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Eicaywyr oto Octave

Eoaywyn amyv epappoyn Octave, faoikn xprion anAdv evioAwv, Tpaéeig e mpaypuatikolg kat piyadikolg aptBpois, pakeAog
epyaaiag, amoBrikevon ovvedpiag, Stavdopata Kat mivakes, el0o80¢ kat é£080¢ Sebopévwv amo kat oe e€wTepIKd apyeia kat
anAég ypagikég napaotaoelg. Xprion editor. Ilpoypaupata script, Zuvaptroeig (functions) kat mapadelypata epappoywy
dmov aivetal n xprion TV LaoIK@V SOUOY TPOYPAUHATICHOD Kl TIVAKOTOINaTG.

1.1 Ewayoywka

Tn Sekaetia tov 80 KukAopopnoe eAebBepa (public domain) oto Awadiktuvo éva makéto and FORTRAN vrmopoutiveg yix
€0KOAEG Kol YPTYOPEG TIPAEELG |Le TIIVOKEG O€ LIIOAOYLOTH. AlRQOPEG eTUpieg feATimonav Kal abEnoav TG SUVATOTNTEG TOL
OPXIKOD TIKKETOU [LE TNV TTPOCBNKN YPaQIKOV Kot B1BA10BNK®V eEE161KEVPEVOV GUVAPTHOEWY XPTOIH®V G€ TOAAOVG TOHELG
EQPNPHOOHEVRV emMoTNHOV. H mo emtuynuévn etaipia nrav kot eivar  Mathworks (http://www.mathworks.com) kKot
10 TIpOioV TG T0 MATLAB ypnoipomnoteiton onpepa S1eBvig o€ TOAAG TAVEMOTA LR, EPELVITIKA KEVIPA KOL ETAIPLEG TIOL
QOXOAOVVTAL HE TNV EPELVA KAL TNV TEXVOAOYIA.

Tnv 8 dekaetia Eexivnoe kat To pevpa Tov Avoiktob Aoyiopikob (Open Source) mou pe tn Borfelx tov AlaxdikTuoL
€6woe Vv gukaipia 6 TOAAODG VEOLG EPELVITEG VO GLVEPYOOTOVV €BEAOVTIKA Kal va SNHIOLPYNCOUY TIOAAEG XPTOLHES
epappoyég (m.x. GCC C kot C++ compilers kot epyaleia, Aertoupyikod Linux, KAT.).

To MATLAB eivon avap@iofimnta éva omd ta mo xprjolpa epyoieia mov poabaivel évag Pnyavikog/emoTiHovVaG Kol o
OAX OYEGOV TQ TIAVETOTIHIA TV TEXVOAOYIKA TIPONYHEVOV X®OPOV TOL eEmTEPIKOD emfBaAAetal 1 Sidaokaiia Tov ano
mv apyn TV omovdov Tov. EXTog Opwe amod 1o epmopikd mokéto MATLAB mov n mAnpng €k6oom €xel apKeTd vYnAd
KOOTOG, EPELVINTEC TIOL XPTOIHOTIOIOVV EPYAAEIX RVOIKTOU AOYIGHIKOD SNH00PpYNoav GAAX TIOKETO/EPAPHOYES JIE TIAPO-
Ho1EG SUVATATNTEG, TTIOL €XOLV TO TTAEOVEKTNHX Vo €lval VORiH®G Sdwpeav. Eva and autd, to Octave (https://www.gnu.
org/software/octave), ano ta ITavemotipa Wisconsin-Madison kot Texas g Apepikng, €xel oxediaotel pe atdxo
v 600 10 duvatdv TANPN ovpfatdtnta pe 1o MATLAB. Awbétel moAAég amo 1ig Baoikég Suvatotnteg tov MATLAB
Ko Bploketon o€ guveyr avanTuén ylo nepotépw PeAtioon. Ta mpoypappata mov Oa eTOIHALOV|E THPAKATE HTTOPOVV VX
p€&ouv oxeddv avutovola Kol ota Suo TepIBaAAovTa.

"Eva ouvn010p€Vo GEVAPLO OE TIAVETIOTIHLN TOL EEWTEPIKOV €lval TO TAVEMOTH |0 va Stabétel adela xpnong too MATLAB
0TO X®PO TOL TIAVEMOTNHIOL Kal 01 GIOLSAOTEG Va XpTo1ponolovy o Octave 0TO OTILTL TOLG YU TIG EPYAOIEG TOVG,.

Emonpaiveton 611 n Mathworks npoc@épet kon otnv EAAGSa portntikn} ékdoon MATLAB pe k60106 yOopw ota 90€.

H teAevtaia €kdoomn Octave (Pefpovaplog 2019) eivan 1 5.1.0. Eekivovpe pe odnyieg eykataotaong g 5.1.0 o mepifai-
Aov Windows.

1.1.1 Eykatactaon Octave 5.1.0

To emionpo site tov Octave eivon https://www.gnu.org/software/octave. H véa ékSoon 5.1.0 mpoogépeton o€ 32bit
(octave-5.1.0-w32-installer.exe) ko1 64bit (octave-5.1.0-w64-64-installer.exe) yixa Windows ané to https:
//ftp.gnu.org/gnu/octave/windows/. KatePdadlete autr mov eival cupPatr He To AELITOVPYIKO cag. ITpoopépel T dv-
vatotnta epyaoiag oe Svo mepiBdAlovia, o ypagikd mepiBdArov, GUI (Graphical User Interface) kon to mepipdAiov
kovaoAag, CLI (Command Line Interface).

Ou ypelaotel va Katedoete emiong 1o akdAovBo Aoylopikd amnod to Sadiktuo:

Java JRE: To xatdAAnAo Java Runtime Environment (JRE) yia to Aettoupykd oag kot v €kdoomn Octave mov kateBd-
oarte, ano 1o http://java.com, 32bit 1 64bit. ES® xpeidleton kamowx mpoaoyn. Mmnopei va éxete 64bit cvoTpa
kot 32bit browser (mepinyntn). To avtopato katéfacpa tote Ba oag katePdoet 32bit java. Eav eoeig mpoomnabeite
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OCTAVE Eoaywyn

GMU Octave

Setup has detected Windows 10 installed en your system, Octaveis
! currently not fully tested on Windows 10. Testers are welcome to
y Y
provide feedback. Do you want te proceed with the installation

anyway?

Tynpa 1.1: Mivopa 1o kot povo yix Aettoupyikd Windows 10. (Epgaviletar oe madaidtepeg ekdooelg Octave Kot Sev €xel SoKIpaoTel
ywx v 5.1.0). TIpoeiSomotel yia pn mAnpn vmootpién oto ovykekpipévo Windows. To Sokipaoa oe Windows 8.1, Pro, 32bit ko
Windows 10, 64bit ko1 gaiveton va pnv vrapyel tpofAnpa. Kavéva mpofAnpa eniong oe Windows 7. EmAéyete Yes ko cuveyilete.

GMU Octave

Octave has the capability to call Java libraries, but the installer was

! unable to find a Java Runtime Environment (JRE) on this system.
Octave will still function without a JRE, only certain specific functions
will be disabled. If a JRE is installed later, Octave should be able to
detect and use it automatically, Continue with installation?

Tynpa 1.2: Av Sev éxete Java aTtov vmoAoyloT] 6ag Oa SeiTe To MAPATAVE PIVULK TIOL GLOTIVEL TTPATA TNV EYKATAOTAOT Java Kol HETd
Octave. Emiong, av éxete Java 32bit kot kavete eykatdotaon Octave 64bit Ba Seite To 1610 prvupa. EmAéyete No Kal OTXHATATE av
BéAete MANpN Aettovpykotnta. Enavépyeate 0tav eyKataotioete Ty KAtdAANAn Java.

B Command Prompt — O X

Tynpa 1.3: Me mv napanave evioAn BAEnete av éxete 32 1y 64bit java otnv Kovooha eviohdv tov Windows. H mpdn xpron deiyvel
32bit kon petd v eykatdotaon g 64bit java, deiyvel 6Tt €xovpe 64bit.

va eykataotioete Octave 64bit B xpelaotel va e oto https://java.com/en/download/manual. jsp Kot va
katefaoete v java Windows Offline (64-bit) kot va tnv eykataotroete aveEaptnta anod Tov browser.

Inkscape: To mpoypoppa dnpovpyiag kot enegepyaoiog ypagikov Inkscape ano https://inkscape.org. IInyaivete
o010 DOWNLOAD -> Windows installer kot katefdote tnv 32bit 1 64bit ékdoomn mov avtioToykel 010 S1KO Cag
oLOTNHA.

Notepad++: TIpooipetikd, pmopeite va katefaoete tov editor Notepad++, a6 1o https://notepad-plus-plus.org,
évav BeAtiopévo editor, mov avrikadiotd toug Notepad kon Wordpad editors tov Windows. To Notepad++ e&e1é1-
KEVETAL Y10 TOVG TIPOYPUH LATIOTEG TIOL YPAPOLV KOSIKA 08 TANB®pa YAWOO®V Ko Bt oG pavel Xprotpo Kot oAA0L.
Av ka1 ékdoom Octave cupmepthapfavel §1ko g editor oto mepiBdArov GUI, oto mepiBaAArov CLI Ba xpelaoteite
tov Notepad++.

7zip: TIpoxipeTIKd, TNV EQAPHOYN CLUTEONG apxeiwV 7zip amd 1o http://www.7-2z1ip.org, mapopola g Winzip 1
Winrar. Aev v xpeldleote av €xete kamowa ano tig dvo teAevtaieg. H epappoyr| avtn oag eivon anapaitntn otav
avefadete epyaoieg oTo eclass yla 10 epyaoTiplo.

Edv apyioete pe eykatdotaon tou octave-5.1.0 e Windows 10 Ba Seite ta pnvopota tev Xy. 1.1-1.2. Av Sev €xete Java
apyilete pe v eykataotaon g Java akoAovBwvtag motd Tig odnyieg. Autd onpaivel 6Tt katefdlete mpodTa TOoV Java
installer ko Tov amoBnkevete oT0 CVOTNHG oag. KAgivete Tov browser oag kot apyilete v eykatdotaon. Otav TeAe10oel
Ba oag avoi&el éva map&Bupo e VLR OTL 1] EYKATAOTAOT] €YIVE 0OOTA. Luveyilete TOTE e eykatdotaon tov Octave-
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5.1.0. H eykatdotaon twv Inkscape kot Notepad++ eivat kat ot amAr. ATAGG akoAovBeite Ta frpata mov epgavidovial.

i Octave [E=5 [ECh =X
File Edit Debug Window Help MNews
| =] U Current Directory:  C:\Jsers\Tasos - h C
File Browser & *  Command Window P X
' Ay CNU Octave, version 5.1.0 -
C:/Users/Tasos T ‘B %l Copyright (C) 2019 John W. Eaton and others.
Name Ea »|Thiz i=s free software; see the source code for copying conditions.
|| There iz ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or
. .config =|| FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty'.
i Contacts
" i "iERE_ i am
. & Desktop Cctave was configured for "i686-w64-mingw32"™.
! Documents Bdditional information about Qctave is available at https://www.octave.org.
a Downloads o

Waorkspace & x Please contribute if you find this software useful.
i D For more information, wvisit https://www.octave.org/get-involved.html
lter
= ; . . . ; . . 5 ;
MName Class Dimension Read_nt.tps.;",:"www.octaxe..orgf'bags.nt.rr.l tr_: learn nr_:w to submit bug reports.
For information about changes from previous versions, type 'nmews'.
s
Fl 10 3
Command History F? X
Filter [C]
close all -
tata3
close all
exit
# Octave 3.6.4, 5un May 04 23:57:36 2014 GTE Dayli ?
— 4 T 2
d il ' Command Window | Documentation I Editor I Variable Editor

Tynpa 1.4: Octave GUI mepiaAlov yix €kSoon 5.1.0. Awakpivovpe to Command Window (kovoOAa evtoAav) tov Editor kat tnv
tekpnpiwon (Documentation) pe o8nyieg kot online BoriBela. Aloxpivoupe eniong Tov TPEOVTa PAKEAD Epyaciag.

Kd&Be popd mov apyilovpe pia ovvedpia pe 1o Octave 1o TPOYpappa «BAEner évav cuykekpipévo eakeAo (folder) omov
propel va dixBdoel kan va amobnkevoel apyeia SeSopEVQOV 1] YPUPIKAOV TAPACTACE@V. O QAKEAOG OLTOG OVORGLETOL PA-
keAog epyaaiag. H apykn B€on touv pakédov epyaoiag eEaptatan amd v ékdoon tov Octave Kot TO AEITOVPYIKO GUOTNHA.
I1.y. oe mepipdArov Windows yia to Octave 5.1.0 BAénovpe 011 elpoote 010 C: /Users/Tasos av Tasos givon 10 dvopa
xpnotn (neployn File Browser endve aplotepd). Av xpnotponolovpe Octave CLI mAnktpoAoyovpe pwd (print working
directory) Kot T0 onOTéAeCpA eP@PavileTal oTNV KOVOOAa. XproLo eival va STHI0VPYNOETE Evav EeEXmPLOTO QAKEAO, TLX.
C:\work Kol va €XeTe TO octave va mnyaivel katevBeiav ekel.

Anpovpyeiote mpdTa ToV PakeAo C: \work kot peta oto Edit -> Preferences -> General SnAQGOTE TOV 0aV ApXIKO PAKEAO
epyaciag otov omoio Ba avoiyel mavta to Tpoypappd oag (BA. . 1.5). Xto Edit -> Preferences -> Editor oetapete emiong
text encoding UTF-8 (BA. Zx. 1.6) mov B gog emTpEPeL apyoTEPA VA EXETE KOL EAANVIKOVG XAPAKTHPEG OTIG YPUPIKEG KOl
OXONG 00,

To Octave éxel tpia StaBéopa graphics toolkits, 6mwg @aivetal anod v evioAn available_graphics_toolkits. Ia-
Aciotepa to gnuplot fTav mo AEITOLPYIKO amo ta GAAa Svo. Tapa eaiveTal OTL €xel yivel KA ovAeld oTo gt (Tov eivat
QO OVO TOL TIPOETIAEYHEVO) KO AVIATIOKPIVETOL KAADTEPX Ao To gnuplot otnv mapovoa ékdoor. Edv xpelaatel va 10
OAAGEETE Y100 TNV TPEYOLOA GLUVESPIN XPTOHOTIOLEITE TNV TIAPAKAT® EVIOAT:

graphics_toolkit(’gnuplot’)
ko Exvayvpilete oo qt e
graphics_toolkit(’'qt’)

Edv BéAete povipn ooy mmyaivete oto @akeho C: \Octave\Octave-5.1.0\share\octave\site\m\startup kot pie
Tov editor avoiyeTe 10 apyelo octaverc 6MOL TPOCHETETE GTO TEAOG TNV MUAPAKATE YPULUN:
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General ] Editor ] Editor Styles ] Terminal ] File Browser Workspace ] Shortcuts ] MNetwark

Language (requires restart) |5ystem setting ﬂ ﬂ

Icon size " Small f Mormal " Large

Icon set for dock widgets  + Octavelogoonly ¢ Lettericons ( Graphicicons

Dock widget title bar [~ Custom style Background inactive [ | Active [0
o [30 = Textinactive [l  Acive

W Show status bar

[ Confirm before exiting

Octave Startup

These preferences are applied after any .octaverc startup files.

Startup path [~ Restore working directory of previous session

| CtYwork Browse

0K | Cancel Apply

Tynpa 1.5: Edit -> Preferences, -> General, G€TGplopa GpyIKOL PAKEAOL EPYATING.

General Editor ] Editor Styles ] Terminal ] File Browser ] Workspace ] Shortcuts ] Network]

Auto completion ﬂ
W Match keywords [V With Octave builtins [ With Octave functions

[~ Match words in document

[V Case sensitive [ Replace word by suggested one

W Show completion list automatically Mumber of characters before list is shown: |2 3:

File handling
[~ Restore editor tabs from previous session on startup
[ Create nonexistent files without prompting

[ Reload externally changed files without prompt

Default EOL mode |Windows (CRLF) -
Text encoding used for loading and saving |UTF-8 -

OK | Cancel Apply

Tynpa 1.6: Edit -> Preferences, -> Editor, oetapiopa UTF-8 text encoding.

graphics_toolkit(’gnuplot’)

KoaAn vroot|pién EAANVIKGV oe Ypa@iKeg LIEpyEL e eE@TEPIKA apxeia TUMOL svg. LT0X0G o€ epdg toug EAAnveg xpn-
OTEG EIVOL VO ITIOPOVLE VO ELGAYOVE YPOQPIKEG HE EAANVIKOUG XOPAKTNPEG O EPAPHOYEG EMESEPYNTING KEPEVOL (TLX.
Word, LibreOffice) yia otiénmote epyaacieg 1 avagopeg Bédovpe. EAANvikoOg xapoaktipeg AEN BAEMOLE GTNV KOVGOAQ.
BAémoupe Opwg otov editor av Tov puBPicoLHE OTIWE THPATIAV®.

O Aodyog eykataotaong Tov inkscape eival mAéov po@aviig. Mog emTpémNel va avoiyoupe Ko va BAETOVHE SVE apyeia.
Mog emtpénel va kavoupe edit og autd. Kot téAog pmopoujie va T HeTATpEYOoLE G GAAOL TOTOL ap)eia, T.X. png, pdf N
emf péoa amo to 1610 to mpoypappa. I'a eloaywyn oe Word cuviotdton 1 popen emf 1 png. To evaAioktikéd LibreOffice
(Vopipwg Swpedv oav avolkTtd AOYIOHIKO) UTTOPEL VA XEIP10TEl KateuBeiav svg apyeia.
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1.2 To Octave 6av «KOPTILOVTEPAKL»

H np&d1n ko iowg o amAr] xprjomn tov Octave €ival va To XpriOLHOTION|0€L KAVEIG GOV «KOHTIOVTEPAKD. OAEG Ol YVWOTEG
oAyefpikég mpaelg voonPilovial ONKG HMOPOVLE VA SOVHE OTAV EIGAYOVHE TIG TTPAEELG IOV BEAOL|E VO EKTEAETOL|IE
HETG OO TO prompt, >> , TOL MPOYPAHHATOC.

+ mpdaobeon

agaipeon

TIOAAGTIAQGIOOPOG

VYo ae Suvapn

deua Sadpeon omov 5/3 =5+ 3
aplotepr| Swaipeon 6mov 5\3 =3 + 5

—

To mpoypappa ekteAel apéows KaBe evioA/mpadn ko Sivel 1o anoTéAeopa 0T HeTAfANTN 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€éhovpe va guveXITOUL}E TOLG LTTIOAOYIGHOVE HOG HE TO KTIOTEAECHA TIOL PAIVETAL GTNV ans, TNV XPTO1HOTOI0VHE GOV
petafAnTt, n onola GpwG maipvel PeTd TIG TIPAEEIG KOVOUPYLO0 OMOTEAECHAX. MTOPOVE EMONG VX XPTOLHOTIO|GOVHE
petapAntég onmg oe yhwooo Pascal ij C, .. 0 vopog tov Ohm o€ Kamolo KOKA®pa.

>> V=220
vV = 220
>> I=2
I= 2
>> R=V/I
R = 110
>> R=R+2
R = 112
>> 5+3
ans = 8
>> R=R+ans
R = 120

Edv kdvete kdmoto AdBog otn mAnktpoAdynon prnopeite va natnoete 1o Enter péxpt va epgaviatel to prompt (> ) kKo
va EavamAnktpohoynoete owota ta dedopéva oag. Mmopeite eniong va XproLHONOWOeTE Ta «BEAGKIO», VX EMOTPEYETE
oTo onpeio Tov AdBoug, ko va 1o Sopbwoete. Eav emavadapPavete eviodég e i0mg pikpEG Slapopeg, foAgdel i) xprion
TOL T TIOL PEPVEL IPOT|YOVHEVEG EVTIOAEG 0TO prompt ( >> ).

To Octave ypnotpomnotel vPnAn axpifeia (double precision) yio Tnv ektéAeon aplOPNTIKQOV TIPAEEWV, 0AAG Seiyvel pikpo-
1ep0 ap1Bpo Sekadikodv Ynoeiov oto anotéAeopa (5 onpaviika ymeia). H evioAn format priopel va aAAGEeL v epoavion
1oL aplBpoL TV Yneiwv mapdotaong ot 15 onpavukda Yneia. ILy.

>> 5/3

ans = 1.6667

>> format(’long”’)

>> 5/3

ans = 1.66666666666667
>> format(’short’)

>> 5/3

ans = 1.6667

INa apBpoug mov eivon Suvdpelg Tov 10, xpnotponoteiton 1 ekBeTikn poper| pe To oOpPoAo e (exponent - eKBETNG), T.X.
3.245 x 10® = 3.245e3, —6.736 x 1076 = -6.736e-6.
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IMivakag 1.1: Mepikég amno Tig EVOOHATWHEVEG GLVAPTHTELS 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 MpTtovou 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

Yndpyet Stabéoipn piax mAoDo1a GUAAOYT OTIO EVOWHATOHEVEG GUVAPTNOELS, TIOAD TEPIOGOTEPES ATIO EVA «KOUTTIOVTEPAKLY.
Ytov mivaxa 1.1 @aivovton PEPIKES Ao OUTEG,

H mArpn¢ cuAAoyn ovvaptioewy touv Octave eaivetal av iate oto Documentation kot avoi&ete to Function Index. Av
B€houpie BorBela Y1 KATIOIX GLYKEKPLEVT EVTOATR, TLX. TNV EVIOAT] load PUMOPOVYE EMONG VA TTANKTPOAOYGOVHE AMAMG
help load otnv KovooAa. Avoiyel TOTE 0 eVOOPAT®pEVOG info-reader 0TV KOVOOAX j1e GUVTOLEG TTANpOYOpieg forBelag.
Av n BonBewa cupmepthapdvel ToAAEG oeAiSeg Tyaivoupe OTNV EMOPEVT TANKTPOAOY®OVTHG TO spacebar. Byaivoupe and
tov info-reader mAnktpoAoyavtag g.

'Eote 6T 8élovpe va Bpovpe Tig Aoelg g SevutepoPabutag 322 + 2 — 6 = 0. Ot Aoelg TG yevikng SevtepoPadpiag
azx? + bz + ¢ = 0 §iovron am6 TNV oyéon:

. —b+Vb? —4ac
12= 5.
’ 2a

Aokipadovtag amAoiKa:

>> 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

naipvoupe Suo AVOELG OOV e EAeyxo Samot@voupe 0Tt eivan AdBog. To AdBog opeiAeTan TNV MPOTEPALOTNTA TOV TIPG-
Eewv. L1a mapandve Ba voAoylotel mpota n pida. To anotéAecpa Ba pootedel 1 B aponpebetl amod to —b. To endpevo
amotéAeopa Bo Stanpebet pe To 2 ko 6TL IpoKLYEL Bar TOAAXTAGCIROTEL L€ TO a. To 0WOTO amoTéAeT A Byaivel amo:

>> x1 = (-b + sqrt(bnr2-4*a*c)) / (2*a)
x1 = 1.1196
>> x1 = (-b - sqgrt(bnr2-4*a*c)) / (2*a)
X1 = -1.7863

OTIOVL XPT|OIHOTIONOAHE KXTAAANAX TTapeVOETELG Y1 Vi Yivouy ot TTpAEELS He TN owaoTn ogpd. H mpotepondtnta twv mpd-
Eewv @aiveton otov mivoka 1.2.

Av xamov éxete apeiBoAia xprnolpomnoleiote emmAéov napevOEoelg.

AxoAovBovv mapadeiypata pe piyadikodg aplBpong Kol TPy®VOHETPIKEG ouvapTnaels. TIpooééte aTig TeEAevTaieg OTL O1
yovieg eivan oe axtivia (rad). H petatpon ané rad oe poipeg yivetar modamhaoialoviog pe 180/ kot ano poipeg o€ rad
noAhamhaoialovtag pe m/180.

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

>> asin(ans)*180/pi
ans = 60.000

>> z=5+j*3
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Iivakag 1.2: TIpotepodTnIa TV TPAEEMV

O) Ipwta vmoAoyifovton ot pdéelg péoa oe mapevheaelg

A AxoAovBel n VPwon og Shvapn
*/  ToAAamAaO10G P0G Kat Saipeon €xOuV 181 TPOTEPUIOTNTA KL EKTEAODVTAL OTIO GPLOTEPK TIPOG To SESLA
+- IIpooBeon kat apaipeon €xouv 161 TPOTEPAOTNTH KL EKTEAOVVTAL OTIO KPLOTEPK TIPOG T SE§IX

z= 5+ 3i

>> 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 eVIOA] HOG HETATPEMEL TOV PIYRSIKO aplBPd Mo KApTESIAVE G TTOAIKT HOPET L TN ouvdptnon angle. To
avTioTPOPO, OTIOV HETATPEMOVHE EVAV HIYASIKO amtd TIOAKT Hopen (P&C0pa) O€ KAPTESLAVI, TLYX. TOV 5 /45°, T emTLYXG-
VOUE WG ENG:

>> 5*exp(j*45*pi/180)
ans = 3.5355 + 3.53551

YnevBupileton 611 évag pyadikog apiBpog opileton oav z = a + jb = r /6 = r /% émov 7 = Va2 + b2 ko 6 10 HplopA
oe rad. Enopévag 5 /45° = 5 e7457/180,

Mo petafAnt oto Octave 0NwG Kol o€ GAAEG YADOGEG TIPOYPALLATIOHOV XPT|O1HOTOLEITOL o0y eva 6OHBoAO Yy pia Béon
HVI NG TTOV TIEPLEXEL KATIOX TIUT]. XTO TIAPATIAVR €I6XHE OTL PTIOPOVHE VX SOOOVHE SIKA PO OvOpaTa o€ PETABANTEG T,
av 8ev 10 Kavoupe autd, To Octave xprolponotel pia Sikf Tov petafAnTr, TV ans (answer — AMAVINGOT) GOV OTIYHIXIX
B€on PVIENG Yo TO 0 TPOCPATO AMOTEAETHA (TNV LETHPATTH OLTH HTTOPOVE av BEAQVE VO TNV XPTOLHOTIO|GOVHE KOl
ELELG OTNV OPECKG ETOHEVT] EVIOAN).

211G aAyeBPIKEG HOG TIPAEELG HTTOPOVIIE VA XPTOHOTIO0V|E TTHPEVOETELG e TNV 151 AOy1KT] IOV €X0VE HEBeL ot paBnpa-
TIKG. Av €xoupie TOAAEG aAyePpIKEG TPAEELG 0T O€pd, TLY. 5+3%2/6-4 = 5+1-4=2, 01 IPAEELG EKTEAODVTOL OO ApLOTEPK
TPOG Ta Se§1G AVAAOYQ PE TNV MPOTEPAIOTNTG TOLG. H OWwon og SOvapn épxetal TpoTN, TOAMGPOG Kol S1aipeoT) KATO-
T pe i mpotepadTnTa, Kol TéA0G ipocbeon Kot agaipeon, pe idia mpotepoidtnTa. Mdvo ot mapevbéaelg pmopodv 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+10g10(5))
ans = -1.0923

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

YmevBupileton emiong OTL TO = GTOV IPOYPAHHATIOHO EXEL SIAPOPETIKN ONHacia oo 0Tt 0T pabnpoatikd. H ékgpaon x=2
OMHaivel 0TL N B€on PvIENG TIoL €xel Bvopa To oVpBoA0 petaffANTiG x Ba apel v Tipn 2. H ékppaaomn x=x+2 onpaivel
ot o1r B€om pvipng mov cvpBoAiletan pe o x B pootedel N TUN 2 Ko To amotéAeopa Ba TomoBetnBel A ot Béon
HVAHNG X. ANA. yix 0Tt aAyeBpikn) €k@paot eivatl ota §e&§1 Tov =, Ba yivouy o1 IpaEelg, Kot 1o anotéAeapa Ba amoBnkevtel
o1 Béom pVNHNG IOV LTIGPYEL OTA AplOTEPK TOL =. ITov onpaivel OTL Ot EKPPAOELG oTar SeE1& TIPEMEL VO KATRAT|YOLY O€
KGO0 apBUnTIKO amOTEAEC O KO OEV EMMTPEMETNL TN APLOTEPS VoL EXOV|E aPLBPNTIKEG TTPEEEIG OAAG Kol peTaffAnTN
TIoL SNA®VEL Kamowx BEam pvipng.
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1.3 To Octave cav iepifariov gpyaciag

Otav apyi(oupe Kol €1GAYOVHE EVIOAEG GTNV KOVOOAX EAEYXOL KOl TTOiPVOULE S18(QOpa AmMOTEAETHATA EXOVLE apyioel
Hwx ouvedpia (session). I'priyopa yepiel o mapaBupo amd evioAég ko amoteAéopata. Xproipun evioAn eda eivon i clc
mov «kaBapiler» T0 MapdBupo XWPIG VO APAIPEGEL TIMOTA QMO T HVIAHI] TOL UTOAOYLOTH. AV Ol EVIOAEG IOV ELGAYOVHE
Snpovpyolv HeTABANTEG TOL SeGHEDOLY PEYAAO THNHA TNG SIHBECTHNG HVA NG TOL LTIOAOYLOTH, N EVIOAT ¢ lear kKabapilel
OAEG TIG HETAPANTEG. AV ETMAEKTIKG BEAOLIE VO XQAIPEGOVIE CUYKEKPLUEVA 1A 1] TIEPLOGOTEPEG ATAMG STVOLLE TA OVOPATA
TOLG oav OPIoHa 0TNV clear. I1.y. av BEAovje Vo aapéTOVE 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 yiax Aemtopépeleg xpriong TV EVIOAGV.

IMivakag 1.3: Mepikég XpriOLHEG EVIOAEG

clc kaBapiel v 080vn xopig va apopéoel HETAPATTEG IOV €XOL|IE EL0GYEL
clear a@onpel anod ) pvhpn 0Aeg TG PeTafANTEG IOV €XOUL|IE E10GYEL

clear vi,v2,v3 oQOLpel HOVO TIG GUYKEKPIHEVEG HETAPBANTEG V1, v2, v3

who GUVOTITIKG OAEG O1 HETABANTEG IOV EIVOL POPTWHEVEG TN HVAHN

whos HE AETITOPEPELR OAEG O1 HETABANTEG TIOL EIVOL POPTOHEVEG 0TI LVIHT
pwd TIpOLO1ALeL TO PAakeAO epyaaiag mov BAénel to Octave

chdir iy cd aAAadel To eakeho epyaciag mov BAénet To Octave

diary Kpatael apyeio anod pix ouvedpia (session)

dirn ls Sivel MoTo TEPIEXOUEVROV TOU PAKEAOL EPYATTNG

INa va aAA&Eoupie v tonobeaio tov pakéAAov epyaciog ae mpiaiiov CLI xprnoiponololpe v evioAr chdir 1 cd pe
TIPAHETPO TOV KALVOUPYLO PAKEAO, T.X. chdir (' C:\work’ ). e GUI nepifdAAov pmopovpe eDKOAA Vo TOV OAAGEOUVE e
Tov evowpatopévo File Browser endve aplotepa.

ITpocoyn. Ze epiariov CLI dv BENovpE va SHIOVPYTOLHE SIKO HaG PAKEAD EPYRTIAG HEGO OTO PAKEAO C: \work pe
ovopa .. 1234 ko va peta@epBole exel, To KAVOLE wG E1C:

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

>> cd 1234

Koo eivon va yiveton mavta emPefaioon pe v evioAn pwd ylx To 010G ival o TpEXmV @akeAog epyaciag. Me tov File
Browser ta Topamdve amAovotevovtal. AOKIHAOTE VO GAAGEETE PAaKEAO epyaoiag KBGO Kl va SlovpynoeTe Kanvovp-
Yo paxeAo epyaaoiag. To molog eivat o TpExwV PAKeAOG epyaaiog aiveTal apECKG.

Eav topa BéAovpie va amoBnkeDooLE KATIOIX CLUVESPIX OTO TIPAEELG HLOG OE KATIO10 op)Eio, |1 OVOUN TL.Y. tata, TANKTPO-
AoyoUpe TV evioAn diary(’tata’). Ondnmote akolovBel katdmy eite and Sk pag MANKTPOAOYNnon gite and amote-
Aéopata mov Sivel to Octave amoBnkevovtot 0To apyeio tata oTov TpExovia pakeAo epyaaiag. IIpocoyn e8¢. IToAAG amd
T EVOLAPETH AMOTEAEGHATO OEV YPAQOVTAL AHECWG OTO apyxelo aAA& apapiévouy otnyv pviipn RAM tou vmoAoyiotr. Av
BéAovpe va tar abeIOOLE QMO T VAN OTO apXeio tata TPEMEL va To KAEIOOVHE TIPATA PE TNV €VIOAN diary Xwpig
TIAPAETPOLS. MTOPOVE KATOTIV VO SOVHE TO KPXELID OTOV PAKEAD EPYRTING KAl va TO avoigovpe m.y. pe tov Notepad++
(mep1B&AAov CLI) 1 Sutho-kAK oTo Ovopa Tov apyeiov atov File Browser. To apyeio eivat amAo apyeio Kepévou Kol avoi-
yel pe omotodnmote ASCII editor 1} oxopa ko pe to Word. ITpogoyr Opag kot €66 yiati To IpoypappaTa enegepyaciog
KELHEVOL OTIwG To Word TpomonolovV To TepLeXOHEVO Tov. Av ival yia ETOHOOIX KATIOWXG EPYNTinG 08 NAEKTPOVIKT) HOPQT
1oL Ba exTunwBEL og éviumo, autd emTpénetal. Av gival yix Snpovpyia KGmolov script mpoypappatog Octave auto ama-
yopevetal. To katdAAnAo epyaieio otn 6ebtepn nepintwon eivon évag text editor (m.x. Notepad++). Ta diary apyeia ivon
XPNOHa yix amoBnkevon ouvedpiag Kot Katomy, e editing kot KaBdplopa €101 ®OTE va peivouy o1 KaBapd eKTEAETES
EVTOAEG, Y10 QTIGEO TIPOYPAHAT®V SCript.

To MapaKAT® TapaSelypa Seiyvel TNV aAAayr GaKEAAOL EPyROING OO TNV KOVOOAX EVIOAGV KAB®OG KOl TO MG avTiSpa
TO TPOYPAHHK 0TV TTPOOTIBOVE VO dAAGEOLE PAKEAD OTOV ALTOG SEV LTIAPYEL.

>> pwd

ans = C:\work

>> chdir fakelos

error: fakelos: No such file or directory
>> mkdir fakelos
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ans = 1

>> chdir fakelos

>> pwd

ans = C:\work\fakelos

TMapaderypa yiax va Kpatrioov e apyeio piag ovvedpiag:

>> diary(’tata2’)
>> 5+3*34

ans = 107

>> e=5*exp(3)

e = 100.43

>> diary

Kavte SmAd-kAik oto dvopa tov apyeiov tata2 oto File Browser kot Ba Seite 1 €xel amobnkevtel eket.

1.4 Awxviopata Ko TVaKEG

O xVplo¢ AGYOG IOV TIpoYPAPHaTa gav To Octave €xovv HEYOAT emTuXia Ta TEAELTALN XPOVIX ELVAL TO YEYOVOG OTL XEIPI-
{ovtan SlavOopaTo Kot TIVOKEG oav Vo eivan amAgg petaAnTég. Me T eVOOHXTOHEVEG PAAoTa pouTiveg Tpd&ewv (Baot-
opéveg oTig yvwoTég BifAobnkeg BLAS kot LAPACK) petagd mvdkov kot Stavuopdtov, ot Tpa&elg eivon amAég, Mtég
OTNV ELEAVIOT] KOL YPTYOPES. ALTO SUNNPETEL TNV YPIYOPT| KOL GOOTH AVATITUET TIPOYPAHHATOV KOl EQAPHOYRDV KOL TNV
SOKI|T VEQV TEXVIK®V KOl peBoSmv.

‘Eva Stavuopa givan amAmg pia akoAovBia aplBpmv Statetaypeévav e KAmola cUYKeKPLEVT oepd. AkoAovBel mapddetypa
SlavOoPaTOG YPOHHNG

>> 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+ 31
>> 72=6-4*]
z2 = 6 - 41
>> x=[z1 z2]
X =
5+ 3i 6 - 4i
>> X
ans =
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5 - 3i

6 + 4i
>> x.'
ans =

5 + 31

6 - 4i

Xpnotpgonolovpe [ ]y va opioovpie TéToleg akoAoubieg ko xwpifoupie ta oToEla TOVG [e KOPpX 1] Kevo. TTpooé&te T
XPTOT| TNG GLUVAPTNONG Size mov pag divel Tig ypappég/atnAeg v Stavuopdtwv. IIpooédte eniong Toug Tpdmovg yix myv
KOTOOKELN S1avOopaTog oTiANG. Me 7 aviipetaBétovpie ypap pég oTnAEG pe Tov ouluyn pyadikd. Me . " avtipetabétovpe
kaBapd ypoppég ko otAeg. Ko pe ; Eexwpilovpe €€ apyng TG YPAUHES.

Mrmopove 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
>> d=[-10; 3]
d =

-10

3
>> a
a =

1 2

>> e=[a d]

error: horizontal dimensions mismatch (1x3 vs 2x1)

Onw¢ €XETE THPATNPTOEL HEXPL TOPX OV OPICOLIE KATIOX PETABANTNA 1] KAvoupe TPa&elg pe Siapopeg petafAntég to Octave
TIOPOLOLALEL APETDG TNV HETAPATITA T TO AMOTEAECHA HE TNV EKAOTOTE TN TN¢/Tov. ['lx TV mepintwon mov BEAovpe va
QMOQVYOV|LE TNV «NYXO» TV EVOIOHECHOV NMOTEAEGUAT®V XPTCLHOTOOVHE TO OVHPOAO ; OTO TEAOG TNG EKPPAOTG OTIMG

OTO TIAPATIAVE TIOPASELYHA.

"Evag evaAAOKTIKOG TPOTIOG KATHOKELTIG SIVOO ATV givat pie To GUHBOAO/TEAETTH @ OTIOL SIVOLLE XPYIKT] KO TEAIKT] TIHT
(vmovoeiton frjpa 1) i}, apxkr| T, Bripa Kot TEAKT| TIpT.

>> x=1:10
X =
Columns 1 through 9:
1 2
Column 10:
10

>> y=0:0.1:1

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 =

>> x=-1:0.1:1
X =
Columns 1 through 8:
-1.0000 -0.9000
Columns 9 through 16:
-0.2000 -0.1000
Columns 17 through 21:
0.6000 0.7000
>> x=-1:0.15:1
X =
Columns 1 through 8:
-1.0000 -0.8500
Columns 9 through 14:
0.2000 0.3500

0.00000 0.20000 0.40000 0.60000 0.80000 1.00000

-0.7000 -0.6000 -0.5000 -0.4000

0.1000 0.2000 0.3000 0.4000

0.9000 1.0000

-0.5500 -0.4000 -0.2500 -0.1000

0.6500 0.8000 0.9500

-0.3000

0.5000

0.0500

BAénoupie 611 pe tov TeAeoTn : apyilOVHE a0 TO TPATO GTOLXEIO KO TIPOXWPAKHE HE TO BriHa IOV £XOVE OpioEL PEXPL TO
tehevtaio. To teAevtaio ovpneptAapfavetal eav givat TOAAaMAGo10 Tov Pripatog. AAAIGG, OXL.

EvaAAOKTIKA, PTTOPOV|LE VA XPT|OHOTOC0VE 1 0LUVAPTNOT) linspace 6mov B€ToL|E KHpYIKT] KOt TEAIKT] TIHT| Kot ToV aplfpd
TV atoeinv. ESo Sev xpeidleton va vmoAoyicouvpe o Bripa. H cuvaptnon Ba vrmodoyicel pio opoidpopen andotaon
HETOED TV atoeimv Kot apyioviag amd To TPAOTO HE TO BriHa mov LIOAOYIoE TPOXWPA HEXPL Kot To TeAevtaio. To
tehevtaio otokeio ovpneptAapPfavetal otnv akohovbia.

10
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>> 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
>> 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 S10TAoEmY PTopel v 0ploTel g e§NG:

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

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

omnov opioaype évav miivaka 3 X 4, kot 0nw¢ BAémovpe xwpilovpe TIG YPAPHESG HE TO GVHPOAO ;.

MrmopoVpie €miong va avTIHETABEGOVHE YPAUPEG KOl GTNAEG [E TO GUHBOAO

>> A

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

Ta Tapamave 10X00LY KA YA THVOKEG PE HIYaSTKOUG aplBponE, HOVO TTOL TOTE TO GUHPBOAO ’ Selyvel OTL 0TIV TPOYHATIKO-
mra yiveto eppntiavr aviipetdBeon (Hermitian Transpose) SnA. oty avtipetaBeon avtikabiotovvton ot apiBpot pie tov
Hyadiko ouluyr) Toug. Av B€Aoupie amAT| avTiHeT@BEDT XPT|OHOTIOI0VHE TNV CLVAPTNOT conj oL LITOAOYI(EL TOV HIyaSKO
ovluyn, 1 to auvbeto ovpfoAro .’

>> x=[3 4+j*5 -2-j*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 TOpa 011 B€AoLE Vo ADGOVE TO YPARHIKO GUOTNHX

3ry —4xy + 523 = 0
z, +92y+ 22, = 3
—4r, + 92y +23 = 1

OpiCoupe ToV TVOKA T®V CLVTEAECTAV A, TO YVOOTO Stavuopa otiAng b kot 1 Avom Ba eivat to Stévuopa oTiAng 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

11
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3

1
>>  x=inv(A)*b
X:
0.4017094
0.2905983
-0.0085470

>> y=A\b

0.4017094
0.2905983
-0.0085470

Omov BAEMOLYE OTL HTIOPOVLIE VA XPTIOLHOTIOCOVHE T oX€on X=1inv(A)*b i TV x=A\b yia va Bpovpe t0 x. Mmopovpe
€TMONG VO KAVOLLE pia eMAAT|OELOT] TOL AMOTEAEGPATOG XPALPAOVTAG TO GVLOTNHX Az A6 TO YVOOTO S1Gvuopa b

>> A*x-b

ans =
-2.7756e-16
4.4409e-16
4.4409e-16

ko PAémovpe 611 N amévnon eivon g Ta&ng 10716, mpoxtikd pundév, omeg mpénel va eivar. Eivon mBavév, oto 8ikd oog
oLOTNHA, va beite Alyo SopopeTikd, 0AAG Kot TTGAL TTOAD HIKPG& VOUEPQ.

Me 1o S1avOoPOTa KOl TOLG TIVOKEG BploKOLHE TTOAD XprOlHES TIG oLVAPTNOEG length kot size. H mpatn pog Sivel 1o
HNKOG €vO¢ Stavhopatog (. Tov aplBpo TV oToleiwv Tov) Kot i SeVTepn To péyeBog evog Stavdopatog 1) mivaka (SnA.
TOV aplOUO TV YPOPH®V KOl OTNAQV).

>> 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 0
-1 9 5 2
>> size(A)
ans =
3 4

O1 Seikteg ota Stavdopata Kot 0Toug Tivakeg EeKtvouv amd v Tipn 1 péxpt to péyebog TG eKAOTOTE YPAUKNG 1 OTAANG.
Av B€Noujie KATIO10 CLYKEKPLHEVO OTOLKEID TO OVAPEPOLLE e TOV T) TOLG 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 0 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

MrmopoOlje €MONG VA XPI|OLHOTIO|COVIE KATAAANAX TOLG SEIKTEG KOl Vo Iapdyoupe GAAa Stavoopata 1) mivakeg. T1.y.
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>> y=1:10
u:
Columns 1 through 9:

1 2 3 4 5 6 7 8 9
Column 10:
10
>> u(1:2:10)
ans =
1 3 5 7 9
>> u(3:2:8)
ans =
3 5 7
>> A
A =
3 -9 0 12
9 -2 -4 0
-1 9 5 2
>> A(1:3,1:3)
ans =
3 -9 0
9 -2 -4
-1 9 5
>> A(2,1:3)
ans =
9 -2 -4
>> A3, 1)
ans =
-1 9 5 2
>> A1)
ans =
3
9
-1
-9
-2
9
0
-4
5
12
0
2

BAénoupe 611 PMOPOOHE VA TAPOVHE CUYKEKPLILEVA LITOCVVOAX OO S1XVOOHOTA T} TIIVOKEG QPTAVEL VO HTTOPOVHE VO TX
TIEPLYPAYOLE KATAAANAX pE TOVG SEIKTEG TOLG. MTopeite va TepLypaieTe €0€ig TL aKPB®OG oLpBaiveEL 0TO MAPATIAVG
apadeypo;

Enedn 1 avaykn Snpiovpylag SI0VUOHAT®V [HE GUYKEKPLHEVT OPXIKT)/TEANKT] TN Kot BriHa o€ ypap ik 1 AoyaplBpkn
KAlpoKa givat moAL ouxvn (E181KG 0€ YPAPIKEG TAPAGTAGELG) HTTOPOVHE VA XPTOHOTIOICOVHE TIG THPAKATE CUVAPTHOELG:

>> linspace(0,1,20)
ans =
Columns 1 through 8:
0.00000 0.05263 0.10526 0.15789 0.21053 0.26316 0.31579 0.36842
Columns 9 through 16:
0.42105 0.47368 0.52632 0.57895 0.63158 0.68421 0.73684 0.78947
Columns 17 through 20:
0.84211 0.89474 0.94737 1.00000
>> logspace(0,3,15)

ans =
Columns 1 through 7:
1.0000 1.6379 2.6827 4.3940 7.1969 11.7877 19.3070
Columns 8 through 14:
31.6228 51.7947 84.8343 138.9495 227.5846 372.7594 610.5402
Column 15:
1000.0000

ITAnktpoAoynote help linspace kot help logspace Kot TpoonaBeiote va KATHAKPETE TL OT|HAIVOLY Ol TAPAPETPOL OTIG
TIOPATIAVR TUVAPTIOELG.

[IpocBeomn kat agaipeon e mivakeg TpolMobETel ioeg SlaoTATELG.

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

>> a+b
ans =
5 6 10
>> a-b
ans =
-1 2 6
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>> ¢=[-1; 8; 3]

C =
-1
8
3
>> a+cC
ans =
1 3 7
10 12 16
5 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)

IToAAamAaaap6g otabepdg e mivaka onpaivel TOA/OPOG OA®Y TV OTOIKEIOV TOL TVaKK HE T atabepd.

>> 2%A
ans =
6 -2 0
4 8 -2
16 14 8
>> (-3)*A
ans =
-9 3 -0
-6 -12 3
-24 -21 -12

To e0WTEPIKO YIVOpEVO VO StavuopdTV TPODlTOBETEL OTL TO TPATO €ivan SIAVLOHA YPAPHNG Kol TO SeVTEPO SAVLCHX
oTNANG He ioo A B0og otokeiwv:

>> a=[1 2 3]
a:
1 2 3
>> b=[4; 5; 6]
b =
4
5
6
>> a*b
ans = 32

Yndpyel kain guvdptnon dot mov VTOAOYI{EL TO EGWTEPIKO YIVOLEVO SUO SLIAVLOPATOV KABME Kt 1] GLVAPTNOT) Cross ylx
10 e§WTEPIKO Yvopevo. H tedeutaia eivon povo yio Stavoopota pe tpia atoyeio. EmBefoimote Ta mopokaTo Kot KAVETE
KOl TOLG S1KOVG 00G TIEWPAATIOHOVG,.

>> a=[3 1 -4]

a
3 1 -4
>> b=[-2 9 1]
b =
-2 9 1
>> dot(a,b)
ans = -1
>> cross(a,b)
ans =
37 5 29
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IToMopog mivaka A(m, n) eni nivaka B(p, ¢) onpaivel mivaka C(m, q) e&v n = p.

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

A =
3 -1
2 4
8 7
>> B=[-1 0; 7 2]
B =
-1 0
7 2
>> A*B
ans =
-10 -2
26 8
41 14

Zuyva OHGG PoG EVEIHPEPEL OXL O KAVOVIKOG TIONGHOG PETaED Svo Stavuopdtav aAAd o mONGpAG 1| Saipean otoiyeio
TIPOG OTOLYELO.

>> 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 emruyydvetan pe v mpooBnkn g teAeiag mpv to oVpPoAo oA/ opob 1| Saipeong. H mapoandve 18dtnta eivon
TOAD ¥PNOLHN 0TV mvakonoinon npaéewv. Enekteivetal eniong kol otnv VPOt o€ SOVANN OA®V TV OTOLXEIWV EVOG
THVaKO.

Emonpaiveton 611 10 1o kowvé Adbog 6tav axedidlete Eva mpoOypappa yia va Aoete kdmoto pofAnpa oto Octave eivon
KOO0 PTEPSEHA HE TIG YPOUHES / 0THAEG Slavuopdtavy 1 Tvakov. KaAo eivon mavia va emBeBoidvete pe Ty evioAn
size OTL Ol YPOUPEG / OTAAEG €lval ALTEG TTIOL VOUILETE Kal OXL TO avATTodo.

1.5 Pileg moAGVOP®OV

MrnopoOpe va opigovpe éva ToAVOVLHO oto Octave ooV €va SIGVUGHN [IE OTOXEIX TOVG CLUVTEAEGTEG TOL TTOAVWVVLOL
apyilovtag amd Tov ouvTeAeo T ToL T LYNAGBABHOL dpov. TLY. yia To TOAVGVLRO p(x) = —5 + Tz — 82 + 4a3 €xoupe

>> 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 ovvdaptnon roots pag divel tig pideg Tov Kot 0mw¢ PAEmoLE €xoupe P TpaypaTiki pila kot Suo oL{LYEIG PIYOSIKEG,
1.6 Eico80¢/eod0¢ dedopévarv ano/oe eEmTepika apyeia

To Octave givon Xpriolpo «epyoAeio» oAAG TimOTa MTOPAMEVE OO €val «KKOUTILOLTEPGRKL» OV OEV HTTOPOVILE VX EXOVHE €i-
0060/€5060 Sedopévav ano/oe eEMTEPIKA apyeia.
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Me v evioAn load pmopolpe va Staffaoovpe KATOI0 eEMTEPIKO apyeio To omoio eival o€ popor| text. Eva kKoo napd-
Selypa €IVOL VA EXOVE KATIOLEG PETPTIOELS OTIO KATIO10 HEYEDOC GLVAPTITEL TOL XPOVOUL, TL.Y. TAOT] O€ KATOWX avVTioTAON.
'EoTo 0TL €(0uje éva TETOWo apyelo, pe dvopa totol.d. Ot petproelg eivon 100 Tov aplBpo Kol Kataxwpnpéveg o Suo
oTNAEG (MPOTN OTNAN XpOvog o€ msec, Se0Tepn OTAAN T&aoT o€ Volt).

Mrnopoolpe va Stafdooupie TG petproelg pe v evioAn load. To Octave anoBnkevel atov mivaka totol (i6to dvopa pe
TO OVOPA TOL apyxeiov) OAa ta dedopéva. H evioAn size pog Sivel Tig S100TAOELG TOL TivaKa, SNA. aplBPd YpopHOY Kol
OTNAQV.

>> load totol.d

>> totol

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

>> size(totol)

ans =

100 2

Av B€AoLIE TIC TIHEG TOL XPOVOL KOL TNG TAOTG O EEXWPLOTA SIVOCHOTA VIO TIEPUITEPW ETMEEEPYATIN UTTOPOVE VA TO
KAVOLHE WG €ENC:

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

OO WN

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

H dvo/kate teleia otov mpOTo SelKTn (TIOL AVTIOTOLKEL 0TI YPAHNEG) ONHAIVEL OTL TAiPVOLRE OAEG TIG YpappEG. O 6ev-
1epog Oeiktng avtiotolyel oty oAN. Emopévmg totol(:, 1) onuaivel OTL TaipVOLE OAEG TIG YPOUMEG OTIO TNV TIPATN
OTNAN eVQ totol(:,2) onuaivel OTL MAIPVOLHE OAEG TIG YPAMHEG amo TNV §e0Tepn oTAT. [IpoPavag e&v To apyeio éxel
TIPATIAVER OTO SVO OTIHAEG PTTOPOVIIE |E avAAOYO TPOTIO Vi Eexmpioovle dmolx aTiAn BEAOLE.

Yndpyovv kot GAAot tpomol va Safdacovpe entepika apyeia. Kortagte to help g evroAng load. Yndpyouvv opoing
moAAol Tpomol va ypdwovpe Sedopéva oe e§mtepik& apyeia. Korta&te to help g evioArg save.

[Moapovoldletal €56 €vag amd aVTOVG TOLG TPOTIOVG:

'Eotm 011 €goujie Lo Stavdopata X Kot y Kot BEAoujEe va ypAWOoLE TIG TIHEG TOLG 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
y:
Columns 1 through 9:
1 4 9 16 25 36 49 64 81
Column 10:
100
>> save -binary ofile x y

H nopandave evioAn save oe binary format omdet 1ig petafAntég x kot y ato apyeio ofile. INa va Stafaoovpie éva 1€tolo
apyxeio oe GAAT ovvedpia 6TOL eV LIIAPYOLY GTO XDOPO EPYATiag o1 HeETAPANTEG X KAl y akoAovBole Ty e&ng Sradikaoia:

>> load -binary ofile
>> X

16



OCTAVE Eioaywyn

X:
Columns 1 through 9:

1 2 3 4 5 6 7 8 9
Column 10:

10

>> y

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

Avtopata goptobnke 1o apyeio Kol epeaviotnKay o1 HeTaBANTég X Kan y. TTewpapanioteite pe SIkEG 0OG TAPAAANYEG Yl
11 31 4 petafAntég, SlavOopaTa Kot TIiVOKEG.

Avagépetal emiong o Tpomog va €xoupie binary apyeia oupfota petadd octave ko matlab pe save -mat ofile.mat kon load
ofile.mat 6mov ypedleton n Kat&dAngn .mat otax apyeio. Kot €60 amobnkevovtol 60eg petafAnTég SnAwvovtal 1] OAeg 6oeg
UTTAPYOUV GTOV XOPO EPYRTLNG OTIMG TIPOTYOLHEVWG,.

[Mapovoidletan emiong €vag TPOMog mov anotel yvaon scripts kat for loops (ta pabaivete ota endpeva). To TapoKaTe
script Selyvel TIG EVIOAEC OTIOV AVOLYOUE Eva EEMTEPIKO OPYELD YA YPAWIHO Kol Ypaovpe péoa amo for loop otoiyeio
TIPOG OTOLYEID TIG TIHEG TV SIAVUTHATWV X KA1 ¥ XPTO1HOTOI®VTaG T cuvaptnon fprintf.

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

To amotéAeopa oto apyeio ffile.d eivau:

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 ano to file open avoiyel éva apyeio pe Gvopa TV TPAOTH MAPAHETPO TNG CLVAPTNONG Fopen OMOL TO GVOHX
€1VOL XOPOKTNPEG String péoa o€ amAd 1 SITAG «auTAKLo». To 'w’ onpaivel OTL TO apyeio Tov avolyovpe givon yia ypayipo
(write). Korta&te oto help fopen ya nepiocotepeg Aentopépeleg. H petafint fid eivon o file descriptor mov avtiotowyel
OTO OULYKEKPIHEVO apyeio Kol pnaivel oav mapdapetpog oty fprintf(fid, ...) mov pog 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 TPOTMO Tov BEAoLE va
EHOAVIOTEL | TIHT] TV PETABANTOV. XTO CUYKEKPIHEVO TIOPASEYHA T «oLVONUATIKG» eivon %10. 2, dnA. mpaypatikol
ap1Bpoi float o€ ywpo 10 Béoewv pe 2 Sekadikd Ynoeia. To \n gival YXpoKTPOG EAEYXOL TIOV AEEL TYKLVE OTNV EMOLEVN
VPO (TEPAPATIOTEITE AQAPOVTAC TOV). OTaV TEAEIMVETE L€ TO APXELD KAAD €lval va TO KAEIVeTE e TNV Fclose yla va
HNV LIEPEEL TMBAVOTNTA THPAOPP®CTG TOL TIEPLEXOHEVOL. MepIK& akdpa mapadetypata pe tny printf (] povn Stagopd
pe fprintf eivon 6T ypapel oy 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 Oxff, float 3.14

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

This is a = 1.03e+01

Mo MeEPLOGOTEPEG AETITOHEPELEG KOITAETE 0TO https://en.wikipedia.org/wiki/Printf_format_string.

Avtog o tpomog divel meplocdtepo EAeyxo o Hop@oroinon Twv 6edopEvav Kat 1| uotkn Tov Béon eivon e6w. Mmnopeite
va EMOVEADETE OTAV EXETE KATAVOTOEL TLG OTIOLTOVHEVEG EVIOAEG.
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1.7 Eicodog dedopévov Stadpactika

Ymnapyet kot 1 Suvatotnta S1adpaoTikng e10060L Sedopévav. T1.y. dTav BEAOLE TO TIPOYPAHHA VA HOG POTHOEL Tt TN Oa
Sdwooupe o€ KAmola PeTAfANTA I KATOWX TTANPOQOPLa OTIWG TO OVOUG HOG, XPNOLHOTOIOV|E TNV eVvTOAN input. TIpocoyn,
OTX TTOPOKAT® AVAAOYA HE TO CVOTNHA OOG PTOPEL Vo €XETE TPOPANHA HE T& EAANVIKA OTNV KOVOOAX 00G. AANGETE TOTE
0€ AQTIVIKOUG XOPOKTIPEG KL EMAVEPYETTE OTAV PABETE Vo QTIGYVETE Script Tpoypdppata pe Tov editor dov Ta EAANVIKG
SovAevouv.

%AOKLUN TIPOYPOAUHATOG S1adpaCcTLKAG £€10030UV SEJOUEVHV
radius = input(’dwote TNV oktiva: ')

area = pi*radiusA/2;

volume = (4/3)*pi*radiusn3;

onoma = input(’dwote TO OVOMK cOG: ', 's’);

disp(onoma);

disp([’0 ’",onoma,’ €dwoe aktiva radius = ’,num2str(radius),’” m’']);
disp([’kol umoAoyiotnke epPadov kOKAou = ', num2str(area),’ mnh2']1);
disp([’kal éykog KOKAou = ', num2str(volume),’ mA3’]);

dWOTE TNV oKTiva: 45

radius = 45
dwoTE TO OVOopd cag: Tasos
Tasos

0 Tasos édwoe aktiva radius = 45 m
Kal umoAoyiotnke euBadov KUKAouL = 6361.7251 mA2
Kol Oykog KUKAou = 381703.5074 mA3

H input Sev €xel mpofAnpa pe aptOpnTIKEG TIHEG KOL TO String 0Tnv GLVAPTNOT EPHPAVICETAL YIX VO LG ETOLHAOEL VX ELGG-
youpe dedopéva. Mmopoljie va SGOCTOLE Kol KATIO10 string oTtnyv input TAvel va 1o SNA®GOLHE e TNV Se0TEPT| MTAPALETPO
s. To mpOBANHA IOV TIAPATIPNO EIVAL ATL SEXETAL AATIVIKOVG XOPAKTIPEG KOl OXL EAANVIKAL.

Me v &AAn ovvaptnon disp BAénovpe GAAov évav Tpomo e§680L SeSopEvmv 1OV TIoL TIPETEL Va eivat string. Ot aplBpn-
TIKEG TIHEG PETATPEMOVTAL OE String He TNV CLVAPTNOT) NUM2SEr KOl HTIOPOVHE VO «kKOAAGOLE» TTIOAAEG padl [ie TOV TPOTIO
TIOV PUIVETAL OTO TIAPASELYHAL.

1.8 TI'paQIKEG TAPACTACELG

1.8.1 AmAn ypaown

To Octave ev TPOTPEPEL HOVO €va TIEPIBAAAOV Y10t VO KAVOUE TIPAEELG OAAG €MioNG Kat T SuVATOTNTH VO AMEIKOVI{OL}LE
TX GTOTEAECHOTA HOG HE HLX HEYOAT] TIOIKIALX YPOAPIKAOV TRPAOTATE®V. Onwg Aéve ot AyyAot «pia etkova a&ilel 000 yiAeg
AéESlQ».

‘Eote 6T BéAovie va SovpE ypagika T ouvaptnon f(x) = 5e */2 sin(x). Alahéyoupie avBaipeTa yio TV aveEdptnm
petafAnt x To Stdotnpa anod 0 éwg 10 (eav BEAovpe K&TL GAAO pmopolpe petd va To aAA&Eoupe) pe Bripa 0.1. Opilovpe
HETA TO S1IAVLOUA TV TIHAOV TNG CLVAPTNOTG KL OTIWG BAETOL|E XPEIA(OHAOTE TOV TEAEDTN . * Y10t VO TOAAATTAGGIAGOVHE
otolygio pog oTotyeio Ta Stavdopata e~/ ko sin(z).

X=0:0.1:10;

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

plot(x,y); grid;

title(”This is €évag EAANVikKO6g titAog”);
xlabel(”xpdévog [sec]”); ylabel(”tdon [Volt]”);

Eivon mBavov 610 o0oTNHd oag va unv €xete vrmootnpién EAANVIKOVY oty kKovaoAa oag (Ba €xete otov editor). Aviika-
TOOTNOETE TOTE TOUG TOPATIAVE EAANVIKOUG XAPAKTIPEG HE AXTIVIKOUG KOl OUVEXIOTE.

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 evtoAf plot (X, y) T&POLCIALEL TN YPAPIKT TAPACTACT] TV SLO SIVLGHATV (O). 1.7) Ko ot evioAég title, xlabel,
ylabel kot grid mpooB€touy TitAo, LTOTITAOLG KO TTAEYHOL.

18



OCTAVE Eioaywyn

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 1.7: AR ypa@ikn napdotaon and o Octave pe eEAAVIKOUG 1) AXTIVIKODG XapoKTipeg. Ot mapamdve mapactdaoelg £xouv Pyet
amnoé petatponn apyeiov svg oe pdf kot €xouv evowpatmbel edm.

Tig ypa@ikég mapaoTaaelg Sev Tig BEAoLE AMA®G Vo TIG BAEMOVE, OAA KON VX TIG EVODPXTOVOLE 0€ apyeia enegepyaaiog
KeHEVOL yix epyaoieg 1 dnpootevoels. H evioAn yix va amobnkedoovpe pia ypa@ikr| (EpOoov QUOTKG eivat €totun) oe
e§wTEPIKO apyeio TOTMOUL T.Y. png pe ovopa grafiki.png oTov Tp€xovia PakeAo epyaoiag eival:

print grafiki.png

Png eivon 1 enéxtaon tov apyeiov. H enéktaon tov apyeiov BéPaia Ba pavel epdoov o vmoroylotng eival puBpiopévog €Tot
wote va gaivetan (kortaéte ota Folder Options). ITpo@avag avti yio dvopa apyeiov grafiki pmopeite va xpnoponotroete
OVOHX TNG EMAOYNG OOC.

Y11g TeAevTaieg EKOOOELG Octave Yl LTTOOTHPLEN EAANVIKAV, O Lo KATAAANAOG TUTIOG YPAPIK®OV |IE SUVATOTNTA VO LTIOOTN-
pi&el AaTivikovg Kat EAANVIKOVG XOPOKTIPEG Eval 0 svg.

print grafiki.svg

Svg (scalable vector graphics) eivon évag «kavodpylog» TOTOG Ypa@IK®V, vector graphics, pe moAD KaAEG SUVATOTNTEG.
Vector graphics otnv mpd&n onpaivel 6TL 1| ypa@ikn prmopel va tponomnown el o€ péyeBog PeTd TNV E100YWYT| NG OE TIPO-
ypoppa ene&epyaciog KePEVOUL (T.X. OPUIKPUVOT)], EMUTKLVOT] HE TO TIOVTIKL) X®pig va aAloiwBel n mowotnta. Xe avtiBeon,
ot ypa@ikég bitmap graphics, mapovaiadovv aAdroiwon oty modtnta av tporonon 8oy amnd Tig apyIKEG TOLG SIACTAOELG.
To KaTGAANA0 TIPOYPAppA EMESEPYATIAG YPAPIKAV TIOV Sivel Tn SuvaTOTNTA V& avoisete, va Seite, va emegepyaoteite Kot
va HETATPEYETE apyela svg o GAAEG Hop@EG, T.Y. png, pdf 1 emf eivan To inkscape.

To online help pe v evioAn help print Seiyvel toug §1&popovg TUMOLE YpaPIK®V Tov oot pilovrat. Puokd, GAot ot
TOTIOL YPAPIK®OV LITOOTNPL{OVY KXAX TOLG AATIVIKOUG XAPAKTIPEG. LUVIOTATAL TAVIX VO KITIOQEVYETE TN XPT|0T TNG HOPONG
bmp ywati o péyeBog eival Tep&oTIO Kot TO OQEAOG UNSEV.

Inpeivon:

O 6pog figure avapépetar oto MapdBupo ypaik®v Kol To plot otnv il TV ypa@Ikn mapdoTact mov Snplovpyeital
HE TNV avTioTol N EVIOAN KOl UTIOPEL va TIEPLEXEL TTEPLOCOTEPEG TNG HIAG YPAPIKEG apaaTaoelg. Kottd&te ato help ya
AEMTOEPELEG TL.Y. OXETIKA HE TIAXOG YPUAH UMV, TOTO (CLVEXELG, SIKKEKOPHEVEG), XPOHA KOl gV oA,

1.8.2 T'pagikég 3 StactacewY

Atlveton €80 Kal Pla EMOKOTNGON HE YPAPIKEG 3 SI00TATEWV.

Miax TOPAHETPIKT] EAIKOEIONG YPOUHN OTIOG AUTH TIOL SlOYPAQEL TL.X. HIX TIPOTEEAX QUIVETAL GTNV OPXN TOL TRPOKATR
noapadetypartog. Me 1ig hold on, hold off pmopolpe va KpaTtoOLIE TO TIEPLEXOHEVO TNG TIPATNG YPAPIKIG ETOL OOTE VA UNV
Saypagel and v SevTeEPN YPOPIKT TTOL Slaypa@eL TNV MPOTEAX avamoda. Daivetal emiong o0 TPOMOG IOV SIVOLPE PTIAE
XPOHO OTNV TIPOTI Kol povpo oty Sevtepn. @aivetan emiong Kot évag eVOAAXKTIKOG TPOTIOG [IE TNV Saveas Vo €XOVHE
eEWTEPIKO aPYXELD NG YPAPIKNG HOG.

clear all; close all;
t = linspace(-2*pi,2*pi,200);
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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 3-0dototn emeavela opilovpe TPAOTK Eva MAEYHX e Ta Xy onpeia pe v meshgrid, ta onpeia g emodvelag Z
Kot TéA0G TNV 161 TNy em@dveila pe v surf.

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,2)

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

print myplot4.svg

MponéAa Surface

.

Iynpa 1.8: Tpagiki TapAoTaon TUPAHETPIKAG KAPTVANG 08 3 S100TAOELG KABDG KOL 1 EMPAVELQ.

1.8.3 T'pa@iki) Bewplag Kot TEWPAPATIKOV SeSopévov

"Eva GAAO KOO TIPOPAN A VAL VO €XOVE OPLOHEVES TIEIPAPATIKEG HETPTOELG KABADG Kot T OB HATIKT) GXEOT) TIOL TIPETEL

v akoAovBovv amo ) Bewpia Kot va BEAoL|E TNV AMEIKOVNOT TOLG 0TV 181 ypaikT). TL.X.TnVv 0¥V 0g px avtioTaon

otav petafdAieton | tdon ota dkpa ¢ ‘Eote 6t n tipn g avriotaong eiven R = 2.2 k(2. H Bewpia Aéel o1 ipénel
V2

P
R

KOl Ol TIEPAHATIKEG PETPT|OELG aivovTal oTov Tiivoka 1.4,

IMivakag 1.4: TTelpapatikég HETPROELG 10XVOG EVAVTL TAOTG

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

O mapokdte KOSkag Snpovpyel v ypagikn oto oy. 1.9 énov gaivovtot o1 TEPApATIKEG HETPTOEIG WG onpeia (peyeBog
Ko TOMog aupfoAou pmopet va aAAGEel - kortdéte To help) kot n BewpnTiKn KApUTOAN G GUVEXNG YPOHHN.
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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(”Iox0g”); xlabel(”tdon [Volt]”); ylabel(”ioxug [Watt]”);

EvSwagépov €xel av B€Aoupie T ypagikn oe AoyapiBpikn kAipoka. Aviikabiotovpe anAag v plot ano v loglog, dnA.

loglog(V,P,Vp,Pp, "*")
KOl TO GMOTEAEGHA paiveTon ato o). 1.10.

loxog

Lox0g [Watt]

Ton [Volt]

Tynpa 1.9: Tpagikn mapaotacn yla oVYKplon Bewpiag Kot MEPEPATog, PHETPHOEWY 10YDOG EVAVTL TAOTG O€ I AVTIOTAOT).

lox0g

Lox0¢g [Watt]

107 -

102 i L Lo
10° 10! 10°
Téon [Volt]

Tyfqpa 1.10: H i ypagikn oe AoyaplBpikn KAipoKa.

Ta StavOopata Vp Kot Pp TIEPLEXOLV TIG TIEIPAHATIKEG LETPTIOELG VO TA V Kol P TTEPLEXOLV onpeiax amo T BewpnTikni oxéon.
211 ypOQIKT] EMAEYOLE TX BE®PNTIKG ONHEIR VO TA EXOVE GE GUVEXT] YPOH LN EVE TA TIEIPAHATIKA HE SIOKEKPLUEVH OTHEID
pe to ovpforo *. TIpogédte T xprion NG plot Gg auTH TNV TEPIMTOON.

Enpewwveton €60 O0TL av BEAeTE va €xeTe MOAAX TAPABLPA YPAOIKOV OVOIKTH GUYXPOV®G, XPT\O1HOTOLEIOTE TNV EVIOAT
figure mpv v ekaoTotE plot. Ava@épeton eniong KoL T evIoAr subplot Omov propeite va SHI0VPYTOETE TEPLOCOTEPES
YPOQIKEG TAPAOTAOELS O éva TapaBupo. Av BéAete, Ya&te oto online help kaBog ko oto Sadiktvo yia napadetyparta.
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YT&pXOULV KOl 0pLOPEVEG GAAEG TIAPUAARYES V1O YPAPIKEG TIPAGTACELG OTAV TO EVPOG TV TIOL XPELRETAN VO TpaaTabel
elvon peyaro. Avtég eivar 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 GE YPOMIKT].
Ynv semilogy o opi{dvtiog G&ovag ivan o€ YPOp KT KAIHOKO €VE 0 KATOKOPLPOG G AOYXPIOIKT].

"EXOULLE Yl Tapadetypa

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’)
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! o o
1.2 - s E
0.8 — E 3
0.6 - = .
0.4 - - 3 :
0.2 - 3
0 \ \ | | 108 E
0 2 4 6 8 10 10° 10t
semilogx semilogy
‘ — 10! | | -
_ 100 -
107 F .
1 1w07E E
1 wnE 3
| 104 -
4 w0e .
10° 4
N 107 & &
Lo 10'8 C

Tynpa 1.11: Tpagikn map&otaon 2 X 2 subplot.

omov wpilovpe éva TapaBLPo YPAPIKNG 0T Té0aEpa, 2 X 2. Me Vv evioAn subplot(2,2,1) mpwv T0 KAAEGHA TG
EVTOATIG plot yIX YPa@IKT), N YPOQIKN TIGEL OTO TPAOTO TéTapTo. Me v subplot(2,2,2) N ypa@ikn ndel 010 SeVTEPO
TETOPTO OTNV TIPOTT YPaHU. Me 1ig dAAeg, yepilel kon ) 6edtepn ypappn. Otav teAeldvouye pe Tig subplot KaAoVOpE TV
€VTOAT] subplot(111) ywx va Savayvpicovpe 0To TePIBGAAOV Hl0G YpagikTg avd tapaBupo. Enavaoyedialovpe Katomy
NV TEAELTAIA YPOQIKT] TIOL QAIVETOL EVBELX YPAPLHT.

H apykn oxéon eivar y = 10 exp(—2x). H semilogy éxel tov katakopueo a&ova AoyapiBpiko kat gaiveton evbeia ypoppn.
AvTo onpaivel 6TL ano T YPOQIKT TOPACTHOT| HTTOPOVE VO LTIOAOYICOULE TNV KAION Kot va SOUHE v CLUPHPMVEL e TN
oxéon. Avtdg eivon 0 TpOTOG IOV eMe&EPYALOPAOTE TIEPAUATIKG SeSopéva TOL aKOAOLBOVY KATO10 €KBETIKG VOO Yo V&
S00pE av CLHE®VOLV e TNV BewpNTIKY GYEoN.

NAoyap1Bpilovtag (owtn givar 1 ox€on mov anelkovidetal ot semilogy ypo@ikn) €XOVpE:

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

Y10 ypa@iko toolkit gnuplot pmopovjie va K&voupe zoom ot ypa@ikr] (8§10 Koupmi 0T0 TOVTiKl) Kol TopatnpovjEe OTL
x = 1 avriotoket oy TR 1.35635 kot = 5 avriototyet oty tpr| 0.000448105. Enavepy0paoTte aTny TPOTyouHEevn
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EIKOVX (¥wpig zoom) MANKTpoAoYy®VTaG P. H, av £X0upE KAVEL TOAAG ZoOm, TANKTPOAOYOULE U YIX EMOTPOPT) OTNV KPYIKN
€IKOVA. AOKIUGOTE TO avTIOTOLXX O0TO YPa@1Ko toolkit gt.
AoyapBpiovtag g avtiotoieg Tipég (oL omoieg eivar G HETABANTAG ¥) Y va yivouy Tipég g petaAntig log, v
éyoupe 0.13237 ko —3.3486 avtiotoa. H kAion eivon

—3.3486 — 0, 13237

= —0.87025
5—1

KO OLHQ@VEL apKeTd KaAd pe Ty Tipn —2log, ;e = —0.86859.

Kdmag €to1 SovAevoupie 0tav €xoupe eKBeTIKG Kot SUVAELG. AOKIPLAOTE Kol E0€1G va Tapovalaoete Sedopéva ae Aoyapib-
HIKT] KAlpoko. Oa oag @avel ypriotpn koa 1 ouvaptnon logspace (avtiotoyyn g linspace).

Mepikég akOpa Xpriolpeg evioAég. H ¢ 1 kaBapilel To TpExwv mapdBupo ypa@ik®v omd T ypa@ikn mov €xel. H close kAei-
VEL T0 TpEX®V TapaBupo ypaeik®v. H close all kAeivel OAa ta avolkTta mapaBupa ypagikav. H clear all kaBopilel
™ PVAHN omd OAEG TIG PHETABANTEG.

1.9 O Editor kot apyeia script

Xpnoponolovtag 1o Octave oav «KOUTOVTEPAK givat BOAIKO [1OVO Y amAd tpofAnpata. To mepiBGAAOV TOL TOKETOL
aLTOU €ivan «Gpeco» (interpretive) mov onpaivel OTL KAGBe eVTOA] TOL TANKTPOAOYOUE eKTEAEITON Opé0WG. EMopévag av
€XOVHE MOT| eKTEAEDEL KATO0 aplBPO eVTOAQV Kot BEAovpe va aAAGEOLE KATIOIX TTOPAHETPO O KATIOIX TIPOTyOVHEVT
EVTOAT], QUTO OT|HOIVEL OTL TIPEMEL VO SAVOTPESOVHE OAEG TIG EVOIANEDEG EVIOAEG pa-pia. BAEmovpe 0T xpeladetan évag
KOAUTEPOG TPOTIOG AAANAETISPAOTG. AVTO EMUTLYXAVETOL OTAV CUYKEVIPMOVOLLE TIG EKTEAETIHEG EVIOAEG O€ €V apXELO TIOL
ouvnBileton va ovopdletan script. Ztnv ovoia mpoKeTal yix apyeio mpoypdappatog yix to nepiBairov Octave. To Octave
QVTIOTOLKEL TNV KATAANEn . m og Tétotov €idoug apyeia (0mwg 10 MATLAB). Mnopolje emiong va SnH10upyNoOoLE Script
apyeia oL va maipvouvy oy €l0060 mapap€Tpoug Kot PETafANTEG Kot va Stvouv oty €6060 amoteAéopata. Autd eivon
ovvaptoelg (functions).

Y10 mepiBaAArov Octave GUI kavovtoag KAk atov Editor mAnktpoAoyoOe To script Tpoypoppd HOG Kol To amoOnKeLoOLLE
010 apyeio tata.m (kovpri Save File As ot Awpida epyaieinv tov Editor). To apyeio eivon opatd otov File Browser
aplotepa. Kdvoupe kAik oto Command Window kot TANKTPOAOYOUHE TO OVOpQ TOL apxeiov xwpig v katdAnén. To
TIPOYPOHHA TPEXEL KOL EPPAVICETAL TO AMOTEAETHAL.

To mepiexdpevo tov tata.m eiva:

% MNapadelypa Kadika yia devtepofdbura 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 ol Ouo Aloelg pali

KO TO QMOTEAETHA:

>> tata

X:
0.2500 + 1.1990i
0.2500 - 1.1990i1

Y1a oy. 1.12 ko 1.13 BAémovpe eikoveg Tou editor kot g kovooiag (Command Prompt) pe 1o mapanave. ‘Eoto topa
ot BéAovpe va aAAGEOLPE TOUG GUVTEAEOTEG. AV TTANKTPOAOYOVOR|E TIG TIAPATIAVG YPALIEG OTNV KOVOOAQ, 1| aAAayn
OTNV YPAHHN 2 OTHAIVEL OTL TIPETIEL VA EAVRELTAYOVHE KO VO EXVATPEEOLE OAEG TIG GAAEG EVTOAEG TOL akoAovBovY TN
2 (1o mepiBaAAov Tov Octave eivon «&HECT|G AVTATIOKPLOTG», interpretive, SnA. OAEG 01 eVIOAEG EKTEAOVVTON QHECWG HETA
v €l0080 Tovg). PavraoTeite av Exoupe SEKASEG 1] EKATOVTASEG TETOLEG EVTOAEG TTOCO KOO maipvel. Me tov editor Sev
€xoupe tétolo mpoPAnpa. Ot aAAayn KAVOUHE, QUTOHOTA TPEXEL OAO TO TpOypappa. EmmAéov, EXOUHE TO TIPOYPAHA
0€ amoBNKELVHEVO ApXELO KOL PTTOPOVLE V& TO TIRPOULHIE OTITL HOG, VX TO TPESOVHE O KATOWX EMOHEVT OLVESPIA 1] V& TO
ELOAYOU|E O€ KATOL0 TIPOYPAHHN EMESEPYATTING KEIHEVOL KON VX TO TIPOVCGIRCOUV|E OF EPYNTia HOG.

1.10 Functions

To mapanave TpoBANHa prnopel va ypaget kot aav ouvaptnon (function). Tp&QOLE TIG TAPAKAT EVIOAES
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C O s
File Edit Debug Window Help News
& D Current Directory: C:\work -4 @
File Browser & % Editor & X
Ciwork = | file Edt View Debug Run Help
L
Mame &
svgZpdf.bat
svgZpng.bat .
. tata.m i
2
3  delta=b"Z-<*a*c;
Workspace Fx 4 xl1=(-b+sgrt (delta))
Fiter [ 5 x2=(-b-sqrt(delta))/
6 x=[x1; x2] <
Mame Class
< [ *
Command History & 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 1.12: AmA6 napadetypa kadika devtepoBaduiag otov editor. Alakpivoupe Toug apiBpoLg eVIOAGV ot OTAAN 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 -4 8B
File Browser & % Command Window [
fﬁ"* GNU Cctave, version 4.0.0 -
Ctfwark ME X -2 Copyright (C) 2015 John W. Eaton and others. a
Name - This is free software.; see the source code for copying conditions. W
There is ABSOLUTELY NO WARRANIY; not even for MERCHANTABILITY or
svg2pdfibat FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty’.
svgZpng.bat
L tata.m Cctave was configured for "i686-w64-mingw32".
Additional information about Qctave is available at http://wWw.octav
Workspace & 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 doublL‘ 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 ~
<« [ 3 >> tata
x =
Command History & x 0.2500 + 1.18904
Filter [T 0.2500 - 1.1390i
>
popa -
print dodo.svg
exit
# Octave 4.0.0, Sat Oct 3| -
tata | 4| 1 3
<[ 3 ‘ Command Window | Editor | Documentation

Iynpa 1.13: Eikova ¢ KovoOhag HeTd To TPEELHO TOU SCript OTIOL PAIVOVTOL TX OMOTEAETPATA.

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

% trionimo

% Bpilokel pileg TplLwVUHOL ax/A2+bx+c=0

% 01 pilleg, TMPOAYUHOTLKEG R Miyadikeg, €ilval 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

Kol TI¢ amoBnkebovpe oTo apyeio trionimo.m 010 PAKeAO epyaciag. Katomy, péoa amo T KovooAa 1| o€ GAAo script
HTTOPOVE VO KRAEGOLLE TNV TIHPATIAVE® GUVAPTNOT OV

>> x=trionimo(2, -1, 3)
X =
0.2500 + 1.1990i
0.2500 - 1.1990i1

AUTO yeviKebETaL KOL O€ TIEPLOTOTEPEG CLVAPTNOELG Kat Bonb& moAD e peyaALTEPX TTPOYPAHHATA. APYEIX OCLVAPTHOEWV
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m apyilouv pe tn Aéén function. AkohovBei n petafAnTn 1 petafintég e€odov. To cOpBoAo =. To Gvopa TG CLVAPTNOTNG,
T0 07010 TIPETEL vt €lvat 1610 e TO dvopa Tov apyeiov. Kat ol peTafAnTEG 10060V oAV OPIOHATA TNG CLUVAPTNOTG. AHECKG
HETA TOV OPIOUO TNG CLUVAPTNOTG Eival KAAO Vo LTIAPXOLY OXOAIX TIOL Vo €§NYOLV OKOTIO Kol XprioT). AUTH HopoLV Vo
EHPAVIOTOVV OTNV KOVOOAX oV TANKTpoAoyrnoete help kot To Ovopa TOL apyXelOL M TIOL TEPLEXEL T CLVAPTNON.

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

trionimo
Bpiokel pileg TplLwvVUMOL ax/A2+bx+c=0
01 pildeg, mMpaAypATLKEG N HLYOd1KEG, €lval 0T1o didavuopa x=[x1,x2]

Additional help for built-in functions and operators is
available in the on-1line 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.

Eivar mBavov va pnv epgavidovon ta EAAvikd oto cuotpd oag. Mnopeite dpwg va ta Siafdoete otov Editor kot va
BupnBeite T kKdvate «KATOTEN JIE AVTO TO TPOYPALLCL.

Y10 T€A0G TNG CLVAPTNONG UMV EEXVATE TNV €VTOAN end.

Avti va €xouple Eexwplatd apyeio yix T CLVAPTNOT] HOG KO VO EXOVHE SIHQOPETIKO TPOYPAHIN VO TNV KaAEl, Hmopovje
VO TX EVODHOATOOOVHE OAX PHall Og éva apyei0 QTAVEL VO EXOVHE TNV EVIOAT clear all oTnv 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)

HE QMOTEAECH

X =
0.2500 + 1.19901
0.2500 - 1.1990i

Yuvnbileton oV apyn K&Be TPOYpPAHHATOC SCript VO €XOVILE TIG EVIOAEG

clear all; close all;

€101 OOTE Vo KaBapiletar 1| HviUN OO TPOTYOVHEVK GMOTEAETHATA KAl V& KAElvOUV OAX Ta TipoTyolpeva Ttap&Bupa
YPOQIKQV.

Ye obvBeta MpofANpOTA HE TTOAAEG VPO HEG KOSIKA Elvan TTOAD €0KOAO va yivel Kamolo AaBog (Tig o TOAAEG POPEG TUTIO-
YPOQIKO). Mnopolpe TOTE VO SIOKOMTOVHE TO TIPOYPOAHHA HE TNV EVIOAN pause Kol va emBEBaLOVOLHE OTL TO TTPOYPAH X
SovAevel evtddel péypt ekeivo to onpeio. Ot evépyeleg aLTEG amote oV €va pmTo oTddlo debugging. Tuviotdton 6TV
ypboete éva oOVOETO TIPAOYPAILX VO TO KAVETE G€ HIKPA OTAOIX, TPEXOVTAG TO EVOIRHETT [1E EAEYXO TMOV EVOINIETHOV QTIO-
teheapdrav. ‘Etot efvat mo e0KoAO va EVIOMIOTOOV CYAAPATO.

Moapadewypa 1.1 dudéte ouvaptmon pe évopa odd_index mov naipver eicoo mivaka Min ko emotpépet mivaka Mout tov
TIEPLEYEL HOVO TIG TIEPITTES YPAUUEG Kot 0THAEG Tov Min.

Anévnon:

function Mout = odd_index(Min)
Mout = Min(1:2:end,1:2:end);
end
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DTiGvoLpEe Tov Mout Taipvovtoag Ypappég Kol oTnAEG SeKvavtag amo to 1 pe Bripa 2 péypt 1o téAog. Mmopolpe va
amoBNKEVOOLE TOV TIAPATIAVKD KOSIKK o€ apyeio pe ovopa odd_index.m. EAEyXOULE TN OWOTH EKTEAECT] PTIAXOVTAG TO
script, m.y. tata.m 6mov 1 randi elvot guvapTnoT oL Sivel TLXKIOVLG AKEPALOLG:

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

KOl EXOVHE TNV AMAVINON:

M =
3 3 3 4 4 5
1 5 4 3 5 5
5 1 2 3 4 3
2 3 2 1 1 5
5 5 2 5 3 3
3 1 3 1 4 3
Mout =
3 3 4
5 2 4
5 2 3

Hapadeypa 1.2 dridéte ouvaptnon pe Gvopa mean_squares mov maipvel €i0odo Evav DeTIKG akEPALO NN KAl EMOTPEPEL
10 GBporopa TV TEPAYOVOV ard 10 1 éwg T0 nn.

Anévtnon:

"Evag tponog:

function mm = mean_squares(nn)
mm = mean((1:nn).A2);
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

Hapadewypa 1.3 dridéte ouvaptnon pe vopa mtable mou aipvel igo6o 6V BETIKOUE AKEPATOVS KA EMIOTPEPEL TOV TIIVAKA
TOA/GOD TwVv. AnA. T0 aTolxelo Mm.X. i,j TOL mvaKa EMOTPOPTIG 1000TAL HE 1* .

Amavinon:

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

end
e 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

1.11 Anonymous functions

YTnapyel eniong Kot 1 SUVATOTNTA YO «AVAOVUHEG» GLVAPTIOELS OTIRG:
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f = @(x) x.N3;

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

X
y
z
p

ILE YEVIKELON KO OE TTOPATIAV® HETABANTEG 1] apapéTpoug. O oplopog auTOg elvat 181XITEP XPHIOTHOG YIX HIKPEG GLVOP-
TNOELG TIOL XPELALOVTOL AMAGDG HIX YPOLLHT.

1.12 EvtoAég emAoyng Kat emavainymg

To Octave 0nw¢ kK&Be TEPIBAAAOV KOl YADOON TPOYPUL LATIOHOV TEEPLEXEL EVTIOAEG EMAOYTG KL EMAVAANUNG.

ouvenkn Peudng ouvenkn gevdng ouvenkn Peudng
if elseif elseif
aAnéng aAnéng aAnéng
block block block block
EVIOAWV EVIOAWV EVIOAWV else

emavoAnyn for
ertavoAnyn while

block
EVIOAWV
block
+ EVIOAWV
auvgnon
OEIKTN

17 -

Tynpa 1.14: Block Siaypappata g dopr if, kan tov enavainipenyv for kat while. Ztn opn if ta else(if) blocks vAomoovvtat povo
OV TO QMOLTEL TO CUYKEKPLHEVO TIPOPANHOL.

1.12.1 if, else, elseif

H xAaoown evioAn] emAoyng eivon n if. Eav xamowa €ék@paon, oxéon 1 mapdatoaon givol aAndng tote ekteAodvTon o iy
TIEPLOCOTEPEG CLUYKEKPLUEVEG EVTOAEG. AANADG, EKTEAOVUVTOL GAAEG.
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H Sopn g anAng evtoAng if eivat:

if (expression)
statements
end

OTIOL expression elvon o EKQpaoT pe Aoyikn TIUN oAnBn, True, (1) 1 wevdn, False, (0) kon statements eivon a1 meplo-
0OTEPEG EVIOAEG T EKPPATELG TIOL EKTEAODVTAL T [T AOVEAOYX HE TO OV T AOYIKT| TIHT| €ivan aAnBnig 1 Yevdng avtiototya.

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

010V 01 SUVKTEG eMAOYEG ivan Teplocotepeg. H teAevtaia opdda evioAav (statements) He To else ekteAeiton OTav OAEG O
TiponyovHeveg oLVBTKEG elvoat Yevdeic.

O1 Aoyikol TeAeatég ovykplong tov Octave @aivovtol otov ITivaka 1.5 Kol gival TOPORO10L HE AVTIOTOLXOVG TEAEOTEG OE
GAAEG YADOOEG TIPOYPUH HATIGHOD.

Iivakag 1.5: Ot Aoyikoi teAeaTtég oVyKplong tov Octave

< HIKPOTEPO QTIO

<= HKpOTEPO 1| {00 aMo

> HEYOAVTEPO QIO

>=  peyaAlTEpPO 1) 100 Qo

== 100 e

~ Aoyiko NOT

~=  Oytigo pe

& Aoy AND atoyeio mpog atoiyeio ya mivokeg Kot Slavoopota

| Aoyiko OR oToiyelo TTpog OTOLXELD Y TIVOKEG Kal S1avOoHOTN
&&  Aoywko AND povo ylo oTolyeia - Oyl ivakeg Kot Siavoopata
[ Aoyiko OR povo yio atoiyeia - Oyt mivakeg Kot Slavoopota

"Eva amAd napaSetypa yvooTé oe 6Aoug eivon n) enfAvon evog tpiwvipov. Eote o Tpiavupo z2 — 8z + 15. To napoakdto
TIPOYPApHA Bplokel TIg ADGELG TOL AVAAOYX IE TO TIPOCTIHO TNG S1aKPIVOLCAG.

a=1l; 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 QMOTEAETHA OTAV TPEXOVLE TO TAPATIAV® TIPOYPALHA Elvat

= 4

X X Q

1 5
2 3

H Slakpivovoa givan Betikn, Gpa ekteAOLVTAL 01 VO TIPAOTEG EVIOAEG KAl LTTOAOYILOVTON Ol TTPAYHATIKEG prleg 5 Kot 3.

'E0To T@pa 10 TPLdvLpo 22 — 62+ 34. H pévn adAayr| 0To Tpoypappa eival o1 S1apopeTikol GUVTEAEOTEG TOL a=1; b=-6;
c=34;. To anotéAeopa eival
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+ 51

= -100
3
3 51

H Sokpivovoa eivar apvntikn, Gpa ekteAobvTal ot Suo TeAevTaieg eVIOAEG Kot LTToAoyilovtal ot pyadikég pileg 3 + 55
kot 3 — 75. Emonpaiveton Béoa 6t avtibeta pe KAaookég YAaaoeg mpoypappatiopot (Pascal, C) to Octave Sev éxel
TIPOPBANHA HE APVNTIKA SIAKPIVOLOA KOl AUTOHXTO KAVEL TO OMOTEAECHA HIYaSIKO aplBpo. To mapaSelypa TOL TPIOVOHOL
OH®G amoTeAel o kKaAn emidel€n g Sopng if ko yioutd 10 0KOTO ¥proLonolEiTaL.

1.12.2 while kot do until

H 6opn while

while (expression)
statements
end

ektehel v opada (block) evioAdv (statements) epogov 1) cuvON KN expression eivon aAnOn¢. I1.y.

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 v tipr| g petafAntng
(disp(n)) ko v peovel katda 1. Otav n Aoyikn| napaotaoct Sev eivat TAgov aAndng, €xovpe 5060 amo ) dopr. Tpo-
(QOVOG TIPETIEL VX PPOVTIOOVHE ETCL MOTE 1] TIUN TNG AOYIKI|G THPAOTACT|G VA PNV €lvat mavta aAnBng (Eexvovtag m.y. tnv
eAattwon kata 1). T

Av n mapdotaon eivon €€ apyng Wevdng (m.x. n=0) tdte 1o while Sev ekteAeitan moté.

Ye mepintwon mov BéAovjie N Sopn va eKTEAESTEL TOVAGYXIOTOV P10t QOPQ& (TL.X. 1| TIUN TNG AOYIKNG THPAOTAONG ESAPTATAL
Qo KATL Hé€o 0NV Opada eVIOA®V NG SopNG), N Sopr| tporomnoleitan otV do - until

do
statements
until (expression)

OTIOL 1] CUYKPLOT] HETATIOETO OTO TEAOG KO EMAVAAXPAVETAL POVOV OTav givat aAnBng.

1.12.3 for

Ymv enavainyn for n Sopn elvon

for deiktng = apyn:Pripa:téAog
statements
end

OToL yvwpilovpe e€apyng mOoeg Popeg Ba yivel emavdAnym. Av mapaieipoupe to frpa, evvoeiton n ipn 1. ILy.

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

> end

-2
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O wWN R

octave>

1.13 Aoy tpoofaocn G€ 6TOIKELN

Zuyva elvat avaykaio va oploou e 1) va €XOVE TIPOTaoT o€ OToEIX EVOG S10VOCHATOG 1) TIIVOKX TIOU IKAVOTIO0UV KATIOLEG
ouvOnkeg. O KAXOOIKOG TPOTIOG TIOL TIPOEPYKETAL ATIO KANTTIKEG YADTOEG TTPOYPAHHATIOHOV EIVAL VX KATAGKEVAOOVLE €V
Bpdyxo emavdAnymg kot va e&etdioovple oToElO TPOG GTOLKEID TO €V AOY® S1AVLOHA 1] VKK [E KATIOLX AOYIKT] EVIOAT
OV IKOVOTIOLELTaL 1] OX1 1] GLVONKN TTOL PG EVEIXQEPEL.

INa napadetypa, BEAOL}E VO KOSIKOTIOOOVE TNV THPAKATW GUVEPTNOT:

5 ylx 0<t<?20
t 27t
g(t) = 1 cos (%> yux 20<t <80
t
28—1—0 ylx 80 < ¢ < 200

Me TovV KAQGGO1KO TpOTio opilovpe moéoa onpeia N BEAoLpE Kot €va SIavLOPA t TTOL KAADTITEL OOIOHOPPA TO EVPOG TIHOV
mov BéAovpe. Katomy kataokevdlovpe éva for loop émov e&etdlovpie pla-pia Tig TIHéG ToL t av Bpiokovial oTo €0pog
TIOU POG EVEIAPEPEL KOt OPL{OVHIE TO AVTIOTOLXO TUNHA GLVAPTNOTG g(t). O TPOMOG IOV TO KAVOLYE Eival: EEKIVOVTAG pE
€va KeVO S1avuoa g To yepioupe onpeio pog onpieio pe Tov avtioTolyo oplopo Tov. O mapakdtem KOSKAG bAomolel auTh
m Sadikaoia.

20

15

10

gg(tt)

-10 o
-15 o
-20 | | | | |
0 50 100 150 200 100 150 200
t tt

Iynpa 1.15: H cuvdptnon g(t) pe tov KAaooko tpomo (aplotepd) Kot Tov BEATIOTo Tpomo (5e€1&).

% APXLKOTOLAOELC KOl OPLOPOG ouvApPTNONG
N=2048;

T=200,

t=1linspace(0,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)’);
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KO T0 amoTéAeopa eivon oto o). 1.15 aplotepd. O mapandave tponog Sev eivar o BEATIOTOC. PavTOOTEITE VO EXETE PEYAAX
Savdopata i ivakeg e pepkEG YIAMadeg ototxeia. IIpdofaon otoleio mpog ototxeio Ba mépel MOAD xpovo. Tt GAho
HTIOPOVLE VA KAVOLLLE; MMOPOV|IE VA XPTO1HOTIOINCOVHE AOYIKEG CLUVONKEG PHECA OTA 1810 TA SLAVOCHATA 1) THVAKEG Ko
Vo armo@Oyouje Bpoyxoug emavaAnymg.

[Mo TopaSelya, 0T OTL EXOVHE Eva SIAVLOHX |IE TUXALEG TIHEG, BETIKEG Ko apvnTIKEG Kot BEAOLE va SexwplooLE TIg
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)

X(isNegative)

X (x<0)

X(isPositive)

X(x>0)

ATIOTEAECUQ

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 kK&mola ouvOnkn kot 0 av
oxL. Toa AoyiKd ouTd SlavOOPATA HTTOPOVV VA HTIOVV OQV OPLOPA OTO SIAvuopa X. AuTopata eEXAEi@oVTaL To GTOLKELN [LE
Oplopa Pevdég (Aoyikr] Tipn 0) Kot eEGYOUL|LE €TO1 TA GTOLYELN TOV X TIOL IKAVOTIO0VV T oLVONKN. MdAloTa Sev ¥peldleTan
Eexwplot eVIOA OTwG o1 isNegative kot isPositive. H Aoywkn ouvBnkn propel katevbeiov va pmel oto oplopa,
X(X<0), X(x>0).

LOHPOVA HE TA TOPATIGVE®, 0 BEATIOTOG KOSIKAG TTOL OpileL TNV apyiKn cuvaptnon g(t) eivau:

% APXLKOTIOLACELG KOl 0plopdg cuvdaptnong

N=2048;

T=200,

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

tl =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 92 g3]; % 1010 pe 10 Qg

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

KOl TO anotéAeopa gival o1o o). 1.15 §e§1d. BAénovpe 011 ev LTIAPKEL SLAPOPG OTO AMOTEAEGHA HE TOLG VO TPOTIOLG.
ATAGG 0 BEATIOTOC Elvan TaYOTEPOG KAL TILO ATTAOGG GTNYV LAOTIOINGT TOV.

1.14 Mé0080g Newton

‘Eva Ao mapadetypa epappoyng eivan n apBunuikr pébodog evpeong pulmv ouvaptoemg Tov Newton. ZOHQPOVA pE T
HEBoSO, Eexvapie e KATOWX TIHT] TNG aveEdpTNTNG HETABANTIG IOV €lval KOVT& oTnV IpayHaTikT. PEpvoupie v eamTo-
Hévn o€ ekelvo To onpeio kon Bpiokovpe TN pila g epamtopévng (onpeio Topng epantopévng pe agova x). H pia autn
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ouvr B¢ gival o KOVT& TNV TPAYHATIKN pila Ko €101 enavaAapBavoupe o iSia péxpig 6ToL o1 eMavaAPELG 08T yRooLY
O€ P10 TLHT TTOL S10QEPEL EAGYIOTA OTIO TNV TIPAYHATIKY pio. MabBnpotikd, k&be emavainym divel

Tpy1 =Ty — f’(l’ )
n

KO OTOPATAUE 0TV |2, 1 — &, | < € Omov € givon éva 6plo mov BEToLE epeis.
Y10 map&detypa mov akoAovbel maipvoupe oav ouvapmon ™y f(z) = 3 — 8z + 10z — 20 pe napaywyo f'(r) =
322 — 162 + 10 omdte 0 ahydpiduog ivan

3 —8x2 + 10x,, — 20
xT =, —
nHL T 322 — 16z, + 10

KO OTopaTdpe yia e = 1075, Mua ypriyopn ypogiki mapdotoon

X

0:0.1:10;
y = -20+10*X-8*X.N2+X.A3;
plot(x,y); grid

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

300

250

200

150

100

50

-50

Tyqpa 1.16: TIpoyepn ypa@ikn mapdotaon yio va sobpe mov mepinov Ppioketar n pila.

O TMOPUKAT® KOSIKAG KOl AMOTEAETH

clear all; close all;

function [fun] = f(x)
fun = -20 + 10*X - 8*X.NA2 + X.A3;
end

function [funp] = fp(x)
funp = 10 - 16*x + 3*x.A2;

end
X0 = 5;
for i=0:10

x1 = x0 - f(x0)./fp(x0);
eps = abs(x1-x0);
% yl0 KOAUTEPN E€UEAVLION OMOTEAECUATWV
fprintf(’%10d %10.6f %10.6f\n’,i,x1,eps)
X0 = x1;

end

32



OCTAVE Eioaywyn

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
8 6.977634 0.000000
9 6.977634 0.000000
10 6.977634 0.000000

Seiyvouv OTL 116N pe TV 71 ENAVAANYIT €XOVHE EMTUXEL TOV OKOTO HOG.

O avrtioTtoyog kmdkag pie while eivon

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.A2;

end

X0 = 5;

eps = le-6;

dif = 10; % yia va apxioel 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

E8®, oty apyn ¢ enavaAnymg eAéyxetat av 1 ouvBnkn dif>eps eival aAndng. I'a va Eekvrioel | enavainyn dooaype
avBaipeta pa peyaAn apyikn Tiun otny petafAnt dif €tol wote n ovvBnkn va aAnBevet. Ilpocoyn €86, av avti yix dif
elxape amevBeiag ) oxéon abs(x1-x0) TOTE PETA TNV TPATN eMavAANYmM n T Ba NTav pndév Adywm g x0=x1 ko dev
Ba €tpeye O MPOYpAL QL.

Ko n mapoArayn] pe v do until

clear all; close all;

function [fun] = f(x)
fun = -20 + 10*X - 8*X.NA2 + X.A3;
end

function [funp] = fp(x)
funp = 10 - 16*x + 3*x.A2;
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’,1i,x1,dif)
x0 = x1;
i = i+1;
until dif < eps

0 14.000000 9.000000
1 10.534759 3.465241
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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

OmoV 1) Aoyikn EK@paon Bpioketot oTo TEA0G (Gpa ) eviiapeon dopn exteAeital TovAdyloToV pia gopa). H teAevtaia dopn
eival i0wG N o KATAAANAT yla TO GLUYKEKPIHEVO TIPOBANHaL.
1o mapamave BAETOV}E OTL HOVO 7 emavaAnPEeLg apKovV yia va Bpoljie T pida pe v emBupnt akpifeia. Puoka, otnv
Tpa&n, av BéAape OAeg TiG pifeg TOL TOALGVOHOL Bar XPNOLOMOIOVCTE TNV GUVAPTNON roots.
c=[1-8 10 -20];
roots(c)
6.97763 + 0.00000i

0.51118 + 1.614001
0.51118 - 1.614001

Ko 1 paypotikn pida eivon n mpaon. H pébodog opwg Newton 10X0EL KAl yia [T TOAVOVUHIKEG GUVOPTIOELG KO XTTOTEAEL
€Va KaAO TIapASELY O Y1 SOPEG EMAVAANYIMG.

2
Mapadewypa 1.4 dudéte avdvoun ovvapton yia mv f(V,)) = 1/(3V,,) — (5.5/6)|1 — exp(—1/ Vm)] émov n'V,,
propel va eivat aptBude i dtdvuopa. Kdavre v ypagikij me oto didomua 0.3 <V, < 3. I160eg pileg paivetan va éxet;

04 T T T T T

02 | _

f(vm)

041 | -

01 I I I I I
0 05 1 15 2 25 3

Vm

Zyfpa 1.17: H ypaoua g avovopng f(V,,)
Tnv oLVAPTNOT] KOl TN YPOPIKT] TNG TNV VAOTIO0VHE WG £ENG:

clear all; close all;
f = @(vm) (1/3)./vm - (5.5/6)*(1-exp(-1./Vm))."2;
vm = 0.3:0.1:3;

plot(vm, f(vm)); grid; xlabel(’vm’); ylabel(’'f(vm)’);

Daiveton va €yel 2 pideg, P yopw oto 0.5 Kot v &AAN yopow oto 1.5.

1.15 MEé€Bodog Aryotounong (bisection)

M AN péBodog evpeong plwv eivon n péBodog Ayotopnang (bisection). Eivon mo amAn kon otaBepn|, dev xpeldile-
TOL IPAYOYOLG OAAG eivon Tiio apyr|. Baoiletan oto Bedpnpa g evidpeong Tiung 6mouv av pia cuvaptnon f(x) éxet
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ETEPOOTHEG TIHEG Yl KATO10 StéoTnpa [a, b] TOTE LNGpXeL pila z* € [a, b]. H pila avtn punopel va Bpedel pe Siadoyikeg
Siotopnoeig tov [a, b] 6mov petd and n Siyotopnoelg To Sidotnpa Tov 1WyLEL To Bedpnpa g evlidpeong Tiung eivan
1600 PIKpd 600 1 emBupnt akpifela € yia ™ {ntovpevn pida.

O aAyopBpog eivat:

1.
2.
3.

4.

"Eva mapadetypa yua ty cvvaptnon f(z) = x

"Eoto mpaypatiki cuvaptnon f(z) oe Stdotpa [a, b] 6mov wydel 1o Bedpnpa eviidpeons tpng f(a) - f(b) < 0.

Atyotopovpe 1o Sidompa o€ [a, 2], [z}, b] 6mov x;, = (a + b) /2.

EAéyyoupe yix moto and ta uo SIoTHHATA 1oXVEL OKOPX TO Bedpnpa evOIGLEOTG TIUNG, YaTi péda o auTo Ba

Bpioketat n pida kat avTikaBloToOpE TO APYIKO [a, b] pE auTo.

Eav |b — a| < € tote n emBopnt pila eivan 10 24, aAMOG emavalapfavoupe amnd 1o Prpa 2 éog 6tov |b — al < e.

3 — gz — 2eivau

clear all; close all;

function y = bisection(f, a, b, tolerance, max_iter)
% Zuvaptnon bisection yia egupeon pidag peEow O1XOTOUNONG
% f: n ouvdptnon
% a,b: 1o diacTnua 6mouv avalnteitair n pida
% tolerance: n emiBupith akpifela, Tumikd le-5 R le-6
% max_iter: o HEylOTOC aplBUOC eMAvVAAAYEWV

if(f(a) * f(b) >= 0)

error(”Error: f(a) * f(b) >= 0")
end

n_iter = 0;

printf(”\nlter a b [
[ L N ol e e
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) /7 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."3 - 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 [ 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

f(c)\n");
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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
4 — /
[ @wxg.,. ]
2 /
/
//
/
o *
y
e ///
2~ //F\\//
//
///
4 = ///
/
/
6 /
8 | | | | | | | |
-2 15 -1 -0.5 0 0.5 1 15 2

Tyfipa 1.18: H ypagwr| mg f(z) = 23 — x — 2 koa 1 pila g

2
Mapadewypa 1.5 T'a myv ovvépmon f(V,,) = 1/(3V,,) — (5.5/6)|1 — exp(—1/V,,)| oto Sidompa 0.3 < V,, < 3

epappoote m péBodo Aryotounong va Ppeite Tig pideg .

AT6 To iponyovEVO TaPASEYHX eidape 0T YPAQIKN OTL €xel Svo pifeg. M kovta ato 0.5 kat Tnv &GAAN Kovtd oto 1.5.
Ondre:

clear all; close all;

f = @(vm) (1/3)./Vm - (5.5/6)*(1-exp(-1./Vm)).A2;
rootl = bisection(f, 0.1, 1, 1le-5, 30)

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

Iter a b [ 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)
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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

1.16 MEé€B050G eEAAYICTOV TETPAYDVRDV

'Eva Koo TIpOPBANUO G HETPNOELG EIVAL TO TAIPLACHA TOV HETPHOEDV HE KATO0 Bewpntikd poviédo. H pébodog mou
XPTOHOTIOLEITAN G€ aUTH T TiEpIMTON eivon 1) 1€B060G TV EAXXIOTOV TETPAYOVAOV. ZOHPOVA HE AUTH LITOAOYI(OLHE TN
Slagopd amd kdbe pétpnon pe v avriotoyn Bewpntikn Ko aBpoilovpe Ta TETPAYWVA OA®V ALTOV TV Slagoprv. To
Bewpnikd povtédo éxel kamoleg mapapeTpous. H edayiotonoinom touv afpoiopatog v tetpaymvev odnyel og e§lonaeig
amo TG Omoieg LTTOAOYI(OVTL AUTEG Ol TIPAHETPOL KAl ETAL EXOVHE Eva BepnTIKO HOVTIEAD TTOL ToPLAdeL OG0 yiveTal
KOADTEPX L€ TIG HETPHOEIG oG .

H mo amAn nepintwon eivon 1o HOVTEAO HOG va givan ypapHIKO, SNA. va xapaktnpiletot and pio evbeia ypapprn y = ax+b.
To {nTovpevo tdTE givar va Bpoljie TIG TIHEG TV TXPAHETPWV a, b TG OOTE TO GBPOLOHA TV TETPAYDOVAOV TRV S10(QOpRV
amno n MEPApOTKG onpeia (1, Y;), (T4, Ys), --.(T,,, Y, ) V& €lvan EAGxL0TO.

H Sapopd yio to onpeio ¢ givon
6; =y; — (az; +b)

KOl TO GOPOLoHN TV TETPAYOVOV TV S10QopaVv gival
E= 2512 = (1 —axy = b)* + (yo — awy — b)* + - + (y,, — ax,, —b)?
i—1

H ehayiotonoinon tov E(a, b) onpaivet OF /da = 0 kot OE /9b = 0.

OF

e 2(y; —azy —b)(—xq) + 2(y, — azy — b)(—x5) + ... +2(y,, —az, —b)(—x,) = 0

OF

5 = 2(y; —azqy —b)(—1) + 2(yy — axy — b)(—1) + ... + 2(y,, —azx,, —b)(—=1) = 0

AmnoaAeipovtag 1o 2 oxnHaTti(OVHE TO THPAKATE® CVOTNHA SVO YPAPHIKOV EEI0MOEWY

n
aZx?—l—bZ:ci = ZxLyZ
i i=1

ainJrnb = iyl
i=1

i=1
QIO OTIOL PTIOPOVHE VU BPOVIIE TIG TAPALETPOVG @, b.
To epappoyn, £0T® OTL EXOVHE TIG HETPNOELG TOL Twy. 1.6

O MapoKAT® KOSKAG

Xx=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)

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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ITivakag 1.6: TTewpapatikég PeTproelg 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

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 14
A

73.710 27.300

27.300 14.000
beta =

297.84

127.30
ans =

2.4227

4.3686

Hog Sivel To amotéAeopa ov eaiveton ato oy. 1.19.

20
15
) ////jg/3§
* 2%
>10 X
};%}/
X /
5
X x
0
-1 0 1 2 3 4 5

Tynpa 1.19: YrnoAoywopog evbeiag mov Siépyetat and 6OvoAo onpeimv Kot TAPouaL&lel Ty HIKpOTEPT AMOKALOT 0Op@GVa pE ) péBodo
EAXXIOT@V TETPAYDOVAV.

TNV KOTNyopio ToV YPAHHIKOV HOVIEA®Y OVIKOUV KO TO HOVTEAX TNG HOPPNG Yy = ael? epdoov pe Aoyapibunon, Iny =
Ina + pz, petaoynpatiloviol o€ YpOpHIKA.
To Octave Xl EVOOUATO®HEVT] CUVAPTIOT] Y1IX TIOAVOVUHIKG HOVTEAX. AVTO OT|HAIVEL OTL PTIOPEL VA LG LTIOAOYIOEL TO Ka-

AUTEPO TTOAVGOVLLO TIOL TALPLALEL pLE TA SEGOPEVA PO COHPOVX |LE TO KPLTNPLO TOV EAXXIOTOV TETPAYDOV®V. AOKIHALOVTHG
M yla v mepintwon pog (moAvodvupo 1ov Babpo) éxovpe

Xx=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)

p_
2.4227 4.3686

TOUG 1610V¢ GLUVTEAEGTEG IOV LTTOAOYICOIE TTAPATIAVE.

o mepapatiopo, Sokipdlovpe moALOVLHO 50V Babpod.
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Xx=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);

x=-1:0.1:5;

y=polyval(p,x);

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

TNV TEPLOYT] TTIOL EXOVE TEPAHATIKA Sedopéva BAEMOLE KAAVTEPT] CLHP®VIN. E&® OH®G OMO aUTH TN TIEPLOXT] Ol Ko~
KAloglg pmopet va eivan tepaoTieg. Emonpaiveton eniong 0Tt av mépovpie moAvwvupo Babpotd 6cog givat o aplBpdg tev
Sedopévav pag (1 Kot peyaAltepov), autod Ba mephoet ano 0Aa ta onpeia. Tt eivon kaAvtepo; ESaptatat. Av ta dedopéva
elvan amd MEPAPATIKEG PHETPTITELG, Exouy BOpL0. Aev TpooTaBolEe TOTE VA «TALPLEEOLE» TIG SLaKLPGVOELS ToL BopLPou.
Ymotifeton 6Tt UTAPYKEL KATO0 QUAIKO HOVTEAO TIOL TIEPLYPAPEL TO CUOTNHA HOG KAL QLTO €ival IOV TPOCAPHOLOLHE. AV
OHWC Ta GESOPEVH TIPOEPYOVTAL TTPAYHATL KTTO KATIOLX TTOAVWVUHIKT] GUVAPTNOT) HeYGAoL Babpov, tote evidéel. ATMA®G, N
Sevtepn mepintwon eivon amiBavn ylo guviBelg epappoyEG oTnV TIPGEN.

50
40 -
30 - -
20 - -
X
10 |- % *
*
b3
0 | | | |
-1 0 1 2 3 4 5

Iynpa 1.20: YroAoylopog moAvevipou 50v Babpod yia to 1810 0UVoAo onpeinv OMwG TIPLV TTOL TIAPOVLGLRTEL TNV HIKPOTEPT) ATIOKALOT
o0pQ®va pe T LEB0S0 EAXXIOTOV TETPAYDOVOV.

1.17 MEéBobdor aprOuntikig oAoKAnpwoNg

Yuyva oty mpaén BEAoLE VA LTTOAOYICOLLE ATTO €V GUVOAO HETPTITEWDV 1) SESOHEVROV KATIO10 OAOKATPOHQ, TL.X. TNV 10X0
amo éva QACHA 10YXV0G. XNV MEPIMTOOT aUTH], FUVIBWG, GeV EXOVHE AVOAVTIKT| TIEPLYPAPT] TNG CLVAPTNOTG Y& VO LTTOAO-
yiooupe 10 oAokArpapa (1] auTr) oL €xovpe givan apketd ToAVTAOKT)). TOTE KaTa@eVYOL|LE OTOV aplBUNTIKO LTIOAOYIGHO
ToL eSOV KAT® amd T YPaPIKT| TV PHETpRoewy. [Teptypapoviat Suo pédodor.

1.17.1 Kavovag Tpamneliov

Y1ov Kavova Tov TPamediov LOSIAPOVLE TNV TIEPLOXT) KATG MO TNV YPAQIKT| o€ n Tpanédia icov vyovg h = (b — a)/n
0TV a, b 1 apyn Kal To TEA0G NG mepLoyng Tov BEAovye va voAoyicoupe to epfaddv. ‘Exouvpe tote:

b n—1
/ f@)dz  ~ Z[f<a>+f<b>+22f<xi>]

OTOL T, Xy, veey Ty (X)), f(21), -0, f2,), HEQ@ = 2, b = ).

4
TMo mapadetypa epapoyng €0T® 0Tt BEAOVE TNV TIHT TOL OAOKATPOHATOG / z3dx.
0

% integl.m
% E@opuolet péEBodo tpameliou yla UTOAOYLOHO OAOKANPWHOTOG
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Q-
.

T Ti+1

h

Tynpa 1.21: Kavovag tpanediov yiox aptBpunukr oAoKANpoor.

n=10; % ap1Ouog tpoamedinv
a=0; b=4; % Opxn KAl TEAOG
h=(b-a)/n; % OYog tpameliwv
x=a+[0:n]*h; % O1AVUOUO X
y=X.A3; % dlavuopa y

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

H akp1png tipn tov ohokAnpapatog eivon 64 kot fAénovpe dtiyian = 10, S = 64.64 evo yian = 100,.S = 64.006. AnA.
000 IO TIOAAEG VTTOSIXIPEDELG XPTOIHOTIOIOVHE TOGO KOADTEPO TO AMOTEAETHA. XTIV TIPAEN, OTAV €V EXOVHE AVOAUTIKN
OULVAPTNOT YIX VA ST|HI0VPYCOVHE TA SIAVOOHATA X, Y, XPTOHOTOIOVHE HETPNOEIG. XE QUTH TNV TEPIMTWAOT] LITAPYEL
€TOLUT Ko 1) ouvdptnon trapz tov Octave OV TNV KXAODHE T.Y. HES = trapz(X,Yy) Kot pog §ivel 1o 1610 anotéAeopa.

1.17.2 Kavovag Simpson
MeyoahOtepn axpifeia €xovpe pe Tov Kavova tov Simpson 6mov avti yux evBoypoppo tpnipa petadd onpeiov f(x;),

f(2;41), epappoletar pia mapafoAn petagd Tprodv Sdoxikdv onueiov. O aptBuog Tev THNPATOY 1 TPEMEL Vo eivon
Gptiog, h = (b — a)/n 6mov a, b 1 apyn Kat To TEAOG TG TEPLoyNG mov BEAoupe va uoAoyicoupe To epfadov. Exovpe

TOTE: ,
h
d ~ —
/a f(x)dz 3

OTOL Ty, Ty y weey Ty (X)), f(21), o, f2,), HE@ = 2, b = T,

n

n—1
f(a)+ f(b) +2 Zf(x%) + 4Zf(x2i71)
=1

i=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; % dl1davuopa X
y=x.73; % Ol1aVUOUO Y

Sz(ﬁ/si*(y(1)+y(n+1)+2*sum(y([3:2:n]))+4*sum(y([2:2:n]))) % TO OAOKANPWHO
BAémoupie OTL KO yix HIKP& 1 €xoupie Ty okpiPn tipn 64. Autd 10)0el yia OAEG TIG TOAVWVUUIKEG GUVHPTNOELG HE TN
HéBodo Simpson. Ev yével ypelalopaote pHikpotepo aplBpo tpnpdtov and mm pébodo tpameliov yio v idix axkpifeia.

To Octave €xel Kal €6® €TOLUN OLVAPTNOT] YIX TOV APLOUNTIKO LITOAOYIOHO OAOKANPWHAT®V OTAV YVPi{OLE TOV pa-
OnNpaTiKO TOTO NG P0G OAOKANPWAOT oLVApTNoNG. O MAPAKAT® K®OIKAG Selyvel TN xprjon TG quadv ylo TNV €LPECT

TOL
4
/ 23dx
0

f = inline(”x.A3");
S2 = quadv(f,0,4)

S2 = 64

Ko éva mapddetypa yia pia mo §0oKoAn cuvaptnon, v  sin(1/x), ano 0 éwg 3.
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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 Bacileton otn péBodo Simpson) BAEmovpe OTL TO S2 €xel TV 161 TP pE T S1KN HOG LAOTOINOT).
INa v mo §VoKoAN cuvdptnon (SoKIPAoTE Vo KAVETE TN YpaIKT ¢ Kovtd ato 0 kot Ba deite ylati ) xapaktnpioaje
S0OKOAN), PAEMOLE ATL TA KATAQEPVEL PKETE KOAG (1 TIUn TNG S3 elvan akpiPrig péXpt 5 onpavikd Yneia). Znpew®oTe

EMIOTG OTOV TAPATIAVE® KOSIKX TOV TPOTIO IOV SIVOLHE GUVAPTHCELS GOV OPIOHATA, inline yld CUVOPTACELG ATTAEG, HI0G
YPOHUNG, kKot function ywx mo ouvbeteg. Kota&te emiong oto online-help yia emmiéov pebddoug.

1.18 Awgopikég e§romoeig

'Eva GAAO onpavTiko mpofAnpa eivor n enidvon Stapopikov e§lomoewmv. Kat €60 o1 S1aBéaijieg texvikég elval TOANEG Kot
e&aptovtan amd 1o 160G TOL TMPOPAHATOG KO TI GLYKEKPIEVT] S1@opikT| e§iowaoT TOL TO TEPLYPAPEL. B SovE €60
TNV MEPIMTOOT BMADV KAVOVIK®OV S10QOPIKAV £E1000E®V, e 0TABEPODG OLVTEAEDTEG, Kot SedopEveg apyIKEG OLVOT|KEG.

"Eot 611 é(oupie pia ouvaptnon y(t) n omoia ivat Avon g
a,y ™+ ay_yy" Y gy +agy = f(t)

6mou f(t) yveot ouvéptnon pe apyikég ouvdrkes 4(0), 3 (0), ...,y 1 (0). Oétovpe

— — /7 . V4 _ -1
=y, xy=y, x3=y", .., z,=y" Y
OTOTE £
a x, +--+axy+agxr, — f(T
7 7 7 7 n—1%n 1+2 01
Ty =Ty, Ty =1=T3, T3==Ty,.., Ty =— 4

n

MEe ToV TPOTO QLTH AVAYOUIE 1 N-TRENG S1popIKT] €§I0WOT G€ GVOTNHA 1 SIAPOPIKAV EEITDTEMV TIPATNG TAENG.

Enopévag 1o yevikd mpofAnpa givar n emiAvon Tov GUOTAHHATOC:

d .
Z=f@h  ope alt) =z, onov  a= |2
X

pe t v ave&aptntn peTafAnT amd v onoia e§XpTOVINL TG CTOLKELX TOL 2.

Ioapadewypa 1.6 Na vrodoyiotei n Avon y(t) yia t € [1, 5] mg eéiowong:
y+y=0 pe  y(1)=38

[pd NG T6EEns Slapopikn e&iowon pe avahuTikr Abon va Byaivel ebkoa 6Tt eivan (1) = 8el~t. Apa
T =Yy, T]=—a
KOl 0TV ovoio €LoupE amAn e§lowon, Ot COOTNHA, KOl 0 KOSIKAG Eivat:
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(’dioagopa’)
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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

Iynpa 1.22: ApiOpuntiki kot avadutikn Avon y(t) (aplotepd) 0oL Sev aiveTal S1popa Kol 1 amOALTOG S10@opa aplOUNTIKIG Kot
avOALTIKTG AVoTG (6e814).

BAénoupie ato o). 1.22 v apBpntikn Abom mov pog §ivel 0 KOSIKAG padi e TNV avaAVTIKT) OTTI0L TIPAKTIKG Tavtidovtal. Ta
va §o0pE T S1o@op& TaipVOLHE TNV amOALTH TN TG S1QOPAG TV Lo (TPocoyT €86 Yot N Hia eivon S1GVUCHA YPOHHNG
Kot N GAAN Stévuopa 0TAANG) kat BAémovpe 6Tt eivon TG Té&ng 1077, Av nelpapatioteite Alyo pe autd To mapédetypo 0o
Seite 0T mpémnel va apyilete mava and v apykn ipn. ILx. yia ¢t € [—2, 5] T ahhayn Ba kGvets;

Mapaderypa 1.7 Na vodoyiotei n Avon y(t) ya t € [0, 1] mg e&lowong:
y' —4y' +13=¢""  pe  y(0)=0,y'(0) =10

100 T T T T 3e-05
2.5e-05 -
80 |
2e-05
60 - 7
-=
= S
= g— 1.5e-05 -
o
40 -
1e-05 -
20 T
5e-06 [
o . o
o 0.2 0.4 0.6 0.8 1 o

Oftoupe

omoTE
1”1 :y/ = Ty, ;U/Q :y” :4y/—13+675t :4.’£2*13‘|’67515

O ka8iKag octave ov Advel autrv v e&iowon ya ¢ € [0, 1] eivau:
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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(’diapopd’)

Opidovpe TNV oLVEPTNOT TOL CLOTANATOG HE TN Hop@Pn xdot = F(Xx, t). Alvovpe TIg apXIKEG TIHEG OTO S1GVLOIX GTHANG
X0 = [0; 10] Kol TO XpOVIKO SIGoTNHa oV pog evilagépel pe t = linspace (0, 1, 10) kou kaAoOpe v lsode. To
anotéAeopa Ba elvan évag mivakag y, 10 X 2, pe §u0 OTAAEG, TTOL AVTIOTOLXOVV OTIG HETAPBANTEG X1 , T4 TIOL AVAPEPAYLE TIO-
parave. Epac pag eviagépetn y (&, 1) mov avimpooenedel v Avon y(t). H e§iowon eivat apketd amAn mov prmopovpe
VO UTIOAOYIGOU}IE KOl TNV AVOALTIKT] AVOT| (YPOHHT] KOSIKA e yy). H ypa@ikn TG aplfnTKNG Kot avaALTIKNG AVON G Qai-
vetan 010 o). 1.23 xon BAénovpe T mpokTiké Tavtiovtal. H Stagopa tovg PAEmovpe Tt auédvel 0G0 AMOPAKPUVOHAOTE
oo TNV ApYIKN T AV KoL 0TO SIGOTNHA TI0L pag evEla@épet eivan péxpt 3 x 1075,

Hapaderypa 1.8 Yrmoloyiote v 1don kai T0 peVUA 0TA GKPX TOL TTUKVQTI] GUVAPTIIOEL TOL XPOVOD OTO TAPAKATL KOKAWHUX
yia v(t) = sin(5t) V, 0 < t < 5 s pe apyikés ouvOnkes v-(0) = 0V, i(0) = 0 A kat tipég otoyeiov R = 1.5 Q,
L=025HkaiC =0.5F.

t=0 I

o N nmnl
@ ve(t) T C

| \Ez/-F

Tyfpa 1.24: KOkAopa pe ev gelpé& avtiotaor), Tnvio, TuKvVaTH.

O xavovag taoewv tov Kirchhoff Sivel

di .
L%+Rz+vc:v

omov i(t) = i (t) kKar i (t) = Cdvs(t)/dt. Ondte
d*ve dvg d*>ve  Rdve  ve v
dt2 + RCW + Vo =V = - —_—

Kavovtag 11 onaitovpeveg avTloToLKioelg

L < —
¢ dt? L dt LC LC

T, = Vo T =Ty
, , R 1 v
Ty = Vg x2:——x2—mml+ﬁ
He apxég ouvlrkeg z (0) = 0, 2,(0) = 0/C = 0 éxovpe
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
C=0.5;
x0 = [0; 0];

t = linspace (0, 5, 1000);

y = lsode ("f"”, x0, t);

plot(t,sin(5*t), t,y(:,1),t,C*y(:,2)); grid
title(’Tdoelg v(t), vC(t) kol pebupa iC(t)’)
xlabel(’xpévog [sec]’); ylabel(’tdon [V] - pebpa [A]7);

text(0.12,0.24,'iC(t)");
text(0.84,0.24,'vC(t)");
text(0.4,0.8,'v(t)");
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O1 televtaieg Tpelg eVIOAEG TOOBETOVV text oTa onpeia TG ypa@ikig mov BéAovpe. Ta onpeia autd Tar BPiOKOLHE TIPAOTA
HE TO «TIOVTIK» HOG KABME TO HETOKIVOVLE TTAV® OO TN YPXQIKT|. EVOAAXKTIKG, PTTOPOVIE VO XPTG1HOTIOINCOVE Y1 TOV
610 okomod TN SuVATATNTA IOV HaG TAPEXEL TO TApP&BLPO YpaPIKGOY. XNy plot Ny (:,1) eivonn vy Ko y(:, 2) eivonn
v, Gpa moAAamAaoialovtag tn Sevtepn pe C' €XOVHE TO PEOHX i (t). MmopovpE var SOVHE TIG KUPATOHOPPEG TAOT|G Kot
PEVHATOG YLK TOV TIVKVATI] TOL KUKAQNATOG 0TO o). 1.25.

Taoetg v(t), vC(t) kat pedpa iC(t)

Tdon [V] - pedpa [A]

Xpovog [sec]

Synpa 1.25: Taon mnyng v(t), pedpa Kot Tdon Tukvet i (t), v (t) aviiotoya.

200 T T T T 7e-05
6e-05
150
5e-05
100
s 4e-05
(=N
= =8
= =1
o
3e-05 [~
50
2e-05 -
o
1e-05 -
_50 . . . . o
o 1 2 3 4 5 o

Synpa 1.26: Avon y(t) and v lsode padi pe v avaAuTikn Adon.

Moapadewypa 1.9 Na Bpebei n Adon mg Stapopikiis eéiowong yia t € [0, 5]

d
d%{ =y+t2+sin(t) pe  y(0)=-1

Kkat va ovykptBel pe v avadvtikn Adon y(t) = 1.5exp(t) — (2 + 2t + 2) — (sin(t) + cos(t))/2.

Eb8 €xoupe
d
chZ —y =12 +sin(t)
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ne
Ty =y )= +t>+sin(t)

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.n2+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(’dlopopda’)

Kot 1 Ao oto oy. 1.26 Seiyxvel 0TL aplBUnTIKn Ko avaAUTIKT) AVOT] TTPOKTIKG TALTI(OVTal av Kol BAETOVE TO CPAAX VX
aLEAVEL 000 NMOPAKPUVVOHAOTE OO TNV APXT.

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

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

e apyikég ovvOnkes x(0) = —2,y(0) = —3.5, 2(0) = 21. Zxeb1d01e TI§ TPELG CUVAPTHUELS - AVCELG LE SIAPOPETIKA XPOUATA
(umAé, kOkKvo, pavpo). Kavte m ypagikij me Se0Tepns kat Kpatate 1o mapdBupo ypagikwv. AAGETe v apyikn cuvOikn
z(0) oe (0) = —2.04 ka1 emavaddfete ™ Adon. Zxedidote nat m ypagikn e Sebtepng oto isto mapdBupo mov eiyate
kpatnoel. Tt napatnpeite; Eyedidote ae Eexwploto mapaBupo ™ AVon ¢ IPWTNS auVapTHOEL TG Tpitng. Tt mapatnpeite kat
&bw;

O mapoKATe KOSIKAG LITOAOYILEL Ta (NTOVHEVA.

% 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

x0 = [-2; -3.5; 21];
linspace (0, 10, 1000);
lsode ("f"”, x0, t);

<t
I

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

[Tpocédte ) xpromn G EVIOANG hold TOL KPATAEL AVOIKTO TO TAPABLPO YPUAPIK®V PEXPL VA TNV EAVOKOAETOUIE.
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Ly npa YPaQIKN tapa&otact tou Xy. 1.27 BAEmovyle Tig Tpelg Aoelg padi. Ztnv Se0Tepn ypa@ikn €xoupe Ty y(:, 2) Kot
v 11§ Svo mept®oels. H Stapopa oTig apyikég ouvOnKkeg eivat pikpn, Hovo 2%, Kot Hovo otny TpaiTn ouvOnkn. BAémovpe
oTIg AVoElg 0Tl pPéxpl t = 1.5 1 Stxpopd eivan apeAnTtéa. Metd apyiel va LITIEPXEL KMOKALOT] IOV S10PKAE HEYOXADVEL
Kol yOpw 010 t = 6 1 6ebtepn Avaon €xel StapopornomnBel onpavTikd and my mpet. Avtd eivon onpddt epgdviong
XGovg. Mikpég Stapopég oTig apyikeég ouvBrkeg odnyolv oe peydAeg Stapopég otig Avoelg. To cuykekpipévo paAoTa
O0OTNHA SIXPOPIKAOV EEL0MCEMV PHOLALEL |IE TA CLOTNHNTA IOV £EETAOE O PETEMPOAOYOG Lorenz tn Sekaetia tov 60 cav
TIPASELYHO XAOTIKOV SUVAHIKOV OLOTNHATOV (OT®G AUTO TNG TPOYVMGT|G TOL KApoV). TNV TPLTh YPAPIKT] THpAoTOoT
(X®0pog PATE®V) BAEMOVIE KAl TO OO KATATEDEY EVOG XAOTIKOD GLOTILATOG, TOLG §LO XAOTIKOVG TTOAOLG EAENG (Lorenz
attractors).

1.19 MeAétn TAnBuvopov yopag

1o mapakaTe Ba kortdéoupe S0 POVTEAX Y1 TOV TANOLGHO HLAG XDPAC.

Movtélo Malthus

Kd&Be mAvBuopadg, edv dev vmapyovy epmodia avamtugng, auvsaveton ekBetikd (Thomas Malthus, An Essay on the Principle
of Population, 1798). MaBnpoatikd, autd onpaivel 6Tt 1 adénon mAnbucpo eivon avaioyn pe Tov TANBvopo.

—r =k = p(t) =pettro)

omov t = 14, p = Py Ol APXIKEG GLVBTIKEG XpOVOL Kot TANBLGHOV.

AOYl0TIKO pOVTEAD

Yy npagn BéRora epnddia vmapyovy, Y. Adyw EAAewng mopwv. Kdvovtag pia tpomonoinon oto poviéAdo Malthus
Sexopaate 0T 1 avadoyia tov Malthus 1oybel yia pikpoig mAnBuopovg (apketol mopot). Me v avénon Touv nAnBucpov
Bewpolpe OTL 0 OXETIKOG pLBPOG avENong eEANaTOVETAL. Mabnpatikg, o oXeTIKOg pubpog avgnong eiva:

()
dt) _ ldp

p  pdt

To Aoy10TikO poviéro (Zy. 1.28) Bewpel 0Tl 1| EAGTTOON €lval YPOPHIKT, HE TOV TANBLGHO Vo petafdiietat amd 0 péypt
Hix péyto T N Kol 0 o¥eTikog pubpog avénong va edattovetal and v Tipr K oto 0. H kAion g gubeiag eivon
K /N xat to pabnpatikd povtédo yiveton:

K
1dp
p dt
N
0 p

TxApa 1.28: AoyloTIKO HOVTENO YPAPUIKEG EAGTTOGTG TTANBLGHOD.

1dp K dp p P dp '
S =K-mp=K—-——p = —=—=Kp(l-= = 7:/Kdt =
pdt N dt ( N) pop(l_ﬂ) A
N
N
p(t) = N
1+<—1>exp[—K(t—t0)]
Po
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1.19.1 ITAn6uvopég HITA

To epappoyn PTopovpe va Kolta&oupe Tov mAnBuopd twv HITA. Xto Siadiktuo ebkoAa Bpiokel kaveig Sedopéva amo o
1776 péxpt 1o 2010 (https://www.google.com/fusiontables/DataSource?dsrcid=225439#rows:id=1). [Tapéyo-
vt €60 oto apyeio USpop2.csv.

O mapokate Kadkag ta Safdlel kot Seixvel v mpaTn ypaeikn (Xx. 1.29). O xpovog t eival o€ €T KOL 0 EKAOTOTE
mANBuopOG o€ ekatoppvpla Katoikovg. Ta dedopéva eivan oe PBivovoa oelpd Kat ta avaotpépovpe. H mpodtn ypo@ikn
ELVOL TIPOXELPT] KA TNV KAVOLLE YO VO OXTHATICOVHE P apyIkT 16€a yio o Sedopéva pag. Ta dedopéva Seiyvel va éxouv
™ Hopo1| TG a0E0LONG 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]”);

Eg@appolovtag 1o poviédo Malthus naipvoupe duvo onpeia (€t 1790 ko 1800) kot vmoAoyilovpie Tov cuvieAeotn k

Py = poexp(k(ty —ty)) } I S (p2) — 0.030087
p1 = poexp(k(t; —tg)) lg — 1y D1

duayvoupe Sevtepn ypagikn (. 1.30) pe ta dedopéva (onpeia) Kot To HOVTEAO (GUVEXTG YPAMHT). BAEmOLE TTOAD KOAR
OLHE®VIX e TO POVTEAD PEXPL TO 1860-1861. Amo v 10Topia E€povpe OTL TOTE EéoTaoe 0 EPEVOAMOG TOAepog Twv HITA
ko e&nyeiton €tot ) andkAon.

te=t(1)

poO=p(1)

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

% MovtéAlo Malthus

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

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

TIpoX®WPOVHE OTNV EQAPHOY TOL AOYIOTIKOD HOVTEAOL. XpelalOpHaoTe €vav TPOTo va vmoloyicovpe ta K kot N T0V
HOVTEAOUL Gpa Evav TPOTIO VO LITOAOYICOVHE TOV OXETIKO pLBNO eAdTTOONG. Ava Tpix onpeia dedopevav, ¢ — 1,4,7 + 1,
vroAoyifovpe TNV mapaywyo omd TG SlaPopEc:

Ldp 1 pi1—pig
pdt  pitig =t

Xp1OHOTOL00E TPl OMEIA YO VO PNV EL0AYOVHE GUOTIHATIKO GOAALN GTOV LTIOAOYIOHO. XT0 octave SnHOVPYOV}E
v ouvdptnon relg mov ka&vel auTOV TOV LIOAOYIOHO (O EexwPLoTO apyeio pe dvopa relg.m). Ilpogaveg o Skvuoua
rate Ba €xel PrKog Katd 2 HIKPOTEPO OO TA 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

EYNHOTICOVLE TV YPOAQIKT] TOL OYETIKOV pLBROD eAGTTOONG €vavTt Tov TANBvopoL (Xy. 1.31) kot BAEMOLE KPKETEG S~
Kupdavoels. To povtéAo opilel evbeia ypappin Kot XproHonolovjie HEB0S0 eAaYIoT®V TETPAYOV®OV Y10 TOV UTTOAOYIGHO TNG.
To onpeio Topng pe Tov KatakopuEo aova eival to K kot to onpeio Topng pe tov opiidvrio déova givon to V.

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

rate = relg(t,p);

tt t(2:n-1);

pp = p(2:n-1);
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Tyfipa 1.29: AeSopéva mAnBuopotd HITA
US population Malthusian model
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Tynpa 1.30: Aedopéva minBuopod HITA pe povtého Malthus. H 8eUtepn ypa@ikn eivon zoom Tng mp@TNg 6NV MEPLOXT OTIOL EHQaVi-
{eTOn aMOKALOT] OTIO TO HOVTEAO.
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Relative growth rate - Logistic model
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Synpa 1.31: Exetikog pubpog eAdrtwong évavit mAnBuopod kot 1 evbeia ypappn pe péBodo eAayioToV TETPayOV@Y.
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Tynpa 1.32: Agdopéva mAnBuopod HITA pe AoyloTikd povtélo.

lsqfit = 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]”);

K
N

1sqfit(2)
-K/1sqfit(1)

%

logistic model

figure()

p3 = N./(1-(1-N/p0O).*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 tov N €xetl evSiagépov yuati eivon 1) péylotn otabepn
TIHT Y1 TOV TANBLGHO TNG XOPAG COPPMVA HE OUTO TO PHovTEAD. Tipn HeyarAUTEPT] OTIO CUTH EYKVHOVEL KIvEUVOULG 10XLP®V
E0MTEPIKOV KOWVOVIKQDV OVOTOPAXOV KAB®DG §eV LTIAPXOLY OPKETOL TTOPOL VA KAADOLY TIG avayKeG ToL AN BuapoD. ATO TO
SadikTuo BAEmovpe OTL 0 TPVOG TANBLOPOG TV HITA eivon 324.4 eKXTOPPUPLA, KOVTIG OTNV OPLOKT| TT TOU HOVTEAOU.
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TV teAevtaia ypa@ikn (Xy. 1.32) éxouvpe to deSopéva padi e 1o AoyloTIKO HOVTEAD TIOL PHOALG LTTOAOYioapE. BAémoupe
KOAI] GUPQQOVIO 0TIV apyn HE KATIOIEG HIKPEG amOKALoELS apyotepa. Evag KaAog 10Topikog Ba pmopoloe va GLOYETIOEL
OLTEG TIG ATOKAICELG JIE YEYOVOTA TNG EKAOTOTE EMOXNG.

1.19.2 IIAnOBvopog EAAGSog

Yav EAANVEG TPoQavag HaG SHI0VPYELTOL 1] TIEPLEPYELX VO SOVE TL YIVETAL pE TN S1IKN HOG XWp&. ATIO TO S1081KTUO PTtopEl
KOVEeig va avTAN o€l AN po@opieg yia Tig anmoypa@ég mAnBuo ot g EAAGSoG (google:amoypag@eg mTAnBuo oL oty eAAXS).
H EAXTAT (EAANviKN Ztotionikn Apyn, http://www.statistics.gr) mapéxel MOAAEG Kol TTUKVEG TTANPOQOPIEG Kot
XGveton Kaveig av avalnta povo évav mivaka mAnBuopot g xopag avé tov xpovo. H el.wikipedia eivon edm mo xproipun
KOl HTIOPOVHE va Ppovpe amoypa@ég mANBuapoL ano to 1828 péypt o 2011. IMapeyoviar 6w oto apyeio GRpop.csv.
Ynoym BéBoa 611 n EAAGSa Eekivnoe oav xOpa T VEDTEPA XpOvia amd €va PiKpo kpartidio pe ITeAondvvnoo, Lteped
EAGSa ko Alya vio1d, pie TOAAODG TIOAEHIOVG KOl KATROTPOYEG, G€ AN PN avtifeon e To povtéAo tov Malthus.

O mopokdton kodikag Srafadel Ta dedopéva kon deiyvel v mpe ypa@ikn (Xx. 1.33). O xpovog t eivon o€ € Kot KAVOLLE
Tov MANBLOpO va gival kKot 8@ oe ekatoppvpla. Ta Sedopéva eivon Katd adEovoa oelpd Kot Sev XpeladeTal avaoTpon.
Awakpivovrtal §vo mieployég petagd 1828-1907 kot ano 1920-2011. ITepiodog BaAKavikK@y TOAEH®Y / MIKPOOIOTIKT KOTO-
oTpoQN He 0Tl auTd ovvenayetal. H av&non mAnBuopon mpoépyetal amo Ty abEnon e5ap®v Kol TNV €1GpOoT| TPOTPOYDV
peta v Mikpaolatiki Kataotpoon.

load GRpop.csv
gr = GRpop;

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

plot(t,p,’*’, "markersize”, 2),; grid
title(”GR population data”);

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

GR population data

12 T T

o B R R R PP R R EEEEEEEEEE —

p [million]

1800 1850 1900 1950 2000 2050
t [year]

Tynpa 1.33: Aedopéva minbuopod EAAGSog

Ed® 6ev pmopovjie va tapoujie 2 onpeia 0w kavaype pe t1ig HITA kot va vtoAoyicovie To k tov Malthus. AoyapiBpifoupe
T SeSopEVa KO eappOLovE EAGYIOTA TETPaywVa (Z). 1.34).

figure()

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

pp = lsgfit(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 & mov vnoAoyiletan eivon k = 0.017842. Egappoyn oto poviéAo Malthus yiveton pe tov kodika:

te=t(1)
po=p(1)
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Malthusian model k estimation
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Iynna 1.34: YroAoyiopog k tov Malthus pe ehdyiota tetpaycova.
figure()

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

KO TO anoTtéAeopa gaivetal ato Xy. 1.35. To Tp@OTO TUHHA IOV EXEL TEPIOOOTEPN SEGOHEVH LTIEPLOYVEL TOU SELTEPOL KOl
Selyvel KaAn ovpeavia pe To povtéAo Malthus. Xto Sevtepo TUnpa Opwg 1 avtiBeon eivat kpavyaAéa. Eivon cagég 611 10
HOVTEAO OTIOG EXEL OEV PAIVETAL IKAVOTIOINTIKO.

[Tpoxwpaijie 0TO AOYLOTIKO HOVTEAO.

% 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(”GR population Logistic model”);

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

H ovpgavia petprioemv kot povtéAou (o). 1.37) elvon kaAbtepn oAAG Kot TGAL OX1 TeAEiwG IkavoronTikT|. To eviiagépov
BéBona elvon o ouvoAikn TiEn TANBLOHOL Tov popel va {foet o xopa, N = 13.7 ekatoppipia.

Mo tapaAAayn Yo {00 KaADTEPT) CUHE®VIX VL VO AGBOLE LTIOYT] KOl TIG E6XPIKEG HETABOAEG. AVATPEXOVHE TIAAL OTA
Sedopéva mANBLO POV Kol KATOYPAPOVE KAL TV EKAOTOTE EKTAOT] TNG XDOPAXG. EQappolovpe TO HOVTEAD Y1 TNV TTUKVOTNTA
nmAnBuopoL avti Tov TANBLo oL Kot enavaAapBavoupe. H kplolpun tipn mAnBuopo0 eivon topa N = 12.264 ekatoppopia.
[MoapdAa ouTta N CLHEVIK PETPTIOEWV Kot HOVTEAOL Sev paivetat kaAvTepn. H aviadiayn nAnBuopev otn Mikpaowatikn
KOTOOTPOQT EMNPEALEL TTOAD TIG PETPTOELG.

Telka, xelprlopaote Tig Vo opadeg TANBLGROL (Tpv 1910 Kon peTd) Eexwplotd. H oLP@@VIX TOTE PETPTOE®V KAl [LO-
viEAou @aivetal ToAD kaAvtepn. Eva Aentd onpeio edw eivon n emoyn ¢y, py 010 poviedo Malthus and ta eAayiota
TeTPAyva Tov Ba xpelaoTolv Kot aTo AoyloTiko poviéro. Ot kpiotpeg Tipeg mAnBuopon eivan topa N; = 13.064 ko
N, = 12.998 eKatoppOpLo AVTIOTOLKE.
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p, population [million]

relative growth rate [1/year]

Tynpa 1.36: Zxetikog pubpog eAdTTwong évavtt mANBuopod Ko n evbeia ypappn pe péBodo eAayioTmV TETPAYOV®Y.
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Tynpa 1.37: AeSopéva mAnBuopod EAAGSOG pe AoyloTiko povtéo.
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H televtaia amoypaer tov 2011 Rtav 10.8 ekatopphpia Kot NTaV EMAEKTIKN O TIPOG TO TO10VG KaTéypaye. Ta TeAeutaia
Alyax XpOVIa €XOVIE ETHOTG HEYGAT E10POT KOl €Kpor) TANBLGHGV aTn Xdpa pag. Eidopev.
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1.20 Aok ogig 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]

56



OCTAVE Eioaywyn

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]
Tynpa 1.38: Tpappikn ypagikn dedopévav apiotepd. 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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AOoN

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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AOoN
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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