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Eicaywyr oto Octave

Ewoaywyn amv epappoyn Octave, Baatki xprion amA@v eVIOAQDV, TPAEELG LIE TIPAYUATIKOUGE KAt Hyadikols aplBovs, pakeAog
epyaoaiag, amoBrikevon ovvedpiag, Stavdopata Kat mivakeg, el0odog kat é£080¢ Sedopévwv amd kat ae ewTtepikd apyeia kat
anAés ypagikég napaotdaeis. Xprion editor. Ilpoypaupata script, Zuvaptioeig (functions) kot mopadelypata pappoywy
OOV PAIVETAL 1 XPHON TV PACIKOY SOV TPOYPAUUATIOHOV KAl TTIVAKOTOINONG.

1.1 Ewayoywka

Tn Sekaetia Tov 80 KukAopopnoe eAebBepa (public domain) oto Awadiktuvo éva makéto and FORTRAN vrnopouTiveg yix
€0KOAEG KoL YPTYOpeG TIPAEELG |LE TIIVOKEG O€ LIIOAOYLOTH. AlRQOpPEG eTUpieg feATimoav Kol abEnoav TG SUVATOTNTEG TOL
OPXIKOD TIKKETOU [LE TNV TIPOCBNKN YPaQIKOV Kol B1BA0BNK®V eEE161KEVPEVOV CUVAPTHOEWY XPTOH®V € TOAAOVG TOHELG
€QPNPHOOPEVRV emMoTNHOV. H mo emtuynuévn etaipia nrav ko eivar  Mathworks (http://www.mathworks.com) kot
10 TIpoidV ¢ 10 MATLAB ypnoiponoleiton onpepa S1€0vmg o€ TOAAG TIAVETOTAHLA, EPEVVITIKA KEVIPA KAL ETAIPIES IOV
QOXOAOLVTAL HE TNV €EPELVA KAL TNV TEXVOAOYIA.

Tnv 6 dekaetia Sexivnoe Kat To pevpa Tov Avoiktov Aoylopikol (Open Source) mou pe ) Borfelx tov Aladiktuov
€6wae NV gukaipia 6 TOAAODG VEOLG EPELVITEG VO GLVEPYOOTOVV €BEAOVTIKA Kal va SNHIOLPYNCOUY TIOAAEG XPTOLHES
epappoyég (.. GCC C kot C++ compilers kot epyaleia, Aertoupyikod Linux, KAT.).

To MATLAB eivon avap@iofinta éva omd ta mo xprolpa epyoieia mov poabaivel évag Pnyavikog/emoTiHovVaG Kol o
OAX OYEGOV TQ TIAVETOTIHIA TV TEXVOAOYIKA TIPONYHEVOV X®OPOV TOL eE®TEPIKOD emfBaAAetar 1 Sidaokahiia Tov ano
™MV apyn TV omovdov Tov. EXTog Opwg amod 1o epmopikd mokéto MATLAB mov n mAnpng €k6oom €xel apKeTd vYnAd
KOOTOG, EPELVINTEC TIOL XPTOIHOTIOIOVV EPYAAEIX RVOIKTOV AOYIOHIKOD SNH00PpYNoav GAAX TTOKETO/EPUPHOYES JIE TIAPO-
Ho1eG SUVATATITEG, TTIOL €XOLV TO TAEOVEKTN X Vo €lval VOpiHaG Sdwpeav. Eva and autd, to Octave (https://www.gnu.
org/software/octave), ano ta ITavemotipia Wisconsin-Madison kot Texas g Apepikng, €xel oxediaotel pe atdxo
v 600 10 duvatov TANPN ovpfatdtnta pe 1o MATLAB. Awbétel moAAég amo 1ig Baoikég Suvatotnteg tov MATLAB
Ko BploKeTal ae guveyT avamTudn yia Tepateép® BeAtinon. Ta mpoypdppata Tov Ba eTOHA{OVE THPAKAT®D HTOPOLY VX
p€&ouV axeddV auTovo1x Kol oTa Suo TepIBaAAovTa.

"Eva ouvn010p€Vo GEVAPLO O€ TIAVETIOTIHLN TOL EEWTEPIKOV €lval TO TAVEMOTHH0 va StabBétel adela xpnong tov MATLAB
0TO X®PO TOL TIAVEMOTNHIOL Kal 01 GIOLSAOTEG Va Xprolponolovy To Octave 0TO OTILTL TOVG YK TIG EPYAOIEG TOVG,.

Emonpaiveton 61t 1 Mathworks mpoo@épet kot otnv EAA&Sa portnuikr| ékdoon MATLAB pe xootog yopw ota 100€.

H tehevtaia €kdoon Octave (Defpovaplog 2021) eivar n 6.2.0. Eekivovpe pe odnyieg eykatdotaong os mepiBaAiov
Windows.

1.2 Eykataotaocn Octave 6.2.0

To emionpo site tov Octave eivon https://www.gnu.org/software/octave. Le Windows 10, 64 bit, mov eivon ko
10 emKpatéatepo mepBdAlov onpepa, katefalete to https://ftpmirror.gnu.org/octave/windows/octave-6.2.
0-w64-installer.exe (mepimov 300 Mb). Av éxete maAodtepo voAoyloth, 32 bit, kateadete o0 cupPatod pe To ov-
oTNUG oag installer. Av éxete Linux, ival oiyoupa pHéPOG NG S100VOUNG TIOL XPTOHOTIOLEITE KOl EEPETE TL VX KAVETE.

To Octave poc@épel ) Suvatdtnta epyaciog oe Suo mepiBdAiovta, To ypaeiko nepiBdAiov, GUI (Graphical User Interface)
Ko 1o epiBaAiov kovaoiag, CLI (Command Line Interface) kot ) teAevtaia €KS00T €XEL AMAOTIOW|OEL APKETA TIPAYHOATOL.

H eykatdotaon eivor amAn. ATAGG Tpéyete o installer kon akoAovBeite Ta TpoemAeypéva Bripata mov epgavidovral.

[Mpooipetikd, kateBalete eniong 1o akOAoLBO AOYIGHIKO aTo TO SladikTLO:
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Notepad++: Editor Notepad++, and 1o https://notepad-plus-plus.org, évag feAtiwpévog editor, Tov aviikabiotd
toug Notepad kon Wordpad editors Twv Windows. To Notepad++ €e181keeTN Y1 TOUG TIPOYPARHATIOTES IOV YPA-
@OLV KOSIKA o€ MANBOPA YAOGO®V Kot Ba oag @avel xprio1po Kot aAAoD. Av kot 1) €kdoorn Octave cupmeptAapPavel
S1k0 ¢ editor oto mepiBdArov GUI, oto mepiBdArov CLI Ba ypewaoteite Tov Notepad++.

Inkscape: To mpoypoappa dnpovpyiog kot enegepyaoiog ypagikov Inkscape ano https://inkscape.org. IInyaivete
o010 DOWNLOAD -> Windows installer kon katefdote tnv 32bit 1 64bit ékdoomn mov avtioTolykel 010 KO 0ag
obOTNHA. XPrO1HO, OV XPTOIHOTIOIEITE YPAQIKEG TAPACTAOELG OF SVE.

7zip: TEAoG, av Sev €XETe QAPLOY CUHTILEONG PXEL®V WiNzZip 1) winrar cLVIGTE TV 7zip a6 T0 http://www.7-z1ip.
org. Tétowa epappoyn eival anapaitntn otav aveBalete epyaoieg ot eviaio apyeio oto eclass.

|l L': U Current Directory:

D:\tasos2work V‘ 2‘ E
* Command Window

D:ftasos2fwork v‘ } \‘.‘f

(=)
*

File Browser

GNU Cctave, wversion €.2.0 ~
Copyright (C) 2021 The Octave Project Developers.

This is free software; see the source code for copying conditions.

There is ABSCLUTELY MO WARRANWNTY; not even for MERCHANTABILITY or

¥

Name

@ twdsg FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty'.
|&] tata3.png
tatad.pdf Octave was configured for "x36_64-we4-mingw3z".
-
L tatal.m L R R ~ ~ .
Q tata ILdditional information about Octave is available at https://www.octave.org.
® tetalsvg
ﬂ tata2.png Please contribute if you find this software useful.
tatal.pdf For more information, visit https://www.octave.org/get-involved.html
‘\_ tata2.m

Read https://www.octave.org/bugs.html to learn how to submit bug reports.
For information about changes from previous versions, type 'news'.

Waorkspace T ox
Fiter (]

Name Class Dimension

< >

h
x

Command History
Fiter []

quit ~
# Octave 6.2.0, Thu Feb 25 17:21:
exit

# Octave 6€.2.0, Thu Feb 25 17:23:

# Octave 6.2.0, Thu Feb 25 17:24:
org v
guit v € >

S b Command Window Documentation Editor Variable Editor

()

Tynpa 1.1: Octave GUI nepidirov yia €kdoon 6.2.0. Awakpivoupe 1o Command Window (kovodla eviodov) tov Editor kot tnv
tekpnpiowon (Documentation) pe o8nyieg kot online BoriBeia. Awoxpivoupe emiong Tov Tpéxovia @akeAo epyaaiag.

Kd&Be gopa mov apyifovpe pia ouvedpia pe 1o Octave 1o poypappa «BAEnen évav ouvykekpipévo gakeAo (folder) dmov
pnopet va Stafaoel kot va amobnkedoel apyeio SeG0PEVOV 1] YPAOIK®OV TTOPAOTATE®V. O PAKEAOG AUTOG OVOpALETAL Y-
keAog epyaaiag. H apyikn B€om tov pakélov epyaoiog eaptdrat amd tnv ékdoom Tov Octave Kot T0 AEITOVPYIKO GUOTNA.
I1.y. o mepidArov Windows BAémovpie 6Tt eipaote oto C: /Users/Tasos av Tasos eival 1o ovopa xpriotn (eployn File
Browser endva apiotepd). Av xpnotponotovpe Octave CLI mAnktpoAoyovpe pwd (print working directory) kot to amoté-
Aegpa epgavideton oty KovooAa. Xprotpo givat vo SnHoupyT|aeTe évav EeEXmPLOTO PAKENO, T.X. C:\work Kou vo €xeTe
10 octave vo Tnyaivel katevbeiav ekel.

Anpovpyeiote IPAOTA ALTOV TOV PAKEAO, TLY. C: \work ewtepikd Tov Octave pe TOV TPOTIO TTIOL GLVIBWG XPTO1HOTIOLEITE
va Snpovpynoete PakEAAOLG Ko peTd, péoa oto Octave, oto Edit ->Preferences -> General dnA@aote tov oav apyiko
(QAKeAO epyaciag otov onoio Ba avolyel mavta o mpoypappa oag (BA. . 1.2). Xto Edit -> Preferences -> Editor oetd-
pete eniong text encoding UTF-8 (BA. Lx. 1.3) mov Ba oag emtpéPel apyotepa va €XETE Kal EAANVIKOVG XOPAKTAPEG OTLG
YPOQIKEG KO OXOAI& 0OG,

Y10)0¢ 0€ epAG Toug EAANVEG XprIOTEG EIVAL VO PTTOPOVE VA ELGAYOLHE YPAPIKEG HE EAANVIKOVG XOPAKTIPEG OE EQUPHOYES
eneepyaoiog kewpévou (m.x. Word, LibreOffice) yia otidnmote epyaocieg | avagopég BéAovpe. EAANVIKOUG XOpOKTHPES
AEN BAénovpe oty Kovooha. BAémouvpe Opwg otov editor av Tov puBpicovHE OTIWE THPATIAV®.

Me v teAevtaia ékdoon BAEnovpe vootpi&n EAANVIKGOV o€ ypagikég oe apyeia TOmov png ko Sev xpelddeTon KATL €Mt~
mAéov. Av B€Ahoupie opw¢ vector graphics tote BéAovpe apyeia svg Kat xpelaldpaoTe emmAéov Kol v epappoyn Inkscape
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General Command Editor File Browser Workspace Variable Editor Shortcuts Metwork
Interface
Language System setting | {requires restart)
Style default ~
Toolbar Lcans O small @ Normal O Large

Use system icon theme if available (requires restart)
Icon set for dock widgets (@) Octave logo only (O Lettericons (O Graphicicons
Dack widget title bar [] custom style Backgroundinactive [__]  Active [
= e Text inactive - Active -
Use native file dislogs
Cursor blinking
Show status bar
[1 Confirm before exiting

Octave Startup
These preferences are applied after any .octaverc startup files.

Initial working directory of Octave [] Restore last working directory of previous session
interpreter

[D:ftasos2pmork Browse

Cancel Aoply

Iynpa 1.2: Edit -> Preferences, -> General, GeT&plopa apyIkoL GaKEAOL EPYATING.

Qr
General Command Editor File Browser Workspace Variable Editor Shortcuts Metwork
Always show debug breakpoints and pointers (opens related file if dosed) "
File handling
[ Restore editor tabs from previous session on startup or when editor is shown again after dosing
[] create nonexistent files without prompting
[ Reload externally changed files without prompt
[ Close all fles when the editor widget is dosed/hidden
Default EOL mode |Windows {CRLF) ~
Text encoding used for loading and saving |UTF-8 ~
Editor Styles
Select font, font size (as a difference from the default size), font style (bold, italic, underline), text color, and background calor (for the latter, the color magenta (255,0,255) is a
placeholder for the default background color).
Octave C++ Perl Batch Diff  Bash = Text
Default |Couner New V| |1El > ‘ Oe O DJu IWC
Comment [Defauit v 06 O Ou
Command [Defeult ~[o 060 O Ou [
Number [ Defauit “|[o 00 O Ou [0l
Keyword [Defauit ~|[o /e O COu 1B
Single-quoted string |Default V| |0 = ‘ Ob O Ou 20
Operator [pefauit ~]o J0b0 O Ou Il
Identfier [Defauit ~|[o J00 O Ou
B [reemis 10 ] PO PP | hd
Cancel Apply

Iynpa 1.3: Edit -> Preferences, -> Editor, oetapiopa UTF-8 text encoding.

TIOL avaPEpBNKe TapaATAVE.

1.3 To Octave Gav «KOPTILOVTEPAKL»

H npod1n kot iowg mo amAn xpnon tov Octave €ival v TO XPTOHLOTION|TEL KAVELG 00V «KOPTLOVTEPAKL». OAEG 01 YVOOTEG
aAyeBpikég mpagelg vooTnpilovial OTWG PIOPOVHE VA SOVHE OTAV ELOAYOVHE TIG TIPAEELG IOV BEAOVE VO EKTEAECOVL|IE
LETA QMO TO prompt, >> | TOL TPOYPAHHATOG.
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+ mpdaobeon

—  agaipeon

TOAAGTIAQGIOOPOG

VPwaon oe Suvapn

deua Sadpeon omov 5/3 =5+ 3
aplotepr| Saipeon omov 5\3 =3 + 5

*

—

To mpoypappa ekteAel apéows KaBe evioA/mpdén kon Sivel 1o anotéAeopa atn petafAnTr ans

>> 543

ans = 8

>> 89*5

ans = 445

>> 56-8+9-45.5
ans = 11.500
>> 5/3

ans = 1.6667
>> 5\3

ans = 0.60000
>> 3/5

ans = 0.60000

Av B€Aovpe va GLVEXIGOL}E TOLG LTIOAOYIGHOVE UG [E TO KTOTEAECHA TIOL AIVETAL GTNV ans, TNV XPTO1HOTO0VE TaV
petafAnT, N onola GpwG Maipvel PETd TIG TPASEIG KOVOUPYLO0 OMOTEAECHAX. MTIOPOVLE EMONG VX XPTOHOTIO|GOVHE
petapAntég onmg oe yhwooo Pascal ij C, m.x. o vopog tov Ohm o€ Kamoto KOKA®pa.

>> V=220
vV = 220
>> I=2
I= 2
>> R=V/I
R = 110
>> R=R+2
R = 112
>> 543
ans = 8
>> R=R+ans
R = 120

Edv kavete kamoto A&dBog o mANKTpoAdynon propeite va matroete 1o Enter péypt va epgaviatel 1o prompt (> ) Kot
Vo EXVATIANKTPOAOYTOETE COOTA Tar Sedopéva oag. Mmopelte emiong Vo XprOLHOTIOOETE TA «BEAGKLIO®, VA EMOTPEYETE
010 onpeio Tov AdBoug, kot va 1o StopBaoete. Edv emavalapavete eVIOAEG e 10w HIKPEG Slapopéc, foAeveL 1) xprion
TOL T TIOL PEPVEL IPOT|YOVHEVEG EVTIOAEG 0TO prompt ( >> ).

To Octave ypnoipomnotel vymAn akpifewx (double precision) ywa v extéAeon aplBUNTIKOV TPaEemV, OAAG Geixvel PIKPO-
TePO ap1BpO Sekadik®Y Yneiny oto amotéAeopa (5 onpavtika ymeia). H evioAn format pnopel va aAAGEeL TNy epgdavion
TOL ap1BPOoL TV YNeiwv Tapdotacng o 15 onpavtikd Ymeio. ILY.

>> 5/3

ans = 1.6667

>> format(’long’)

>> 5/3

ans = 1.66666666666667
>> format(’short’)

>> 5/3

ans = 1.6667

INa apBpovg mov eivon Suvapelg tou 10, xproponoteiton N ekBetikn popen pe to ovpPoAro e (exponent - ekBENG), T.x.
3.245 x 10% = 3.245e3, —6.736 x 1076 = -6.736e-6.

Yndpyel Stabéoipn pia mAovo1a GLAAOYT ATIO EVOWHATOHEVEG GUVAPTIOELS, TIOAD TTEPLOGOTEPES ATIO EVA «KOUTTLOVTEPAKLY.
Ztov mivaka 1.1 gaivovtol HEPIKEG oMb QUTEG.

H mArpng cuAloyn ovvaptioewy touv Octave @aivetal av iate oto Documentation kot avoiete to Function Index. Av
B€hovpie BorBela yia KATIOIX CLYKEKPIHEVT] EVTOAT, TL.X. TNV EVIOAT] load PUMOPOV}IE EMONG VA TTANKTPOAOY|GOVHE OMAMG
help load otV kovaoAa. Avoiyel TdTe 0 evowpatwpévog info-reader otnv kKovodAa pe gVVTopEG TATpogopieg fonBetag.
Av 1 Bonfeia ovpmeprhapfavel TOAAEG oeAideg mnyaivou e oty eMOpEVT TANKTpoAoywvTag To spacebar. Byaivoupe and
tov info-reader mAnktpoAoyavtag g.
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IMivakag 1.1: Mepikég amno Ti§ EVOOHATWHEVEG GLVAPTHOELS TIov StaBétel To Octave

abs(x) QaOAVTOG TIHT 1} LETPO HIyaSIKOU aplBpol x
acos(x) T6&0 ovvNUITOVOL X o€ rad

asin(x) T6&0 MpTovou x oe rad

atan(x) 1080 epamtopévng x o€ rad

atan2(y,x) T16& e@amtopévng tan ! (y/x) o rad
conj(x) oL{LYNG PIYaSIKOG TOL X

cos(x) oLV HITOVO TOL X OToVL X o€ rad

exp(x) ekBeTiko TOUL X, €7

imag(x) POVTOOTIKO HEPOG TOL HIYASIKOU aplOpon X
log(x) @LOKOG AoyapiBpog (Baon e) tov apiBpod x
log10(x) Sekadikog AoydapiBpog (Baon 10) tov apiBpod x
real(x) TIPOYHOTIKO HEPOG TOL HIYASIKOU aplOpon x
sin(x) nuitovo tov x 6mov x o rad

sqrt(x) TETPAYWVIKT] pilot TOL X

tan(x) €@amTopévn Tou X Omov x oe rad

'Eote 6T 8élovpe va Bpovpe Tig Aoeig g SeutepoPabutag 32 + 2 — 6 = 0. Ot Aoelg TG yevikng SeutepoPadpiag
ar? + bz + ¢ = 0 §idovron am6 v oyéon:

. _ —b+Vb*—dac
12= 5.
’ 2a

AoK&lovTag amAOTKA:

>> a=3; b=2; c=-6;

>> x1 = -b + sqrt(br2-4*a*c) / 2*a
x1 = 11.077

>> x2 = -b - sqrt(br2-4*a*c) / 2*a
x2 = -15.077

TaipvoLpE SV0 AVCELG OOV e EAgyx0 SlamaTtdvoupe 0Tt ivar AaBog. To AdBog ogeiAeTan oty TPOTEPAOTNTA TWV TIPA-
Eewv. Xt mapandve Ba vmoAoyiotel mpata N pida. To anotéAeopa Ba mpootebei 1 Ba agaipebet anod 1o —b. To endpevo
anotéAeopa Ba Sronpebetl pe to 2 kon 0Tt pokLYEL Ba ToAAamAACIOTEL pE TO a. To 0WOoTO anmoTéAeopa Byaivel amo:

>>x1:(b
x1 = 1.1196
>> x1 = (-b - sqrt(br2-4*a*c)) / (2*a)
x1 = -1.7863

+ sqrt(bnr2-4*a*c)) / (2*a)

OTIOL XPNOIHOTOWCNE KATAAANAa apevBETeLg yia va yivouv ot Tpa&elg pe T owoTh oepa. H mpotepondtnta v npé-
Eewv @aiveton otov mivoka 1.2.

IMivakag 1.2: TIpoTtepatotnTa TV MPAEEV

O) Ipwta vmoAoyifovton ot pdéeig péoa oe mapevleoelg

A AxoAovBel n VPwon og Shvapn
*/  TToAAamAQOI0GPHOG KO S1aipeaT) €X0VV 1810 TIPOTEPALOTNTA KOL EKTEAQVVTOL ATIO APLOTEPK TIPOG T& SEEIK
+- IIpo6aBeon kat agaipeon €xouy 161 TPOTEPAOTNTH KL EKTEAOVVTAL OTIO KPLOTEPK TIPOG TAK S

Av kdmov éxete apiBoAia xpnoponoteiote emmAéov napevBEeLg.

AxoAovBovv mapadelypata e pyadikong aplBpone Kot Tply®VOHETPIKEG auvapTnoElS. [Ipoaééte aTig TeEAeLTAiEG OTL O1
yovieg eivan oe axtivia (rad). H petatponr and rad oe poipeg yivetat nohamhacialovtog pe 180/ kat ano poipeg oe rad
noAAarAaoialovtag pe m/180.

>> sin(60*pi/180)
ans = 0.86603
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>> asin(ans)*180/pi
ans = 60.000

>> z=5+j*3

z= 5+ 31

>> abs(z)

ans = 5.8310

>> real(z)

ans = 5
>> imag(z)
ans = 3

>> atan2(imag(z),real(z))*180/pi
ans = 30.964
>> [abs(z) angle(z)*180/pi]
ans =
5.8310 30.9638

H teAevtaia eVIOAN HOG HETATPEMEL TOV PIYHOIKO aplBHO amd KAPTECLAVE] O TIOAIKT] HOpQT| piE TN ouvdptnon angle. To
aVTIOTPOQO, OTIOL PETATPENOVHE EVav HIYaS1KO oo TOAKT] Hop@n) (pGoopa) 08 KAPTESLavT, T.X. Tov 5 /45°, To emTuyyd-
VOULE 0¢ €ENG:

>> 5*exp(j*45*pi/180)
ans = 3.5355 + 3.5355i

YnevBopiletar 6T évag pyadikog aptdpog opileton oav z = a + jb = r /6 = r €% dénov r = Va2 + b2 xau 6 10 HpLOp
oe rad. Enopévag 5 /45° = 5 e457/180,

Mo petafAnt oto Octave ONwG Kol 0 GAAEG YADOGEG TIPOYPALLATIOHOV XPT|O1HOTOLEITOL oy eva GOHBoAO yix pa Béon
HVI NG TTOL TIEPLEXEL KATIOA TIUT]. XTO TIAPATAVR €I6XHE OTL PTTIOPOVHE VX SOOOVHE SIKA PO OvVOpaTa o€ PETABANTEG T,
av 8ev 10 Kavoupe autd, To Octave xproiponotel pia Sikfy Tov peTtafAnTm, TNV ans (answer — AMAVINGOT) GOV OTIYHIXIO
B€on PVIENG Yo TO 0 TPOCPATO AMOTEAETHA (TNV LETHPATTH OLTH HTTOPOVE av BEAQVE VO TNV XPTOLHOTIO|GOVHE KOl
EHELG OTNV APECKG ETOHEVT] EVIOAN).

211G aAyeBPIKEG HOG TIPAEELG HTTOPOV|IE VA XPTOHOTIOI0V|E TTHPEVOETELG e TNV 151 AOy1KT| TTOL €X0LE HdBel oTa paBnpa-
TIKG. Av €xoupe TOAAEG aAyePpIKeEG TPAEELG O O, TLY. 5+3%2/6-4 = 5+1-4=2, 01 IPAEELG EKTEAODVTOL OO ApLOTEPK
TPOG Ta Se&1G AVAAOYQ PE TNV MPOTEPAOTNTG TOLG. H OWwon og SOvapn épxetal TpmTN, TOAMGPOG Kol S1aipeoT) KATO-
T pe i mpotepadTnTa, Kol TéA0G Ipoobeon Kot agaipeon, pe idia mpotepardtnTa. Mdvo ot mapevbéaelg pmopobv va
OAAGEOLY TNV TIPOTEPALOTITA.

>> 8+3*5

ans = 23

>> (8+3)*5

ans = 55

>> 4N2-12-8/4%*2
ans = 0

>> 4N2-12-8/(4*2)
ans = 3

>> 3*4N2+5

ans = 53

>> (3*4)n2+5

ans = 149

>> 27/1/3+3200.2
ans = 11

>> 1.2*sin(pin2+1ogl0(5))
ans = -1.0923

>> new=3+ans/2
new = 2.4539

YnevBupileton emiong OTL TO = GTOV TIPOYPAMHATIOHS €XEL S1IXQOPETIKT oNpacia amod 0T ot padnpoatikd. H ékgppaon x=2
onpaivetl 0T 1 B€on PviEng mov €xel OVopX To oVHBoAO peTafAnTig x Ba apel TNV Tipun 2. H ék@paon x=x+2 onpaivel
ot ot Béomn pvipng mov ovpfoAileton pe o x B pootedel n TN 2 ko 1o amotéAeopa Ba TomoBetnBel A ot Béon
HVAHNG X. ANA. yia 0Tt aAyepikn) ékppaoT givat ota §e§1a Tou =, B yivouv ot Tpadelg, kot o anotéAeopa Ba amobnkevtet
ot Béon PvnUNG oL LIIAPXEL OTA APLOTEPG TOL =. TTov oMpAivEL OTL 01 EKPPAROELG OTA SEEIA TIPETIEL VO KATAAIYOLV OE
KGO0 aplBUNTIKO OMOTEAET O KO SEV ETMMTPEMETAL OTU APLOTEPH VO EXOVHE OPLOUNTIKEG TIPAEEIG OAAG KATolx PeTafANTH
mov SnAwvel kdmolx Béon pvipng.

1.4 To Octave cav iepifariov gpyaciag

Otav apyilovpe Kol €10GYOVHE EVIOAEG TNV KOVOOAX EAEYXOL Kol Taipvoupe S1d@opa amoteAéopata €XOVHE apyioel
Hwa ouvedpia (session). I'pryopa yepilel to mapaBupo amd evioAég kot amoteAéopata. Xprolpn evioAn 6@ eivar i clc

6
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Tov «KaBapiler» To MapdBupo XWPIG VO APAIPECEL TIMOTA QMO T VI TOL UTTOAOYLOTH. AV Ol EVIOAEG IOV ELGAYOLHE
Snuovpyoly peTafAnTéGg oL SeGPELOLY PEYRAO TUNHA TNG SIABEGTNG PVIHNG TOL LTTOAOYLOTH, I} EVTOAN ¢ lear kabapilel
OAEG TIG HETAPANTEG. AV ETNAEKTIKA BEAOL|IE VO XQAIPETOV|IE CUYKEKPIHEVA HIA 1] TIEPLOCOTEPEG ATAWG STVOULE TA OVOPATA
TOLG oav OpIoHa 0TnV clear. IL.y. av BEAovjEe Vo aopéTOVE TIG X1, X2 TO K&VOULYE pe clear x1, x2. O mivakag 1.3
OLYKEVTPQOVEL HEPIKEG TETOLEG EVIOAEG £TO1 OOTe To Octave va yivel eDxpnoto nepifdAiov epyaaiag. KottdEte oto on-line
help yio Aentopépeleg xprong Twv eVIOAQV.

IMivakag 1.3: Mepikég XpriOLHEG EVIOAEG

clc kaBapidel v 006vn xwpig va apoaipéoel peTafAnTéG Tov €xoupie el0dyel
clear QQOIPEL OTO TN UVAKN OAEG TIG HETAPANTEG IOV €XOV|IE EIGAYEL

clear vi,v2,v3 oQOlpel HOVO TIG GUYKEKPIHEVEG PETAPBANTEG V1, v2, v3

who GUVOTITIKG OAEC O1 HETABANTEG IOV EIVOL POPTWHEVEG GTI HVAKN

whos HE AETITOPEPELR OAEG O1 HETABANTEG TIOL EIVOL POPTOHEVEG 0TI LVIHN
pwd Topovotdlel To pdkeAo epyaaiog mov PAgnet To Octave

chdir fj cd aAAadel To eakeho epyaciog mov BAénet To Octave

diary Kpatdel apyeio anod piax ouvedpia (session)

dirn ls Sivel MoTo TepILEXOUEVOV TOL PAKEAOL EPYATTNG

INa va aAA&ovpie v tonobeaio tov pakéAlov epyaciog ae mpiaiiov CLI xpnoiponolodpe v evioAr chdir 1 cd pe
TIPAHETPO TOV KALVOUPYLO PAKEAO, T.X. chdir (' C:\work’ ). Xe GUI nepifdAAov pmopovpe eDKOAA Vo TOV OAAGEOUVE e
Tov evowpatwpévo File Browser enave aplotepd.

ITpocoyn. Ze epiaAiov CLI eqv BEAovpEe va SNHIOVPYOOLHE SIKO HAG PRKEAD EPYRTIAG HEGO GTO PAKEAO C: \work pe
ovopa .. 1234 ko va petapepBoijie ekel, T0 KAVOLPE &G €ENG:

>> cd C:\work
>> mkdir 1234
ans = 1

>> cd 1234

Koo eival va yivetat mavia emBefainon pe v eVIOAN pwd yla TO TIO10G €lval 0 TPEX®V QAKEAOG epyaaiag. Me tov File
Browser ta Topamdve amAovoTeovTal. AOKIHAOTE VO GAAGEETE PAKEAOD EpYAOing KABOE KAl va SIIovpYNOETE Katvovp-
ylo @dkeAo epyaaiag. To mol0g eival 0 TPEX@V PAKENOG epyaaiog paiveTan AHETWG,

Eav topa BéAovpe va amoBnKeDooLE KATIOIX CLUVESPIX ATIO TIPAEELG HOG O KATIO10 Op)Elo, [IE OVOUX TLY. tata, TANKTPO-
AoyoUpE TV evioAn diary(’tata’). Ondnmote akolovBel katdmy eite and SN pag TANKTPOAOYNON €ite and amote-
Aéapata mov bivel To Octave amoBnkedovto 0To apyeio tata otov TpExovia pakelo epyaoiag. ITpoooyn e6@. TToAA& and
T EVOLAPETT OTTOTEAEGHATA GEV YPAPOVTOL APECMG OTO apXei0 aAAG Tapapévouy oty pvipun RAM tov voAoyoth. Av
BéAovpe va tar abelCOLE QMO T VAN OTO OpXeio tata TPEMEL va T0 KAEIGOLHE TIPAOTA PE TNV €VIOAN diary Xwpig
TOPAHETPOLG. MTIOPOLE KATOTIV V& SOVE TO apXEl0 OTOV PAKEAD epyaoiag Kot va To avoi§oupe .. pe tov Notepad++
(mep1B&AAov CLI) 1 Sttho-kAK 010 Ovopa Tov apyeiov atov File Browser. To apyeio eivat ammAo apyeio KeWWEVOL Kol avoi-
yel pe omotodnmote ASCII editor 1} axopa ko pe to Word. ITpogoyr Opag kot €6 yiati To IpoypappaTa enesepyaciog
KELHEVOL OTtwG To Word Tpomonolovv To meplexOHeVO Tov. Av ival yia ETOHOOIX KATIOWXG EPYNTing 0€ NAEKTPOVIKT HOPQT
nov Bu ekTunwBel oe évrumo, avtd emTpénetor. Av givon yia Snpiovpyia k&motlov script mpoypdppatog Octave avto oma-
yopevetal. To katdAAnAo epyaieio otn 6ebtepn nepintwon eivon évag text editor (.. Notepad++). Ta diary apyeia ivan
XPNO1Ha i amoBrjkevon ouvedpiag Kot Katomy, pe editing ko KaBapLopa €101 OOTE va peivouv ol KaBapd eKTeAETLEG
EVTOAEG, Y10 QTIGELO TTPOYPAHAT®V SCript.

To MapaKAT® Tapadelypa Seiyvel TNV aAAayr GaKEAAOL EPYRGING ATIO TNV KOVOOAX EVIOAGV KAO®OG KOl TO MG avTiSpa
T0 TIPOYPAHHK 0TV TIPOOTIBOVE VO AAAGEOLHE PAKEAD OTOV ALTOG SEV LTIAPYEL

>> pwd

ans = C:\work

>> chdir fakelos

error: fakelos: No such file or directory
>> mkdir fakelos

ans = 1

>> chdir fakelos

>> pwd

ans = C:\work\fakelos

IMopadelypa yix Vo KpOTHOOVHE apyeio piag auvedpiag:
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>> diary(’'tata2’)
>> 5+3*34

ans = 107

>> e=5*exp(3)

e = 100.43

>> diary

Kévte SimAd-kAik oto dvopa tou apyeiov tata2 oto File Browser kon Ba Seite 1 €xel amobnkevtel ekel.

1.5 AwvoopaTa KOt TIIVOKEG

O xUp1log AdYog oL Tpoypappata gav To Octave €xovv HeyaAN emrtuyia Ta TEAeLTATN XpOVIX €lval TO YeYovog OTL XEIpi-
Covton Sravdopata Kot TvoKeg oav va givat amAég peTafAnTtég. Me Tig evoopaTepéveg pGAoTa poutiveg ipa&env (Baot-
opéveg oTig yvwoTtég BifAodnkeg BLAS kot LAPACK) petadh mvakev Kot SIavuopaTtov, ot IPASELg eival omAgg, ATEG
OTNV ELEAVIOT] KOL YPYOPES. AVTO ESUNNPETEL TNV YPIYOPT| KOL COOTH] AVATITUET TIPOYPAHHATOV KoL EQAPHOYROV KOL TNV
SOKIUT VEQOV TEXVIKGV KOl PHeBOSwV.

"Eva Stévoopa givat oamAag pia akoAovBia aptBpdv Statetaypévav jie KAmola oLYKEKPLEVT oelpd. AkoAovBel mapadetypa
SlavOopaTOg Ypap g

>> x=[0,1,3,6]
X:

0 1 3 6
>>y = [6 310]
y:
6 3 1 0
>>z =X +y
Z =
6 4 4 6
>> size(X)
ans =
1 4
>> size(y)
ans =
1 4
>> size(z)
ans =
1 4

Ko S1avOoPaTOg 0THANG

>> a=[1 3 -5]"

a
1
3
-5
>> size(a)
ans =
3 1
>> b=[3; -6; 10]
b =
3
-6
10
>> size(b)
ans =
3 1
>> z1 = 5+3%]
z1 = 5+ 3i
>> 72=6-4%*j
z2 = 6 - 4i
>> x=[z1 z2]
X:
5 + 31 6 - 41
>> X
ans =
5 - 3i
6 + 4i
>> X, '
ans =
5+ 3i
6 - 4i

Xpnotponolovpe [ ]y va opicovpie Tétoleg akoAoubieg kon xwpifoupie ta aToeia Tovg pe KOPpA 1] Kevo. TIpooé&te T
XPNOT| TNG GLUVAPTNONG Size Tov pag Sivel TIG YPapPEG/OTAAEG TV Stavuopdtwv. TTpogédte emiong Toug TPOTOLG yix TNV
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KOTOOKELT S1avOopHaTog 0THANG. Me 7 avTipetaBéToupie ypap péG 0TRAEG pe Tov ouluyn Piyadikd. Me . ' avtipetabétovpe
KaBoapd ypappeg kot otiAeg. Kot pe ; Eexawpillovpe €€ apyng TG YpOHHEG.

MrnopoUje miong v KATAOKELATOLHE S1AVOOHATA a6 GAAX StaviopaTa @Tével va Tapldlovy o1 EKAOTOTE SIHOTATELG.

>> a=[1 2 3];
>> b=[4 5],
>> c=[a -b]
CcC =

1 2 3 -4 -5
>> d=[-10; 3]
d =

-10

3
>> a
a =

1 2 3

>> e=[a d]
error: horizontal dimensions mismatch (1x3 vs 2x1)

Onng éxete TOPATNPIOEL HEXPL TOPA OV OPICOLIE KATTOL HETABANT 1} KGvou e TTpaEelg pe Sidipopeg petafAntég to Octave
TIPOLOLALEL APECHG TNV PLETAPATT 1] TO ATTOTEAEGHA HE TNV EKAOTOTE TIHT TNG/ToL. [ TV epintwon mov BéAovpe va
QMO@VYOVLE TNV «NYXO» TV EVOIOPECOV AMOTEAEGUAT®V XPTOLHOTOLOVHE TO OVHPOAO ; OTO TEAOG TNG EKPPUOTG OTIMG
OTO TIAPATIAVE TIAPASEIYHAL.

"Evag evaAAaKTIKOG TPOTIOG KATHOKELTIG SIVUT ATV givat pie To GUHBoAO/TEAETTH @ OTIOL SIVOLLE XPYIKT] KO TEAIKT] TIHT
(vmovoeiton Bripa 1) 1, apXKn T, BARO KO TEAIKT TIHT.

>> x=1:10
X:
Columns 1 through 9:
1 2 3 4 5 6 7 8 9
Column 10:
10

>> y=0:0.1:1

y_

Columns 1 through 9:

0.00000 0.10000 0.20000 0.30000 0.40000 0.50000 0.60000 0.70000 0.80000
Columns 10 and 11:

0.90000 1.00000

>> Ts=0.2

Ts = 0.20000
>> t=0:Ts:1

t

0.00000 0.20000 0.40000 0.60000 0.80000 1.00000
>> x=-1:0.1:1
X:
Columns 1 through 8:

-1.0000 -0.9000 -0.8000 -0.7000 -0.6000 -0.5000 -0.4000 -0.3000
Columns 9 through 16:

-0.2000 -0.1000 0.0000 0.1000 0.2000 0.3000 0.4000 0.5000
Columns 17 through 21:

0.6000 0.7000 0.8000 0.9000 1.0000

>> x=-1:0.15:1
X =
Columns 1 through 8:

-1.0000 -0.8500 -0.7000 -0.5500 -0.4000 -0.2500 -0.1000 0.0500
Columns 9 through 14:

0.2000 0.3500 0.5000 0.6500 0.8000 0.9500

BAémouie OTL i€ TOV TEAEOTN : APXI{OVHE ATO TO TPAOTO GTOLXEIO KO TIPOXWPAHE HE TO BrIHa TIOL EXOVE OPIOEL PEXPL TO
tehevtaio. To teAevtaio ovpneptAapfavetal eqv givat TOAAamAGo1o Tou Bripatog. AAAGG, OXL.

EvaAAOKTIKA, HTTOPOV|IE VA XPT|CHOTOC0VE T oLUVAPTNOT) linspace 6mov BETovE pyIKT| Ko TEAKT] TIHT| Ko Tov aplfpd
TV otokeinv. Edm Sev xperaleton va vroAoyioovpe 1o Bripa. H cuvdptnon Ba voloyicel pix opotdpopen anodotaon
HETASD TV OTOLKEL®V KOl apyilovIag amd TO MPATO HE TO PriHa TOL LMOAGYLOE TIPOXWPA HEXPL Kol To TeAevtaio. To
TeAevTaio oToLYXElD CLpTEPIAapPBAvETL 0TV aKoAoLBia.

>> linspace(-1,1,21)
ans =
Columns 1 through 8:

-1.00000 -0.90000 -0.80000 -0.70000 -0.60000 -0.50000 -0.40000 -0.30000
Columns 9 through 16:

-0.20000 -0.10000 0.00000 0.10000 0.20000 0.30000 0.40000 0.50000
Columns 17 through 21:

0.60000 0.70000 ©0.80000 0.90000 1.00000
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>> linspace(-1,1,14)
ans =
Columns 1 through 7:
-1.000000 -0.846154 -0.692308 -0.538462 -0.384615 -0.230769 -0.076923
Columns 8 through 14:
0.076923  0.230769 0.384615 0.538462 0.692308 0.846154 1.000000

"Evag mivakag uo Slaotdoenmv pmopel va oploTel g e§ne:

>> A=[3 51 -4; 4912 4; 0 4 -8 2]

A
3 5 1 -4
4 91 2 4
0 4 -8 2

OToL oploape Evav mivaka 3 X 4, Kol 0nwg PAENovHE XwpllOLHE TIG YPAUHES e TO GOPPoAO ;.

MrmopoOpe eMioNG VX aVTIHETAOECOVE YPOHHEG Ko OTHAEG e TO aVpoAO ’

>> A

ans =
3 4 0
5 91 4
1 2 -8
-4 4 2

Ta mapaméve 10X00LY KO YA THVOKEG |IE HIYaS1KOUG aplBponE, HOVO TToL TOTE To GUHPOoAO ’ Selyvel OTL 0TV TIPOYHATIKO-
mra yiveton eppntiav avtipetdBeon (Hermitian Transpose) SnA. oty avtipetaBeon aviikabiotovvton ot apiBpot pie tov
Hyadiko ouluyr Toug. Av BEAoupE amAT] avTIHETGBEDT) XPT|OHOTIOOVHE TNV GLVAPTNOT) conj OV LIIOAOYI(EL TOV HIYaSIKO
ovluyn, 1 To obvBeTo ovpPoAo .’

>> x=[3 4+j*5 -2-3*9]

3+ 01 4 + 51 -2 - 9i
>> x'
ans =
3 - 0i
4 - 5i
-2 + 9i
>> conj(x)’
ans =
3 + 0i
4 + 5i
-2 - 9i
>> X, '
ans =
3+ 0i
4 + 5i
-2 - 9i

'Eoto tdpa 611 BEAovE Vo ADOOVIE TO YPAPHIKO GUOTNHX

3:81 - 4%2 + 5333 = O
Ty +92y + 225 = 3
—4x + 92y +253 = 1

OpiCoupE TOV THVOKA T®V CLVTEAEGTAOV A, TO YVOOTO Siavuopa oThAng b kot ) Abor Ba eivat to Siévuopa oTHANG X.

>> A=[3 -4 5; 19 2; -4 9 1]

A
3 -4 5
1 9 2
-4 9 1
>> b=[0; 3; 1]
b =
0
3
1
>> x=inv(A)*b
X:
0.4017094
0.2905983
-0.0085470
>> y=A\b

10
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y:
0.4017094
0.2905983

-0.0085470

Omov BAEMOVE OTL PTIOPOVE VO XPTICLHOTIOCOVLE TN OXEOT| X=1nv(A)*b 1} TNV x=A\b y1x va Bpodpe 10 x. Mnopolpe
EMIOTG VO KAVOLLE pia eMAAT|OELOT] TOL AMOTEAEGHATOG RPALPAOVTAG TO GVLOTNHX Az A6 TO YVOOTO SGvuopa b

>>  A*X-b

ans =
-2.7756e-16
4.4409e-16
4.,4409e-16

ko BAémovpe 6TL N amGvTnon etvan g Taéng 10716, mpaktiké undév, onwg mpénet va eivar. Eivon mbavov, oto Sikd oag
oLOTNHa, va beite Alyo StopopeTikd, oAAG Kot TTAAL TTOAD HIKp& VOUHEPQ.

Me ta StavOopaTa Kol Toug Tiivakeg Bpiokoupie TOAD Xpriolpeg TIG cuvaptioelg length ko size. H mpdtn pag divel to
U KOG evO¢ Stavhopatog (nA. Tov aplBpo twv oTokeiwv Tov) Kot 1 §e0Tepn To pHEyeBog evog Stavhopatog 1) mivako (dnA.
ToV aplBpd TRV YPAPH®V KAl OTNAGV).

>> y=0:0.2:2
y:
Columns 1 through 9:
0.00000 0.20000 0.40000 0.60000 0.80000 1.00000 1.20000 1.40000 1.60000
Columns 10 and 11:
1.80000 2.00000
>> length(y)

ans = 11
>> size(y)
ans =
1 11
>> A=[3 -9 0 12; 9 -2 -4 0; -1 9 5 2]
A =
3 -9 0 12
9 -2 -4 c]
-1 9 5 2
>> size(A)
ans =
3 4

O1 beikteg OTH S1AVOOHATA KAl GTOVG TIHVAKEG EEKLVOUV amto TNV Tiun 1 péxpt 1o péyeBog NG EKAOTOTE YPAUMNG 1] OTHANG.
Av B€Noujie KATIO10 CUYKEKPLUEVO OTOLKEID TO AVAPEPOLLIE HIE TOV T TOVG SEIKTEC TOL.

>> x=0:0.1:1
X:
Columns 1 through 9:
0.00000 0.10000 0.20000 0.30000 0.40000 0.50000 0.60000 0.70000 0.80000
Columns 10 and 11:
0.90000 1.00000

>> x(3)

ans = 0.20000

>> x(8)

ans = 0.70000

>> A

A =
3 -9 ¢} 12
9 -2 -4 0]
-1 9 5 2

>> A(2,3)

ans = -4

>> A(4,2)

error: A(I,J): row index out of bounds; value 4 out of bound 3

>> A(3,1)

ans = -1

MrmopoUe emiong va XpnOHOTIOCOVHE KATAAANAX TOLG SeikTeg Ko va mapdyoupe GAAa Stavoopata iy ivakeg. T1.y.

>> u=1:10
u =
Columns 1 through 9:
1 2 3 4 5 6 7 8 9
Column 10:
10

>> u(1:2:10)

11
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ans =
1 3 5
>> u(3:2:8)
ans =
3 5 7
>> A
A =
3 -9 0
9 -2 -4
-1 9 5
>> A(1:3,1:3)
ans =
3 -9 0
9 -2 -4
-1 9 5
>> A(2,1:3)
ans =
-2 -4
>> A3, 1)
ans =
-1 9 5
>> A(:)
ans =
3
9
-1
-9
-2
9
0
-4
5
12
0
2

BAénoupie 611 PTOPOVHE VA TIAPOVHE GUYKEKPLILEVA LITOCUVOAX OO SIXVOOHATA T} THVOKEG PTAVEL VO HTTOPOVHE VO TX
TepypaPovpe KatdAANAa pe tovg Seikteg tovg. Mmopeite va mepypdipete eoeig T akplBmg cupfaivel oTo mapamdve
ToPASELY L

Emedn 1 avaykn Snpoupylag SI0VUOHAT®V [E GUYKEKPLHEVT OPXIKT)/TEAKT] TN Kot BriHa o€ ypap KT 1] AoyaplBpikn
KAlpoxa givat ToAL ouyvn (E181K& 0€ YpaQIKEG TAPAOTAOELG) HTOPOVHE VO XPT|OTHOTIOUCOVHE TIG THPXKAT CUVAPTHOELG:

>> linspace(0,1,20)
ans =
Columns 1 through 8:
0.00000 0.05263
Columns 9 through 16:
0.42105 0.47368
Columns 17 through 20:
0.84211 0.89474
>> logspace(0,3,15)
ans =
Columns 1 through 7:
1.0000 1.6379
Columns 8 through 14:
31.6228 51.7947 8
Column 15:
1000.0000

0.10526

0.52632

0.94737

0.15789

0.57895

1.00000

2.6827

4.8343

0.21053 0.26316 0.31579 0.36842

0.63158 0.68421 0.73684 0.78947
4.3940 7.1969 11.7877 19.3070
138.9495 227.5846 372.7594 610.5402

ITAnktpoAoyrote help linspace kKol help logspace Kol mpoomaBeiote va KATRAGBETE TL OTLOIVOLY Ol TAPAETPOL OTIG
TIPATIAV® GUVPTIOELG.

[IpooBeon ko apaipeon pe mivakeg mpoumobeTel ioeg SlaoTAELG.

>> a=[2 4 8]; b=[3 2 2];
>> a+b

ans =
5 6 10
>> a-b
ans =
-1 2 6

>> c=[-1; 8; 3]

-1

8

3
>> a+c
ans =

12
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3 7
12 16
7 11

error: operator +: nonconformant arguments (opl is 1x3, op2 is 3x1)
>> A=[3 -1 0; 2 4 -1, 8 7 4]

A =
3 -1 0
2 4 -1
8 7 4
>> B=[4 2 8; 6 -3 -5; 1 4 2]
B =
4 2 8
6 -3 -5
1 4 2
>> A+B
ans =
7 1 8
8 1 -6
9 11 6
>> C=[B c]
C =
4 2 8 -1
6 -3 -5 8
1 4 2 3
>> A-C
error: operator -: nonconformant arguments (opl is 3x3, op2 is 3x4)

IMoAAamAao1op0g 0TaBePAG e iivaka onpaivel ToA/oHOG OA®V TRV OTOKELIMV TOL TIHVOKA HE T aTaBepd.

>> 2*A
ans =
6
4
16
>> (-3)*A
ans =
-9
-6
-24

-2 0
8 -2
14 8
3 -0
-12 3
-21 -12

To e0wTeEPIKO YIVOpEVO SVO SLIAVLOHATWY TIPOVTIOBETEL OTL TO TPAOTO €lval SIAVLOPX YPAUHNG Kot To Se0TEPO SLavLopX
OTNANG pe ioo MARBo¢ oTolXElWV:

>> a=[1 2 3]
a:
1

>> b=[4; 5; 6]

b =
4
5
6

>> a*b

ans = 32

YTnapyet Kot ouvaptnon dot ov VTTOAOYI(EL TO ECOTEPIKA YIVOHEVO VO SIAVLOHATOV KABAOG KA 1] GUVAPTNAT) Cross Yix
10 e§wTEPIKO Yvopevo. H tedeutaia eivon povo yia Stavoopota pe tpia atoyeio. EmBefoimote Ta mopokate Kot KAVETE
KO TOLG S1KOVG 0OG TIEPALATIOHOVG,.

>> a=[3 1 -4]
a =

3
>> b=[-2 9 1]
b =

-2
>> dot(a,b)
ans = -1
>> cross(a,b)
ans =

37

1 -4
9 1
5 29

TToMopdg mivaka A(m,n) ent mivaka B(p, ) onpaivel nivaka C(m, q) edv n = p.

A
3

>> A=[3 -1; 2 4; 8 7]

-1

13



OCTAVE Eoaywyn

2 4
8 7
>> B=[-1 0; 7 2]
B =
-1 (]
7 2
>> A*B
ans =
-10 -2
26 8
41 14

TV OH®OG POG EVOINPEPEL OXL O KAVOVIKOG TTON/GHOG PETAED Lo Stavuopdtav dAAd o TONGpOG 1| Saipeon otolyeio
TIPOG OTOTXELO.

>> a=[2 4 8]

a =

2 4 8
>> b=[3 2 2]
b =

3 2 2
>> a*b
error: operator *: nonconformant arguments (opl is 1x3, op2 is 1x3)
>> a.*b
ans =

6 8 16
>> a./b
ans =

0.66667 2.00000 4.00000

Avto emruyydveton pe v mpoodnkmn poag teAeiag mptv to oVpPoAo moA/opob 1| Saipeong. H mapoandve 1816tnta eivon
TIOAD ¥PNOLHN 0TV mvakonoinon npaéewv. Enekteivetal eniong kol otnv VPOt o€ SUVANN OA®V TV OTOLXEIWV EVOG
THVOaKO.

Emonpaiveton 611 10 1o kowvo Adbog otav axedidlete éva mpOYpappa yia va Aoete kdmoto pofAnpa oto Octave eivon
KOO0 PTEPSENA PE TIG YPOUPES / 0TAAEG Slavuopdtev 1 Tvakov. KaAo eivan mavia va emPeBoidvete pe v evioAn
size OTL Ol ypappég / 0TRAEG gival aUTEG IOV VOULLETE Kat OXL TO avamodo.

1.6 Pileg MOAOVOP®OV

Mrnopoolpe va opicoupe éva moAv@vupo oto Octave oav éva SIAVUOHN [E OTOLXEIX TOUG GUVTEAEGTEG TOL TTIOAV®VLLOU
apyilovtag amd Tov ouvteAeaTH oL o LYNAGBABHOL dpov. TLy. yia T0 ToAVGVLHO p(1) = —5 + Ta — 822 + 423 éxovpe

>> c=[4 -8 7 -5]

c
4 -8 7 -5

>> roots(c)

ans =

1.38802 + 0.00000i
0.30599 + 0.89829i1
0.30599 - 0.89829i

>> format(’long’)

>> roots(c)

ans =

1.388022717514269 + 0.0000000000000001

0.305988641242865 + 0.8982942617747831
0.305988641242865 - 0.8982942617747831

H ouvdptnon roots pog divel Tig pieg Tov Kot ONG BAEMOVE EXOVE HIX TTPAYHOTIKT pida Kot VO GLLYEIG HIYOSIKEG.

1.7 Eioco80¢/€0b0¢ dedopévarv ano/oe eEmTepika apyeia

To Octave eival prioHO «EPYAAEID» OAAG TIMTOTO TOPATIAV® OO €V «KOUTIIOVTEPAKL» AV SV PTIOPOVHE VXX EXOVYE €i-
00060/€8060 6edopévav ambd/oe eEMTEPIKA apyeia.

Me v evtoAn] load pmopovpe va Stafdoovpe kKamolo e§wtepikd apyeio To omoio givon oe popon text. ‘Eva kowvo mapd-
Setypa elvan vo €XOVE KATIOLEG PETPTOELG OTIO KATO10 HEYEBOG OLVAPTIOEL TOL XPOVOU, TLY. TAOT] O€ KATOWX AVIIGTOOT).
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'E0T® OTL €XOLpE éva TETO10 apyelo, pe Ovopa totol.d. Ot petproeig eivon 100 tov aplBpd Kot KOTaX®PNHEVEG G VO
OTNAEG (PN OTNAN XpOVOg o€ msec, Se0TepN OTHAN T&om o€ Volt).

Mrnopovpe va Stafdoovpie Tig petprioelg pe v evioAn] load. To Octave amoBnkevel otov mivaka totol (80 6vopa pe
TO OVOp TOL apyeiov) oAa ta dedopéva. H evioAn size pag Sivel Tig S1aTA0ELg TOL TvaKa, SNA. aplBpd ypopp@V Kot
OTNAGV.

>> load totol.d

>> totol

totol =
2 11
3 16
4 21
5 26
6 31

>> size(totol)

ans =

100 2

Av B€AovpiE TIC TIHEG TOL XPOVOL KL TNG TAOT|G O EEXWPLOTA SLAVOOHOTA YO TIEPUITEPW EMESEPYATIN HTTOPOVE VA TO
KAVOLHE WG ENC:

>> t=totol(:,1)
t =

OO rWN

>> v=totol(:,2)
V:

H &va/xate teAeia otov TpATo Seiktn (TTOL AVTIOTOLXEL OTIG YPOHHEG) onHaivel OTL Taipvoupe OAEG TIG ypappéG. O 6gv-
tepog Seiktng avriototyel otnv oAN. Enopévag totol(:, 1) onpaivel 01t maipvoupe OAEG TIG YPAUHEG OO TNV TIPATN
OTNAN eV® totol(:,2) onpaivel OTL MAiPVOLHE OAEG TIG YPOHHEG amd TV devTepn oTNAT. [Ipogavag e&v To apyeio éxel
TOPATIAV® OO SO OTNAEG PTTIOPOVHE HE AVAAOYO TPOTIO Vo Eexmpioovpe onola otiAn BéAove.

Yndpyovv kot dAAot tpomot va Stafdoovpe entepikd apyeia. Kortagte to help g evroAng load. Yndpyouv opoing
noAAot Tpomot va ypdoupe dedopéva oe e§wtepika apyeia. Kottagte 1o help g evioAng save.

TTapovotdletal €56 €vag amd avToLE TOLE TPOTIOVG:

'Eot® 0TL €xovupe Suo Staviopata X Kol y Kot BEAove va ypaWoupe Tig TIHEG TOVG o€ KATolo apyeio ofile.

>> x=1:10
X =
Columns 1 through 9:
1 2 3 4 5 6 7 8 9
Column 10:
10
>> y=x,N2

Columns 1 through 9:
1 4 9 16 25 36 49 64 81
Column 10:
100
>> save -binary ofile x y

H napandve evioAn save oe binary format ow(el Tig petafAntég x kan y oto apyeio ofile. o va Siafdoovpe éva téTo10
apyxelo ae GAAT ovveSpia OTOL eV LTIAPXOLY GTO XDOPO EPYATiag o1 HETAPANTEG X KAl y akoAovBole Ty e&N¢ Sadikaoia:

>> load -binary ofile
>> X
X =
Columns 1 through 9:
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1 2 3 4 5 6 7 8 9
Column 10:

10
>> y

Columns 1 through 9:
1 4 9 16 25 36 49 64 81
Column 10:
100

Avtopota goptabnke o apyeio kol epgaviotnkav ot petafAnTég X Kot y. ITepapatioteite pe S1kég 0ag MApaAAAYES Yl
11 31 4 petafAntéc, SlavOoHAT Kot TIVOKEG.

Avagépetal eniong o Tpomog va €xouvpie binary apyeia oupfata petadd octave ko matlab pe save -mat ofile.mat kon load
ofile.mat 6mou yperadetan n katdAn&n .mat ota apyeia. Kot e8¢ amobnkedovion 6oeg petaffAntég SnAcwvovtal 1] OAeg 00€G
LTTAPYOUV GTOV XOPO EPYNTLAG OTIMG TIPOTYOLHEVWC,.

IMapovoialeton emiong évag Tpomog mov amottel yvoon scripts kat for loops (ta pabaivete ota endpeva). To THpoKATR
script Seiyvel TIg EVIOAEG OTIOL AVOiYyOLHE Eva EEMTEPIKO apyELD Yo ypaupo Kol ypagovpe péoa amo for loop otoikeio
TIPOG OTOLYEID TIG TIHEC TV SIAVUCUATWYV X KA1 Y XPNO1HoTol®vTaC T cuvaptnon fprintf.

fid=fopen(’'ffile.d’,'w")
for i=1:length(x)
fprintf(fid, "%10.2f %10.2f\n”,x(1),y(1))
end
fclose(fid)

To anotéAeopa oto apyeio ffile.d eivat:

1.00 1.00
2.00 4.00
3.00 9.00
4.00 16.00
5.00 25.00
6.00 36.00
7.00 49.00
8.00 64.00
9.00 81.00
10.00 100.00

H fopen amno 1o file open avoiyel éva apyeio e Ovopa TNV TPAOTN TAPEUETPO NG cLUVAPTNOTG Fopen 6oL TO GvouX
elvon yapaktipeg string péoa og amAd 1 SUTAd «ovtdkion. To “w’ onpaivel 0TL To apyEio TOL avoiyovpE givat yia ypawipo
(write). Korta&te oto help fopen ywa nepiocotepeg Aentopépeleg. H petafint fid eivon o file descriptor mov avtiotowyel
OTO OULYKEKPIHEVO apyElo Ko pmaivel oav mapdapetpog otny fprintf(fid, ...) mov poag emrtpénetl va éxovpe formatted print
(Hop@omonpévn eKTOT®OT). AUTO yiveTal pe €va string akoAoLOOVEVO ATO TIG HETABANTEG IOV BEAOVIE VO EKTUTIOCOL|IE
(oto mapaderypa x (1), y(i).) Méoa oto string €OUjE «GUVONHATIKG» TIOL AVTIGTOLKOVV GTOV TPOTO Tov BEAoLE va
EHOOVIOTEL | TIHT] TV PETAPANTOV. XTO CUYKEKPIHEVO TIOPASEYHA T «oLVONpATIKG» eivon %10. 2, dnA. mpaypatikol
ap1Bpoi float o€ ywpo 10 Béoewv pe 2 Sekadikd Ynoeia. To \n gival YXpOKTPOAG EAEYXOL TIOV AEEL TYKLVE OTNV EMOLEVN
VPO (TTEPAPATIOTEITE AQAPOVTAC TOV). OTaV TEAEIMVETE 1€ TO APXELD KAAD €lval va TO KAEIVeTE e TNV Fclose yla va
HNV LIEPEEL TMBAVOTNTA THPAHOPP®CT|G TOL TIEPLEXOHEVOL. MepIK& akdpa apadetypata pe tny printf (] povn Stagopd
pe fprintf eivon 6T ypapel 0Ny KovooAa, o1 o€ apyeio).

octave:15> a=10.3452

a = 10.345
octave:17> printf(”This is a = %8.3f Volts\n”,a)
This is a = 10.345 Volts

octave:19> printf(”Color %s, number %d, hex %#x, float %5.2f\n”, "red”, 123456, 255, 3.14159)
Color red, number 123456, hex oOxff, float 3.14

octave:20> printf(”This is a = %10.2e\n”,a)

This is a = 1.03e+01

[ eplocotepeg AeTOPEPELEG KOLTASTE 0To https://en.wikipedia.org/wiki/Printf_format_string.

Avtog o tpomog divel meplocdTepPo EAEYX0 0T HopPoToinom TV 6edopévav Kat 1) puotkn Tov Béon eivon e6w. Mmnopeite
Vo eMOVEABETE OTOV EXETE KATAVOTOEL TIG NTTALTOVHEVEG EVIOAEG.

1.8 Eicodog dedopévov Stadpactika

Yndpyet ko 1 Suvatotnta StadpacTikig e10080v Sedopévav. IT.y. dtav BEAOLE TO TPOYPAHHA VO HOG pOTHOEL TL TIHT B
Sdooovpe o€ KAmola PETAfANTA I KATOWX TTANPOPOPLa OTIWG TO OVOUA HOG, XPNOLHOTOIOV|E TNV eVvTOAN input. TIpocoyn,
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OTO TIPOKAT® AVAAOYA HE TO GVOTNHA 0OG PTIOPEL Vo EXeTe TPOPANHA Pe T& EAANVIKG 0TV KOVOOAX 0oG. AAAGETE TOTE
0€ AQTIVIKOUG XOPOKTIPEG KL EMAVEPYXEDTE OTAV PABETE Vo TIAYVETE Script Tpoypappata pe Tov editor 6mov Ta EAANVIKG
SouAevovv.

%A0KLUN TIPOYPAUUOTOC O1LadPACTLKAC €10000U JEJOUEVWV

radius = input(’dwote TNV OoKTiva: ')
area = pi*radiusn2;
volume = (4/3)*pi*radius”3;

onoma = input(’dwote TO OVOopd cog: ,’'s’);
disp(onoma);

disp([’0 ’,onoma,’ €dwoe okTiva radius = ', num2str(radius),’ m’']);
disp([’kal vmoloyilotnke €pPadov kKOKAoOU = ', num2str(area),’ mA2’']1);
disp([’kol O0ykog kOkAou = ', num2str(volume),’ mA3']);

dote TNV aktiva: 45

radius = 45
dote TO Ovopd cag: Tasos
Tasos

0 Tasos €dwoe aktiva radius = 45 m
Kal umoAoyilotnke eufadov KUKAouv = 6361.7251 mA2
Kal OyKoG KUKAOU = 381703.5074 mA3

H input 6ev €xel TpOPANUA e APIOPNTIKEG TIHEG KAL TO String oTnv GLUVAPTNOT ELQPAVILETAL Y10 VO LG ETOIUATEL VA EL0G-
youpe dedopéva. Mmopoljie va SGOCOLE Kot KATIO10 string oty input TAvel va 1o SNA®GOLHE e TNV Se0TEPT| TAPALETPO
s. To mpdPANpa oL mapatipnoa eivat 0Tt SEXETAL AATIVIKOUG XOXPOKTAPEG Kot OXL EAAT|VIKA.

Me Vv &AAn cuvaptnon disp BAénovpe GAAOV Evav TpoTo €660V e60PEV@Y LOVO TTOL TIPETEL VAl eiva string. Ot aplBun-
TIKEG THEG HETATPEMOVTAL OE String e TNV CLVAPTNOT) NUM2SEr KOl HTIOPOVHE VO «kKOAANGOLE» TTOAAEG padi e ToV TpOTO
TIOV PUIVETON OTO TIAPASELYHOL.

1.9 T paQIKEG TAPACTACELG

1.9.1 AnAn ypaown

To Octave ev TPOCPEPEL HOVO €va TEPIBAAAOV Y10 VO KAVOUHE TIPAEELG OAAG €MIOTG KAt T SLVATOTNTO VO AMEIKOVI{OLE
TO AMOTEAEGPOTA LOG JLE PO HEYRAT] IOTKIALX YPAPIKGOV TIapaaTdoenmv. Onwg Aéve ot AyyAot «pia eikova a&ilel 600 xiAeg
AEEE10».

‘Eote 611 BéAovpe va So0pe ypagikd T cuvaptnon f(z) = 5e*/2sin(x). Alaléyovpe avBaipeta yia Tv ave&aptnm
petafAnT x 10 Stdotnpa anod 0 éwg 10 (eav BEAovpe K&TL GAAO ptopolpe petd va To aAA&Eoupie) pe Bripa 0.1. Opilovpe
HETA TO SIAVLOHA TV TIHAOV TNG CLVAPTNOTG KL OTI®G BAETOLE XPEIA(OPAOTE TOV TEAEDTN . * Y10 VO TOAAATTAGGIAGOVE
otolygio pog oTotyeio Ta Stavdopata e~ /2 ko sin(z).

Xx=0:0.1:10;

y=5*exp(-x/2).*sin(x);

plot(x,y); grid;

title(”This is évag EAANVikog titAog”);
xlabel(”xpdévog [sec]”); ylabel(”tdon [Volt]”);

Eivor mBavov oto cbompa oog va pny €xete vmootpién EAAnvikaov oty kovooAa oag (Ba €xete otov editor). Avtika-
TOOTNOETE TOTE TOVG TIAPATIAVE EAANVIKOVG XUPAKTIPEG LE AATIVIKOVG KOl GUVEXIOTE.

x=0:0.1:10;

y=5*exp(-x/2).*sin(x);

plot(x,y); grid;

title(”This is Latinikos titlos”);

xlabel(”time [sec]”); ylabel(”voltage [Volt]”);

H evtoA plot (X, y) mapouolddel T ypagikn Tapaotaot v vo Stavuopdtov (o). 1.4) konotevioAégtitle, xlabel,
ylabel kot grid mpooB€touy TitAo, LTOTITAOLG KOl TTAEYHOL.

Tig ypa@ikég mapaoTaaelg 6ev Tig BEAOLE AMA®G Vo TIG BAEMOVE, OAAX KON VX TIG EVODPXTOVOLE O€ apyeia enegepyaaiog
KEHEVOL Yl epyaoieg 1y dnpootevoelg. H evioAn yix va amoBnkedooupe pia ypa@ikn (epo6cov uotkd eivon €tolpn) o
e§wTePIKO apyeio TOMOL T.Y. png pe ovopa grafiki.png oTov Tp€xovia pakeAo epyaoiag eival:
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This is éva¢ EAAQVIK6G T(TAOG This is Latinikos titlos
3 T T 3 T T

Téon [Volt]
voltage [Volt]

Xpovog [sec] time [sec]

Tynpa 1.4: AR ypagikn napdotaon and o Octave pe eEAAVIKOUG 1) AQTIVIKODG XapoKTipeg. Ot mapamdve mapactdaoelg £xouv Pyet
amnoé petatponn apyeiov svg oe pdf kot €xouv evowpatmbel edm.

print grafiki.png

Png eivon n eméxtaon tov apyeiov. H enéktaon tov apyeiov BéPaia Ba pavel epdoov o vmoroylotng eival puBpiopévog €Tot
wote va gaiveton (kortagte ota Folder Options). TTpogavag avti yia ovopa apyeiov grafiki pmopeite va xpnoiponooete
OVOHX TNG EMAOYNG OO,

INa vector graphics BéAete svg (scalable vector graphics) apyeio,

print grafiki.svg

Vector graphics otnv mpdén onpaivel 61t n ypa@ikn propel va tpomnonown el oe péyebog PHETG TNV ELGAYWYN TG G€ TIPO-
YPOHHK eNeepYaoiog KEUEVOD (T1.Y. OUIKPLVOT], EMUIKLVOT] HE TO TIOVTIKL) X®pig va aAAoiwbel n mowotta. Xe avtibeon,
ol ypa@ikég bitmap graphics, mapovcialovy aAloiwon oty Mo TNTH av TPOToToNBobY omd TIG APYIKEC TOLG SIACTACELG.

To online help pe v evioAn help print Seiyvel Tovg §1dPopoLE TOTIOLE YPAPIKGV TTOL LTTOaTNpifovTal. DLaikd, 6Aot ot
TOTIOL YPAPIK®OV LITOOTNPL{OLY KXAX TOLG AATIVIKOUG XAPAKTIPEG. LUVIOTATAL TAVIX VO KITIOQEVYETE TN XPT|OT) TNG HOPONG
bmp ywati o péyeBog eival Tep&oTIO Kot TO OQEAOG INSEV.

Inpeioon:

O 6pog figure avapépetar oto MapdBupo ypaPik®v Kol To plot oty il TNV ypa@IKn mapdoTact mov Snplovpyeital
HE TNV avTioTol N EVIOAN KOl UTIOPEl va TIEPIEXEL TTEPLOCOTEPEG TNG HIAG YPAPIKEG apaataoelg. Kottd&te ato help ya
AEMTONEPELEG TL.Y. OXETIKA HE TIAXOG YPAHU®V, TOTO (CLVEXEIG, SIKKEKOPHEVEG), XpOHA KOl GV oA,

1.9.2 T'pagikég 3 SlaoTACEDY

Atlveton €60 Kal Pla EMOKOTNGON HE YPAPIKEG 3 SI0OTATEWV.

M TOPAPETPIKT] EAIKOEISNG YPOUHN OTIOG AUTH TOL SlOypAQEL TL.X. HIX TIPOTEEAX QUIVETAL GTNV OpXN TOL TRPOKATKD
nopadetypartog. Me 1ig hold on, hold off pmopolpe va KpatioOLIE TO TIEPLEXOHEVO TNG TIPATNG YPAPIKG ETOL OOTE VA UNV
Saypagel and v SevTepn YPOPIKT TTOL Slaypa@eL TNV MPOTEAX avamoda. Daivetal emiong 0 TPOMOG IOV SIVOLHE PTIAE
XPOHO OTNV TIPOTI Kol povpo oty Sevtepn. @aivetan emiong Kot évag eVOAAAKTIKOG TPOTIOG [IE TNV Saveas Vo £X0VHE
eEWTEPIKO aPYXELO NG YPAPYIKNG HOG.

clear all; close all;

t = linspace(-2*pi,2*pi,200);

plot3(sin(t), cos(t), t, 'b-");

title(’NpoméAa’); xlabel(’x axis’); ylabel(’y axis’); zlabel(’z axis’);
hold on

plot3(sin(t), -cos(t), t, 'k-");

hold off

saveas(gca, ‘'myplot3.svg’, 'svg’);

INa pa 3-8dototn emedvela opilovpe TPOTK Eva MAEYHX LE Ta Xy onpeia pe v meshgrid, ta onpeia g emodvelag Z
Kol TEAOG TNV 161 TNy em@avela pe v surf.
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clear all; close all;

x = linspace(-1,1,21);

y = linspace(-1,1,41);

[X,Y] = meshgrid(x,y);

Z = sin(2*pi*X) .* cos(pi*Y);

surf(X,Y,Zz)

title(’Surface’); xlabel(’x"); ylabel(’'y’); zlabel('z");

print myplot4.svg

NponéAa Surface

Tyfqpa 1.5: Tpa@iki TapdoTtaon TopapETPIKAG KAPTVANG 08 3 S100TAOELG KABDG KL HIX ETMLPAVELQ.

1.9.3 T'pagwki) Bewplag Kot TEWPAPATIKOV SeSopévov

"Eva GAA0 KO1vo TpOPAN A €lval VO €XOVIE OPIOHEVES TIEIPAPXTIKEG LETPTOELG KABADG Kot T oG HaTIKT) OXE0T) TIOL TIPEMEL

va akoAovBovv amod T Bewpia kot va BEAovpe TNV amekovnon toug otny 8 ypagwkn. I1.x. v 10x0 o€ px avtiotaon

otav petapdAAeton n téomn ota dkpa 6. ‘Eotm ot n Tipn g avriotaong eivol R = 2.2 kQ. H Bewpia Aéel 0T pémel
V2

P
R

KOl O1 TIEPAHATIKEG PETPTOELG PAIVOVTAL OTOV TiivoKa 1.4,

IMivakag 1.4: TIelpapatikég HETPROELS 10XVOG EVAVTL THOTG

VIV | P W]
5 | 0.01
20 | 02
30 | 05
50 | 1.0
70 | 21

O MopoKATe KOSKAG SnHIovpyel TNV YpaQIKN 0To 0). 1.6 6mov Qaivovtal ol TEPAPATIKEG HETPIOELG G anpeia (péyeBog
Ko TG oupoAou propet va aAAGEel - kortdéte To help) kot n BewpnTiKn KAOpUTOAN G GUVEXNG YPOHHN.

R=2.2e3;

V=0:5:100;

P=V.A2/R;

Vp=[5 20 30 50 70];

Pp=[0.01 0.2 0.5 1 2.1];

plot(V,P,Vp,Pp,"*")

grid; title(”Iox0¢”); xlabel(”tdon [Volt]”); ylabel(”ioxug [Watt]”);

Evéwxgépov €xet av BEAovpe ) ypagikr| o AoyapiBpikn kAipaka. AvtikaBiotovpe anAwg v plot and my loglog, dnA.

loglog(V,P,Vp,Pp,"*")
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loxog

Lox0g [Watt]

Ton [Volt]

Tynpa 1.6: Cpagn napdotaon yix 6OyKplon Benpiag Kot TEPAPATOC, HETPTTEDV 10XD0G EVAVTL TAONG OE HIA AVTIoTAOT).

loxog

Lox0¢ [Watt]

102 . . VIR
10° 10! 102
Taon [Volt]

Iynpa 1.7: H i ypa@ikn og AoyaplOpikn KAipoka.

KOl TO OMOTEAETHA QaiveTal 0To o). 1.7.

Ta StavOoHaTa Vp KoL Pp TIEPLEXOLV TIG TIELPAHATIKES LETPTIOELG VO TA V KoL P TTEPLEXOLV OTHELX OTTO T BE@pPNTIKT OXEON.
21N YPOQIKN EMAEYOVE TA BE@PNTIKA OTEIX VO T EXOVILE GE GLUVEXT VPR EVO TA TIEPAHOTIKA HE SIOKEKPLUEVA OTIEIR
He To oOpBoAo *. [Ipooédte T xprion TG plot o€ o TNV TEPIMTWOT).

Inpeiovetol €0 OTL av BEAETE va €xete MOAAG TTAPAOLPA YPAPIKAV KVOIKTH GLYXPOVMG, XPTOILOTOLEIOTE TNV EVIOAN
figure mpiy TNV eK&OTOTE p lot. Ava@épeTal EMIOTG KALT) EVIOAT subplot OTIOL PTOPEITE VA STIIOVPYTOETE TEPLOTOTEPES
YPOQIKEG TAPACTACELG O €va TapaBupo. Av BéAete, Piagte oto online help kabBdbg ko ato Sradiktvo ya mapadetypota.

YT&pXOULV KOl 0pLOPEVEG GAAEG TIAPUAARYES Y10 YPAPIKEG TIPAGTACELG OTAV TO EVPOG TV TIOL XPELRETAN VO TpaaTabel
elvor peyaro. Avtég eivan o1 AoyapiBuikég loglog, semilogx, semilogy. Xtnv loglog kot ot Suo &&oveg eival o€
Aoyap1Bpikn kAlpoka. Xty semilogx 0 opllovTiog GEovag eivan o€ AoyaplOpIKI KAIHOKX EV® 0 KATAKOPLQOG OE YPOMIKT].
Ynv semilogy o opi{dvtiog G&ovag ivan o€ YPOp KT KAIHOKA EVE 0 KATOKOPLPOG G AOYOPIOIKT].

"EXOULLE Yl TTapadetypa

x=1:0.1:10;

y=10*exp(-2*x);

subplot(2,2,1); plot(x,y); title(’linear’)
subplot(2,2,2); loglog(x,y); title(’loglog’)

20



OCTAVE Eioaywyn

subplot(2,2,3); semilogx(x,y); title(’semilogx’)
subplot(2,2,4); semilogy(x,y); title(’semilogy’)
figure

subplot(111)

semilogy(x,y); title(’semilogy’); grid

linear loglog
1.4 ‘ ‘ 10! — =
1.2 . E
L . 3 E
0.8 - — c E
0.6 — — %f %
0.4 - E E
0.2 . 3
0 \ | | 108 E
0o 2 4 6 8 10 10° 10t
semilogx semilogy
1.4 ‘ — 10! ‘ ‘ 3
_ 10° ¢ =
107 F -
1 wre E
0 w0e .
| 104 & -
4 wvE .
107 ¢ 3
7 107 g 3
L1 10'8 C

Iynpa 1.8: Tpagikn napdotacn 2 X 2 subplot.

onov xwpilovpe éva mapdBupo ypagiKng ota T€oaepa, 2 X 2. Me v evioAn subplot(2,2,1) mpwv 10 KAAEGHA TG
€VIOAT|G plot yix YPO@IKT), 1] YPOQIKT TIGEL OTO TPAOTO TETAPTO. Me TV subplot(2,2,2) N ypa@ikn mdel 6To Se0TEPO
TETOPTO OTNV TIPOT YPAUUN. Me TIg GAAEC, yepilel kat 1) Sevtepn] ypappn. Otav TeEAE1OVOLE e Tig subplot KaAolpe v
€VTOAN subplot(111) y va Savayvpioovpe oTto mePIBAAAOV H1aG YPaQIKNAG avda tapdBupo. EmavaoyeSidlovjie KATOmy
NV TEAELTAIN YPUQPIKT] TIOL QaiveTOL EVBETX YPAPLUT.

H apywxn oxéon eivon y = 10 exp(—2x). H semilogy éxel tov katakdpugo dEova AoyapiBpikd ko gaivetat evbeio ypappn.
AvTo onpaivel 6TL Ao TN YPAPIKI TOHPAOTHOT] HTOPOVIE VA& VTIOAOYICOVE TNV KAloN Kot v S00PE av GUPQMVEL [E TN
oxéorn. Autdg eivon 0 TpdNOg oL eME&EPYALOHAOTE TIEPAHATIKE Sedopéva Tov akoAovBoVY Koo ekBeTIKd VOO Yo va
S0VpE OV CUHEVOLV e TNV BewpnTiKN OxEo.

NoyapiBuiovrag (avtr eivon n oxéon mouv amelkoviletal on semilogy ypa@ikr) €XOUE:

log,,y = log,, (10 e ") = log,, 10 — 2z log e

Y10 ypa@iko toolkit gnuplot propovpe va K&VOLPE Zoom G Ypa@IK (8€§10 KOLUTHL GTO TIOVTIKL) KO TOPATNPOVHE OTL
x = 1 avriotoket oy iR 1.35635 kot = 5 avriotoryet oty tpr 0.000448105. EnavepyOpaoTte aTny TPOTyoUHEVn
€IKOVa (Xwpig zoom) MANKTPOAOY@VTAG p. H, av €xoupe KAvel TOAAG Zoom, TTANKTPOAOYOV|E U YIX EMGTPOPT] GTNV APXIKN
ewova. AoKIHAOTE T avTioTO X 0TO YPa@iko toolkit gt.
AoyapiBpitovtag TG avtioToeg TipeG (ot omnoieg eivan g petafANTG y) yua va yivouv Tipég me petafAntig log, (v
éxoupe 0.13237 ko —3.3486 avtiotoa. H kAion eivan

_3.3485 = ? 13237 _ 87025

KO OLHQ@VEL apKETG KaAG pe Ty Tipn —2log, ;e = —0.86859.
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Kanwg éto1 SovAevoupe dtav éxoupie ekBeTIKA Kot SUVAHELG. AOKIHAOTE Kol £0€iG va Tpovolaoete Sedopéva ae AoyapiB-
HIKN KATHoKa. Ba oag gavel xprion kat 1 ouvdaptnon logspace (avtiotoyn g linspace).

Mepikég axopa xpnotpeg evioAés. H ¢ Lf kaBapietl to tpéxmv map&Bupo ypa@ikav amno tm ypagikr ov €xel. H c lose kAei-
VEL T0 TpEY®V apaBupo ypapikov. H close all kAeivel 6Aa ta avoikta mapabupa ypagikov. H clear all kaBapilet
TN HVARN oo OAEG TIG pETAHPANTEG.

1.10 O Editor ko apyeia script

Xpnoponolovtag 1o Octave oav «KOUTIOVTEPAKL gival BOAIKO OV Yl amAd pofAnpata. To mepiBGAAOV TOL TOKETOL
aLTOU €ivat «Gpeco» (interpretive) mov onpaivel OTL KAGBe eVTOAN TOL TANKTPOAOYOUE eKTEAEITAN KpEOWG. EMOpéVag av
€XoupE NO1 eKTEAEDEL KATO0 aplBPO eVIOAQOV Kot BEéAovpe va aAAGEOL|E KATIOX TTOPAUETPO O KATIOIX TIPOTyOVHEVN
EVTOAT], QUTO OT|paIVEL OTL IPEMEL VO EavaTpEEOLE OAEG TIG EVOIANETEG EVIOAEG pa-pia. BAEmovpe 0T xpeladetan évag
KOAUTEPOG TPOTIOG AAANAETISPAOTG. AVTO EMTLYXAVETOL OTAV CUYKEVIPMOVOULE TIG EKTEAECIHEG EVIOAEG OE €V OPXELO TIOL
ouvvnBileton va ovopddetan script. ZTnv ovoia mPOKELTAL yix apyeio mpoypappatog yix to meptBaiAiov Octave. To Octave
QVTIOTOLKEL TNV KATAANEN . m o€ Té€to1ov €idoug apyeia (0mwg 10 MATLAB). Mniopolpe emtiong va SnH1oupynoov e script
apXElX IOV V& TTipvoLy TNV €l0080 THPAPETPOLG Kol HETABANTEG Ko va §ivouv oty €€o80 amoteAéopata. Avta givat
ovvaptoelg (functions).

Y10 mepiBaAArov Octave GUI kavovtoag KAk atov Editor mAnktpoAoyolpe To script Tpoypappd HOG KOl TO amoBnKeVOLLE
010 apyeio tata.m (kovpri Save File As ot Awpida epyaieiov tov Editor). To apyeio eivon opato otov File Browser
aplotepa. Kavovpe kAik oto Command Window kot TANKTPOAOYOUE TO OVOHN TOL apXEIoL Xwpig TNV KatdAnén. To
TIPOYPOHHA TPEXEL KO ELQPAVILETAL TO NTTOTEAEGHA.

To mepiexdpevo Tov tata.m eiva:

% Nopadelypa kadika yia devtepoBdbuia e&iowon

a=2; b=-1; c=3; % Ol OUVTEAECTEQ
delta=bnr2-4*a*c; % n oiakpivouoa
x1=(-b+sqrt(delta))/(2*a); % n pia Alon
x2=(-b-sqrt(delta))/(2*a); % n GAAn Alon

x=[x1; x2] % KOl 0ol Ouo Aloeilg poadi

KO TO QMOTEAETHO:

>> tata

X:
0.2500 + 1.19901
0.2500 - 1.1990i

Yt oy. 1.9 kau 1.10 BAénovpe ekdveg tou editor kot ¢ kovooiag (Command Prompt) pe ta mapanave. Eoto topa
otL BéAovpe va dAAGEOLE TOUG CUVTEAEDTEG. AV TTANKTPOAOYOVGUE TIG TTOPATIAV® YPAHHIEG OTNV KOVOOAX, 1| aAAayn
0TIV YPAHHN 2 ONHAIVEL OTL TIPETIEL VA EMAVRELTAYOVHE KO VO EXvVATPEEOLE OAEG TIG GAAEG EVTOAEG IOV akoAovBovV TN
2 (to mepiBaArov tov Octave eivon «XHECT|G AVTATIOKPLOTG», interpretive, SnA. OAEg 01 eVIOAEG eKTEAOVVTON QHECWG HETA
v €l0080 T0VC). PAVTOOTEITE OV EXOVHE SEKASEG 1] EKATOVIASEG TETOIEG EVTOAEG TTOOO KOMO Taipvel. Me tov editor dev
€xoupe TETo10 TPOLANpA. Ot aAAXYN KAVOLE, AUTOPNTH TPEXEL OAO TO TIPOYPAUpA. EMmAEov, €XOUHE TO TIPOYPAHHA
o€ amoBNKELHEVO KPXEID KAl PTTOPOVHE VA TO TAPOUVHE OTIHTL HAG, VO TO TPEEOVE O KATOWX EMOLEVT GLVESPIX 1] VA TO
EL0QYOU}IE O€ KATO10 TPOYPAHHN EMESEPYATTING KEIHEVOL KO VX TO TPOVCIXCOV|E OF EPYyNTia HOG.

1.11 Functions

To mapanave pdBANpa propel va ypaget kot aav cuvdptnon (function). I'p&eovpie TIg TAPAKAT® EVIOAES

function [x] = trionimo(a, b, c)

% trionimo

% Bplokel pileq TPLwVOpOUL axA2+bx+c=0

% 01 pileg, MPOAYHOTLKEG R MLyadikEg, €lval oto didvuopa x=[x1,x2]

delta=bnr2-4*a*c;
x1=(-b+sqrt(delta))/(2*a);
x2=(-b-sqrt(delta))/(2*a);
x=[x1; x2];

end
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C O s
File Edit Debug Window Help News
[~ D Current Directory:  C:\work - 4 B
File Browser T % Editor T x
Cork - A ,n,i File Edit View Debug Run Help
Mame | w32 S N
svgZpdf.bat
“h| svg2png.bat
Fe 1 o 5ev
. tata.m
~ 2
3  delta=b"Z-<*a*c;
Workspace @ x 4 xl1=(-b+sqrt(delta))/(2%a);
Fiter [ 5 x2=(-b-sqrt(delta))/(2%a);
6 x=[x1; x2]
Mame Class
4 [ ]
Command History g x
Filter [7]
print popal.svg -
popa
print dodo.svg
exit
# Octave 4,00, Sat Oct I = eol: CRLF line: 6 col: 53
[l ’ Command Window | Editor | Documentation

Tynpa 1.9: Ao mapaderypa kodika SevtepoBadpiag otov editor. Alkpivoupe Tovg aplBpolg evIoA@V ot oTHAN aploTepd Kabwg
KO T0 GYOALX TIOL PUTIOPOVY Vo giva eite otat EAANVIKA €ite ot AyyAKa.

Coan =
File Edit Debug Window Help News
& [[] curentpirectory: c:ymork ME 3
File Browser F % Command Window [
’ P" GNU Cctave, version 4.0.0 -
Ctfwark ~ B %L |copyright (C) 2015 John W. Eaton and others.

This is free software.; see the source code for copying conditions.
There is ABSOLUTELY NO WARRANIY; not even for MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty'.

Cctave was configured for "i686-w64-mingw32".

Additional information about Qctave is available at http://wWw.octav

Workspace g x
Filter [7] Please contribute if you find this software useful.

For more information, visit http://www.octave.org/get-involved.html
Mame Class *
a doubl’ Read htep://wwWw.octave.org/bugs.html to learn how to submit bug repo
b doubl For information about changes from previous versions, type 'news'.
[ doubl ~
< [ b >> tata

5, B °

Command History = 0.2500 + 1.18904i
Filter [T 0.2500 - 1.1390i

>
popa -
print dodo.svg
exit
# Octave 4.0.0, Sat Oct 3 2
tata | 1 [ M = v
<l ’ Command Window | Editor | Documentation

Iynpa 1.10: Eikova g kovoOAag HeTd To TPEELHO TOU SCript OTIOL PAIVOVTOL TX OMOTEAETPATA.

Kot Tig amoBnkevovpe oto apyeio trionimo.m oto @akeAo epyaciag. Katomy, péoa anod tn kovodAa 1| o GAAo script
HTIOPOVE VO KAAEGOVE TNV TPATIAV® GUVAPTNOT) GOV

>> x=trionimo(2, -1,3)
X =
0.2500 + 1.1990i
0.2500 - 1.1990i

AUTO YEVIKEDETOL KO O€ TIEPLOCOTEPEG CLVAPTNTELG Kal fonBd TTOAD o€ PHEYaADTEPX TIPOYPAPHATA. ApXEIX GCUVAPTIHOEWY
m apyi¢ouv pe ™ AéEn function. AkoAovBei n petafAnt i petafintég e§68ov. To adpBolo =. To Gvopa TG CLVAPTNOTG,
10 omnoio mpénel va eivan 1510 pe 0 Gvopa tov apyeiov. Kot o1 petafAntég e10660v oav oplopata TG GLVAPTNONG. APECKG
HETA TOV OPLOHO TNG GLVAPTNOTG EIVAL KAAO V& LTIGPXOLY OYOALA TTIOL Vo YOV OKOTIO KAl XprioT|. AVTd HTOpovV va
EHOAVIOTOVV OTNV KOVOOAX av TTANKTpoAoynoete help Kot 1o Gvopa Tov apyeiov m TOL TEPLEXEL TI GLUVAPTNOT.

>> help trionimo
‘trionimo’ is a function from the file C:\work\trionimo.m

trionimo
Bpiokel pileg TpLwvVUMOL ax/A2+bx+c=0

23



OCTAVE Eoaywyn

01 pideg, mMpaAypATLKEG 1 MLYOd1KEG, €ilval oto didavuopa x=[x1,x2]

Additional help for built-in functions and operators is
available in the on-line version of the manual. Use the command
‘doc <topic>’ to search the manual index.

Help and information about Octave is also available on the Www
at http://www.octave.org and via the help@octave.org
mailing list.

Eivon mBavov va pnv epopavidovtal ta EAANVIKG 610 ouoTtnpd oag. Mmopeite 0png va ta Stafaoete otov Editor ko va
BupnBeite TL KAVOTE «KATIOTEN |E AUTO TO TPOYPAHOL.

210 TEAOG TNG CLVAPTNONG UMV EeXVaTe TNV eVIoAn end.

Avti va éyoujie Eexwplotd apyeio ylx T CLVAPTNOT] HOG KO VO EXOVHE SIHQOPETIKO TPOYPAHIN VA TNV KOAEL, HTOpOV}LE
VO TO EVOWOHOTOOOVHE OAa Hadl o€ Eva apyeio QTaveL var EXOVE TNV eVTOAN clear all oy apyn.

% tritest.m
clear all

function [x] = trionimo(a, b, c)
delta=bnr2-4*a*c;
x1=(-b+sqrt(delta))/(2*a);
x2=(-b-sqrt(delta))/(2*a);
x=[x1; x2];

end

x=trionimo(2, -1, 3)

|E OMOTEAECHA

X =
0.2500 + 1.1990i
0.2500 - 1.1990i

Yuvnbiletan otV apyn K&Be TPOYPAHHATOC SCript VO €XOVILE TIG EVIOAEG

clear all; close all;

€101 OOTE Vo KaBapileTon 1| HVIEN OO TPOTYOUHEVH AMOTEAETHATA Kol VO KAElvouv OAa Ta TTpoTyoDpeva tap&Bupa
YPOQIKQV.

Ye ouvBeta TPOPA AT [1E TTOAAEG YPOLHEG KOSIKN glvat TTOAD E0KOAO Vo Yivel KAmolo A&Bog (Tig o TTIOAAEG POPEG TUTIO-
YPOQ1KO). MTopoU e TOTE VA SIOKOTITOVHE TO TIPOYPOAHHX HE TNV EVIOAT pause Kol va emPBefaidvoupie 0Tl TO TPOYPAH L
SovAevel eviagel péypt exeivo to onpeio. Ot evépyeleg avTEG amoteAovy éva mp@to otddio debugging. Xuviotaton dtav
YPAQETE éva GUVOETO TIPOYPUU LN VX TO KAVETE OE PHIKPA OTASIA, TPEXOVTAG TO EVEIAPETT PE EAEYXO TV EVOIAHETROV QTIO-
teAedpatav. ETot givat o €0KOAO va EVIOTIGTOOV COAAPATO.

Hapadeypa 1.1 dridéte ouvdptnon pe dvopa odd_index mov maipvel eicodo mivaka Min kat emotpépel mivaka Mout mov
TIEPLEYEL HOVO TIG TEPITTES YPUUUEG Kol 0THAEG Tov Min.

Amavinon:

function Mout = odd_index(Min)
Mout = Min(1:2:end,1:2:end);
end

dudyvoupe Tov Mout naipvovtoag Ypoppég kKot oTHAEG Eekivavtag amd to 1 pe Pripa 2 péxpt 1o 1éAog. Mmopovpe va
amoBnkedooLE TOV TApaNdve KASIKA o€ apyeio pe ovopa odd_index.m. EA£yxoupE T 0WOTH EKTEAEOT] PTIOKXOVTING TO
script, m.x. tata.m 6mov 1 randi €lvo GuVAPTNOT IOV SiVEL TLXKIOVG AKEPALOLC:

M = randi(5,6)
Mout = odd_index(M)

KOl EXOVHE TNV AMAVTNON:
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Hapadeypa 1.2 dridéte ouvdptnon pe Ovopa mean_squares mov maipvel i0odo évav OeTIKG akéPALo NN KAl EMOTPEPEL
10 GBporopa TV TEPAYOVWV ard 10 1 éwg T0 Nn.

Anévtnon:
"Evag tponog:

function mm = mean_squares(nn)
mm = mean((1:nn).Ar2);
end

AebTepog:

function mm = mean_squares(nn)
X = 1:nn;
sum = 0;
for i=1:nn
sum = sum + iA2;
end
mm = sum/length(x);
end

Moapadewypa 1.3 dndéte ouvdptnon pe vopa mtable mov naipver el0060 Svo HeTIKOUE AKEPATIOVS KA EMOTPEPEL TOV TTIVAKA
TOA/aGpo0 Twv. AnA. 10 oTolxEio m.X. 1,j TOL Mivaka eMOTPOPTi¢ 1000TAL HE 1* .

Amnavmnon:

function [mt] = mtable(n,m)
mt = (1:n)" * (1:m);

end
pe Sokipn

>> mt = mtable(5,4)

mt =
1 2 3 4
2 4 6 8
3 6 9 12
4 8 12 16
5 10 15 20

1.12 Anonymous functions

Yndpyel emiong Ko 1 SUVATOTNTA Y1X «AVAOVUHEC» CLUVAPTHTELS OTIWC:

f = @(x) x.73;

X=0:0.1:2;
plot(x, f(x))

f=@(x,y) x.73+6*sin(y);

12;
19,
)7

X,2)

0:0.1
5:0.2
=f(x,y

X
y
z=f(
plot

~X ®© 0
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L€ YEVIKELON KO OE TTOPATIAV® HETABANTEG 1} apapétpoug. O oplopog aVTOg elval 181XITEP XPIIOTHOG YIX HIKPEG GLVOP-
THOELG IOV XPEIGLOVTOL AMAMG HIX YPOHLUT).

1.13 EvtoAég emAoyng Kat emavainymg
To Octave 0nwg kGBe mepBAAAOV Kol YADOTO TIPOYPUHHATIGHOD TIEPLEXEL EVTOAEG EMAOYNG KO EMAVAAT|UTG.

ouvenkn Pevdng ouvenkn Pevdng ouvenkn Peudng

if elseif elseif
aAn6éng aAnéng aAnéng
block block block block
EVIOAWV EVIOAWV EVIOAWV else

emavaAnyn for
emavaAnyn while

block
EVIOAWV
block
EVIOAWV
auénon
OEIKTN

17 -

Tyqpa 1.11: Block Staypappata g Sopng if, ko twv emavaAnyewy for kat while. Xt Sopn if ta else(if) blocks vAomolovvtat povo
OV TO OMOLTEL TO OUYKEKPIHEVO TIPOPAN HAL.

1.13.1 if, else, elseif
H xAagowkn evtoAn emioyng eivon 1 if. Eav kémowa €k@paon, oxéon 1 mapdotaon eivol aAndrg tote ekteAodvion pia i
TIEPLOCOTEPEG CUYKEKPIHEVEG EVTOAEG. AANADG, EKTEAOVUVTOL GAAEG.

H Soun g amAng evioAng if etvau:

if (expression)
statements
end

OTIOL expression elvon o EKQPaoT pe Aoyikn TIUn oaAnBn, True, (1) 1 wevdn, False, (0) kou statements eivan a1 meplo-
00TEPEG EVTOAEG 1] EKPPACELG TIOL EKTEAOVVTAL 1} N AVEAOYX HE TO oV 1] AOYIKT) Tn eivat oAnBng 1 Yevudng avtiotoyo.

H evtoAn if yevikedetau:
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if (expression)
statements
elseif (expression)
else
statements
end

010V 01 SUVKTEG eMAOYEG eivan Teplocotepeg. H tehevtaia opdda evioAav (statements) He TO else ekteAeiton OTav OAEG O
TIpoNyoVHeveG cLVBTKEG elvon Yevdeic.

O1 Aoyikol TeAeatég ovykplong tov Octave @aivovtol otov ITivaka 1.5 Kot gival TOPOO10L HE AVTIOTOLXOLE TEAEOTEG OE
GAAEG YADOOEG TIPOYPUH HATIGHOD.

Iivakag 1.5: Ot Aoyikoi teAeaTég oVYKplong tov Octave

HIKPOTEPO ATO

HIKPOTEPO 1) 100 QMo

HEYOAVTEPO QIO

HeyaAOTEPO 1) 100 amd

oo pe

Aoyiko NOT

oxtioo pe

Aoyikod AND atoyeio mpog atoryeio ya mivakeg Kot SlavOopHoTo
Aoyiko OR oToiyelo TTpog OTOLKELD Yo TIVOKEG Kal S1avOoHOTA
Aoyiko AND poOVO yia oTolXElx - 01 TIIVOKEG KOl S1avOopaTa
Aoyiko OR povo yla otoiyeia - Oyt ivakeg Kot Slavoopota

"Eva amhd napaSetypa yvooTé oe 6Aoug eivon n) enfAvon evog tpiwvipov. Eote o Tpiavupo z2 — 8z + 15. To napokdte
TIPOYPAHHA Bplokel TIg ADGELG TOL AVAAOYX HIE TO TIPOCTHO TG S1aKPIVOLCAC.

a=1; b=-8; c=15;

d=bn2-4*a*c
if (d >= 0)
x1 = (-b+sqrt(d))/(2*a)
X2 = (-b-sqrt(d))/(2*a)
else
X1 = (-b+j*sqrt(abs(d)))/(2*a)
x2 = (-b-j*sqrt(abs(d)))/(2*a)
end

To amOTEAEGPA OTAV TPEXOVHE TO MAPATIAVE TPOYPAHHX gival

d= 4
X1 = 5
X2 = 3

H Swokpivovoa eivon BeTikn, Gpa ekTeEAOVLVTAL 0L SUO TIPOTEG EVIOAEG KOL LTTOAOYI{OVTOL Ol IPAYHOATIKEG pLleg 5 Ko 3.

'Eote tdpa 10 Tp1ovopo z2 —6x -+ 34. H povn aAlayn oTo Tpoypoappa eivat o1 SlapopeTikoi 6uvteAeoTég TOL a=1; b=-6;

c=34;. To anotéAeopa eivon

d = -100
x1 = 3 + 51
x2 = 3 - 5i

H Swokpivovoa eivon apvnTikn, Gpa eKTEAODVTOL 01 SLO TEAELTALEG EVTOAEG Ko LTTOAOYI{oVTON Ol Pyadikeg pileg 3 + 55
kot 3 — 75. Emonpaiveton BéRona 01 avtiBeta pe kAaoowég yaAwooeg npoypappatiopon (Pascal, C) to Octave Sev €xel
TIPOPBANHO HE apVNTIKT S1aKPIVOLOO KOl QUTOHXT KAVEL TO OMOTEAETHA HIyadiko aplBpo. To mapddelypa Tou Tpl@vypon
OH®G amoTeAel P KaAn enidelén g Sopng if kat ylowtd to okomo xpnotponoteital.
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1.13.2 while ko do until
H 6opn while
while (expression)
statements

end

exteAet v opdda (block) evioAav (statements) epogov 1 cuvBrkmn expression eivot aAnOng. I1.x.

octave> n=5

n= 5
octave> while n > 2
> disp(n)
>n=n-1
> end

5

n= 4

4

n= 3

3

n= 2
octave>

v eicodo tov while n tipn g petafAntmg n eivon 5. H opdda eviodov g while extundver tny tipr| g petafAntng
(disp(n)) ko v pelovel katd 1. Otav 1 Aoyikn mapdotaot dev givat mAgov aAndng, €xovpe €€o6o amd ) dopr. IIpo-
QOVOG TIPETIEL VX PPOVTIOOVHE ETCL MOTE 1] TIUN TNG AOYIKI|G THPAOTACT|G VA PNV €lvat mavta aAnBng (Eexvovtag m.y. Tnv
eAattwon katda 1). T

Av n mapdotaon etvon €€ apyng Wevdng (m.x. n=0) téte 1o while Sev ekteAeiton moté.

Ye mepintwon mov BéAovjie N Sopn va eKTEAETTEL TOVAGYIOTOV P10t QOPQ& (TL.X. 1) TIUN TNG AOYIKNG THPAOTHOTG ESAPTATAL
amo KATL Hé€o 0NV OpASa eVIOAGV NG SOpNG), 1 Sopr| Tpormomnoleitan otV do - until

do
statements
until (expression)

OTIOVL 1] CUYKPLOT] HETATIOETON 0TO TEAOG KOl eMavaAapBaveTal povov dtav givatl aAnbng.

1.13.3 for
Yy enavainyn for n Sopn eivon

for Seiktng = apyn:Pripo:téAog
statements
end

0oL yvwpilovpe e€apyxng TOoEG Popeg Ba yivel emavdAnym. Av mapaieipoupe to frpa, evvoeiton 1 tipn 1. ILy.

octave> for i=-2:3
> disp(1i)

> end

-2

-1

0

1
2
3
C

octave>

1.14 Aoy tpocPaocn o€ oToLyela

Zuyva etvon avaykaio va opiooue 1) va €OV E IPOoaoTt) o€ oTo el eVOG S10VOCHATOG T) TILVOKX TIOU IKAVOTIO0UV KATIOLEG
ovvOnkeg. O KAAOG1KOG TPOTIOG IOV TIPOEPKETAL OO KANOGIKEG YADOTEG TIPOYPAHLATITHOV EIVAL VX KATROKEVATOUVE VO
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Bpoyyo emavaAnymg Kot va eEETACOVHE GTOIKELO TPOG GTOLXEID TO €V AOY® SIAVUGHA T} THVAKO [E KATIOL AOYIKT] EVIOAT|
Qv IKOVOTIOLELTAL 1 O)1 1] GLVONKN TIOL HOG EVEIAPEPEL

INa napadetypa, OEAovpe Vo KOSIKOTIOUGOVE TNV THPAKAT® CUVEPTNOT|:

5 yl 0<t<?20
t 27t
- - <
g(t) = 1 cos ( 20 ) yua 20<t <80
98— L ya 80<t< 200
10 Y <

Me tov KA@GO1KO Tpdmo opifovpe moca onpeia N BEAovpe Ko éva Siévuopa t TToL KXADTITEL OHOLOHOPOX TO EBPOG TIHAV
nov BéAovpe. Katdmv kataokevd{ovpe éva for loop dmov e€etdlovpe pa-piax Tig TIHEG Tov t av Ppiokoviotl oTo €0pog
TIOU HOG EVEIAPEPEL KL OPL{OVIIE TO AVTIOTOLXO TUNHA GLVEPTNOTG g(t). O TPOTOG TIOL TO KAVOLYE Eivat: EEKIVOVTAG pE
éva Kevo Stavuopa g to yepidoupe onpeio mpog onpeio pe ToV avtioTtotyo oplopo tou. O TapaKkATe KOSIKAG LAOTIOLEL auTh
™ Sadikaaoia.

20

15

10

g(t)
o
|
gg(tt)

50 100 150 200 100 150 200
t tt

Iynpa 1.12: H ouvéptnon ¢(t) pe tov KAaooko tpomo (aplotepd) kat tov BEATaTo Tpomo (8e81d).

% APXLKOTIOLACELG KOl 0plopdg cuvdptnong
N=2048;

T=200;

t=1linspace(0Q,T,N+1);

9=[1;

for tk=t

if tk<20
g = [g 5];
elseif tk < 80
g = [g (tk/4)*cos(2*pi*tk/20)];
else
g = [g 28-tk/10];
end
end

plot(t,g); grid; xlabel(’t’); ylabel('g(t)’);

KOl TO QMOTEAET A €lval oTo o). 1.12 aplotepd. O mapandve Tpomog Sev eival o BEATIOTOG. DAVIAOTEITE VA EXETE PEYOAX
Slavdopata N mivakeg pe pepkég YIhadeg ototyeia. Ipdofaon otoeio mpog ototyeio B mépel mOAD xpovo. Tt GAho
HTIOPOVLE VA KAVOULLE; MMOpOU}IE VA XPTO1HOTIOICOVHE AOYIKEG OLUVONKEG PéTA OTa 1810 TA SLAVOCHATA 1) THVOKEG Ko
V& amo@UYyoULpE Bpdyxoug emavaANYNG.

Mo ToPASEYHA, €0T® OTL EXOVHE €V SIAVLOHA JIE TUXAIEG TIHEC, BETIKEG Kot apvnTIKEG Kot BEAOLIE Vo Eexwplooue TG
BeTikég MO TIG APVNTIKEG,

x = [-2.86188 4.52112 -1.61456 -8.02945 4.02805 -4.98783 1.56886 3.45225]
isNegative = (x<0)
isPositive = (x>0)
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X(isNegative)
X (x<0)
X(isPositive)
X(x>0)

ATIOTEAECUO

X:
-2.86188 4.52112 -1.61456 -8.02945 4.02805 -4.98783 1.56886 3.45225

isNegative =

1 0 1 1 0 1 0 0
isPositive =

0 1 0 0 1 0 1 1
ans =

-2.86188 -1.61456 -8.02945 -4.98783

ans =
-2.86188 -1.61456 -8.02945 -4.98783

ans =
4.52112 4.02805 1.56886 3.45225

ans =
4.52112 4.02805 1.56886 3.45225

Ot evioAég isNegative kot isPositive opifouv Aoyika Stavoopata pe Tipr 1 av ikavomnoleiton Kamola ouvOnkn kot 0 av
oxL. Ta Aoyikd autd SiavOopHATA HTTOPOVY VA HTIOLV GOV OPLOHA 0TO SIAVLOHX X. AVTOHOTH ESHAEIPOVTOL TOr OTOLXEIX [E
oplopa Yevdég (Aoyikr] Tipn 0) Ko eEGyOUL|LE €TO1 TA GTOLYELN TOV X TIOL IKAVOTIO0VV T o6LVONKN. MdAloTa Sev peldleTan
Eexwplotn eVvIoAn OTwg o1 isNegative kot isPositive. H Aoywkn ouvBnkn pmopel katevbeiov va pmel oto oplopa,
X(X<0), X(x>0).

LOHPOVA HE TA TOPATIGVE®, 0 BEATIOTOG KOSIKNG TTOL 0pilel TNV apyiKn cuvaptnon g(t) eivat:

% APXLKOTIOLAOELG KOl 0plopdg cuvdptnong

N=2048;

T=200;

t=1linspace(0Q,T,N+1);

tl1 =t (t < 20);

t2 =t ((20 <= t) & (t < 80));
t3 = t (t >= 80);

gl = 5*ones(1, length(t1));

g2 = (t2/4).*cos(2*pi*t2/20);

g3 = 28-t3/10;

tt = [t1 t2 t3]; % 1010 pe 10 t
g9 = [9g1 ¢g2 g3]; % 1010 pe 10 Qg

plot(tt,gg); grid; xlabel(’tt’); ylabel(’gg(tt)’);

Kol T0 amotéAeopa eivan ato o). 1.12 8e&id. BAémovpe 6Tt Sev LAPYEL S1QPOPH OTO KMOTEAEGHA [LE TOLG SLO TPOTIOLG,
AmAmg 0 BEATIOTOG glvat TaVTEPOG KO TILO GIAOG 0TV LAOTIOINOT) TOL.

1.15 Mée006og Newton

"Eva GAA0 Tapadetypa epappoyng ivat n aptBpuntikn péBodog evpeong prl®y cuvapToE®S ToL Newton. ZOHE@VA HE TN
1EB0SO, EeKIVALE [le KATTOWX TIHT] TNG aveEAPTNTNG HETABANTIG TIOV €lval KOVT& OTNV TIPAYHATIKT). DEPVOLLIE TNV EPATTTO-
pévn oe ekeivo To onpeio kon fpiokovpe N pida g epamtopevng (onueio Topng epamtopevng pe aova x). H pia autn
ovvr B¢ eivat o KOVTa TNV TPAyHATIKN pila Kot €101 enavaAapBavoupe o i6ia péxpig 6ToL o1 eMavaAPelg 08nynoovy
O L& TIYN TIOL S1QEPEL EAGYIOTA QMO TNV Tpaypatikr] pila. Mabnpoatikd, kabe enavainym Sivel

_ flay)
" f/<x’ﬂ)

KOl OTOHOTAUE OTQV |2, 1 — Z,,| < € 0oV € eivan éva Oplo mov BEtoue epeic.

Lpt1 =L

Y10 mopadetypa mov akoAovlel maipvovpe oav cuvdpton my f(z) = 23 — 822 + 10x — 20 pe napdywyo f'(z) =
322 — 162 + 10 onote 0 alyopdpog siva
3 — 82 + 10x,, — 20
L1 = Ty —
322 — 16z, + 10
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Kot oTapatépe yio e = 1075, M ypriyopn ypagikr| napdotaon

X = 0:0.1:10;
y =
plot(x,y); grid

Seiyvel OTL i mpaypaTikn pila eival Kovia oto 7 Kot SiaAéyoupe aubaipeta oav apyikn Tiun to 5.

300

250

200

150

100

50

-50

Tyqpa 1.13: TIpoyepn ypa@ikn mapdotaon yw va sobpe mov mepinov Bpioketar n pila.

= -20+10*X-8*X.N2+X.N3;

O MOPOKAT® KOSIKAG KOl AMOTEAECHX

clear all; clos

function [fun]

fun = -20 + 10*x - 8*X.A2 + X.A3;

end

function [funp] = fp(x)

e all;

= f(x)

funp = 10 - 16*x + 3*x./2;

end
X0 = 5;
for i=0:10

X1 = x0 - f(x0)./fp(x0);

eps = abs(x1-

% ylo KOAOTEPN EHQAVLION OMOTEAECUATWV
fprintf(’%10d %10.6f %10.6f\n’,i,x1,eps)

X0 = x1;
end
0 14
1 10
2 8
3 7
4 7
5 6
6 6
7 6
8 6
9 6
10 6

Selxvouv 6T 61N pe v 71 eNavaANYN €XOLHE EMTUYEL TOV OKOTO G,

X0);

.000000
.534759
.432209
.356840
.013652
.978005
.977634
.977634
.977634
.977634
.977634

OCOO0OOOOORLNWO

.000000
.465241
.102550
.075369
.343188
.035647
.000372
.000000
.000000
.000000
.000000

O avriotoog kadikag pe while eivon
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clear all; close all;

function [fun] = f(x)
fun = -20 + 10*x - 8*X.A2 + X.A3;
end

function [funp] = fp(x)
funp = 10 - 16*x + 3*x./2;

end

X0 = 5;

eps = le-6;

dif = 10; % yia va apxicel n emavainyn
i=0;

while dif>eps
X1 = x0 - f(x0)./fp(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,i,x1,dif)

X0 = x1;
i = i+1;
end

0 14.000000 9.000000
1 10.534759 3.465241
2 8.432209 2.102550
3 7.356840 1.075369
4 7.013652 0.343188
5 6.978005 0.035647
6 6.977634 0.000372
7 6.977634 0.000000

E8a, otnv apyn g emavaAnumg eAéyxetal av 1) ouvOnkn dif>eps eival aAndne. INa va ekivioet n enavaAnm Sooajie
avBaipeTa pia HeyGAn ap)ikn TIUr atny petafAnt dif €10l wote n ouvBnkn va aAnBevet. ITpocoyn €86, av avti yix dif
elyape amevBeiag ) oxéon abs(x1-x0) TOTE PETA TNV TPOTN MAvAANYM N TN Ba NTav pndév Adyw g x0=x1 Kot dev
Ba €Tpeye To MPOYpALLA.
Ko n mapaAAayn pe v do until

clear all; close all;

function [fun] = f(x)

fun = -20 + 10*X - 8*X.A2 + X.A3;

end

function [funp] = fp(x)
funp = 10 - 16*x + 3*x.N2;

end

X0 = 5;
eps = le-6;
i=0;

do

X1 = x0 - f(x0)./fp(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’, i, x1,dif)
X0 = x1;
i = i+1;
until dif < eps

0 14.000000 9.000000
1 10.534759 3.465241
2 8.432209 2.102550
3 7.356840 1.075369
4 7.013652 0.343188
5 6.978005 0.035647
6 6.977634 0.000372
7 6.977634 0.000000

0OT0UL 1) Aoyikn ék@paon Ppioketal 0To T€AOG (Gpa 1) eviiapeon Gopn eKTEAEITAL TOLAGKIOTOV Pl Pop&). H teAevtaia Sopn
€lval l0WE N IO KATAAAAN Y10 TO GUYKEKPIEVO TTPOBANHQ.

Z1a maponave PAEMOVHE OTL HOVO 7 eNavOANYELG XPKOVV yia va fpovpe ™ pida pe Tnv emBupnt akpifea. Puowd, otnv
npadn, av BéAape 6Aeg Tig pifeg TOL TOAVGVOHOL Bar XPNOLOTOIOVCAE TNV GUVAPTNON roots.

c =1[1 -8 10 -20];
roots(c)
6.97763 + 0.000001
0.51118 + 1.61400i
0.51118 - 1.614001
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Ko 1 paypatikn pida eivon n mpaon. H pébodog 6pwg Newton 10X0EL KO yia [T TOAVOVUHIKEG GUVOPTIOELG KO KTTOTEAEL
EVa KOAO TIapASEeY O Y100 SOpES ETAVAANYTC.

2
Hapadewypa 1.4 dudéte avovopn ovvapmon yia mv f(V,,,) = 1/(3V,,) — (5.5/6) [1 — exp(—l/Vm)] omov n V,,
propet va givar apiBude 1 Sidvoopa. Kavre myv ypagikn e oro Sidompa 0.3 <V, < 3. I[160eg pies paiverar va Exel;

04 T T T T T
03 -
02 \ _
E
2
01 | 4
0 \\‘ — -
0.1 1 1 1 ] |
0 05 1 15 2 25 3

Synpa 1.14: H ypagikn mg avavoung f(V,,)
Tnv ouvapTnon Kat T ypoQKN TG TNV VAOTIO0VHE G €ENG:

clear all; close all;
f = @(vm) (1/3)./Vm - (5.5/6)*(1-exp(-1./Vm)).N2;

vm = 0.3:0.1:3;
plot(vm, f(Vvm)); grid; xlabel(’vm’); ylabel(’'f(vm)’);

Daiveton va €xel 2 pileg, o yopw oto 0.5 kot Ty GAAn yopw oto 1.5,

1.16 Mée0B060g Ayotopnong (bisection)

M &AAn péBodog evpeong plwv eivon N péBodog Ayotopnaong (bisection). Eivon mo amAn kot otaBepn, dev xperdile-
TOL TOPAYDYOLG OAAG eivon o apyr|. Baoileton oto Bedpnpa g evéiapeong Tipung 0mov av pia guvaptnon f(x) éxet
ETEPOOTHEG TIHEG Yl KATO10 StdoTnpa [a, b] TO1e LNGpyel pila z* € [a, b]. H pila avt pnopel va Bpedel pe Siadoyikeg
Siotopnaeig tov [a, b] 6mov petd and n Siyotopnoelg o Sidotnpa Tov 1WyLEL To Bedpnpa g evlidpeong Tiung eivon
1600 PIKpO 600 1 emBupnt akpifela € yia t {ntovpevn pida.
O aAyépiBpog eiva:

1. 'Eote mpaypatikn cuvaptnon f(z) oe Sidompa [a, b] 6mov wyvet 1o Bedpnpa eviidueong tpng f(a) - f(b) < 0.

2. Aotopodye to Sidotpa o€ [a, ], [z, b] 6mov x,, = (a + b)/2.

3. EAéyyoupe yix mowo and T uo SaoTpaTa 10XVEL OKOpG TO Bedpnpa evéiapeong Tiung, yoti péoa og auto Ba

Bpioketon n pido Ko avTikaBLOTOOHE TO APXIKO [a, b] pe auTo.

4. Eav |b — a] < e to1e n emBopntn pila eivat 10 x;, aAAOG enavaiapfavoupie amod to Pripa 2 €mg dtov |b — a| < e.

3

"Eva mapadetypa yia my cvvaptnon f(z) = z® — x — 2 eivau:

clear all; close all;
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function y = bisection(f, a, b, tolerance, max_iter)

% Zuvaptnon bisection yia egupeon pidag peocw d1XOTOUNONG
% f: n ouvdaptnon

% a,b: 1o diacTnua O6mouv avalnteitair n pida

% tolerance: n emiBupith akpifela, Tumikd le-5 R le-6
% max_iter: o HEYyLOTOC aplOUOC eMavAAAYEWV

if(f(a) * f(b) >= 0)
error(”Error: f(a) * f(b) >= 0”)

end

n_iter = 0;

printf(”\nlter a b [ f(c)\n");

[ g R ol (A e \n");

while(n_iter < max_iter)
C:(a+b)/2;

printf(”%d \t”, n_iter + 1);
printf(”%f \t”, a);
printf(”%f \t”, b);
printf(”%f \t”, c);
printf(”"%f \n”, f(c));

y =¢;

if(f(c) == 0 || (b - a) / 2 < tolerance)
return

end

n_iter += 1;

if(f(c) * f(a) > 0)

a=c;
else
b = c;
end
end
end
hold on

fn = @(x) Xx.A3 - x - 2
fplot(fn, [-2, 2]); grid;
root = bisection(fn, 1, 2, 1le-5, 30)

plot(root, fn(root),”*”, "color”, "r")

hold off

fn =

@(x) x A3 - x -2

Iter a b c f(c)

1 1.000000 2.000000 1.500000 -0.125000
2 1.500000 2.000000 1.750000 1.609375

3 1.500000 1.750000 1.625000 0.666016

4 1.500000 1.625000 1.562500 0.252197

5 1.500000 1.562500 1.531250 0.059113

6 1.500000 1.531250 1.515625 -0.034054
7 1.515625 1.531250 1.523438 0.012250

8 1.515625 1.523438 1.519531 -0.010971
9 1.519531 1.523438 1.521484 0.000622
10 1.519531 1.521484 1.520508 -0.005179
11 1.520508 1.521484 1.520996 -0.002279
12 1.520996 1.521484 1.521240 -0.000829
13 1.521240 1.521484 1.521362 -0.000103
14 1.521362 1.521484 1.521423 0.000259
15 1.521362 1.521423 1.521393 0.000078
16 1.521362 1.521393 1.521378 -0.000013
17 1.521378 1.521393 1.521385 0.000033
root = 1.5214

2
Mapadewypa 1.5 T myv ovvapmon f(V,,) = 1/(3V,,) — (5.5/6)|1 — exp(—1/V,,)| oto Sidompa 0.3 < V,, < 3

epappuoote m péBodo Ayotounong va Ppeite Tig pideg me.

AT6 T0 iponyoLEVO TIRPASEYHX eldapE 0T YPAQIKN OTL €xel Svo pifeg. M kovta oto 0.5 kat Tnv GAAN kovtd oto 1.5.
Ondre:
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[ @nxg.y0 |
oL /
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////
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Tyipa 1.15: H ypagwr| mg f(z) = 23 — x — 2 koa n pila g

clear all; close all;

f = @(vm) (1/3)./Vm - (5.5/6)*(1-exp(-1./Vm)).N2;
rootl = bisection(f, 0.1, 1, 1le-5, 30)

root2 = bisection(f, 1, 2, 1le-5, 30)

Iter a b c f(c)

1 0.100000 1.000000 0.550000 -0.037171
2 0.100000 0.550000 0.325000 0.191544

3 0.325000 0.550000 0.437500 0.022209

4 0.437500 0.550000 0.493750 -0.015609
5 0.437500 0.493750 0.465625 0.000777

6 0.465625 0.493750 0.479688 -0.007976
7 0.465625 0.479688 0.472656 -0.003748
8 0.465625 0.472656 0.469141 -0.001523
9 0.465625 0.469141 0.467383 -0.000383
10 0.465625 0.467383 0.466504 0.000195
11 0.466504 0.467383 0.466943 -0.000095
12 0.466504 0.466943 0.466724 0.000050
13 0.466724 0.466943 0.466833 -0.000022
14 0.466724 0.466833 0.466779 0.000014
15 0.466779 0.466833 0.466806 -0.000004
16 0.466779 0.466806 0.466792 0.000005
17 0.466792 0.466806 0.466799 0.000000
rootl = 0.46680

Iter a b [ f(c)

1 1.000000 2.000000 1.500000 0.005190

2 1.000000 1.500000 1.250000 -0.011302
3 1.250000 1.500000 1.375000 -0.002377
4 1.375000 1.500000 1.437500 0.001569

5 1.375000 1.437500 1.406250 -0.000362
6 1.406250 1.437500 1.421875 0.000614

7 1.406250 1.421875 1.414062 0.000128

8 1.406250 1.414062 1.410156 -0.000116
9 1.410156 1.414062 1.412109 0.000006
10 1.410156 1.412109 1.411133 -0.000055
11 1.411133 1.412109 1.411621 -0.000024
12 1.411621 1.412109 1.411865 -0.000009
13 1.411865 1.412109 1.411987 -0.000001
14 1.411987 1.412109 1.412048 0.000002
15 1.411987 1.412048 1.412018 0.000001
16 1.411987 1.412018 1.412003 -0.000000
17 1.412003 1.412018 1.412010 0.000000
root2 = 1.4120
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1.17 MEé€B0S0Gg eEAaYioTOV TETPAYDVGDV

"Eva Kowvo pOBANpa o PHETPROELS €lval TO TAIPIACHA TV HETPROEWV HE KAMO0 Bewpntiko poviédo. H pébodog mov
XPNOLHOTIOELTON OE aUTH TN TEPIMT®oT eivan N pEB0S0G TV EAXXIOT®V TETPAYOVOV. ZOUPOVA |E aUTH| LTOAOYI{OL}E TN
Slaopd amd kabe pétpnon pe v avtiotoyn Bewpntikn Kot aBpoilovpe T TETPAYOVA OA®Y ALTAV TV Sla@oprv. To
BewpnTIKO HOVTEAD €xEl KATIO1EG TRPAPETPOLG. H eAaioTOMOINGOT] TOL KBPOITHATOC TV TETPAYDOV®OV 08Tyel o€ €§10MTELG
amo TG OToieg LTTOAOYI(OVTOL UTEG Ol TIPAHETPOL KOl £TOL £X0VHE €va BedpnTIKO HOVTIEAO TIOL ToPLadel 000 yivetal
KOADTEPA L€ TIG PETPROEIG pOg!.

H mo amAn nepintwon vt 1o HOVTEAO HOG Vo elval PO KO, SNA. va xapaktnpiletotl amo pia evbeia ypappny = ax+b.
To {nTovpevo ToTE €ivar va Bpoljie TIG TIHEG TV TOPAHETPV a, b €101 AOTE TO ABPOICH TV TETPAYDAVAOV TRV S10(QOPOV
amo N MEWPAURTIKA ONPE (Z1, Y7 ), (To, Ya)s - (T4, Yy, ) VO EVOL EAGYLOTO.

H Sapopd yia 1o onpeio ¢ givan
6 =y, — (az; +b)

KOl TO GOPOLOHA TV TETPAYOVOV TV S1I0QOpQV gival
E= 253 = (1 —azy = b)* + (yo — awy — b)* + - + (y,, — ax,, —b)?
i=1

H eAayiotonoinon tov E(a, b) onpaivet 0F /da = 0 xat OE /9b = 0.
oF _
da

oF _
ab

2(y; —azy —b)(—7q) + 2(y, — azy — b)(—75) + ... +2(y,, —az, —b)(~x,) = 0
2(y; —axq —b)(—=1) + 2(yy — axy — b)(—1) + ... + 2(y,, —azx,, — b)(—=1) = 0

AnoAgigovtag to 2 oXNEATI(OVHE TO TAPOAKAT® CVOTNHA VO YPAPHIKQOV EEI0MOEDV

n n n
aZx?+mei = 21773,17
i=1 i=1 i=1
n n
a Z x;+nb = Z Y;
i=1 i=1

QIO OTIOL PTIOPOVHE VU BPOVIIE TIG THPALETPOVG @, b.

IMivakag 1.6: TTelpapatikég HeTproelg Yo péBodo eAayioToV TETPAYOVOV

z|00 03 06 09 12 15 18 21 24 27 30 33 36 39
y |57 43 60 37 75 95 85 98 115 11.7 109 105 13.6 141

To epappoyn, £0T® OTL EXOVHE TIG HETPNOELG TOL Twy. 1.6

O MapOKAT® KOSIKAG

XxX=0:0.3:3.9;

yy=[5.7 4.3 6 3.7 7.5 9.5 8.5 9.8 11.5 11.7 10.9 10.5 13.6 14.1];
n=length(yy)

A=[sum(xx.*xx) sum(xx) ; sum(xx) length(yy)]
beta = [sum(xx.*yy); sum(yy)]

inv(A)*beta

a=ans(1); b=ans(2);

x=-1:0.1:5;

y=a*x+b;

plot(x,y,xx,yy, *"); grid;

xlabel(’x"); ylabel('y")

n
A

14

73.710 27.300
27.300 14.000

1To kp1Tip1o ToL ABPOITPATOC TOV TETPAYOVGY TV S10QopoY Sev givan To povadiko. Eival 6peg auté Tob LTOAOYIGTIKE ivat To o armAd.
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beta =
297.84
127.30

ans =
2.4227
4.3686

Hog Sivel To anmoTéAeapa oL eaiveton ato oy. 1.16.

20

15

b3
>10 /)%jf/ag/j@/ X
% //)*///
5
x x*
0
-1 0 1 2 3 4 5

Tynpa 1.16: Yoloyiopog evbeiag mov Siépyetal and 6OVOAO OTHEIOV KO TAPOLOLALEL TNV HIKPOTEPT] AMOKALOT] OOHP®VA pE TN péBodo
EAAYIOTOV TETPAYDOVGOV.

2NV KATrnyopia TV YPOPHIKOV HOVTEA®Y GVITKOLV KOl TA HOVTEAR TNG HOPONG Yy = ae’” epocov pe AoyapiBunon, Iny =
Ina + pz, petaoynpotifovion o€ Ypop KA.

To Octave €€l EVOONUAT@HEVI CLUVAPTNOT] VL& TOAV@VUHIKA HOVTEAR. AUTO OT|AIVEL OTL PTTOPEL VA LLOG LTIOAOYICEL TO KO-
AVTEPO TOAVOVLLLO TIOL TAPLALEL pE T SESOPEVA HOC COHPOVA |LE TO KPLTPLO TRV EAXXIOTOV TETPAYDV®V. AOKIHALOVTAG
™ Yo TV MEPIMToT] Hag (moAvdvupo 1ov BaBpov) éxovpe

Xxx=0:0.3:3.9;
yy=[5.7 4.3 6 3.7 7.5 9.5 8.5 9.8 11.5 11.7 10.9 10.5 13.6 14.1];
p=polyfit(xx,yy,1)

2.4227 4.3686

TOUG 1610VG CUVTEAEGTEG IOV LTTIOAOYICOIE TTAPATIAVE.

I mepapatiopo, Sokipdlovpe mToALOVLHO 50V Babpov.

XxX=0:0.3:3.9;
yy=[5.7 4.3 6 3.7 7.5 9.5 8.5 9.8 11.5 11.7 10.9 10.5 13.6 14.1];
p=polyfit(xx,yy,5);
=-1:0.1:5;
y=polyval(p,x);
plot(x,y,xx,yy, *")

YNV TIEPLOYT) TIOV EXOVE MEIPAHATIKG SeSopéva BAEnovpe KaAvTepn ovpPavia. EE® Opwg and autr T TePLoyr| Ol amo-
KAloglg pmopel va eivar tepaotieg. Emonpaivetat emiong 01t av T&povpe ToAV@VLHO Babpov 6o0og eival o aplBpog Twv
Sedopévmv pag (1 ko peyaddtepov), autd Ba mepdoel ano oAa ta onpeia. Tt eivon kaAvTepo; ESaptaton. Av ta dedopéva
€1van oMo MEPAPATIKEG PHETPTOELG, ExouV BOpufo. Aev poonaBovjie TOTE va «Tapldoupe» Tig Slakvp&vaelg Tov Bopvov.
Yrotifeton 611 uNdpyEL KAMO0 YLOTKO HOVTEAO TIOL TIEPLYPAPEL TO CUOTNHA HOG KA OLTO €ival TTOL TTPOCAPHOLOLpE. AV
OH®G Ta SESOPEVH TIPOEPXOVTAL TIPAYHATL KTIO KATIOLK TTOAVWVUHIKT] GLUVAPTNOT HeydAov Babpov, tote evidel. ATMA®G, N
Sevtepn mepintwon eivan amibavn yix ouvnBeig epappoyeg otnv mpasn.
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50
40
30 - -
20 - -
X
10 |- % * m
*
b3
0 | | | | |
-1 0 1 2 3 4 5

Tynpa 1.17: YoAoylopog moAv@vOpou 500 BaBpov yia 1o 1810 clvoAo onpeinv AT TPV IOV TAPOLCIALEL TV HIKPOTEPT] ATOKALOT
oOpQ®va He T LEB0So EAXYIOTOV TETPAYDOVOV.

1.18 MEé€Bobor aprOunTikig oAokKAnpwong

Yuyva oty mpadn BEAovpE va LTTOAOYIGOVE OO €V GUVOAD HETPHOEWV 1) SESOPEVAOV KATIOL0 OAOKAT|POHQ, TL.X. TNV 10XV
amo éva EACHA 10YXV0G. LTV MEPIMTOON AUTH, GUVIBWG, GeV €XOVHE AVOAVTIKT| TEEPLYPAPT] TNG GLUVAPTIOTG YL VO LTIOAO-
yilooupe 10 0OAOKATpa A (1] QLTI TIOL €XOVHE €IvVaL APKETA TOADTTAOKT]). TOTE KATAQEVYOLE OTOV APlOUNTIKO LTIOAOYIOHO
T0L epPadol KATw amd TN YpaIKN TV HeTpiocwy. ITeptypdgovto Svo péBodor.

1.18.1 Kavovag Tpamneliov

Y10V Kavova TV TPamediov LOSIAPOVLE TNV TIEPLOXT] KATG MO TNV YPAQIKT| o€ n Tparéda icov vyoug h = (b —a)/n
omov a, b n apyxn Kol 1o TEA0G TG TEPLo)NG Tov BEAoL e va voAoyigoupe To epfaddv. ‘Exovpe tdte:

b n—1
[ sz~ Z[f(awf(bm;f(m

OTOL Ty, Xy s veey Ty [(X0), f(21), o, f2,), HEQ@ = 2, b = T,

f(;l?”l)

. !
a b

T Tit1
h

Tynpa 1.18: Kavovag tpamneiov yia apt@pnTiki oAokAipwaor.

4
INa napadetypa epappoyng €0Tw OTL BEAOLLLE TNV T TOU OAOKANPOHATOC / z3dz.
0
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% integl.m
% E@opuolet peBodo tpameliouv yia UTOAOYLOHO OAOKANPWHOTOG

n=10; % ap1Ouog tpoamelinv
a=0; b=4; % opxn Kol TEAOG
h=(b-a)/n; % OYog Tpameliwv
x=a+[0:n]*h; % d1AVUOUO X
y=Xx.A3; % dlavuopa y

S=(h/2)*(y(1)+y(n+1)+2*sum(y([2:n]))) % TO OAOKARpWUA

H oxpipnig tipn touv oAokAnpopatog eivon 64 ko fAénovpe ottyian = 10,5 = 64.64 evo yian = 100, S = 64.006. AnA.
000 T0 TIOAAEG LTTOSIAIPETELG XPT|OLLOTIOIOVIE TOGO KAAVTEPO TO AMOTEAEGUN. LTV TIPAET, OTAV SV EXOVHE AVAAUTIKN
OLVAPTNOT Y& V& ST|HIOVPYNOOVHE T SLAVOOUAT X, Y, XPTOIHOTOIOVHE HETPTOELG. L€ QUTH TNV TEPIMTWAT] LTIAP)KEL
€TOLT Kol 1) ouvaptnon trapz tov Octave OV TNV KXAODUE TLY. HES = trapz(X,y) Kol pog §ivel 1o 1610 anoTtéAeopa.

1.18.2 Kavovag Simpson
Meyalitepn akpifela €xovpe pe ToV Kavova Tov Simpson 6mov avti yix euBoypappo tpipa petadd onpeiov f(z;),

f(x;41), epappoletal pa napafoin} petadd Tprodv Sdoxikdv onpeiov. O aptBuog Tev THNRATOY 7 TPEMEL Vo ivan
aptog, h = (b — a)/n 6mov a, b 1 apyn Kol To TEAOG NG TEPLOXNG TIov BEAovpEe va urtoAoyicoupie To epfadov. Exovpe

TOTE: ,
h
de ~ =
/a f(z)dz 3

OMOL T, Ty, woey T [(20), f(21), -, f(,), HEQ@ = T, b = ).

n

Fa)+ FB) 425 Flag) + 43 flrs)
=1

=1

% integ2.m

n=10; % 0pLOUOC TUNUATOV
a=0; b=4; % apxn Kol TEAOG
h=(b-a)/n; % MAKOG TUAMOTOC
x=a+[0:n]*h; % dl1dvuopa X
y=x.73; % Ol1Gvuoud Yy

S=(H/33*(y(1)+y(n+1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n]))) % TO OAOKANPWHO
BAémoupie 0T1 Ko yia PIKp& 1 €XOLHE TNV akplfn Tipn 64. AvTO 10YVEL yid OAEG TIG TOAVOVUHIKEG CUVHPTHOELG HE TN
HéBodo Simpson. Ev yével xpelalopaote Hikpotepo aplBpd Tunuatov anod mm pébodo tpameliov yia v idix akpifeia.

To Octave €yel ko €60 €TON CLVAPTNON YA TOV KAPIOPNTIKO LIIOAOYIOHO OAOKATPOHATOV OTaV yvwpi{ovpe Tov pHa-
BnuaTik6 TUMO NG TPOG OAOKANPWON cuVApTNoNG. O MUAPAKAT® KAOSIKAG SeiXvel T ¥prion NG quadv ylo TNy €VPeoN

OV
4
/ x3dz
0

f = inline(”x.73");
S2 = quadv(f,0,4)

S2 = 64

Ko éva mapddetypa yia pia o §0oKoAn cuvaptnon, ty  sin(1/x), ano 0 éwg 3.

clear all
function y = g(x)

if (x == 0.0)

y =0.0;
else
y = X.*sin(1./x);

end

end

S3 = quadv(”g”,0,3)

S3 = 2.27004890467348

Me v quadv (mov Baociletat ot péBodo Simpson) BAEMoOLpE OTL TO S2 €xel TV 18l TIPN pe T S1K1 pag vAomoinon.
INa v o §OOKOAN cLVApTNOT (SOKIPNAOTE VO KAVETE TN YPOQIKT NG Kovtd ato 0 ko Ba deite ylati ) xapaktnpioaje
S0OKOAN), PAEMOLE OTL TA KATAQEPVEL APKETE KOAG (1 TIHn TNG S3 elvan akpiPrig péxpt 5 onpavikd Yneia). Enpeiwote
€MIOTG OTOV THPATIAVE® KOSIKK TOV TPOTIO TIOL S1VOLE GUVAPTNOELG oav Opiopata, inline yla CLVAPTNOELG ATTAEG, P0G
YPOHUNG, kKot function yiax mo ouvBeteg. Kota&te emiong oto online-help yia emmiéov pebddoug.
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1.19 Aw@opikég eEromoeig

"Eva GAAo onpavTiko mpofAnpa eivan ) eniAvon Stapopikav e§loncemv. Kot 66 o1 StaBéopieg Texvikég elvon mOAAEG Kan
e&aptovial and 1o €150¢ TOL TPOBANHATOG KOL T GUYKEKPIHEVT Sl10popikT €§i0mOoT Tov To TEpypapel. O SolpEe €60
NV TEPITTWOT] AMTADV KAVOVIKAV SIPOPIKAV EE1I0DCEWY, e 0TABEPOVS GUVTEAEDTEG, KOl S£00HEVEC APYIKEG GLUVONKEG.

"Eotw 611 éovpie pia ouvaptnon y(t) n omoia ivat Adom g
any<n) + an—ly(nil) +oet aly/ +agy = f(t)

6mou f(t) yveoth ouvéptnon pe apyikég ouvBrkes 4(0), 3 (0), ...,y (0). Oétovpe

_ _ / _ " _ n—1
T =Y, $2_ya $3—y, LN l’n—y( )
OTOTE )
a x, +--+ayxy +agr; — f(T
;7 7 ;7 7 n—1%n 1+2 01
Ty =Ty, Ty =1=T3, Tyg==Ty-ry Ty =— 0

n

MEe ToV TPOTO QLTH AVAYOUIE H1X N-TGENG S1popIKT €§I0WOT G€ GVOTNHA 1. SIAPOPIKAV EELICDTEMV TIPATNG TAENG.

Enopévag 1o yevikd mpofAnpa givat n emiAvon Tou 6UOTAHATOC:

d .,
d—f = f(x,t) pe  x(ty) =z, Omov T = 9022
T

pe t v ave&aptnTn peTafANTA amd v onoia e§XpTOVINL TG GTOLKELX TOL 2.

Mapaderypa 1.6 Na vrodoyotei n Avon y(t) ya t € [1, 5] me e&iowong:
y+y=0 pe y(l)=38

[pd TG T6EEns Slapopiky e&iowaon pe avahuTikr Abon va Byaivel ebkoAa 6Tt eivan y(t) = 8el~t. Apa
Ty =Y, T =—a
KOl 0TIV 0LGi0 EXOVHE QAN €§10WOT, OXL COOTNHA, KOl 0 KOSIKAG ElvaL:

clear all; close all;

function xdot = f(x,t)
xdot (1) = -x(1);

end

X0 = 8;

t = linspace(1,5,50);
y = lsode(”f”, x0, t);

yy = 8%exp(1-t);
subplot(121); plot(t,y,t,yy); grid; xlabel(’t’); ylabel('y(t)’)
subplot(122); plot(t,abs(y-yy’)); grid; xlabel(’t’); ylabel(’dioagopda’)

BAénoupie ato o). 1.19 v apBpuntikn Abom mov pog §ivel 0 KOSIKAG padi jLe TNV avaAUTIKT) OTI0L TIPAKTIKG Tavtidovtat. Ta
va §ovpE T Sta@opa aipvoupEe TNV anmdALTN TIHT TG Stx@opdg twv Suo (Tipocoyr e8¢ yiatin pia eivot Stévuopa ypaHHNIG
Kot N GAAN Stévuopa oTAANG) kat BAémovpe 6T eivon TG Té&ng 1077, Av nepapatioteite Alyo pe autd To mapédetypo 0o
Seite om mpémnel va apyilete mava and v apykn Tipn. ILx. yia ¢t € [—2, 5] Tt ahhayn Ba kéverts;

IMapaderypa 1.7 Na vrodoyotei n Avon y(t) ya t € [0, 1] g e&iowong:
y' —4y +13=e""  pe  y(0)=0,4(0) =10
Oétoupe
=y, =y

OTOTE
vi=y =wx,y, ah=y =4y —13+e " =4z, — 134+

O ka8ikag octave ov Advel avv v e€iowon yw ¢ € [0, 1] eivau:
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8 T T T 2e-07

6 [ m 1.5e-07

-
= S

=4I 7 g— 1e-07
L=]

2 7 5e-08

o o

1 2 3 4 5 1 2 4 5
t t

Iynpa 1.19: ApiOpuniki kot avadutikn Avon y(t) (aplotepd) 0oL Sev aiveTal S1@opa Kol 1 amOALTOG S10@opa aplOUNTIKIG Kot
avOALTIKTG AVoTG (6e814).

100 T T T T 3e-05
2.5e-05 [
80
2e-05 -
60
-
= I3
= S 1.5e-05 [
S
40
1e-05 [
20
5e-06 -

Tynpa 1.20: ApiBunukn ko avahutiki Avon y(t) aplotepd Kot 1 S1a@opa Toug Sedia.

clear all; close all;

function xdot = f(x,t)
xdot (1) = x(2);
xdot(2) = 4*x(2)-13+exp(-5*t);

end

X0 = [0; 10];

t = linspace(0,1,10);
y = lsode(”f”, x0, t);

yy = (16/720)*exp(-5*t) + (247/144)*exp(4*t) + (2340*t+585)/720 - 51/20;
subplot(121); plot(t,y(:,1),t,yy); grid; xlabel(’'t’); ylabel('y(t)’)
subplot(122); plot(t,abs(y(:,1)-yy’)); grid; xlabel(’t’); ylabel(’dioagopd’)

Opilovpe TNV CLUVAEPTNOT TOL CLUOTIHATOC HE TN Hopen xdot = f(X, t). AIVOLE TIC APYIKEG TIHEG OTO SIAVLG PN OTHATG
X0 = [0; 10] Kot T0 XpOoVIKO Stéotnpa mov pog eviagépel pe t = linspace (0, 1, 10) kou kaAoOpe v lsode. To
anoteAeapa Ba eivan évag mivakag y, 10 X 2, pe Suo 0THAEG, TTOL AVTITTOKOVY OTIG HETAPBANTEG T4, Lo TIOL AVAPEPAYLE TIOK-
panave. Epag pog evéiagépern y( i, 1) mou aviimpooenevel v Avon y(t). H e€icwon eivat apketd amAn mov prmopovpe

41



OCTAVE Eoaywyn

V& UTIOAOYIOOVE KA1 TNV avaALTIKT AVoT| (YPOPHT KOSIKa pe yy). H ypagikr] Tng aplOpnTikig kot avaAuTiKng AVO g gai-
vetal 0To o). 1.20 ko BAénovpe 0T TpakTika TavTtilovial. H Sta@opd Toug BAEMOLE OTL ALERVEL OGO ATOUAKPUVOUNOTE
o TV GPYIKT| TIHR oV KoL 0TO SIAGTNHA IOV pag evalagépel efvan péyxpt 3 x 107°,

Hapadewypa 1.8 Ynoloyiote v tdon Kai 10 pebpa 0TA GKPA TOL TTUKVTH OUVAPTHOEL TOL XPOVOL OTO TAPAKATW KUKAWUA
yix v(t) = sin(5t) V, 0 < t < 5 s pe apxikés ouvlrkes v-(0) = 0V, i-(0) = 0 A ko Tipég otoyeiov R = 1.5 Q,
L=025Hkot C =0.5F.

t=0 I

o N lmnl
@ ve(t) —‘— C

n
o(t) @

Tyfnpa 1.21: KOkAopa pe ev oelpé avtiotaoT), Tnvio, TUKVGTH.

O xavovag taoewv tov Kirchhoff Sivel
di
L é + R Z + 'UC =7

omov i(t) = i (t) Kar i (t) = Cdos(t)/dt. Ondte

Coc | pote o Pro Rl vo v

LC
dt? dt

a2 T @t TIC " IC

Kdévovtag Tig anmontovpeveS avTIOTOLXI0ELG

xlz’uc .’1/‘/1::52R 1

v
Ty =V Ty =——CTy— —=T; + —
2oe ? > ettt Le

HE apxiKéG auvlnkeg x4 (0) = 0, 25(0) = 0/C = 0 €yovpe

clear all; close all;

function xdot = f (x, t)
R=1.5; L=0.25; C=0.5;

xdot(1) = x(2);

xdot(2) = -(R/L)*x(2) - (1/(L*C))*x(1) + sin(5*t)/(L*C);
end
€=0.5;
x0 = [0; 0O];

t = linspace (0, 5, 1000);

y = lsode ("f”, x0, t);
plot(t,sin(5*t),t,y(:,1),t,C*y(:,2)); grid
title(’Taoelg v(t), vC(t) kai pebpa iC(t)’)
xlabel(’xpovog [sec]’); ylabel(’tdon [V] - pebupa [A]');

text(0.12,0.24, 'iC(t)’);
text(0.84,0.24,'vC(t)");
text(0.4,0.8,'v(t)");

Ot teAevtaieg Tpelg eVIOAEG TOMOBETOVY text oTa onpeia TG Ypaiknig ov BéAoupie. Ta onpeia avtd Ta piokovpe TpOTA
HE TO «TOVTIK HoG KOBAOG TO PHETAKIVOUHE TGV amd T Ypa@ikn]. EVOAAGKTIKE, HTOPOVE VA XPTO1HLOTIOUCOVHE Y1 TOV
810 okomod TN SuvaTOHTNTA TTOL POG TAPEXEL TO TAPGBLPO Ypa@IKmv. Xty plot ny(:, 1) elvonn ve koany(:,2) evarn
Vg, apa moAAamAaoidilovag t Sevtepn pe C' €OVpE TO PeVHA i (t). MopoLpe v SODHE TIG KUHATOHOPPEG TAOTIG KOl
PEVHATOC V1O TOV TTUKV®TI] TOL KUKAGHOTOG 0TO o). 1.22.

Mapadewypa 1.9 Na Bpebei n Abon me Stapopikiis e&iowongs yia t € [0, 5)

d
de; =y+t2+sin(t) pe  y0)=-1

Kat va ovykpiBel pe v avadvtik Adon y(t) = 1.5exp(t) — (2 + 2t + 2) — (sin(t) + cos(t))/2.
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Téoelg v(t), vC(t) kat pedpa iC(t)

(t)

Thon [V] - pedpa [A]

xpbvog [sec]

Zynpa 1.22: Taon nnyng v(t), pedpa kat Taon mukveTn io(t), v (t) avtiotoya.

200 T T T T 7e-05 T T T
6e-05 [~
150
5e-05 [~
100 4e-05 [~
- =
= =
< 3e-05
50
2e-05
o
1e-05 -
-50 : : : ‘ o
o 1 2 3 4 5 o
t t
Iynpa 1.23: Avon y(t) and v lsode padi pe v avaAvTikn Adon.
Edo éyoupe
dy
—= —y=1t% +sin(t
o (t)

pe

KOt

clear all; close all;

function xdot = f (x, t)
xdot (1) = x(1) + tA2 + sin(t);

end

X0 = -1;

t = linspace (0, 5, 100);
y = lsode (”"f”, x0, t);

yy = 1.5%exp(t) - (t.A2+2*t+2) - (sin(t)+cos(t))/2;
subplot(121); plot(t,y,t,yy); grid; xlabel(’t’); ylabel(’'y(t)")
subplot(122); plot(t,abs(y-yy’)); grid; xlabel(’t’); ylabel(’diagopda’)
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Kot n Avon a1o o). 1.23 Seiyvel 0T aplBunTiki Kot avaALTIKE ADOT) TIPAKTIKA TRUTI(OVTOL oV Kol BAETIOVHE TO COAANX VO
QLEAVEL 000 AMOPUAKPUVVOUAOTE QIO TNV APXT.

Moapadewypa 1.10 Na Bpebei n Abon tou cvotipatog Siapopikav eéiowoewy ya t € [0, 10]

dz/dt = 10(y — )
dy/dt = —xz+ 28x —y
dz/dt = zy — 8z/3

e apyikég ovvOnkes x(0) = —2,y(0) = —3.5, 2(0) = 21. Zxeb1d01e TI§ TPELG CUVAPTHUELS - AVTELG LIE SIAPOPETIKA XPOUATA
(uTA€, KOKkKLVO, pavpo). Kavie ™ ypagiki) ¢ Se0TepnG Kat Kpatiote 1o mapaupo ypagikv. AAAGETe v apyikr) ouvOnkn
z(0) oe (0) = —2.04 ka1 emavaddfete ™ Adon. Zxedidote nat m ypagikn e Sebtepng ato isto mapdBupo mov eiyate
kpatrjoel. Tt napatnpeite; Xyedidote ae Eexwploto mapaBupo ™ AVon ¢ IPWTNS auvaptrioeL ¢ Tpitng. Tt mapatnpeite kat
ebw;

O MopaKAT® KOSIKAG uToAoyilel Ta {nTtovpEvVa.

% loren.m
clear all

function xdot = f (x, t)
xdot (1) = 10*(x(2)-x(1));

xdot(2) = -x(1)*x(3)+28*x(1)-x(2);
xdot(3) = x(1)*x(2)-(8/3)*x(3);
end

0 = [-2; -3.5; 21];
linspace (0, 10, 1000);

X
t
y = lsode ("f", x0, t);

plot(t,y(:,1),'b", t,y(:,2),'r", t,y(:,3),'k");
grid; title(’Ol Tpelg AVoeELrg');
xlabel('t’); ylabel(’y_1,2,3(t)");

figure

plot(t,y(:,2),'b");
title(’Lorenz simple chaotic system’);
xlabel('t’); ylabel('y_2(t)");

hold

X0 = [-2.04; -3.5; 21];
y = lsode (”"f”, x0, t);

plot(t,y(:,2),'r"); grid;
title(’Lorenz simple chaotic system’);
xlabel(’t’); ylabel('y_2(t)");

hold

figure
plot(y(:,1),y(:,3)); grid;
xlabel('y_1(t)’); ylabel('y_3(t)");

IIpooégte T ¥prion g eVIOANG hold TOL KPATAEL AVOIKTO TO TIAPABLPO YPAPIKAV PEXPL VA TNV EXVAKAAEGOVIE.

LV mpATN YPOPIKN Tap&oTact tou Zx. 1.24 BAEmovye TIg Tpelg Aol Hadi. Ztnv Se0Tepn ypa@ikn €xoupe Ty y(:, 2) Kot
yuax TG Svo mept®oels. H Stapopa 0Tig apyikég ouvOnKeg eivat pikpn, Hovo 2%, Kot Lovo otny TpaiTn ouvOnkn. BAémovpe
oTIg AVoelg oL péxplt t = 1.5 1 Swxpopd eivon apeAntéa. Metd apyiel va LITAPYEL KMOKAIOT] IOV S10PKAG HEYOXADVEL
Kol yOpw oto t = 6 1 devtepn AVom €xel Swagpoporownfel onpavTiKG and Ty npetn. Autd eivol onpéddt epeaviong
X&oug. Mikpég S109opeg oTig apyikég ouvBnKeg odnyolv oe peyaAeg Stagopég otig Avoelg. To ouykekpipévo paoTa
O0OTNHA SIXPOPIKAOV EELOMCEMV PHOLALEL |IE TA CLOTNHOTA IOV £EETAOE O PETEWMPOAOYOG Lorenz T Sekaetia tov 60 cav
TIAPASEIY O XAOTIKOV SUVOHIKOV CLCTNHATOV (OT®C LTO TNG TPAYVAOOTG TOL KALpoL). TNV TPLTN YPXOIKT| TApAoTaoh
(X®pog PAoe®V) BAEMOVIE KOl TO OO KXTATEDEY EVOG XAOTIKOD GLOTIHATOG, TOLG §LO XAOTIKOVG TOAOLG EAENG (Lorenz
attractors).

1.20 MeAétn TAnBuvopod xHpag

1o mapakate Ba kortdéouvpe S0 POVTEAX Y1 TOV TANOLGHO HLAG XDPAC.

44



)

NN

WY AT

=)/

LA

PYYVY

N4

0000000
333333

\

N
AAAAA




OCTAVE Eoaywyn

MovtéAo Malthus

KaBe mAuBuopog, eav 6ev undpyouvv epmodia avantuéng, avéavetal ekBetikd (Thomas Malthus, An Essay on the Principle
of Population, 1798). MaBnpoatikd, autod onpaivel 0Tt np advénon mAnbuopo eival avaioyn pe Tov TAnBuopo.

dp
o =k = p(t) =pee

omov t = ty, p = Py Ol APXIKEG GLVBTIKEG XpOVOL Kot TANBLGHOV.

k(t—tg)

AOY16TIKO povTélo

Yy npa&n BéRora epnddia vmaipyovy, Y. Adyw EAAewng mopwv. Kdvovtag pia tpomonoinon oto poviédo Malthus
Seyxopaote 611 N avahoyia Tov Malthus oydel yia pikpotg mAnBuopovg (apketol Topot). Me v av&non tov mAnduopov
Bewpolpe OTL 0 OXETIKOG pLBROG avENoNG eEANaTOVETAL. MabnpatiKg, o oXeTIKOG puBOG avEnaong eiva:

(i)
dt) _1dp

p  pdt
To AoyloTiko povtéro (Ey. 1.25) Bewpel 0TL N EAGTTOON EIvaL YPAPHIKT, pE TOV TANBLOPO va petafdiAeton amo 0 péypt
Ha péylotn tpn N Kol 0 OXETIKOG pubpog avénaong va eAattovetat and v tipn K oto 0. H kAilon g eubelag eivon
K /N ot to pafnpatko poviédo yivetau:

K
1dp
p dt
N
0 p

Tynpa 1.25: AoyloTiKO HOVTEAO YPAPHIKG EAGTTOON G TANBLGHOD.

1dp K dp P P dp !
pdt N dt < N) Do p(1_£> to
N
N
p(t) = N
1+ (—1) exp [ — K(t —ty)]
Do

1.20.1 ITAnOvopog HITA

To epappoyn Hmopovpe va Koltd&oupe Tov mAnBuopd tewv HITA. 1o Siadiktuo ebkoAa Bpiokel kaveig dedopéva amo o
1776 péxpr 1o 2010 (https://www.google.com/fusiontables/DataSource?dsrcid=225439#rows:id=1). [Tapéyo-
vton €86 oto apyeio USpop2.csv.

O mapakaTe KOSKag ta Stafddlel kot Seixvel v mpeTn ypoeikn (Xx. 1.26). O xpovog t eival o€ €T KOL 0 EKAOTOTE
MANBLOPOG Oe eKaTOPpPLPIX Katoikous. Ta dedopéva eival e @Bivovoa oelpd Kol To avaoTpé@ovpe. H mpmtn ypagikn
€1VO TTPOXELPT] KO TNV KAVOLLE YO VO OXTHATICOVE piax apyIkT) 16€a yio o dedopéva pag. Ta dedopéva Seiyvel va éxouvv
™ HopeT| TG a0E0VONG EKBETIKNG.

load USpop2.csv

us = USpop2;

t=us(end:-1:1,1); p=us(end:-1:1,2)*1e-6;

title(”US population”);

xlabel(”t [year]”); ylabel(”p, population [million]”);

Epappolovtag to povtéAo Malthus maipvoupe Svo onpeia (€t 1790 koa 1800) ko vtoAoyilove Tov ouvieAeot k

py = poeXP(k(tz—to))} . 1n<p2)_o.o30087
p1 = poexp(k(ty —tg)) ty —t
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US population
350

o Yo T -
250 f—--------------- LT R T T T S R L T

200 [—--------------- D R R R R EEE T
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I S
o
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t [year]
Tyfipa 1.26: AsSopéva mAnBuopod HITA
US population Malthusian model
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Tynpa 1.27: Aedopéva minBuopod HITA pe povtého Malthus. H 8eUtepn ypa@iki eivon zoom Tng mp@TNg oTnV MEPLOXT OTIOL EPQaVi-
{eTOn aMOKALOT] OTIO TO HOVTEAO.
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DTidxvoupe Sevtepn ypapikn (Zy. 1.27) pe ta dedopéva (onpeia) Kot 1o HoviéAo (ouvexng ypoappn). BAémovpe moAd kaAn
OLHE®VIX pE TO HOVTEAD PéXPL TO 1860-1861. Amo v 10Topia EEpovpe OTL TOTE EEOTIOGE 0 EPEVAI0G TOAEOG Twv HITA
Ko e€nyeiton €101 1 anmdkALon.

te=t(1)

poO=p(1)

t1=1790
pl=us(us(:,1)==t1,:)(2)*1le-6
t2=1800
p2=us(us(:,1)==t2,:)(2)*1le-6
k=0.1*1log(p2/p1)

% Movtéhlo Malthus

plot(t,p,’*’, "markersize”, 2, t, pO*exp(k*(t-t®)),’-"); grid
title(”US population Malthusian model”);

xlabel(”t [year]”); ylabel(”p, population [million]”);

IIpoxwpovpe OV €QAPHOYT TOL AOYIOTIKOU HOVTEAOL. XpelalOpaoTe €vav Tpomo va vroloyicovpe T K kon N T0L
HOVTEAOL Gpa €VaV TPOTIO VO VTIOAOYICOVE TOV OXETIKO puBNd eAdTTOONG. Ava Tpilx onpeia dedopevav, ¢ — 1,4,4 + 1,
VTTOAOYI{OLE TNV TIAPAYWYO oTd TIG S1I0POPEC:

Ldp 1piy1—pia
pdt  ptig =t

X p1NOHOTOL0VE TPi OMEIN YO VA PNV ELGAYOVHE GUOTIHATIKO COAALN GTOV LTIOAOYIOHO. XTO octave SMHI0VPYOV}E
v ouvdptnon relg mov ka&vel auTOV TOV LIOAOYIONO (O EexwPloTO apyeio pe dvopa relg.m). Ilpogaveg o Sdvuopua
rate Ba €yl PrKog Katd 2 HIKPOTEPO OTO T t, P.

function [rate] = relg(t,p)
N = length(t);
rate = [];
for i=2:N-1
rate(i-1) = (p(i+1)-p(i-1))/(t(i+1)-t(i-1))/p(1);
end
rate = rate’;
end

EYNHaTi(OLLE TNV YPAQIKT] TOL OXETIKOV pLBROL eAdTTOONG €vavTt ToL TANBLopoL (Xy. 1.28) kon BAEMOLE HpKETEG S~
kopévoelg. To povtéo opidet evbeia ypappr kot xpnoponotovpe HEBodo eEAXXIOTOV TETPAYDOVGOV Y1 TOV LTTIOAOYLOHO TNG.
To onpeio ToPnG e ToV KATakopueo agova eivar to K Kot 1o onpeio Topng pe tov opiiovrio aéova givor 1o V.

% relative growth rate for logistic model
n = length(t);

rate = relg(t,p);

tt = t(2:n-1);

pp = p(2:in-1);

1sqfit = polyfit(pp,rate,1)
pp2 = lsqfit(2) + lsqfit(1)*pp;

figure()

plot(pp,rate,’*’, "markersize”, 2,pp,pp2); grid
title(”Relative growth rate - Logistic model”);

xlabel(”p [million]”); ylabel(”relative growth rate [1/year]”);

lsqfit(2)

K
N = -K/lsqfit(1)

% logistic model

figure()

p3 = N./(21-(1-N/p0@).*exp(-K.*(t-t0)));

plot(t,p,"*", "markersize”, 2,t,p3); grid

title(”US population Logistic model”);

xlabel(”t [year]”),; ylabel(”p, population [million]”);

Ynohoyioape K = 0.028375 kon N = 348.70 ekatoppvpia. H ipny touv N €xetl evSiagépov yuati eivon 1) péylotn otabepn
TIHT Y1 TOV TANBLGHO TNG XOPAG COPPMVA HE UTO TO HOVTEAOD. T HeyorAUTEPT] OTIO OUTH EYKVHOVEL KIvEUVOULG 1oXLP®V
ECWTEPIKMOV KOWVOVIKQV QVATAPOX®V KABADG SV LTIAPYOLY apKETOL TOPOL VO KAADYOULV TG AVAYKEG TOL TANBLGHOV. ATO TO
Sadiktuo BAEmovpe 0TL 0 TPIVOG TANBLOHAG TV HITA eivon 324.4 ekatoppdpla, KOVIQ 0TV OPLaKH TLUT TOL HOVTEAOL.

Ty tehevtaia ypaikn (Xx. 1.29) éxoupe ta dedopéva padi e to Aoylotikd poviéAo mov poAg vmoAoyioape. BAémoupe
KONl GUPQGVia oty apyn pe KAmoleg Pikpég amokAioelg apyotepa. ‘Evag kaAdg 10topikdg Ba prmopovoe va cuoyetioel
OUTEG TIG ATIOKAIGELG |IE YEYOVOTH TNG EKAOTOTE ETOXNG.
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Relative growth rate - Logistic model
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Synpa 1.28: Zyetikog pubpog eAdrtwong évavit mAnBuopod kot i evbeia ypappn pe péBodo eAayioTOV TETPayOV@Y.
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Tynpa 1.29: Agdopéva mAnbuopod HITA pe AoyloTikd povitélo.

1.20.2 IIAnOBvopog EAAGSog

Yav EAANVEG TPo@avag Hag SnHIoupyeiTal ) TEPLEPYELX VO SOVE TL YIVETAL HE TN S1KN HOG Xwpa. Ao TO S181KTUO PTopel
KaVeig va avTtAn ol mAnpogopieg yia Tig anoypa@ég mAnBuopot g EAAGSog (google:amoypageg mAnBuoov oty eAAadx).
H EAXLTAT (EAMM\nvikn Ztaniotikn Apyn, http://www.statistics.gr) mopéxel TOAAEG KO TTUKVEG TTANpOQOpieg Kot
XGvetan Kaveig av avalnta povo évav mivaka mAnBuopot g xopag avé tov xpovo. H el.wikipedia eivon edw mo xprioipun
KOl HTIOPOVE va Bpovpe amoypaég mANBuopoL ano to 1828 péxpt o 2011. IMapeyoviar 6w oto apyeio GRpop.csv.
Ynoyn BéBoia 6TL  EAAGS EeKiviioe gav Xmpa T& VEDQTEPX XPOVIX Ao Eva HIKPO Kpatidio pe ITeAomovvnoo, Zteped
EAGSa kot Atya viod, e ToOAAOUG TOAEHOVG KAl KATHOTPOYES, o AP avtiBeon pe to poviéAo tov Malthus.

O mapakdato KOdKag Stafdalel Ta dedopéva kot Seiyvel v mpoTn ypaeikn (Xx. 1.30). O xpdvog t elvon o €T Kat KAVOLE
Tov MANBLORO va eival kKot 8@ og ekatoppvptla. Ta Sedopéva eivon katd adéovoa oelpd Kot Sev XpeladeTal avaoTpon.
Awakpivovrtal §vo meployxég peta&d 1828-1907 kot ano 1920-2011. IMepiodog BaAKaviK@V TOAEH®Y / MIKPOGIXTIKT] KOTO-
oTpoeN He 0Tl autd ovvenayetal. H av&non mAnBuopon mpoépyetal amo Ty abEnotn e5ap®v Kol TNV €16p0oT| TPOTPOYRDV
petd v Mikpaoiwatikn Kataotpoon.

load GRpop.csv
gr = GRpop;

t=gr(:,1); p=gr(:,2)*1e-6;
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plot(t,p,’*’, "markersize”, 2); grid
title(”GR population data”);
xlabel(”t [year]”); ylabel(”p [million]”);

GR population data
12 T

DO o r oLl R R EREEEEEE T —

p [million]

1800 1850 1900 1950 2000 2050
t [year]

Iynpa 1.30: Aedopéva minBuopod EAAGSog

Ed® 6ev pmopovjie va tapoujie 2 onpeia 0w kavaype pe tig HITA kot va vioAoyicovie To k tov Malthus. AoyapiBpifoupe
T SeSopéva Kot eappolovpie EAayloTa TeTpaywva (Zy. 1.31).

Malthusian model k estimation

log(p) [log(million)]

1800 1850 1900 1950 2000 2050
t [year]

Tyfipa 1.31: Yrohoyiopog k tov Malthus pe eAGy1ota tTeTpdynva.

figure()

1sgfit = polyfit(t, log(p),1)

pp = lsqfit(2) + lsqfit(1)*t;

plot(t, log(p),'*’, "markersize”, 2,t,pp); grid
title(”Malthusian model k estimation”);

xlabel(”t [year]”); ylabel(”log(p) [log(million)]”);
k = lsqfit(1)

H tipn tov k mov vmoAoyileton givon k = 0.017842. Epappoyn oto povtéAo Malthus yiveton pe tov koSka:

to=t(1)
pO=p(1)
figure()
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plot(t,p,’*’, "markersize”, 2, t, p0*exp(k*(t-to@)),’-"); grid
title(”GR population Malthusian model”);
xlabel(”t [year]”); ylabel(”p, population [million]”);

KO TO amoTéAeopa gaivetal aTto Xy. 1.32. To TpOTO TUHHA TIOL EXEL TEPIOOOTEPN SEGOPEVH LTIEPIOYVEL TOV SELTEPOL KO
Selyvel KaAn ovpeavia pe 1o povtéAo Malthus. Xto Sevtepo Tunpa dpwg 1 avtiBeon eivat kpavyaAéa. Eivon caég 611 10
HOVTEAO OTIOG EXEL OEV PAIVETAL IKAVOTIOINTIKO.

[poxwpajie GTO AOYLGTIKO HOVTEAO.

% relative growth rate for logistic model
n = length(t);

rate = relg(t,p);

tt = t(2:n-1);

pp = p(2:n-1);

1sgfit = polyfit(pp,rate,1)
pp2 = lsqfit(2) + lsqfit(1)*pp;

figure()

plot(pp,rate,’*’, "markersize”, 2,pp,pp2); grid
title(”Relative growth rate - Logistic model”);

xlabel(”p [million]”); ylabel(”relative growth rate [1/year]”);

lsqfit(2)

K
N = -K/lsqfit(1)

% logistic model

figure()

p3 = N./(1-(1-N/pO).*exp(-K.*(t-t0)));

plot(t,p,’*’, "markersize”, 2,t,p3); grid

title(”GR population Logistic model”);

xlabel(”t [year]”); ylabel(”p, population [million]”);

H ovpgavia petprioemv kot povtéAou (o). 1.34) eivon kaAOtepn oAAG Kot TAL Ox1 TeAeiwg kavoronTikT|. To evSiagépov
BéPoana eivon ot cvvoAkn Tipn TANBuapov mov prnopel va (o€t ot xopa, N = 13.7 ekatoppidpia.

M mapaAAayn ylx iowg KaADTEPT CLHEOVIX elval va AdBovjie LTTOYM Kot TIG ESXEIKEG PETAPBOAEG. AVATPEXOV|LE TTAAL OTX
Sedopéva mANBLG OV Kol KATOypAOOVE KL TV EKAOTOTE EKTAOT] TNG XOPAXG. EQappdlovpe TO HOVTEAOD Y1 TNV TUKVOTNTA
nmAnBuopoL avti tov TANBuopoL Kat enavaiapfavovpe. H kpioun tipr| mAnBuopot eivat topa N = 12.264 ekatoppovpio.
[MopoAa AULTA 1 CLHPGVIX PHETPHOEDV KL HOVTEAOL Sev @aivetal KaAutepn. H avtaAiayn mAnBuopdv otn Mikpaolatikn
KOTOOTPOQN EMNPEALEL TTOAD TIG HETPT|OELG.

Tehwd, xewpr{opaote TG dvo opadeg mANBuopov (mpv 1910 ko petd) Eexwprotd. H oupgavia t0Te peTprioenmv Kot po-
VTéAou @aiveton oA kaAUTepn). Eva Aentd onpeio edw eivon 1 emhoyn ¢, p, oto poviédo Malthus and ta eAdyiota
TETPAYRVA TIOL B XPELRGTOVV Kot 0TO AoyloTikd poviéAo. Ot kpiopeg TipéG mAnBuopov eivan topa N; = 13.064 kau
Ny = 12.998 ekatoppOpLor avTioToKa.

H teAevtaia amoypaen tov 2011 frav 10.8 ekatoppdplo Kot NTav EMAEKTIKT GG TIPOG TO TTO10VG Katéypae. Ta teAsvtaia
Alya xpovia €xoupie emiong peyaAn elopon Kat ekpon mANBuop®v ot xowpa pog. Eidopev.
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GR population Malthusian model
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Tynpa 1.32: [TAnBuopog EAAGSog katd Malthus
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Tynpa 1.33: Zxetikog pubpog eAdttwong évavt mANBuopos Ko n vbeia ypappn pe péBodo eAayioTmV TETPAYOV®Y.

GR population Logistic model
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Tynpa 1.34: AeSopéva mAnBuopod EAAGSOG pe AoyloTiko povTéo.
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1.21 AoKnogig pe AVOELG

Acknon 1.1 Eotw x = 2, y = 3. YnoAoyloTe Ti¢ Tapakdtw eKPPAOEIS Kat EAEYETE TO AMOTEAEOLA [IE TO KOUTIOVTEPAKL TUG.

Dx+y 2) zy 3 x/y 4) sinx 5) 8 cos zy
3
2 T 3x
6) 5tan(z /y) 7) 32 8) e~ 9 2 10 22
T—y 2y
-1
5 rt 1 3 4(y—5
11) 22y 12) — 13) (1 - f,) 14) 15 2 =9)
2 zt—1 x° 4xr — 8 3x—6
33 4 x y 2sinx
16) ————— 17) 625 + — 18) — + —— 19 20) 6(z'/3) + 520-62
) 4y — 812 ) x ) 43 55z ) 5 ) 6 )
Avon octave:9> 3*pi*xn2 warning: division by zero
ans = 37.699 ans = Inf
octave:2> x=2; y=3; octave:10> exp(-x*yAr2) octave:17> 4*(y-5)/(3*x-6)
octave:3> x+y ans = 1.5230e-08 warning: division by zero
ans = 5 octave:11> y*xA3/(x-y) ans = -Inf
octave:4> x*y ans = -24 octave:18> 3*xN3/(4*x*y-8*xN2)
ans = 6 octave:12> 3*x/(2*y) ans = -3
octave:5> x/y ans = 1 octave:19> 6*XxA5+4/x
ans = 0.66667 octave:13> (5/2)*x*y ans = 194
octave:6> sin(x) ans = 15 octave:20> (x/473)+y/(57M6*X)
ans = 0.90930 octave:14> xN4/(xN4-1) ans = 0.031346
octave:7> 8*cos(x*y) ans = 1.0667 octave:21> 2*sin(x)/5
ans = 7.6814 octave:15> 1/(1-1/x75) ans = 0.36372
octave:8> 5*tan(x/y) ans = 1.0323 octave:22> 6*(xN(1/3))+5*x"0.62
ans = 3.9342 octave:16> 3*y/(4*x-8) ans = 15.244
Aoxknon 1.2 Eotw x = 2 + jb, y = —3 — j7. Ynoloyiote 1i¢ napakdrw ek@ppdoeis kat eAEyéte 10 amotéAeoua pe T0
KOUTTIOVTEPAKL 00,
Dx+y 2) xy 3x/y 4) e® 5 VY
4(y—>5 2 323 4
6) xy° 7y =5 8) e~ 9 —— 10) 62° + =
3r —6 dxy — 8x x
Abon ans = -0.706897 - 0.0172411i ans = -1.8667 + 2.13331i
octave:6> exp(x) octave:10> exp(-x*yAn2)
octave:2> x=2+j*5; y=-3-j*7; ans = 2.0960 - 7.0855i ans = -8.5681e+125 + 2.0870e+1251
octave:3> x+y octave:7> sqrt(y) octave:11> 3*XxXN3/(4*x*y-8*xN2)
ans = -1 - 2i ans = 1.5192 - 2.3039i ans = -0.42825 - 1.10281i
octave:4> x*y octave:8> x*yAn2 octave:12> 6*xN5+4/x
ans = 29 - 29i ans = -290 - 1161 ans = 2.5692e+04 - 8.8507e+031
octave:5> x/y octave:9> 4*(y-5)/(3*x-6)

Aocknon 1.3 Eotw ot n perafinm x naipver nig ipég x = 1,1.2, 1.4, ...5. YrnoAoyiote 1o Stdvuopa y = 7 sin(4x). IIdoa
otolyela €yel autd 10 Sidvuoua Kot mowd givan 1 Tiun Tou Tpitov atoiyeiov; (IIpopavas 6w dev (NTw va Seiete OAeg Tig
dAeg TipEG Tov StaviopaTog.)

Abon

octave:2> x=1:0.2:5; y=7*sin(4*x);
octave:3> length(y)

ans = 21

octave:4> y(3)

ans = -4.4189

Aoknon 1.4 IIéoa otoyeia €xel T0 Sitavuopa [sin(-pi/2):0.05:cos(0)] kat moid eivarl n Ty tov 100V oTotyeioy;
(Tlpopavas €56 Sev (T va Seiéete OAeg T AAES TIHES TOL S1AVOOUATOG.)

AOoN

octave:1> x=[sin(-pi/2):0.05:co0s(0)];
octave:2> length(x)

ans = 41

octave:3> x(10)

ans = -0.55000
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Aoknon 1.5 TToiég eivat ot pideg twv morvwvipwy p, (z) = 1323 + 1822? — 184z + 2503 kat py(z) = 362° + 1222 —
5z + 10;

Abon

octave:1> c1=[13 182 -184 2503]; c2=[36 12 -5 10];
octave:2> roots(cl)
ans =
-15.68500 + 0.000001
0.84250 + 3.40081i
0.84250 - 3.40081i
octave:3> roots(c2)
ans =
-0.86507 + 0.00000i
0.26587 + 0.500421
0.26587 - 0.500421

Aoknon 1.6 Kavete ) ypagiij napdotaon me ouvdpmong T = 61nt — 7e%2t gro Sidomua 1 < t < 3. Adote TitAo oV
napdotaon kat voTITAoVG atoug aéoveg. H petafAnt T avpfoAiler Oeppokpaoia ae BabBpovg °C kot n petafAnti t, xpovo
o€ min.

AOoN

octave:4> t=1:0.1:3; T=6*1log(t)-7*exp(0.2*t);
octave:5> plot(t,T)
octave:6> grid; title(’8ermokrasia’); xlabel(’xronos t [min]’); ylabel(’ba8moi C');

8ermokrasia
T

ba8moi C

9 I I I
1 1.5 2 25 3
xronos t [min]

Aoxnon 1.7 Kdvete m ypagixij napdotaon twv ovvaptioewv u = 2log, ,(60x+1) kv = 3 cos(6), ato {610 didypappa,
Y 0 < z < 2. Awote TitAo 0TV mapdoTaon Kal LITOTITAOVS aTouG aéoveg. Ot HeTafANTéS u, v avpfoAidovy TaydTnTa oe
km/h kot n x, Sidompa og km.

AOoN

octave:1> x=0:0.1:2; u=2*10g10(60*x+1); v=3*cos(6*X);
octave:2> plot(x,u,x,v); grid;
octave:3> title(’taxitites’); xlabel(’diastima [km]’); ylabel(’taxitites u,v [km/h]")

taxitites
T

taxitites u,v [km/h]

diastima [km]
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Acknon 1.8 Zxedidote Ta motvovopa y = 3z* — 623 + 822 + 4z + 90 kat z = 32 + 52 — 8x + 70 omy (S ypaiki]
napdotaon yia —3 < x < 3. A®OTe TITAO 0TNV TAPAOTAON Kl DIIOTITAOVG OTOVG GéoVES. Ot HETABANTES Y, z aupoAilovy
peba oe mA kot n x, Téon o€ V.

Abon

octave:1> x=-3:0.1:3; y=3*XN4-6*XN3+8*xXN2+4*x+90; z=3*XA3+5*XN2-8*X+70;
error: for AMb, A must be a square matrix. Use .A for elementwise power.
octave:1> x=-3:0.1:3; y=3*X.N4-6*X.N3+8*X.N2+4*X+90; z=3*X.A3+5*X.N2-8*X+70;
octave:2> plot(x,y,Xx,z); grid;

octave:3> title('IV’);xlabel(’tasi [V]');ylabel(’reuma [mA]");

600

500

N
o
IS)

reuma [mA]
w
o
o

tasi [V]

Aoknon 1.9 Na Aboete 10 mapakdtw aboTnua €1000ewV.

Tr+14y—6z = 95
122 — 5y + 9z —50
—bx+Ty+ 15z = 145

AOoN

octave:1> A=[7 14 -6; 12 -5 9; -5 7 15]; b=[95; -50; 145];
octave:2> x=inv(A)*b
X =

-3.0000

10.0000

4.0000

Aoknon 1.10 Na Bpeite ta pebpata opOaAU@dV 0T0 TAPAKATW KOKAWUA.

209 25€) 3062
MV MV MV

25v (") @ §1OQ@ §159@ 2200

Abon
Mé pébodo o@BaApv:

(20 +10)I, — 101, —0I; = 25
—10I, + (104 25+ 15)I, —15I; = 0
—0I, — 151, + (15+ 30 +20)I; = 0.

octave:5> A=[30 -10 0; -10 50 -15; 0 -15 35]; b=[25; 0; 0];
octave:6> I=inv(A)*b
I =

0.902367

0.207101

0.088757
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Aocknon 1.11 Xpnoonoiwvrag kavoves Kirchhoff va Ppeite tig kopfikés tdoeig Vi, Vy, Vs, V, Twv mepakdto kukAwpd-
V.

15V C) 2092 180 252 C) 10V

AN * VY
10Q2 Vi 40

\ilonl
And 116 KopPIKEG €§10DTELG YA TO TIPAOTO KUKAWHA EXOVIE:
Vi-15 V, V-V,

10 20" 12 =0

V,~Vy = 0

V-V Vs
12 18 16

v,=-Vs 'V, V,—10
— = 0
16 + 25 + 30

octave:7> A=[(1/10+1/20+1/12) -1/12 0 0; 0 1 -1 0; -1/12 1/12 (1/18+1/16) -1/16;
0 0 -1/16 (1/16+1/25+1/30)];
octave:8> b=[15/10; 5; 0; 10/30];
octave:9> v=inv(A)*b
V =
9.2673
7.9484
2.9484
3.8106

AT 11¢ KopPikég e§10D0ELS yia TO SeVTEPO KOKA®A EXOVYIE:

Vies ViV, WiV,

9 5 o -0
Vo—-WVi Vo V-V
-2 1 _2 23—
5 17 3
Va—8 VoV, VoV,
3 + 8 + 4 =0
&+%—%+%—% N

6 4 10

octave:10> A=[1/2+1/5+1/10 -1/5 © -1/10; -1/5 1/5+1/4+1/8 -1/8 0;.
0 -1/8 1/3+1/8+1/4 -1/4; -1/10 0 -1/4 1/6+1/4+1/10];
octave:11> b=[5/2; 0; 8/3; 0];
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octave:12> v=inv(A)*b
V =

4,2202

2.6532

5.4523

3.4550

Aoxnon 1.12 Andomnoujote 116 TAPAKATw EKPPAOTEIS O KAPTEDTAVI] KO TTOAIKT] HOPQT).

(20 4 j40)(5 — 415) 10(—5 + j13)(4 + j4)
Z, =10+ j12 + : Z, = _ . :
1 J 25+ j25 27 1442)(2+75)(—5 +73)

Zs =024 47+ 4.7¢30-5 (2 +j3>€—j0.67r

AOoN

octave:1> z1=10+j*12+(20+j*40)*(5-j*15)/(25+j*25);
octave:2> z2=10*(-5+j*13)*(4+j*4)/((1+j*2)*(2+j*5)*(-5+j*3));
octave:3> z3=0.2+j*7+4.7*exp(j*0.5)+(2+j*3)*exp(-j*0.6*pi);
octave:4> z1
z1 = 22 - 4i
octave:5> [abs(zl) angle(z1)*180/pi]
ans =
22.361 -10.305
octave:6> z2
z2 = -6.3773 - 9.23331
octave:7> [abs(z2) angle(z2)*180/pi]
ans =
11.222 -124.632
octave:8> z3
z3 = 6.5598 + 6.42411
octave:9> [abs(z3) angle(z3)*180/pi]
ans =
9.1815 44,4015

Aoxknon 1.13 Na Bpebei n avvletn avriotaon 10050v 0T0 MAPAKATW KOKAWHA.

80
— WA

50 7Q

Zin —

—j4Q 7100

Abon

octave:10> z1=5-j*4; z2=7+j*10; z3=z1*z2/(z1+z2)
z3 = 5.7333 - 1.0333i
octave:11> z4=z3+8
z4 = 13.7333 - 1.03331
octave:12> [abs(z4) angle(z4)*180/pi]
ans =
13.7722 -4.3030

Aoxnon 1.14 Na Spebei n 0bvBet aywytuomta e10650v o€ moAiki} Hop@rj 0To mapakdTw KOKAwa yia Tig auyvotres 1 kHz,
4 kHz, 7 kHz kot 10 kHz. Na gyediaotei Katomv n ypa@iki napaotaon tov HETpou (og dB) kat e edang (o€ poipeg) yio
0.5 kHz < f < 20 kHz. Ot ypagikés mapaotdoels va armobnkevtolv o€ KaTaAAnAa apxeia ypagikov kat va €ouv mAEyUd,
TITAO Kal KATAAANAOULG LITOTITAOUG pE SlaOTATELS 0TOUS GéoVeG. (Oa TaG XPEIAOTEL I KATAAANAN XPHoN TWV TEAEOTOV ./ Kal
. * Y10 VO OQPOOETE OAEG TIG GUYVOTNTEG.)

Y (jw) = §15Q oH = 0.05uF
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AOoN

octave:1> f1=1e3; f2=4e3; f3=7e3; f4=10e3;.
octave:2> w=2*pi*[f1 f2 f3 f4]

w =

6.2832e+03 2.5133e+04 4.3982e+04 6.2832e+04
octave:3> Y=1/15+1./(j*w*2)+j*w*0.05e-6
Y =

Columns 1 through 3:
0.066667 + 0.000235i
Column 4:
0.066667 + 0.003134i

0.066667 + 0.0012371 0.066667 + 0.002188i1

octave:4> f=0.5e3:0.1e3:20e3;

octave:5> w=2*pi*f,;

octave:6> Y=1/15+1./(j*w*2)+j*w*0.05e-6;

octave:7> Ymag=abs(Y); Yphase=angle(Y)*180/pi;

octave:8> subplot(121); plot(f*le-3,20*1logl0(Ymag)); grid;

octave:9> title(’'metro’); xlabel(’f [kHz]'); ylabel(’|Y]| [dB]")
octave:10> subplot(122); plot(f*le-3,Yphase); grid;

octave:11> title(’phasi’); xlabel(’'f [kHz]'); ylabel(’'Y fasi [moires]’)

metro

phasi

-23.48 T 6 T

-23.49

235 g
@ 5
o £
= @
©
-23.51 <
-23.52
23.53 i i | 1 | | |
0 5 10 15 20 0 5 10 15 20
f [kHz] f [kHz]

Aocknon 1.15 X1o0 pdkedo C: \emgt vndpyet 1o apyeio diode 10 omolo nepiéyel oe Suo onjAeg Ty Tdon v, (TP OTHAN)
oe V kat 1o peda i, (dedtepn otiAn) oe nA. Na poptaoete ta dedopéva oto Octave kat var axediaoTel n KAtdAAnAn ypagikn
apA&oTAon i p EVaVTL v HE MAEYUA, TITAO Kal KATGAANAOUG LTTOTITAOUG piE S1AOTAOELS aTovG déoveg. Av

. v
ip=1I,exp (n‘j/D'T)

onov n = 1.5, va vroAoyeiote and ta dedopéva TG TipES Twv I, kot V. (Oa ypelaotel va doyapiBprjoete katcAAnAa yia v
yiver ypappikn n ovvaptnon kai éetdote v kAion mg vbeiag kabwg kot ta onpeia Toprjg pe Toug déoveg.)

Abon

octave:20> load diode.d

octave:21> vD=diode(:,1); iD=diode(:,2);

octave:22> plot(vD,iD); grid; title(’iD enanti vD’)

octave:23> xlabel(’vD [V]'); ylabel(’iD [nA]’);
% gia ta ypoloipa.
octave:27> plot(vD, log(iD)); grid; title(’iD enanti vD')

octave:28> [vD(1) log(iD(1))]
ans =

0.00000 -16.11810
octave:29> [vD(20) log(iD(20))]
ans =

0.19000
octave:30> tphi =
tphi = 25.641
octave:31> y0 =

-11.24630
(log(iD(20))-log(iD(1)))/vD(20)

log(iD(1))
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y0 = -16.118

octave:32> Is=exp(y0)

Is = 1.0000e-07
octave:33> VT=1/(1.5*tphi)
VT = 0.026000

iD enanti vD iD enanti vD
2 T T 5 T T

iD [nA]
T

0.5 -

20 I | | | | |
0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

vD [V]
Iynpa 1.35: Tpappikn ypagikn dedopévav aplotepd. HuthoyapiBuikn ypagikn 8e&id.
DopPTOVD TO KPYELD KL PTIAYVG TNV NTOVHEVN YPAPIKT OE YPap KN KAlpoka. AoyaptBpile to pevpa:

v
ni,=1Inl + -2
nip nS+nVT

KOl HTIOP® VO EQvaQTIAED TN YPAQIKT e AoyaplBpiopévo pedpa 0mov PAEN® T dedopéva oe evBeia ypappn.

BAénw OTL N yPOHHT TERVEL TOV KATAKOpLEO d&ova Yo vy, = 0 oto —16.118 onote
I, = exp(—16.118) = 1 x 107" nA
H egamntopévn pmopet va vnoAoylatet and dvo onpeia, m.x. autd pe deiktn (index) 1 ko 20..

In(ip(20)) —In(ip(1))

= 25.641
vp(20) —vp(1)

tan¢ =

. Onote voAoyideton Kot N

1
Vp=—=0.026V
T~ 15tang

Aoknon 1.16 Me m uéBodo Newton vrtoloyiote ) pila 1j pi{eg TV CLVAPTHOEWY

f(z) = 23 — 5.6566092% — 0.6765z + 22.348 kn  g(x) = cos(z) + 2sin(x) + x?

Abvon

I'pa@oupie KOSIKK OTIOL APYIKE KAVOLLE X YPTIYOPT) YPOQIKT| TapdoTaom yia va §oVpie miepinou mov Bpiokovrat ot pideg
TV V0 e§l0O0EWV Kol PETA eQappolovpe péBodo Newton va Tig Bpolje.
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40

% askl_16a.m
clear all

function ffun = f(x)
ffun = x.A3 - 5.656609*x./A2 - 0.6765*x + 22.348;
end

function fdot = fd(x)
fdot = 3*x.A2 - 2*5.656609*x - 0.6765;
end

X=-3:0.1:6;
plot(x,f(x)); grid; xlabel(’x"); ylabel('f(x)");

eps=le-6;

X0=-5;
i=0;
do
x1 = x0 - f(x0)/fd(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,i,x1,dif);
X0=x1;
i=i+1;
until dif < eps

fprintf(’'\n");

x0=0;
i=0;
do
x1 = x0 - f(x0)/fd(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,1i,x1,dif);
x0=x1;
i=i+1;
until dif < eps

fprintf(’\n");

x0=1;
i=0;
do
x1 = x0 - f(x0)/fd(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,i,x1,dif);
X0=x1,;
i=i+1;
until dif < eps

ATIOTEAECUO:
0 -3.161162 1.838838
1 -2.183236 0.977926
2 -1.829819 0.353417
3 -1.780584 0.049235
4 -1.779656 0.000928
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5 -1.779655 0.000000
0 33.034738 33.034738
1 22.730260 10.304477
2 15.898066 6.832194
3 11.397360 4.500706
4 8.473821 2.923539
5 6.632319 1.841502
6 5.551847 1.080472
7 5.021779 0.530068
8 4.859856 0.161923
9 4.843904 0.015953
10 4.843752 0.000152
11 4.843752 0.000000
0 2.892706 1.892706
1 2.562963 0.329743
2 2.592332 0.029369
3 2.592513 0.000181
4 2.592513 0.000000

g(x)

% askl_16b.m
clear all

function gfun = g(x)
gfun = cos(x) + 2*sin(x) + x.A2;
end

function gdot = gd(x)
gdot = -sin(x) + 2*cos(x) + 2*x;
end

X=-2:0.1:0;
plot(x,g(x)); grid; xlabel(’x"); ylabel(’'g(x)");

eps=1le-6;

X1 = X0 - g(x0)/gd(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,i,x1,dif);
X0=x1;
i=i+1;
until dif < eps

fprintf(’\n");

X0=-5;
i=0;
do
X1 = x0 - g(x0)/gd(x0);
dif = abs(x1-x0);
fprintf(’%10d %10.6f %10.6f\n’,i,x1,dif);
X0=x1;
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i=i+1;
until dif < eps

ATIOTEAECHO:
(0] 2.972817 2.027183
1 0.821573 2.151245
2 -0.419256 1.240828
3 -0.616343 0.197087
4 -0.657031 0.040688
5 -0.659259 0.002229
6 -0.659266 0.000007
7 -0.659266 0.000000
0 -2.382356 2.617644
1 -1.735806 0.646549
2 -1.424500 0.311306
3 -1.299294 0.125206
4 -1.272352 0.026942
5 -1.271030 0.001322
6 -1.271027 0.000003
7 -1.271027 0.000000

Aoxknon 1.17 To apxeio exon.d mepiéyel peTprjoeis amd kamoto Puoiko péyeBog mov meprypdetat Oswpntika and ayéon mg
Hopori¢ a exp(—px ). Xpnoiponoeiote m péBoso eAayioTwv TETPAYWOVMV YL VX EKTIEITTE TIG TIHEG TV TAPAPETPWV a KAL
KQl TPOVOLAOTE TIG LETPHOELG (UE oNpeia) Kat To BewpnTiKO LOVIEAO (OUVEXTIS YpapUT) 0TV 810 ypagiKn mapdaTaon.

2.5

alpha*exp(-rho*x)

y(x)=

AOon
load exon.d
X = exon(:,1);

y exon(:,2);
ylog = log(y);

n=length(x);

A=[sum(x.*x) sum(x); sum(x) n];
beta=[sum(x.*ylog); sum(ylog)];
inv(A)*beta;

a=ans(1); b=ans(2);

rho = -a
alpha = exp(b)

ys=a*x+b;

plot(x,exp(ys),x,y, *"); grid;

xlabel(’x"); ylabel(’y(x)=alpha*exp(-rho*x)”")
ATOTEéAEOUA:

rho = 1.5417

alpha = 2.1327

Aoknon 1.18 YmoAoyiote ta mapakdtw olokAnpaopata pe 1ig pebodous tpamediov kat Simpson. AoKIUGOTE EioNg KAl TiG
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Guvapnjoslc trapz kat quadv touv Octave.

1 1 1 2
1 2
— 2 _ - —z
/O (1 —2?)dz /0 T2 dz [1 e dx /O [2 + cos(2v/7)]dz

Abon
clear all

function funl = f1(x)
funl = 1-x.12;
end

function fun2 = f2(x)
fun2 = 1./(1+x.72);
end

function fun3 = f3(x)
fun3 = exp(-x.72);
end

function fun4 = f4(x)
fund4 = 2+cos(2*sqrt(x));
end

% TIPOTO OAOKARPWUA

% trapezoidal

n=10; a=0; b=1; h=(b-a)/n;
x=a+[0:n]*h;

y=Ff1(x);
S1=(h/2)*(y(1)+y(n+1)+2*sum(y([2:n])))
% trapz

S2=trapz(x,y)

% Simpson
S3=(h/3)*(y(1)+y(n-1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n])))
% quadv

S4=quadv(”f1”,0,1)

fprintf(”\n")

% OEVTEPO OAOKANPWUO

% trapezoidal

n=10; a=0; b=1; h=(b-a)/n;
x=a+[0:n]*h;

y=f2(x);
S1=(h/2)*(y(1)+y(n+1)+2*sum(y([2:n])))
% trapz

S2=trapz(x,y)

% Simpson
S3=(h/3)*(y(1)+y(n-1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n])))
% quadv

S4=quadv(”f2”,0,1)

fprintf(”\n")

% TPLTO OAOKARPOUA

% trapezoidal

n=10; a=0; b=1; h=(b-a)/n;
x=a+[0:n]*h;

y=f3(x);
S1=(h/2)*(y(1)+y(n+1)+2*sum(y([2:n])))
% trapz

S2=trapz(X,Yy)

% Simpson
S3=(h/3)*(y(1)+y(n-1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n])))
% quadv

S4=quadv(”f3”,0,1)

fprintf(”\n")

% TETOPTO OAOKARPWUA

% trapezoidal

n=10; a=0; b=1; h=(b-a)/n;
x=a+[0:n]*h;

y=Ffa(x);
S1=(h/2)*(y(1)+y(n+1)+2*sum(y([2:n])))
% trapz

S2=trapz(Xx,y)

% Simpson
S3=(h/3)*(y(1)+y(n-1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n])))
% quadv

S4=quadv(”f4”,0,1)

ATIOTEAECUO :
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S1 = 0.66500
S2 = 0.66500
S3 = 0.67867
S4 = 0.66667
S1 = 0.78498
S2 = 0.78498
S3 = 0.78906
S4 = 0.78540
S1 = 0.74621
S2 = 0.74621
S3 = 0.75214
S4 = 0.74682
S1 = 2.2021

S2 = 2.2021

S3 = 2.2079

S4 = 2.2012

Acknon 1.19 X710 napaxdro kOkAwpa vmodoyiote Ta pebpata i, (t), i5(t) yia 0 < t < 0.1 sec Sobéviog 611 6Aa Ta pevpata
Ka T&oe€1g 0To KOKAwp givat pndevikd mpv 1o kAglowo tov Stakdmtn mv xpovikn otypr t = 0.

0.5H 50uF
T T
l = 1l
o i) )

50V

Me kavoveg taon¢ Kirchhoff otoug dvo ogpBaApoic:

. di . .
0.5 % +200(i;, —iy) = 50 672 = 100 —400(i; —15)
1 K =
300y + 200(iy — iy) + 76/ indt = 0 di, 2 di, ‘
= e T
50 x 107° 7t T 19

Abon
clear all

function xdot = f(x,t)
xdot (1) = 100-400*(x(1)-x(2));
xdot(2) = (2/5)*xdot(1)-40*x(2);
endfunction

x0=[0;0];
t=linspace(0,0.1,1000);
y=1lsode("f"”,x0,t);

% avoAuTlKA Abon [TpoalpeTLKA]
i1=(5/12)*exp(-80*t)-(2/3)*exp(-200*t)+(1/4),;
i2=(1/3)*exp(-80*t)-(1/3)*exp(-200*t);

% YPOQLKN HE OPLOUNTLKA AUCON Twv dUO PEUVHATWV
plot(t,y(:,1),t,y(:,2)); grid; xlabel(’t’); ylabel(’i_1(t), i_2(t)’);
% n dl0@opd HE TNV OVOAUTLKA av BEAOUPE va Tn SOUUE.
%plot(t,y(:,1)-i1",t,y(:,2)-12"); grid
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0.3

0.25

0.2

B0, 1)

.15

0.1

0.05

Y +4y +5y=2¢"  pe  y(0)=y'(0)=0

y(t)

Abon
clear all

function xdot = f(x,t)

xdot (1) = x(2);
xdot(2) = 2*exp(t)-4*x(2)-5*x(1);
end

x0=[0; 0];
t=linspace(0,3,100);
y=1lsode(”f"”,x0,t);

% avoAuTlKA AUon [TpoalpeTLKA]
ya=-(exp(-2*t)/5).*(3*sin(t)+cos(t))+exp(t)/5;

% YPOQLKNA HME OVOAUTLKA KAl aplluntikn Alon
plot(t,y(:,1),t,ya); grid; xlabel(’t’); ylabel(’'y(t)’);

% n diogopd TOUug av B&€Aoupe va Tn SoUpE
%plot(t,y(:,1)-ya"); grid;

Aoknon 1.21 Avote mv napakdtw Stapopikn eélowon yia 0 < t < 5

Y +2y + 13y =te’  pe  y(0)=0,y'(0) =2
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clear all

function xdot = f(x,t)
xdot (1) = x(2);

xdot(2) = t.*exp(t)-2*x(2)-13*x(1);
end

x0=[0; 2],
t=1linspace(0,5,100);
y=1lsode("”f"”,x0,t);

% OVOAUTLKNA AUon [TMPoailpeTLKA]
ya=(exp(-t)/64).*(7*37(3/2)*sin(2*sqrt(3)*t)+cos(2*sqrt(3)*t)+(4*t-1).*exp(2*t));

% YPOQLKN HE OVOAUTLKN KAl oplOUNTLKA Alon
plot(t,y(:,1),t,ya); grid; xlabel(’'t’); ylabel('y(t)");

% n doL0@opd TOUug av BEAOLUE va TN dOUME
%plot(t,y(:,1)-ya"); grid;

50

sof - e e

of —_— . . !

y(t)

ol o S S

10 [-cveeree e R REEREEEREES L R EEETEEEEE) EEPEEPRERERN R RREEE

Aoknon 1.22 Eotw n ovvépmon f(z) = sin(z) + 3 cos(x).

1. Kavre m ypagikij mg petaéd —4 kau 4 pe Pripa 0.1. Howa n rpry me f/(0);

2. Ouunbeite Tov oplopo ¢ Tapaywyoy
o @ h) — f(@)
h—0 h

Iépte éva Sidvuopa Tipadv h, peyéfovg N = 100, and 10720 éwg 1072 (Quunbeite logspace) kai xpnoomoldvTag
10V 0p1opo pridéte ypagikn oe doyapiBuiki) kAipaka (loglog) tov anéAvtov opdAparog petad e owotris tprs f(0)
KQl auTjG ToV LITOAOYI(eTe aPLOUNTIKA.

3. EnmavaAdfete pie Tov eVOAAXKTIKO Opiopo

i L@+ R/ = fz = 1/2)
h—0 h

4. Avtiva xpnowonotjoete mv ouvaptnon f(x) autobota aTov eVaAAAKTIKG 0pIapo, KAVTE TiG SLAYOPES KL ATTAOTIOUOELS
ylo x — 0 ka1 emavaAaferte.

Ti napatnpeite;

Abon
clear all; close all;

% n ouvaptnon
function [func] = f(x)
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func = sin(x)+3*cos(x);
end

% n TMopAywyog Ing
function [pfunc] = pf(x)

pfunc = cos(x)-3*sin(x);
end

% YPOQLKI OLVAPTNONG KOl TOPOYQYOU
X=-4:0.1:4;
plot(x, f(x),x,pf(x)); grid; xlabel(’x"); ylabel(’'f(x)");

% €&étoon aplbuntikAg mapaywynong f’(0)
N = ;

h = logspace(-20,-1,N);

fpl = (f(h/2)-f(-h/2))./h;

[y
(o]

fp2 = (2*sin(h/2))./h;
fp3 = (f(h)-3)./h;

el = abs(1-fp1l);

e2 = abs(1-fp2);

e3 = abs(1-fp3);
figure;

loglog(h,e1,h,e2,h,e3); grid; xlabel(’h’); ylabel(’error’);

f(x)
o
T
|

10% N -

108 -

error

1070 -
1012 / -

10™ - -

10716 I I I I I L/ I
102 1078 1078 107 1072 1070 10°® 10° 10* 102
h

Me T10UG V0 TIPAOTOVLE OPLTHOVG UPYIKA EXOVHE HEYGAO COAALX AOY® OTPOYYLAOTIOINOE®Y KOl KATOTLV 1| GUUTIEPLPOPK
QaiveTol YpapIKN og AoyaplBpikn kAipoko. Me Tov TEAELTAIO TPOTIO ATOPEVYOVTOL APALPECELG PIKPAOV aplB@OV IOV
€XOUV HEYOAO OQAAL KOt Iapatnpolpe KaAUTepT oupmeplpopa. ITapatnpovpie eniong 0Tt ot Suo TeEAELTAIOL TPOTIOL EXOLV
HIKPOTEPO GPAAQL.

Aoknon 1.23 Emfefaiodate 1006 10XUPLGHOVE TOL ava@épOnkay mapandve yla 10 EAANVIKG HovTédo OTav 1O SlaxwpioeTe
0€ 600 OUAGSES. TIPOVOLAOTE TIG AVTIOTOLXEG YPAPIKEG TwV HOVTEAwV Malthus kot Aoylotikou e mAnpn attioAdynon.
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clear all; close all;

load GRpop.csv
gr = GRpop;

% OpXLKA dedopéva
t=gr(:,1); p=gr(:,2)*le-6;

% TPWOTN Opada OEdOUEVWV

t1
pl

t(t<1910);
p(t<1910);

% O0elTEPN oA OESOUEVRV

t2
p2

t(t>1910);
p(t>1910);

% set 1 Malthusian model k estimation and fit

figure

lsqfit = polyfit(t1, log(pl),1)

pp = lsqfit(2) + lsqfit(1)*t1;

subplot(221);plot(t1, log(pl),'*’, "markersize”, 2,t1,pp); grid
title(”Set 1 Malthusian model k estimation”);

xlabel(”t [year]”); ylabel(”log(p) [log(million)]”);

ki = lsqfit(1)

t10 = t1(1)

logp® = polyval(lsqfit, t10)

p10 = exp(logpO)

subplot(222);plot(t1,pl,’*’, "markersize”, 2, t1, plO*exp(k1*(t1-t1e@)),
title(”GR population Malthusian model set 1”);
xlabel(”t [year]”); ylabel(”p, population [million]”);

% set 2 Malthusian model k estimation and fit

1sqfit = polyfit(t2, log(p2),1)

pp = lsgfit(2) + lsqgfit(1l)*t2;

subplot(223);plot(t2, log(p2),’'*’, "markersize”, 2,t2,pp); grid
title(”Set 2 Malthusian model k estimation”);

xlabel(”t [year]”); ylabel(”log(p) [log(million)]”);

k2 = lsqfit(1)

t20 = t2(1)

logp® = polyval(lsqfit, t20)

p20 = exp(logp®)

subplot(224);plot(t2,p2,’*’, "markersize”, 2, t2, p20*exp(k2*(t2-t20)),
title(”GR population Malthusian model set 2”);
xlabel(”t [year]”); ylabel(”p, population [million]”);

figure
% set 1 Logistic model

% relative growth rate for logistic model
n = length(t1);

rate = relg(ti,pl);

tt = t1(2:n-1);

pp = p1l(2:n-1);

1sqfit = polyfit(pp,rate,1)
pp2 = lsqfit(2) + lsqfit(1)*pp;

subplot(221);plot(pp,rate,’*’, "markersize”, 2,pp,pp2); grid
title(”Relative growth rate - Logistic model- set 1”);
xlabel(”p [million]”); ylabel(”relative growth rate [1/year]”);

1sqfit(2)

K
N = -K/lsqfit(1)

% logistic model

p3 = N./(1-(1-N/p10).*exp(-K.*(t1-t10)));
subplot(222);plot(t1,p1,’*’, "markersize”, 2,t1,p3); grid
title(”GR population Logistic model set 1”);

xlabel(”t [year]”); ylabel(”p, population [million]”);

% set 2 Logistic model

% relative growth rate for logistic model
n = length(t2);

r-"); grid

-"); grid
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rate = relg(t2,p2);
tt t2(2:n-1);
pp = p2(2:n-1);

lsqfit = polyfit(pp,rate,1)
pp2 = lsqfit(2) + lsqfit(1)*pp;

subplot(223);plot(pp,rate,’*’, "markersize”, 2,pp,pp2); grid
title(”Relative growth rate - Logistic model - set 2”);
xlabel(”p [million]”); ylabel(”relative growth rate [1/year]”);

1sqfit(2)

K
N = -K/lsqfit(1)

% logistic model
p3 = N./(1-(1-N/p20).*exp(-K.*(t2-t20)));

subplot(224);plot(t2,p2,’*’, "markersize”, 2,t2,p3); grid

title(”GR population Logistic model set 2”);

xlabel(”t [year]”); ylabel(”p, population [million]”);

g mopokdte ypa@kég €xovpe yio to set 1, poviédo Malthus, k; = 0.019805, py; = 621540 xthddeg, set 2, ky =
0.0074026, pgy = 5.9731 exatoppdpra. I'ia to AoyloTiKO poviédo, set 1, K = 0.023958, N; = 13.064 exatoppipua, set
2, K = 0.022547, N, = 12.998 ekatoppvpia. Kat atig Suo mepimt@oelg 1o mave plo mAnbuopod gaivetal kovia ota 13

EKATOHLPLA.

Set 1 Malthusian model k estimation

1.5 T T T T

log(p) [log(million)]

15 | x x L
1820 1840 1860 1880 1900 1920
t [year]

Set 2 Malthusian model k estimation

2.6 T T T T

log(p) [log(million)]

L6 I 1 | |

'1920 1940 1960 1980 2000 2020
t [year]

p, population [million]

p, population [million]

0
1820 1840 1860 1880 1900 1920

=
N

=
[

=
o

o

1920 1940 1960 1980 2000 2020

GR population Malthusian model set 1

t [year]

GR population Malthusian model set 2

t [year]
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GR population Logistic model set 1

Relative growth rate - Logistic model- set 1

[uoljjiw] uoneindod ‘d

[1e2A/T] 91k4 YyImoub 3AIIR|3
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Relative growth rate - Logistic model - set 2
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