔ meg�lh tim  sf�lmatoc.

1.4.2 LÔsh me thn qr sh tou ekjetikoÔ pÐnaka

Ja doÔme ìti h kat�stash belti¸netai ìtan qrhsimopoi soume thn sun�rthsh
funm() gia na paÐrnoume thn lÔsh me thn bo jeia tou ekjetikoÔ pÐnaka. Autì
gÐnetai me to na orÐsoume thn an¸numh sun�rthsh:

>> xt=@(A,t,x0)funm(A*t,@exp)*x0

xt =

@(A,t,x0)funm(A*t,@exp)*x0

Katìpin dhmiourgoÔme to epìmeno arqeÐo - sun�rthsh me to opoÐo brÐskoume thn
lÔsh opoioud pote P.A.T. thc morf c 3 gia to qronikì di�sthma [0, t1], lamb�-
noume thn grafik  par�stash thc lÔshc sto Ðdio di�sthma, en¸ mac epistrèfetai
tìso h sunolik  lÔsh ìso kai h lÔsh sto tèloc tou qrìnou t1:

function [xsol,solfin]=syssol(A,t1,x0,xt)

t=linspace(0,t1);

nn=size(t);

n=nn(2);

xsol=zeros(n,5);

for i=1:n

xsol(i,:)=xt(A,t(i),x0)’;

end

clf

plot(t,xsol)

set(gca,’XTick’,0:t1)
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xlabel(’t’)

ylabel(’x_{i}(t)’)

title(’Plot of x_{i}(t), i=1,...,5 (method = matrix exponential)’)

solfin=[xsol(end,1);xsol(end,2);xsol(end,3);xsol(end,4);xsol(end,5)];

end

T¸ra orÐzoume ton pÐnaka A kai to di�nusma x0 me tic arqikèc timèc thc areskeÐac
mac kai kaloÔme thn sun�rthsh syssol pou  dh èqoume orÐsei:

>> A=[0, 0, 0, 0, 4;

1, 0, 0, 0, -16;

0, 1, 0, 0, 25;

0, 0, 1, 0, -19;

0, 0, 0, 1, 7]

A =

0 0 0 0 4

1 0 0 0 -16

0 1 0 0 25

0 0 1 0 -19

0 0 0 1 7

>> x0=[1/10;-1/15;3/7;4/9;3/4]

x0 =

1.000000000000000e-001

-6.666666666666667e-002

4.285714285714286e-001

4.444444444444444e-001

7.500000000000000e-001

>> [xall,xmatexp]=syssol(A,10,x0,xt);

>> xmatexp

xmatexp =

1.387895237048510e+011

-4.899392378972300e+011

6.370824479776191e+011

-3.595056088434828e+011

7.357291154176115e+010

>> (xmatexp-xmax)./xmax*100

ans =

-2.796922875644423e-011

-2.852813104178819e-011

-2.929691571396144e-011

-3.023697283358469e-011

-3.212576988255903e-011

>> xmatexp-xmax
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ans =

-3.881835937500000e-002

1.397705078125000e-001

-1.866455078125000e-001

1.087036132812500e-001

-2.363586425781250e-002

T¸ra to mègisto apìluto sf�lma eÐnai thc t�xhc tou 0.2 , en¸ to sqetikì sf�lma
eÐnai amelhtèo. Epomènwc mìnon me thn qr sh sunart sewn pin�kwn katafèrame
na lÔsoume to prìblhma ikanopoihtik� qrhsimopoi¸ntac to MATLAB. EpÐshc to
gr�fhma den all�zei aisjht�:

Sq ma 4: Gr�fhma thc lÔshc tou sust matoc 3 me to MATLAB
(
eAt
)

Pijanìn h akrÐbeia thc lÔshc na mporeÐ na beltiwjeÐ peraitèrw. E�n èqe-
te k�poia prìtash gi' autìn ton skopì mhn dist�sete na thn aposteÐlete ston
gr�fonta3, ¸ste na enswmatwjeÐ se k�poia epìmenh èkdosh tou parìntoc para-
deÐgmatoc.

3
Δημήτριος Θ. Χριστόπουλος, dchristop@econ.uoa.gr
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1.5 Proseggistik  lÔsh me to Octave

1.5.1 LÔsh me thn qr sh thc mejìdou ode45

Ja qrhsimopoi soume thn sun�rthsh twn parag¸gwn kai tic epilogèc pou dÐnontai
akoloujwc:

octave-3.2.4.exe:1> format compact

octave-3.2.4.exe:2> format long e

octave-3.2.4.exe:3> octsys=@(t,x)[4*x(5),x(1)-16*x(5),25*x(5)+x(2),\

x(3)-19*x(5),7*x(5)+x(4)]

octsys =

@(t, x) [4 * x(5), x(1) - 16 * x(5), 25 * x(5) + x(2), x(3) - 19 * x(5),\

7 * x(5) + x(4)]

octave-3.2.4.exe:4> vopt = odeset ("OutputFcn", @odeplot);

T¸ra apl� kaloÔme thn ode45 kai parakoloujoÔme se gr�fhma - animation thn
kataskeu  thc lÔshc:

octave-3.2.4.exe:4>sol=ode45(octsys, [0 10],[1/10 -1/15 3/7 4/9 3/4],vopt);

warning: Option "RelTol" not set, new value 0.000001 is used

warning: Option "AbsTol" not set, new value 0.000001 is used

warning: Option "InitialStep" not set, new value 1.000000 is used

warning: Option "MaxStep" not set, new value 1.000000 is used

warning: isstr is obsolete and will be removed from a future

version of Octave,

please use ischar instead

Sto tèloc èqoume to gr�fhma (me arket  qronik  kajustèrhsh bèbaia):
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Sq ma 5: Gr�fhma thc lÔshc tou sust matoc 3 me to Octave (ode45)

H lÔsh sto tèloc tou qrìnou t = 10 eÐnai:

octave-3.2.4.exe:5> xall=sol.y;

octave-3.2.4.exe:6> xoct45=[xall(end,1);xall(end,2);xall(end,3);\

xall(end,4);xall(end,5)]

xoct45 =

1.38789118116933e+011

-4.89937809310527e+011

6.37080595744849e+011

-3.59504567786361e+011

7.35726997186237e+010

Tìso to sqetikì ìso kai to apìluto sf�lma eÐnai mikrìtero apì autì tou MA-
TLAB. To apìluto sf�lma eÐnai perÐpou èna ekatommÔrio. P�nta anaferìmaste
stic ètoimec (default) rujmÐseic pou èqei to k�je prìgramma gia thn ode45.

octave-3.2.4.exe:7> xmax=[1.3878952370488977e+011;\

-4.8993923789736975e+011;6.3708244797780579e+011;\

-3.5950560884359149e+011;7.357291154178479e+010]

xmax =

1.38789523704890e+011

-4.89939237897370e+011
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6.37082447977806e+011

-3.59505608843591e+011

7.35729115417848e+010

octave-3.2.4.exe:8> (xoct45-xmax)./xmax*100

ans =

-2.92232400163888e-004

-2.91584493013144e-004

-2.90736774028634e-004

-2.89580247043527e-004

-2.87909172946772e-004

octave-3.2.4.exe:9> xoct45-xmax

ans =

-4.05587956298828e+005

1.42858684289551e+006

-1.85223295715332e+006

1.04105723022461e+006

-2.11823161132812e+005

1.5.2 LÔsh me thn qr sh tou ekjetikoÔ pÐnaka

OrÐzoume arqik� thn lÔsh tou probl matoc 3 me thn an¸numh sun�rthsh:

octave-3.2.4.exe:1> format compact

octave-3.2.4.exe:2> format long e

octave-3.2.4.exe:3> xt=@(A,t,x0)expm(A*t)*x0

xt =

@(A, t, x0) expm (A * t) * x0

DhmiourgoÔme thn sun�rthsh octsyssol.m:

function [xsol,solfin]=octsyssol(A,t1,x0,xt)

t=linspace(0,t1);

nn=size(t);

n=nn(2);

xsol=zeros(n,5);

for i=1:n

xsol(i,:)=xt(A,t(i),x0)’;
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end

clf

plot(t,xsol)

set(gca,’XTick’,0:t1)

xlabel(’t’)

ylabel(’x_{i}(t)’)

title(’Plot of x_{i}(t), i=1,...,5 (method = matrix exponential)’)

solfin=[xsol(end,1);xsol(end,2);xsol(end,3);xsol(end,4);xsol(end,5)];

end

OrÐzoume ton pÐnaka A, to di�nusma arqik¸n tim¸n x0 kai kaloÔme thn sun�rthsh
(m - file) pou  dh èqoume orÐsei prin:

octave-3.2.4.exe:7> [xall,xoctexp]=octsyssol(A,10,x0,xt);

warning: isstr is obsolete and will be removed from a future

version of Octave,

please use ischar instead

octave-3.2.4.exe:8> [xall,xoctexp]=octsyssol(A,10,x0,xt);

octave-3.2.4.exe:9> xoctexp

xoctexp =

1.38789523704946e+011

-4.89939237897572e+011

6.37082447978074e+011

-3.59505608843745e+011

7.35729115418177e+010

octave-3.2.4.exe:10> xmax=[1.3878952370488977e+011;\

-4.8993923789736975e+011;> 6.3708244797780579e+011;\

-3.5950560884359149e+011;7.357291154178479e+010]

xmax =

1.38789523704890e+011

-4.89939237897370e+011

6.37082447977806e+011

-3.59505608843591e+011

7.35729115417848e+010

octave-3.2.4.exe:11> (xoctexp-xmax)./xmax*100

ans =

4.03486908554050e-011

4.12972726652960e-011
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4.20580313879303e-011

4.28342967204571e-011

4.47147578223352e-011

octave-3.2.4.exe:12> xoctexp-xmax

ans =

5.59997558593750e-002

-2.02331542968750e-001

2.67944335937500e-001

-1.53991699218750e-001

3.28979492187500e-002

ParathroÔme ìti to Octave èqei elafr� megalÔtero apìluto sf�lma apì to MA-
TLAB, perÐpou mi�mish for� megalÔtero gia thn akrÐbeia:

>> dmat=abs(xmatexp-xmax)

dmat =

3.881835937500000e-002

1.397705078125000e-001

1.866455078125000e-001

1.087036132812500e-001

2.363586425781250e-002

>> xoctexp=[ 1.38789523704946e+011;

-4.89939237897572e+011;

6.37082447978074e+011;

-3.59505608843745e+011;

7.35729115418177e+010]

xoctexp =

1.387895237049460e+011

-4.899392378975720e+011

6.370824479780740e+011

-3.595056088437450e+011

7.357291154181770e+010

>> doct=abs(xoctexp-xmax)

doct =

5.624389648437500e-002

2.022705078125000e-001

2.681884765625000e-001

1.535034179687500e-001

3.291320800781250e-002

>> doct./dmat

ans =
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1.448899371069182e+000

1.447161572052402e+000

1.436886854153041e+000

1.412128017967434e+000

1.392511297611362e+000

To gr�fhma thc lÔshc me to Octave eÐnai:

Sq ma 6: Gr�fhma thc lÔshc tou sust matoc 3 me to Octave (eA·t)
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2 ProblhmatismoÐ kai Sumper�smata

1. MporoÔme na orÐsoume emeÐc tic paramètrouc thc sun�rthshc ode45 sto MA-
TLAB. Dokim�zoume loipìn tic ex c paramètrouc kai èqoume ta akìlouja
apotelèsmata:

>> format compact

>> ftx=@(t,x)[4*x(5);x(1)-16*x(5);25*x(5)+x(2);x(3)-19*x(5);

7*x(5)+x(4)]

ftx =

@(t,x)[4*x(5);x(1)-16*x(5);25*x(5)+x(2);x(3)-19*x(5);7*x(5)+x(4)]

>> tic; sol=ode45(ftx, [0 10],[1/10;-1/15;3/7;4/9;3/4],vopt);toc

Elapsed time is 12.246467 seconds.

>> xall=sol.y;

>> xmat45=[xall(1,end);xall(2,end);xall(3,end);

xall(4,end);xall(5,end)]

xmat45 =

1.387895237050829e+011

-4.899392378980493e+011

6.370824479786863e+011

-3.595056088440857e+011

7.357291154188542e+010

>> (xmat45-xmax)./xmax*100

ans =

1.391205269984454e-010

1.386915645800122e-010

1.381879372982929e-010

1.374500460756326e-010

1.367782132830709e-010

>> xmat45-xmax

ans =

1.930847167968750e-001

-6.795043945312500e-001

8.803710937500000e-001

-4.941406250000000e-001

1.006317138671875e-001

To gr�fhma eÐnai t¸ra “animation” kai h telik  morf  tou eÐnai h ex c:
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Sq ma 7: BeltÐwsh thc lÔshc tou sust matoc 3 me to MATLAB (ode45)

An den mac endiafèrei na èqoume animation, tìte o qrìnoc upologismoÔ mi-
kraÐnei polÔ:

>> vopt=odeset (’RelTol’, 1e-12, ’AbsTol’, 1e-12,’NormControl’, ’on’);

>> tic; sol=ode45(ftx, [0 10],[1/10;-1/15;3/7;4/9;3/4],vopt);toc

Elapsed time is 1.065333 seconds.

2. Ja k�noume akrib¸c to Ðdio kai sto Octave gia na belti¸soume tic epidìseic
tou. Dokim�zoume loipìn tic Ðdiec paramètrouc me to MATLAB kai èqoume
ta akìlouja apotelèsmata:

octave-3.2.4.exe:1> format compact

octave-3.2.4.exe:2> format long e

octave-3.2.4.exe:3> ftx=@(t,x)[4*x(5),x(1)-16*x(5),\

25*x(5)+x(2),x(3)-19*x(5),7*x(5)+x(4)]

ftx =

@(t, x) [4 * x(5), x(1) - 16 * x(5), 25 * x(5) + x(2),\

x(3) - 19 * x(5), 7 * x(5) + x(4)]

octave-3.2.4.exe:4> vopt = odeset ("RelTol", 1e-12,\

"AbsTol", 1e-12,> "NormControl", "on", "OutputFcn", @odeplot);

octave-3.2.4.exe:4>[sol]=ode45(ftx, [0 10],[1/10 -1/15 3/7 4/9 3/4],\

vopt);toc

warning: Option "InitialStep" not set, new value 1.000000 is used

warning: Option "MaxStep" not set, new value 1.000000 is used
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warning: isstr is obsolete and will be removed from a future \

version of Octave,please use ischar instead

Elapsed time is 2729.37 seconds.

octave-3.2.4.exe:5>xall=sol.y;

octave-3.2.4.exe:6>xoct45=[xall(end,1);xall(end,2);xall(end,3);\

xall(end,4);xall(end,5)]

xoct45 =

1.38789523704426e+011

-4.89939237895737e+011

6.37082447975687e+011

-3.59505608842399e+011

7.35729115415419e+010

octave-3.2.4.exe:7>xmax=[1.3878952370488977*1.0e+011;\

-4.8993923789736987*1.0e+011;6.3708244797780591*1.0e+011;\

-3.5950560884359155*1.0e+011;7.357291154178479*1.0e+010];

octave-3.2.4.exe:8>(xoct45-xmax)./xmax*100

ans =

-3.33893662473746e-010

-3.33318198320561e-010

-3.32555440897001e-010

-3.31638982218553e-010

-3.30092804035384e-010

octave-3.2.4.exe:9>xoct45-xmax

ans =

-4.63409423828125e-001

1.63305664062500e+000

-2.11865234375000e+000

1.19226074218750e+000

-2.42858886718750e-001

To gr�fhma eÐnai bèbaia “animation”, all� gÐnetai exairetik� arg�, sugkri-
tik� me to MATLAB, en¸ h telik  morf  tou eÐnai h ex c:
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Sq ma 8: BeltÐwsh thc lÔshc tou sust matoc 3 me to Octave (ode45)

E�n den mac endiafèrei to �zwntanì� gr�fhma, tìte èqoume exairetik  beltÐ-
wsh tou qrìnou ektèleshc:

octave-3.2.4.exe:7> vopt = odeset ("RelTol", 1e-12,\

"AbsTol", 1e-12,"NormControl", "on");

octave-3.2.4.exe:8>tic;[sol]=ode45(ftx, [0 10],\

[1/10 -1/15 3/7 4/9 3/4],vopt);toc

warning: Option "InitialStep" not set, new value 1.000000 is used

warning: Option "MaxStep" not set, new value 1.000000 is used

Elapsed time is 5.19481 seconds.

Prèpei ìmwc na tonÐsoume ìti to Octave den kat�fere na mei¸sei to apìluto
sf�lma sta epÐpeda pou to èftase to MATLAB.

3. ParathroÔme loipìn ìti gia na mporèsoume na epitÔqoume ikanopoihtik  a-
krÐbeia me k�poio apì ta progr�mmata MATLAB   Octave ja prèpei na
orÐsoume tìso mikrèc tic paramètrouc epÐlushc thc Runge-Kutta 45, ¸ste
o qrìnoc upologismoÔ na prèpei na auxhjeÐ arket�. EpÐshc akìma kai tìte
den eÐmaste sÐgouroi ìti ja epitÔqoume thn polupìjhth akrÐbeia kai p�nta
prèpei na eÐmaste epifulaktikoÐ gia ta apotelèsmat� mac.
AntÐjeta, an qrhsimopoi soume to wxMaxima mporoÔme na upologÐsoume me
apìluth akrÐbeia thn lÔsh gia oiond pote qrìno t kai m�lista se el�qisto
upologistikì qrìno, dedomènou ìti k�noume mÐa apl  antikat�stash k�je
for�.
KatalabaÐnoume loipìn giatÐ prèpei na afier¸soume qrìno ¸ste na apokt -
soume thn gn¸sh Susthm�twn Upologistik c 'Algebrac (CAS), ìpwc to
wxMaxima: gia na lÔnoume toul�qiston ta grammik� probl mat� mac me
apìluth akrÐbeia kai se sÔntomo upologistik� qrìno.
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