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Compiler vs Interpreter (1/2)

Compiler (MeTagppaoTng)
Interpreter (Aicpunvéag)

Source Code (TTnyaioc Kwdikag) = Apxeio pe TIC EVTOAEC O€ Hia YAWaod
TIpoypPAHHaTIoUoU

Machine Code (Kwdikac Mnxavic) = EkTeAéoipo apxeio e eVTOAEC TTOU
kataAaPaivel o UTTOAoyIOTAG

Source Code — Compiler — Machine Code — Output

Vo

Processing

Source Code — Interpreter — Output

Vo

Processing
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Compiler vs Interpreter (2/2)

Ene€epyaletal oAOKANPO TOV Nyaio KwoKO pE
N pia

AvadéEpovtat OAa ta opaApata adou eAeyxOel
OAOC 0 TtnNyalog KWSLKaC

Anpovpyet Kwdka unxavng (ekteA€oLpo
apxelo)

O KwALKAC pNXavnC Umopel va ekteAeoTel
aveéaptnta e To av ival Stabgoipog o
HETADPAOTAG

AuokoAOtepn avamtuén Tou tnyaiov kKwdika

(evtoA€g, ouvTaKTLKO, BeATioTOMOLNON,
EVTOTILOUOC OPaApATWV)

ATtoS0TIKOTEPN EKTEAEDN

Napadeiypata: C, C++, Fortran

Enegepyddetal ypapun-mpoc-ypapun (line-by-
line) Tov mnyaio kwdika

Kabe dopd avadepetal o mpwto opAAp TTOU
Ba mpokUPeL. Ta urtoAouna opaApota dev
geAéyxovtal av ev S10pBwOeL To MponyoLEVO
opaApa

Ag dnpoupyel KwWSLKA punxavng

Mo TNV EKTEAEON TOU Ttnyaiou kwdika ival
anopoaitntog o SLEpUNVEQS

EukoAdtepn avarmntuén tou mnyaiov kwdika
(evtoA€cg, ouvtakTiko, BeAtiotonoinon,
EVTOTIOMOGC OPaAUATWV)

AlyotepPo amodoTLK EKTEAEDN

Napadeiypata: MATLAB, Python, Java
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Fortran - Formula Translation

Apoxikd avamrruxnke amd thv IBM tn dexacsria rouv 1950 yia smiorhuovikous
UTTOAOYIOLIOUS Kal EPAPLIOVES LINXAVIKWYV.

2 RUEOA XPNOILIOTIOIEITAl yIa amalTNTIKOUC UTtoAoyiduous (UwnAhi amaitnon oe
LVALIN Kal UTTOAOYIOTIKO XPOVo) OTTW¢ OTNV UTTOAOYIOTIKA Todyvwon Kaipou,
PEUTTOLUNXAVIKY, YEWPUOIKA, YUOIKN Kal XNUEIQ.,

Eivar tna onuowiAfi¢ yAwooa mpoypauuartiouoU yia UmToAoyIOTEC UYNANC
arddoons (high performance computers) Kai xpnoigomolsiTar o€ mpoypdupara
(Linpack Benchmark) mou ouykpivouv kair Karardooouv Toug TaxuTEPOUS
urrepumoAoyiotég orov koapo (TOP 500: https.//www.top500.0rg/).
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TTpoTuma (standards) tng Fortran - https://wgb5-fortran.org

Fortran IV (1966)

Fortran 77 (maAid mpoTummo aAAd onuowiAES)

Fortran 90 (onuavrirn avaBewpnon tn¢ Fortran 77)
Fortran 95 (uikprn avaBewpnon tne Fortran 90)
Fortran 2003

Fortran 2008

Fortran 2018

Fortran Compilers
GNU Fortran Compiler (gfortran), Flang, LFortran, FTN95,
G77, g2c, G95, PGil, Intel, NAG, Lahey Fortran, ...
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Amo tnv Fortran 77 (old Fortran) otn Fortran 90 (modern Fortran)

Fixed source code Free source code
Static memory allocation Dynamic memory allocation

AoQAAEOTEPOC Kdal TTIO
A&10TTI0TOC TTPOYPAHHATIOHOC

TTapdAAnAoc TpoypappaTIONOC
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YToAoyioTikd EpyaAcia

Online Fortran Compiler
https://rextester.com/|/fortran online compiler

(PaciCeTar otov compiler gfortran)

IDE (Integrated Development Environment)

Code::Blocks
http://www.codeblocks.org
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Apxh evoc Kwdika Fortran

program hame

KaBe kwdikag Fortran {ekivdel ye Tnv evToAn program akoAouBolpevn amo
To 6vopa name Tou KWaika. O TTpoypdppaTIOTAC UTTopEi va eTIAEE el OTTOI0
ovopa O€Ael.

TTpémel 6pwe va mpooéleTe:
* va ekivdel pe ypdpupa kepahdio A HIKPO

* EMTPETETE N XpHhon Hovo ypappdTtwy (A - Z, a - z), yneiwv (0 - 9) kai Tn¢
kdTtw mavAa¢ (underscore) _

* TO HéyIOTO emITPpETOHEVO HEYEOOC cival 31 xapakThpeg
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TéAoc evoc kwdika Fortran

end

KaBe kwdikag Fortran TepparileTal ye Tnv evioAn end

EvaAAakTikd
end program

end program hame
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ExkTUTTWON pnvupdTtwy athv 006vn Tou uTtoAoyIoTh

print *, 'my message'

H mapamdvw evToAR eKTUTIWVEI 0TV 006vn TO pRvUpA TTou PpiokeTal péaa
oTd €l0aywyikd

TTapdadeiyua

program My first code
print *, 'Hello World'
end

Orav tpé€el o mapamdavw kwdikag Fortran ToTe oTnv 006vn sppavilerar:

Hello World
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T1 mpémel va kAvoupe yid va TpEC el 0 KWOIKAG;

Compile, Build, Execute

Compile: O compiler Ba eAéyfel av 0 KWAIKAG HAG £XEI CUVTAKTIKA AGON
Build: O compiler ©a gTid¢el To ekTeAETIHO apxEio

Execute: "Tpé€ipo"” Tou ekTeAéaIHoU apxeiou
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2. X0Ala

Eivar okomipo o TpoypappaTioTAC va £10dyel aTov KWAIKA Tou oxoAia (un
eKTEAEOIPEC eVTOAEC) yia va B1EUKOAUVEI ThV davdyvwan Tou amo Tov XpAoTh.
lNa va karaAdper o HeTAYAWTTIOTAG OTI HId YPAUKUA €ival axoAio kai oxI
eVTOAn Tpémel va ekivdel pe To cUppoAo: !

[Mapddeiyua

program My second code

! This i1s my second Fortran code
print *, 'Hello World'

end

Ortav 1pé€el 0 Tapamdvw Kwdikag TOTE oTnV 006vn eppavileTar:
Hello World

O peTayAwTTIOTAC OcVv Aaupaver uttoyn Th deUTEPN YPAUUA TOU TTapamdvw
KWOIKa yiaTi {ekivael pe !
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Ap1BunTikéc MetapAntéc (1)

Ma va pymopéagoupe va Kavouue aplOUNTIKEG Al eic He HeTAPANTEC TTpéTrel va
OpioOUKE TOV TUTTO TOUG Kdl TO OVOUd TOUG

Ma va opicoupe pia peTaPAnTh pe ovoua variable_name oThv oToid TPOKEITAI
va amoBnkeUooupe tpaypaTikouc (real) apiBuouc, ypdgoupe:

real Variable_name

Ouoiwg yia va opigoupe Hia HeTaPAnTh pe ovopa variable_name oTnv oToid
TPOKEITAl va amoBnkeuooupe aképaioug (integer) apiBuolg, ypdpoupe:

integer variable name

EvaAAakTikd
real :: variable name

integer :: variable name
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Ap1BunTikéc MeTapAnTtéc (2)

2 ¢ kKABe KWAIka Fortran peTd Tnv evioAR program TIPETIEI vd HUTIAIVEI W
evioAh IMPLICIT NONE

Me Tnv evioAl IMPLICIT NONE 0 TIPOYPAUHATIOTAC UTTOXPEWVETAI VA OPioEl
KdOe peTaPAnTH oTov KWOIKA Tou.

Av eTIAEEEl va pnv XpNOIHOTIOINCE! TRV EVTOAR AUTH, TOTE 0 HETAYAWTTIOTAC
emiIAéyel (éppeoa) kdBe peTaPAnTh mou apxiCel pe Ta ypdupara i, j, k, |, m, n va
gival integer kai 6Aeg TIG dAAeg real.

O éppecog TpoTOC UTTOSNAWONG Twy HETAPANTWY KpUPel opdAuara (bugs) Tou
dUokoAa “yiatpevovTar”!l
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‘Bupeooc Tpomoc umodnAwaong peTaPAnTwy

KaBe petaPpAnth mou apxiCel pe Ta ypdpuarta i, j, k, |, m, n givai integer kai
OAEC o1 dAAeC real.

TTapadeiyua

program code 3

H
I
Ul
o

OrTav 1péel 0 Tapamdvw Kwdikag TOTE oTnv 006vn eugpavileTar:

5
3
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TTpoomaB®noTe va TpéCeTe Tov TApaKATW KWOIKA

program code 4
IMPLICIT NONE

(M)
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Cevikn popen evoc kwdika Fortran

program name
IMPLICIT NONE
ANAQOE 1 C UETABANTOV —> mx. real, integer ..

EVTOAE C —> TT.X. ap/BUNTIKEC TapAoTdOoEIC,
print, if, do ...

end
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TTapadeiypa

program new code
IMPLICIT NONE

1_:‘eal l’ k — ANAOCE L1 UETABANTOV
integer j

)
I

— EVTOAEC
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Ap1BunTikéc apaoTdoeic (1)

Ma va dwaooupe TIUA o€ pia HeTdPANTA XphaoigoTtoioUHe To cUpPoAo =

variable name = T(uI
q]
variable name = aplOuntLKl) HOHPAOCTAON

To oUupoAo = oTn eival oTnv oucia evroAn
j = 3 ongaivel: dwaoe aThv dpiOunTIikA HeTAPANTA § Tnv TIKA 3
VW

J = j + 1 ohuaiver: dwoe aThv dp1OUNTIKA HETAPANTA § ThV TIUA TTOU €iXeE N
peTaPpAnTh § kal mpéaBeae Tnv TIpA 1
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Ap1OunTikéc TapaoTdoeic (2)

O1 apiBunTikoi TEAEGTEC TTOU XPNOIHOTIOIOUVTAI OTIC AdpIOUNTIKEC TTApaAOTATEIC
givai.

+ TlpoéaBeon

- Agaipeon

*  TToAAamAaoiaopog

/ Aidipeon

** "Yywaon ge dUvapn

H mpoTepaidéTnTa TWY TEAEOTWY gival:
** YynAn

* kal / Meaaia

+ Kai - XapnAn

O1 mapevOéoeic () aAAalouv Tnv pokaOopiopévn ocipd (TTPOTEPAIOTATA TWV
TeAEATWY) OV YivovTai ol Tpdgeic

TTpwTa vivovTal o1 tpdeic péoa oTIC TAPEVOETEIC KAl HETA 01 UTTOAOITIEC

MeTall TeAeaTwy He Tnv id1a TPOTEPAIOTNTA O TTPAEIC YivovTal Ao dpioTEPd TTPOC
Ta de€ia
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TTpdgeic peTall peTaPAnTwyv N apBuwv

O1 peTaPAnTéC Kal ol apiBpoi TTou XpNoIHOTToIoUVTdl OTIC dpIBUNTIKEC TTAPAOTACEIC
uTropei va gival A povo real A pévo integer R cuvduacpog kai Twy duo.

AUTO TTOU TTPETTEI va €XOUHE UTTOYN Hag sivai:
Tpd€eic petall real perapAnTwy R apiBuwyv éxouv real amoTéAsoua
TTpdgeig peTafu integer peTaPpAntyv A ap1Buwyv éxouv integer amoTéAeoua

TTpdageig peTalu real kai integer peTapAnTwy K apiBuwy éxouv real amotéAeoua
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TTapadeiypa

‘EoTtw 611 ©éAoupe va uttoAoyiooupe To amoTéAsopa The didipeong Tou B pe 1o 2
Kdl vd To amoBnkeUooupe o€ pid HeTAPAnTR a

H Tiun Ttou ©a mdpel TeAikd n peTaPAntn a e€apTdral améd To W Oa
Tnv dnAWooupe oTnv dpXn Tou KWAIKA Kal amé 1o Tw¢ Ba ypdyoupe Thv didipean.

real a|integer a

Tipn
a=>5./2. 2.5 2
a = 5/2 2. 2
a=>5./2 2.5 2
a=5/2. 2
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EowTepikéc ouvapThoeic (intrinsic functions)

2 uvdpTnon Eme€nynon AnAwon Tou x | ATtoTéAeopa
MeTaTpomn Tou x INTEGER REAL
real (x)
0t REAL
_ MeTaTpomn TOoU x REAL INTEGER
int (x)
oc INTEGER
, , INTEGER INTEGER
abs (x) ATIOAUTN TIHA TOU x
REAL REAL
sqrt (x) TeTpaywvikn pila REAL REAL
TOU x
sin (x) HuiTtovo Tou x REAL REAL
cos (x) 2.UVNHITOVO TOU X REAL REAL
tan (x) EpanTopévn Tou x REAL REAL
exp (x) ex REAL REAL
log (x) In(x) REAL REAL
1logl0 (x) log(x) REAL REAL
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Eicaywyn dedopévwy amd To TANKTPOAOYIO

read *, variable name
H xphon ThG evTOANG read *, umoXpEWVEl TO XPAOTH va €10dyel KATTOI0

voUpEPO h Keipgevo atmd To TTANKTPOoAOYIO, TO 0TT0i0 Kal aTmoBnkeveTal 0TV
HETAPANTA variable name
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TTapadeiypa

program test
IMPLICIT NONE
real x

print *, 'Give a real number'’
read *, x

print *, x

end
OrTav Tpé€el o mapamdvw KWadIkag T0Te aTnv 00ovn gpepavileTar:
Give a real number

Kdl N EKTEAEON TOU OTAMATA HEXP! 0 XPAOTNG va €1odyel amd To TTANKTPoAdyI0 Evav
ap1Bué kai va tathoel To ENTER.

2.Th OUVEXEID EKTUTTIWVETAI 0 dpIBUOC TTou TTANKTPOAOYNOE 0 XPAOTNG.
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‘EAgyxo¢ TN poh¢ Tou Kwdika (1)

Aopn 1
if (ouvbBnkn) then
EVTOAECQ

endif

AV n oUVONKN péaa oTnv TTapévOeaon IKAVOTIOIEiTAl, TOTE EKTEAOUVTAI Ol
EVTOAEC TToU PpiokovTal HETA To then Kal TTpIv To endif,

aAAIWG n eKTEAEON ToU KWOIKA ouveXileTal He TIC eVTOAEC TTou PpiokovTal
HETA TO endif
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TTapddeiypua

program blockif
IMPLICIT NONE
real x

if (x<0) then
print *, 'Negative'
endif

end
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TeAeaTég oUyKpIong

> HEYaAUTEpPO

< HIKPOTEPO

>= HeEYaAUTEpO H i00
<= HIKPOTEPO H i00
/= di1dpopo

== ioo (TTPOZOXH: o TeAeoTAG 100TNTAG oupPoAileTal pe 2 =)
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AoyIKoi TEAEOTEC

.AND.

.OR.

if ((ouvbnknl) .AND. (cuv6nknZ2)) then
EVTOAEC

endif

if ((ouvbnknl) .OR. (ouvBbnknZ2)) then
EVTOAEC

endif
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‘EAeyxoc¢ TnC pohc¢ Tou kwdika (2)

Aopn 2

if (ouv6nkn) then
EVTOAECQ

else
EVTOAECQ

endif
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TTapddeiypua

program blockif
IMPLICIT NONE
real x

if (x<0) then

print *, 'Negative'
else

print *, 'Positive'
endif

end
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‘EAeyxoc¢ TnC pohg Tou kwdika (3)

— LOVO HId EVTOAR

if (ouvOnkn) evioAn <
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TTapddeiypua

program single line if
IMPLICIT NONE
real x

if (x<0) print *, 'Negative'

if (x>=0) print *, 'Positive'

end
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EmavdaAnyn do (1)

do petpontng = QPXLKN TLPN, TEALKD) TLun, Bnuo
EVIOAEC

enddo

uetonthHc - €ival To 6vopd Hidg apiBunTIKAG HETAPANTAC TTOU €XOUHE OpioEl

QOX LKA Tiul, TEALKD Tiun, BHua :opiouv To UVOAO TWV TIHWYV TTOU
Oa mdpel 0 uetonThc.

YTtroAoyioTiké Kévtpo, Mpoypauuatiopog kar Xprion HAekTpovikwy YTToAoyioTwy - Baoikd EpyaAgia Aoyiouikou



TTapadeiypa (1)

program do loop
IMPLICIT NONE
integer 1

do 1 =4, 10, 2
print *, 1
enddo

end

Orav Tpé€el 0 Tapamavw KWAIKAC TOTE,
n evioAn print *, i ekTeAcital 4 popéc

Kal oTnv 08ovn epypavileTar:
4

6
8
10
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TTapadeiypa (2)

program do loop

IMPLICIT NONE

integer 1

do i =4, 10
print *, 1

enddo

end

Av To Phua civar 1 1éTe pmopei va mapaAngOei.

OrTav Tpé€el 0 Tapamdavw KWAIKAC TOTE,
n evioAn print *, i ekTeAciTal 7 popEC
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EmavaAnyn do (2)
MTopoUpe emiong va xpnoipotoihooupe duo emravaAhyeic do Th Hia péoa
oThV dAAN dpKei va pnv £Xouv Toug id010UC HETPNTEC.

program do loops
IMPLICIT NONE

integer i, ] OTav Tpé€el 0 KWAIKAG AUTOC TOTE, N EVTOAR
print *, i, j eKTeAcital 9 wopéc Kai

do 1 =1, 3 oThv 00dvn gpgpavileTar:

do § =1, 3

print *, 1, j

enddo
enddo
end

W wwdhdhdddND =
WNHE WNDE WD
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Aévan emavaAnyn

do

EVIOAEC

if (ouvbnkn) exit

EVIOAEC

enddo
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TTapddeiypua

program doloop
IMPLICIT NONE
integer 1

do
i=1+1
print *, 1

if (i>5) exit OTav Tpé€el 0 KWAIKAC AUTOC TOTE OTNV 0006VN
enddo edpavileTar:
end 1
2
3
4
5
6

S~
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AiareTaypéva ogUvoAa Tipwy (arrays)

O1 arrays givar apiOunTikég HeTAPANTEG TTOU UTTOpOUV va @iAogevicouv
TTEPICCOTEPEC ATIO Hid TIHEG.

AiavUopata i MovodidoTarteg Arrays

TTivakeg h AididoTareg Arrays
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Aiaviopata i Movodidotarteg Arrays

real, allocatable, dimension(:) :: variable name

integer, allocatable, dimension(:) :: variable name

allocate(variable name (count))

deallocate (variable name)
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Aiaviopata i Movodidotarteg Arrays

integer, allocatable, dimension(:) :: x

allocate (x(10))
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Aiaviopata i Movodidotarteg Arrays

integer, allocatable, dimension(:) :: x

allocate (x(10))

1 2 3 4 5 6 7 8 9 10
35 50
x (2) % (6)
X (2)=35
x (6)=50
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TTapadeiypa

program vector array
IMPLICIT NONE
integer, allocatable, dimension(:) :: x

allocate (x(5))
x(1)= 3 \opi(ouue 5 aképaieg yeTaPAnTEC HE ovopara:

x(2)= 6 x (1) x(2) x(3) x(4) x(9)
x(3)= 4
x(4)= 1
x(5)= 7

int *, 1 , , , , , ,
gii £ * i EZ; OTav Tpé€el 0 KWAIKAC AUTOC TOTE OTNV 000VN
print *: < (3) edpavileTar:
print *, x(4)
print *, x(5)

deallocate (x)

~ = D Oy W

end
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TTapddeiypa

program vector array

IMPLICIT NONE

integer 1

integer, allocatable, dimension(:) :: x

allocate (x(5))

x(1)= 3

X(2)= 6

x(3)= 4

x((4)=1

x(5)= 7

Ortav Tpé€el 0 KWAIKAC AUTOC TOTE OTNV 000VN
do 1 =1, 5 eupavileTar:
print *, x (1)
enddo

deallocate (x)

N~ & Oy W

end
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TTivakeg n AididoTateg Arrays

real, allocatable, dimension(:,:) :: variable name

integer, allocatable, dimension(:,:) :: variable name

allocate(variable name(countl,count?2))

deallocate (variable name)

YTtroAoyioTiké Kévtpo, Mpoypauuatiopog kar Xprion HAekTpovikwy YTToAoyioTwy - Baoikd EpyaAgia Aoyiouikou



TTivakeg h AididoTateg Arrays

integer, allocatable, dimension(:,:) :: X

allocate (x(6,10))

1

2

s

x(1,2) 4

5

: N\
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TTivakeg h AididoTateg Arrays

integer, allocatable, dimension(:,:) :: X

allocate (x(6,10))

1 2 3 4 5 6 7 8 9 10
1 45
|~

2

/
x(1,2) 4 8
N

5

6 \\
x(1,2)=45 x(4,5)
x(4,5)=8

YTtroAoyioTiké Kévtpo, Mpoypauuatiopog kar Xprion HAekTpovikwy YTToAoyioTwy - Baaikd EpyaAgia Aoyiouikou



TTapddeiypa

program matrix array

IMPLICIT NONE

integer 1,7

integer, allocatable, dimension(:,:) :: x

allocate (x(3,3))

x(1,1)= 3 ; x(1,2)= 6 4
x(2,1)=1 ; x(2,2)= 9 ; x(2,3)= 17
Xx(3,1)=4 ; x(3,2)= 3 8

do 1 =1, 3

do j =1, 3 Me 10 oUuPpoAo ; pmopoUpe va
print *, x(i,]) ypdwoule dIdQOopETIKEC EVTOAEC
enddo oTnv idia ypauph
enddo

deallocate (x)

end
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2 uvemtayopevo do

program matrix array

IMPLICIT NONE

integer 1, ]

integer, allocatable, dimension(:,:) :: X

allocate(x(3,3))
x(1,1)= 3 ; x(1,2)= 6 4
x(2,1)=1 ; x(2,2)= 9 ; x(2,3)= "1
x(3,1)= 4 ; x(3,2)= 3 8
do 1 =1, 3

—
print *, (x(i,]),j=1,3)
—

enddo
Ortav Tpé€el 0 KWAIKAC AUTOC TOTE 0TV 006vN
deallocate (x) elpavileTar:
3 6 4
end 1 9 7
4 3 8
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TTapdueTpol

real, parameter :: variable name = value
integer, parameter :: variable name = value

program matrix array

IMPLICIT NONE

integer 1, ]

integer, parameter :: N = 3

integer, allocatable, dimension(:,:) :: x

allocate (x (N, N))

x(1,1)= 3 ; x(1,2)= 6 ; x(1,3)= 4
x(2,1)=1 ; x(2,2)= 9 ; x(2,3)= 17
x(3,1)=4 ; x(3,2)= 3 ; x(3,3)= 8

do i =1, N
print *, (x(1,3),3=1,N)
enddo

deallocate (x)

end
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EmavaAnyn do

O peTpnTAC ag emavdAnyng do dev pmopei va peTaPpdAAeTal géoa oTo owpa TnS emavainyng. MNa
Tapddeiypa ol TapakdTw emavaAnyeic do sivar AaBog

do 1=1,5 do 1=1,5

KdOe do mpémer va ouvdualetal pe enddo . MNa mapddeiypa:

AdBo¢ 2woTo
do i=1,5 do i=1,5
do j=4,6 do j=4,6
. enddo
enddo .
enddo

YTtroAoyioTiké Kévtpo, Mpoypauuatiopog kar Xprion HAekTpovikwy YTToAoyioTwy - Baoikd EpyaAgia Aoyiouikou



EmavdaAnyn do

KdBe dopn if mpémel va apxilel kal va TeAsivel péoa oto owpa piag emavdAnyng do. MNa
Tapadelypa:

AdBo¢ 2WoTo
do i=1,5 do i=1,5
if (x>35) then if (x>35) then
. endif
enddo .
. enddo
endif
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TTapddeiypa - Aididorareg Arrays

i=1
N = 3 j=1—>A(1,1):1
do i=1,N j=2 - A(1,2)=0
do j=1,N j=3 - A(1,3)=0
if(i==j) then _
A(i,9)=1 1=
else 2 j=1 - A(2,1)=0
endif j=3 - A(2,3)=0
enddo )
enddo i=3
=1 - A(3,1)=0
=2 - A(3,2)=0
=3 - A(3,3)=1
1 2 3 1 2 3
1 1 1 0 0
2 ) 0 1 0
3 3 0 0 1
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TTpoéTumo IEEE 754 kivnTig umod1aaToARG

IEEE Standard 754

Single precision

realmin = 2°min — 212 — 1 1755¢-38
realmax = (2—27"). 26mx = (2-27%).2'%" = 3.4028e+38
eps =272 =1.1921e-07

Double precision

realmin = 2°nin — 212 _ 2 2951¢ —308
realmax = (2—27").2%mx = (2-27%).21 =17977e +308
eps =22 =2.2204e 16

O1 ap1Bpoi Tou eppavifovral oToug UToAoyIoHoUC Kal KAt~ amméAuTh TIPA gival HeyaAUTepol
amé Tnv TipA realmax dnuioupyouv overflow. Oi apiBuoi autoi TiOevTai igol ue Infinity A
-Infinity avdAoya pe 1o av givai OeTikoi o1 apvnTikoi avTioToixa.

O1 ap1Bpoi Tou epgpavifovral oToug UTToAoyiopoUC Kal KAt~ amdAuTn TIPA €ival HIKPOTEPOI ATTO
Tnv TiPA realmin dnuioupyoUv underflow. O1 apiBuoi auTtoi TiBevTal igol pe To PNdEv.

TToodTnTeC TOU BV PTTOPOUV va avamapaoTadoUv (T.X. o€ opiouéva amoTeAéopaTa
padnuarikwy ouvapthoswv) TiBevtail igol e NaN (Not-a-Number).
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TTedio Tipwyv TWyY peTaPpAnTWyV

2. NUavTika yneia TTedio Tipwy ATaiTnon o PvApn

my variable (1 byte = 8 bits)
real my variable 10-38 . . 10*38 _ :
(single precision) 6-7 (G TEE T 4 bytes = 32 bits
real (8) my variable 10-308 | 10308 _ .
(double precision) wEnle (améAuTEG TIHEG) S oy = 6 Lo
integer my variable SRRl 4 bytes = 32 bits
(single precision) - 2147483647
integer (8) my variable -9223372036854775808 5 by-l—es - 64 bits
(double precision) B 9223372036854775807

single precision
real

real*4

real(4)
real(KIND=4)

AnAwoeic yetapAnTwv

double precision
real*8

real(8)
real(KIND=8)
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ATtoBnKkeuon Twv arrays

ATtaiThon og uvAun

real, allocatable, dimension (:) :: my variable N-4 byTes
allocate (my variable (N))

real (8), allocatable, dimension (:) :: my variable N-8 by’res
allocate (my variable (N))

real, allocatable, dimension (:,:) :: my variable N-N-4 by'res
allocate (my variable (N,N))

real (8), allocatable, dimension (:,:) :: my variable N-N-8 by-|-€5
allocate(my variable (N,N))

TTapdadeiyua

Av opiooupe Th HETAPANTA my variable wg
real (8), allocatable, dimension (:,:) :: my variable
allocate(my variable (10000,10000))

TOTE N my variable éxel amaithon oe pviun 800 MB
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EkOeTIKA Hopph

a-10° = aEb

Ap1BunTikéc Ekppdoeic EkBeTIKA Ypawh

15.23 - 102 = 152.3 - 10 = 1523 15.23E+2 = 152.3E+1 = 1523E+0

152300 - 1072 = 15230 - 10! = 1523 |152300E-2 = 15230E-1 = 1523E+0

TTapddeiyua

Single precision:  15.23e2

Double precision:  15.23d2
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Single (32 bits) vs Double precision (64 bits)

"Tpé€Te" Toug TapakdTw KWAIKEG. Ti aTTOTEAEOPA TTEPIPEVETE YIA TV TIHA ThC

HETAPANTAC S KAl TI TUTTWVETAI;

program single precision s
implicit none
integer 1

real s é-— 32 blTS

s=0. \ MeTapAnTn

single precision
do i=1,1000

s =s + 0.1
enddo
print *, s single precision
print *, abs(s-100)

end

program double precision s
implicit none

integer i 64 bits
real (8) s ‘?’—————
s=0. MeTaPpAnth

double precision
do i=1,1000

s =s + 0.1 8

enddo
print *, s
print *, abs(s-100)  double precision

end
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Machine epsilon (1)

program find machine precision
IMPLICIT NONE

real eps

real a

eps=1.

do
a=1.+eps
if(a==1.) exit
eps=eps/2.

enddo

print *, 2*eps

end
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Machine epsilon (2)

program find machine precision
IMPLICIT NONE
real (8) eps

Double precision

real (8) a < P
eps=1.
do

a=1.+eps

if(a==1.) exit

eps=eps/2.
enddo

print *, 2*eps

end
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TooTnTa apiBpwyv KivnThAc umodiaoToARC B “how close is close”

a==b — match bit to bit

H epwTtnon Tng 106TnTag “yevvdel" pia dAAn epwtnon : “Ti evvooUpe pe Tov 6po 100ThTa";

2.TOV TIPOYPAUHATIONO h 106TNTA ohpadivel "dpKeTd KovTd".
O éAeyxoc Tng “106ThTac” vivetal opiovrag KAmola HiKkph améoTach e w¢ "dpKeTd kovrd”

Opweg:

e = 0.00001

gival katdAAnAo yia apiBuou¢ yUpw amo To 1
oAU peydAo yia apiBuouc yupw amé to 0.00001
Kal TTOAU HikpO yia apiBpolc yUpw améd to 10000

Equality test
Oxi: if (a==b)
Nai: if (abs(a-b)< e)
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TTpaeic peTalu apiBuwyv KIVvNTAG UTTOdIACTOARG

TTPOZOXH
Apaipéocic "KovTIvWV" ap1Bpwyv

TTpooBéocic/Apaipéocic apiOuwy pe peydAn diagpopd

Fortran single precision

1+l+l+---+ 1 = 14.3573580
3 1000000

L L 143926516
1000000 32
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NovIKEC Kal AApap1BuNTIKEC HeETAPANTEC

NOVIKEC
AnAwon: logical :: variable name
AvdBeon: variable name = .true.

variable_name = .false.

AANpap1OuNTIKEC

AnAwon: character (len=k) :: variable name
AvdBeon: variable name = 'Enter text here'

OTIoU k To HEYIoTOo TARBOC TWV XApakTApwY TTou Ba amoBnkeuTouv oTh peTaPAnTh
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Mopyomoinon (1)

program format
IMPLICIT NONE print '(I2)', 3
integer 7

print ' (I4)', j
J = 32
print ' (I1)', j

print *, ]

end

Iw: TUTTWOE £vav dképalo OTIC eTTOHEVEC w BOEaelg
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MopgoToinon (2)

program format
IMPLICIT NONE print ' (I1,I1)', 1,]
integer 1,

print ' (I1,I2)', 1,7

J =5 print ' (I1,2X,I1)', 1i,]

nX: KATd TNV eKTUTTWON ayvonoe n Béoeic (dnuioupyei n Kevd)
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MopgoToinon (3) Iw Kdl Iw.m

integer :: a=123, b=-123, c¢=123456

print ' (I5) "', a 1 2 3
print '(I5.2)', a 1 2 3
print '(I5.4)', a 0 1 2 3

print '(I5.5)', a | 0 | 0 | 1 | 2 3

print '(I5) "', b - 1 2 3
print '(I5.2)', b - 1 2 3
print '(I5.4)"', Db - 0 1 2 3
print '(I5.5)', Db * * * * *
print ' (I5)"', C * * * * *
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MopygoToinon (4)

program format
IMPLICIT NONE
integer j

J =3

print *, 'The value of J 1is',]

end

print '(A,I2)', 'The value of J is',]

A . TUTwoe yia ogipd amoé xapakThpeg (character string)
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MopgoToinon (D) riw

integer :: a=3, b=-5, c=128
print ' (314)', a, b, c
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MopygoToinon (6) riw

program xiasti

IMPLICIT NONE

integer, parameter :: M = 20

integer, allocatable, dimension(:,:) :: A
integer 1, j

allocate (A (M, M))
A =0

do i =1, M
do ] =1, M

if(i==3j) A(i,]) =1
if((it+3)==(M+1)) A(i,3J) =1
enddo
enddo

do i =1, M
print ' (50I1)', (A(i,3),3J=1,M)
enddo

deallocate (2)
end
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MopgoToinon (7) Fw.d

program format
IMPLICIT NONE print '(F7.4)"', 3

real j
print '(F7.2)', j
J = 32.5678

print '(F7.6) "', 7

print *, ]

end

Fw.d: TUTWOE £vav TIpAyUdTIKO OTIC eTTOHeEvEG w O€ocig pe
d 0ekadika yneyia
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MopgoToinon (8) Fw.d

real :: a=123.346, b=-123.346

print '(F10.0)"', a 1|1 2|3

print '(F10.2)"', a 112|3|.]3]5
print '(F10.4)', a 1| 2|13|.(3|4|6]|0
print '(F10.6)"', a 1|12 3|.|3|4|6|0]|0]O0
print '(F10.7)', a * | k| k| x| x| k| % | x| x| *
print '(F10.4)', Db -1112|3.|3(4|[6]0
print '(F10.5)', Db -1112 (3.3 |4|6|0]|0
print '(F10.6)', b x| k| k| x| x| k| % | x| x| *
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MopyoTtoinon (9) rFw.d

real :: a=12.34, b=-0.946, c=100.
print '(3F6.2)"', a, b, c
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Mopyomoinon (10) Ew.d Kal Ew.dEe

EkBOeTiIkA Hopoh

Ma va TumtwOei évag apiBudéc oTnv EKOETIKA TOU HOPPYH HETATPETTETAI TIPWTA
OTNV KAVOVIKOTIOINHEVH TOU HOPPR

SO.XXXXXX x 10>
OTTOU S TO TTPOCNO
Ma mapddeiypa o1 apiBpoi 12.345, -12.345, 0.00123 petatpémovTal oc
0.12345x10%, —0.12345x10%, 0.123x1072

Ew.d
- d - 1¢=
0. E
] W [
Ew.dEe
o~ d =
I_ 0. E|+
~ull H-"' -
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Mopyomoinon (11)

real :: p1=3.1415926

print '(E12.5)', pi 0|.|3|1|4a|1|6|E]|+

print '(E12.3E3)"', pil O(.|3|1|4|E|+ |0

print '"(E12.7E1)', pi |O| . |31 |4|1|5|9|3|E
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ExkTUTwon oc apxeio

XpnaoigotolgiTal OTTWG Kai To * TAG print *, OnAadn yia
HopwoTroinon Twv admoTeAEoHdTWY

write (*, *)

Eivai £éva voUpepo Tmou dnAWveETAl e ThV EVTOAR open

open (UNIT=1,FILE="myfile"')
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TTapddeiypua

program write
IMPLICIT NONE
integer 1
open (UNIT=1,FILE="myfile")
do i=1,10
write(1l,*) 1

enddo

end
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Aiapaopa améd apxeio

XpnoigoTolgiTal OTTWE Kal 7o * ThG read *, OnAadh via
HopwoTroinon Twv admoTeAEoHdTWY

read(*, *)

Eivai £éva voUpepo Tmou dnAWveETAl e ThV EVTOAR open

open (UNIT=1,FILE="myfile"')
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TTapddeiypua

program write
IMPLICIT NONE
integer 1,

open (UNIT=1,FILE="myfile")
do i=1,10

read (1, *) 7

print *, ]

enddo

end
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Ymompoypdupara

AveldpTnTa TTpoypdppara
EmikoivwvoUv pe To KUpiwg Tpoypappa HEOW TWV 0PIoHATWY TOUG
KaTtnyopieg

EowTepikd (internal)

EEwrepika (external)

Evyevh (intrinsic)

MTopei va ivai gite uttopouTivec (subroutines) eite auvapTthoei¢ (functions)
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Ymompoypdupara

subroutine name(épiocual, .. , ..)
IMPLICIT NONE
OplLouoil upetaBAntTVv

EXKTEAE0LUEC EVTIOAEC

end subroutine

/n.x. real A real(8) n integer

rurno¢ function name(opiocucl, .. , ..)
IMPLICIT NONE
OplLouoil uetaBAntov

EXTEAECLUEC EVTIOAEC

end function
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KAnon wag umopoutivag (subroutine)

program main

IMPLICIT NONE

OptLouoil petaBAntav

EXTEAEOLUEC EVTIOAEQ

call name(6pioual, .. , ..)
EXTEAEOLUEC EVTIOAEQ

end

subroutine name(6piocual, .. , ..)
IMPLICIT NONE

OptLouoil petaBAntav

EXTEAEOLUEC EVTIOAECQ

end subroutine
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Emkoivwvia péow opiopatwy (1) - subroutines

To a mpémel va éxel Tov id1o TUTO (T1.X. real A real(8) n integer) pe 10 x
To b mpémel va £xel Tov id10 TUTTO HE TO v
To c mpémel va £xel Tov id10 TUTTO HE TO Z

Katd tnv cicodo (kKAhon) oTnv umopouTiva: call name(x, y, z)
To a ©a Tdpel TNV TIUA TOU x
TOo b Oa Tdpel TV TIUA TOU v
To ¢ ©a Tdpel TV TIUA TOU z

Eicodoc¢

subroutine name(a, b, c¢)

Katd tnv é€0do améd Thv umopouTiva: call name(x, y, z)
To x ©d Tdpel TNV TIUA TOU a
To v ©a Tdpel TNV TIUA Tou b 'E€0d0¢
To z ©a Tdpel TNV TIUA TOU ¢
subroutine name (a, b, c¢)
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Emkoivwvia péow opiopdtwy (2) - subroutines

subroutine name(a, b, <)

ATI00eKTEC KARTEIC

call name(x, y, 2z)
call name(a, b, c)
call name(a, vy, 2z)

AdBo¢ kKARon
call name(x, V)
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YToAoyiopog Tou NI

program factorial of N
IMPLICIT NONE

integer N, 1

integer(8) factorial

print *, 'This program computes the factorial of &
&a positive integer number N'

print *, 'Give the N'

read *, N

factorial=1
do i =1, N
factorial = factorial*i

enddo

print *, 'The factorial of N 1is'
print *, factorial

end
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YmoAoyiopog Tou NI pe xpnon subroutine

program factorial of N
IMPLICIT NONE

integer N

integer (8) factorial

print *, 'This program computes the factorial of &
&a positive integer number N'

print *, 'Give the N’

read *, N

call calculate factorial (N, factorial) /

print *, 'The factorial of N is'
print *, factorial

end

subroutine calculate factorial (a,b)
IMPLICIT NONE

integer a, i

integer(8) b

b=1

do 1 =1, a
b = b*i

enddo

end subroutine
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KARon piag ouvdptnong (function)

program main

IMPLICIT NONE

OptLouoil petaBAntav

EXTEAEOLUEC EVTIOAEQ

uetaBAnty = name(optouaxl, .. , ..)
EXTEAEOLUEC EVTIOAEQ

end

rurno¢ function name(éptocucxl, .. , ..)
IMPLICIT NONE

OptLouoil petaBAntav

EXTEAEOLUEC EVTIOAECQ

end function
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Emkoivwvia péow opiopdtwy (1) - functions

To a mpémel va £xel Tov id1o TUTTO HE TO %
To b tpémel va £xel Tov id10 TUTTO HE TO Y
To name mpéTmel va £Xel Tov id10 TUTTO HE TO z

z = name(x, V)
Katd tnv cicodo (kKAhon) oTn ouvdpTnon:
To a ©a Tdpel TNV TIUA TOU x
TOo b Oa Tdpel TV TIUA TOU vy
tUunoc function name (a, b)

Kartd tnv ¢€0d0 amé Tn ouvdpTnon: z = name(x, y)
To x ©d Tdpel TNV TIUA TOU a
TOo v ©a mdpel TV TIUA TOU b
To z Oa Tdpel TNV TIUA TOU name
tUunoc function name(a, b)
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YmoAoyiopog Tou NI pe xpnon function

program factorial of N
IMPLICIT NONE

integer N

integer (8) factorial ‘&—__,_——————
integer (8) calculate factorial

print *, 'This program computes the factorial of &
&a positive integer number N'

print *, 'Give the N'
read *, N

factorial=calculate factorial (N) /

print *, 'The factorial of N is'
print *, factorial

end
integer (8) function calculate factorial (a)
IMPLICIT NONE

integer a, i

calculate factorial=l

do 1 =1, a
calculate factorial = calculate factorial*i
enddo

end function
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2 komo¢ (INTENT) Twv opiopdrwy (1)

program main
IMPLICIT NONE
integer a,b,c

a =>5
b =6
call add(a,b,c)

print *, 'The sum of',a,b
print *, 'is',c

end
subroutine add(x,y, z)

IMPLICIT NONE
integer x,vy,z

end subroutine
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2 komo¢ (INTENT) Twv opiopdrwy (2)

program main
IMPLICIT NONE
integer a,b,c

a =>5
b =6
call add(a,b,c)

print *, 'The sum of',a,b
print *, 'is',c

end
subroutine add(x,y, z)

IMPLICIT NONE
integer x,vy,z

y:x+z/

end subroutine
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2 komo¢ (INTENT) Twv opiopdrwy (3)

program main
IMPLICIT NONE
integer a,b,c

a =>5
b =6
call add(a,b,c)

print *, 'The sum of',a,b
print *, 'is',c

end

subroutine add(x,y, z)
IMPLICIT NONE
integer x,vy,z

z = X t+ vy

end subroutine
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2 komo¢ (INTENT) Twv opiopdrwy (3)

program main
IMPLICIT NONE
integer a,b,c

a =>5
b =6
call add(a,b,c)

print *, 'The sum of',a,b
print *, 'is',c

end

subroutine add(x,y, z)
IMPLICIT NONE

integer, intent (IN) X,V
integer, intent(OUT) :: =z

z = X t+ vy

end subroutine
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TomkEG HETAPANTEC

program main
IMPLICIT NONE
integer a,b,c

a =>5
b =6
call add(a,b,c)

print *, 'The sum of',a,b
print *, 'is',c
end

subroutine add(x,y, z)
IMPLICIT NONE

integer, intent (IN) X,V
integer, intent(OUT) :: =z
integer a €

== TOTIKA HETAPANTA
z = X t+y

a = 100 .

end subroutine
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Arrays wg¢ opiopdrd

program main

IMPLICIT NONE

integer, allocatable, dimension(:,:) :: A
integer N, i, ]

N=5

allocate (A (N,N))

subroutine identity (N, A)

IMPLICIT NONE

integer, intent(IN) :: N

integer, intent(OUT), dimension (N, N)
integer i,

call identity (N,A)

do i =1, N

print *, (A(1,3),3=1,N)
enddo
deallocate (2) A=0
do i =1, N

do 7 =1, N

if(i==3) A(i,J)=1

enddo

enddo

end

end subroutine
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ATtAomroinon Twv Tpdfewv pe arrays(1)

program simplel
IMPLICIT NONE

real, allocatable, dimension(:)
integer N, i

x (a:b)=value
omou a, b integers oto didotnua [1 N] pe a<b
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ATtAomroinon Twv Tpdfewv pe arrays(2)

X (a:b:s)=value

a: dpXIKA TIKA
b: TeAIKA TIUA
s: phua
program simple?2
IMPLICIT NONE

real, allocatable, dimension(:) :: x
integer N, 1

N=10

allocate (x (N))

x(2:0:2)=1.
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ATtAomtoinon Twv Tpdfewv pe arrays(3)

program simple3

IMPLICIT NONE

real, allocatable, dimension(:) :: x, y, Z
integer N, 1

N=10

allocate(x (N), y(N),

N
=
N
I
X
+
e

z(l:size(x)) = x(l:size(x)) + y(l:size(x))

H eowTepiknh ouvdptnon Tn¢ Fortran size (array)
eMOTPEPEl TO HEYEOOC TNG array
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ATtAomoinon Twv Tpdfewv pe arrays(4)

>1n Fortran o1 mpd€eig + - * / ** petal Twv arrays
yivovTdl OTOIXEIO TIPOC OTOIXEIO

S T
X, Y X, OV,
X, Y, X, OY,
X3 |O1 Y3 =] X3 O Y5
X4 Y4 Xy OY,

X5 ] [Ys] [XOVYs
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ATtAomoinon Twv Tpdfewv pe arrays(d)

Xpnon eowTtepikWwy ouvaptiocwy (intrinsic functions)

YmoAoyiop6G Tou aBpoiopdTog Twyv OoToIXEiWV Hidg array
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ATAomoinon Twy pdgewv pe arrays(6)

Xpnon eowTtepikWwy ouvaptiocwy (intrinsic functions)

TTapddeiyua
YTmoAoyiopég Tou aBpoioparog TnG 2" aTRANG TWV OTOIXEIWV HIAC
d1d1doTaTng array
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ATtAomoinon Twv Tipdfewv pe arrays(7)

Xpnon eowTtepikWwy ouvaptiocwy (intrinsic functions)

SIZE (array) To nmARB6oC TV oToLXelwv

MAXVAL (array) H 11y tou peyoaAUIepou otolXelou
MINVAL (array) H tiuf tou pLkpdtepou orolxelou
SUM (array) To &Opoloua Twv oOTolyelwv
PRODUCT (array) To yLvouevo Twv otolxelwv

MAXLOC (array) H 6éon tou peyoaAUTepou otolXelou
MINLOC (array) H 6éon tou pLkpdtepou oToLxelou
DOT_ PRODUCT (vector a, vector Db) To yLivouevo dUuo dLAaVUoUdT®V
MATMUL (matrix A, matrix B) To yLvouevo OUO TLVAKWOV

MATMUL (matrix A, vector a) To yvivouevo nivara pe dLdvuoud
TRANSPOSE (matrix) O av&oTpopog evodc mivaka

vector a, vector b: povodidotareg (rank-one) arrays
matrix A, matrix B, matrix: O10140TATEG arrays
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TToAAaTtAaoiaopo6¢ mivaka pe mivaka

‘Eotw A, B, C mivakec NxN kai C=A-B

N=3 Cii Gy Cy3 _311 a, a;||by b, by,
Cy Cp Coy|=|8y 8y ay by by by
1C31 Cap Cyz | |83y 8y gz _b31 by, b33_

N

Cu:{Z;am'bm

do i=1,N
do 3=1,N
s=0.
do k=1,N
s=s+a (i, k) *b(k,7J)
enddo
c(i,])=s
enddo
enddo

>» ¢ = MATMUL (a,b)
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Array constructor (1)

(/valuel,value2, . . ./)

program smoothing

IMPLICIT NONE

real, allocatable, dimension(:) :: F, Fsmooth
integer N, i

N=10

allocate(F(N), Fsmooth (N))

;F(2)=100.;F(3)=250.;F(4)=290.; F(5)=460.
. F(7)=605.;F(8)=760.;F(9)=830.;F(10)=910.

F=(/0.,100.,250.,290.,460.,500.,605.,760.,830.,910./)
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Array constructor (2)

(/ (variable, implied do control) /)

program array constructor

IMPLICIT NONE

real, allocatable, dimension(:) :: F
integer N, i

N=10

allocate (F (N))

—>» F=(/ 10.,(0.,1=2,9),100. /)
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Writing real programs

! Global variables

INTEGER, PARAMETER :: real8=8

REAL (KIND=real8), PARAMETER :: zero=0.0 real8 l -|- d 1- b l

REAL (KIND=real8), PARAMETER :: one=1.0 real8 r‘ea pr‘ogr‘ams en O e Gr'ge
REAL (KIND=real8), PARAMETER :: eps=epsilon(1.0_real8)

! Global definitions for GMRES

REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: hess ! Upper Hessenberg matrix

REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: vm ! Krylov subspace basis

REAL (KIND=real8), ALLOCATABLE, DIMENSION(:), SAVE :: rs ! Right hand side of Hess system
) (

REAL (KIND=real8), ALLOCATABLE, DIMENSION(:), SAVE :: c¢,s ! Rotation coefficients

INTEGER, SAVE :: outer_ iter ! counter of GMRES outer itarations
INTEGER, SAVE :: inner_ iter ! counter of GMRES inner iterations
INTEGER, SAVE :: gmres_status ! check point for the reverse commun
REAL (KIND=real8), SAVE :: beta,conv ! conv=tol*norm2 (rhs)

tol: input user tolerance
beta: norm2 (rhs-Ax)

! Global definitions for DEFLATION

REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: hess_original ! original hess for deflation
REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: au_defl ! stores AU (see Erhel 1996
REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: u_defl ! stores U (see Erhel 1996
REAL (KIND=real8), ALLOCATABLE, DIMENSION(:,:), SAVE :: t_defl ! stores T (see Erhel 1996
LOGICAL, ALLOCATABLE, DIMENSION(:), SAVE :: inner contris ! if allocated by the user then use the
! user contributions(array inner cotris)
! for the computation of the local inner products
LOGICAL, SAVE precond ! if true use the preconditioner

LOGICAL, SAVE update
LOGICAL, SAVE :: adapt_update
LOGICAL, SAVE use_precond

if true update the preconditioner
if true use adaptive approach of u_defl after dim defl>maxdefl
is false if maxdefl=0 else is always true

LOGICAL, SAVE harmonic ! if true then (Morgan 2000) else (Erhel 1996) for the

! computation of the smallest eigenvalue of Hessenberg
LOGICAL, SAVE :: rcond check ! if true compute the condition number of Hessenberg
LOGICAL, SAVE pick second ! if true pick 2 eigenvalues in each outer gmres iteration

LOGICAL, SAVE mem_check
LOGICAL, SAVE :: print_ conv
LOGICAL, SAVE :: print_eigs

if true calculate the maximum required memory
if true print the convergence history

if true print the approximated eigenvalues
LOGICAL, SAVE :: print_ cond ! if true print the approximated condition number
LOGICAL, SAVE :: keep eigenpairs ! if true dim defl,u_defl,eigen_defl are available to the calling program
INTEGER, SAVE :: conv_unit ! the UNIT number for printing the convergence histoy

INTEGER, SAVE eigs_unit ! the UNIT number for printing the eigenvalue history
INTEGER, SAVE cond_unit the UNIT number for printing the condition number histoy
INTEGER, SAVE dim defl the current dimension of the deflation subspace
INTEGER, SAVE increase ! the number of the new eigenvectors which added to u_defl
INTEGER, SAVE :: increaseT ! increaseT copy of increase
TYPE compl
REAL (KIND=real8) :: r,1i
INTEGER :: ind
END TYPE compl
REAL (KIND=real8), SAVE :: largest
LOGICAL, SAVE :: was,updateT
LOGICAL, SAVE :: reortho
TYPE (compl), ALLOCATABLE, DIMENSION(:), SAVE :: eigen defl ! This is the array of eigenvalues returned to user
! when keepeigenpairs=.TRUE.
INTEGER, SAVE :: MyID,Nprocs ! The MPI process ID and number of total processes
REAL (KIND=real8), SAVE :: stime_inner,etime_inner,total_ inner,stime_com,total inner com
INTEGER, SAVE :: OS_use ! Orthogonalization Scheme for GS (OS_use=1)
! MGS (0OS_use=2) (Default)
! HO (0S_use=3) (Not yet implemeted)
CONTAINS
SUBROUTINE pgmres (MyID user,Nprocs_user,n,maxm,maxiter,maxdefl,tol, rhs,x,vec_out,vec_in, icode, &
secondeig,harmoniceiqg, adapt, condition, reorthog, memcheck, &
printconv,convunit,printeigs,eigsunit, printcond, condunit, &

keepeigenpairs, 0S)
T ——

INCLUDE 'mpif.h'
| mhie eubroutine solve\ﬂg)xgp |rgeT|{(ionelags\ggtcgra [lpoypauuaTionog kal Xprion HAekTpovikwy YTroAoyioTwy - Baoikd EpyaAeia Aoyiopikou

! Dummy Arguments
INTEGER, INTENT (IN) :: MyID user ! The MPI process ID



> uoTdoeIg yia ouyypagh mpoypappdTwy o H/Y (1)

O1 ouaTtdaoeic 10xUoUV Yid KABe yAWooa TipoypdppUdTIoHOU TTOU PTTOPEITE VA XPNOILOTIOINCETE.

1. YuxoAoyia miow amd Tov mpoypappatiopd H/Y

* Mikpd AGOn (T1.X. AciTrel éva kKoppa, HeTaPAnTEC pHe AdBog dnAwaon) amoTpETouv Th yYpAyopn
avamntuén Tou Kwdika. — EEdoknon, Ymopovh

* Eivai yeyovoc 611 o mpoypappartiopdc H/Y eivair dgUtepn pUon yia opiopéva dtopa. Av
AVAKETE 0€ AUTA Thv opdda, ouyxapnThpid. Av 0XI, HNV dvhouxeiTe yi' autd. ATTAG pn
OUYKPIVETE TOV £aUTO 0dc¢ pe Toug dAAouc avBpwmoug. — EEdoknon

 Computer Programming Anxiety. AuTté To dyxog €ival uacioAoyIKo.
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> uoTdoeig yia ouyypagh Tpoypappdtwy ag H/Y (2)

2. H onpaocia Tou oxediaopou

EBivar e€aipeTikd onpavTiko va katavonooupe To TTpoPAnUa TTou TPETEl va eTIAUBEI.
TTpémel va okepTOUUE Kal va oxedidooupe Tov KWAIKA.

270 TéAo¢ eKivdpe Th oUyYpdPH TOU KWAIKA.

2.UXVvd, KATTo10¢ UTTopEi va Ttepdoel £va onpavTiko Xpoviko d1doThda oTh ouyypd@n KWwoikda
oV 0¢ AUvel To TpOPANnUaA TTou Tou £xel avaTeBei.
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> uoTdoeig yia ouyypagh Tpoypappdtwy ag H/Y (3)

3. Xtadiakh avdmtuén kWwdika (incremental code development)
AUTOC €ivdl 0 TT10 GNPAVTIKOC KAvovag Tou TTpoypduHaTIoHoU NAEKTPOVIKWY UTTOAOYIOTWVY!

To onpavTikoTEPOo AdB0C TToU UTTOPEITE VA KAVETE gival va TIpooTTdOnaoeTe vd YpAYeTE TOV
KwdIKaA YE TH Hia.

2. 1adiakh avdmtuén kwdika onpaivel 6TI kKABe popd:

TPOoaOETOUNE €va HIKPO KOUPATI KWAIKA,

eAEyXoOUlE OTI TO TTPOYPAUUA TTAPAYEl TA AvaeEVOEva aTtoTeAEopATa,
kal ouvexiCoupe Tnv idia d1adikacia e vEO KOUKATI KWAIKA.

Ma mapddeiypa, edv 1o poOYpappd oacg AsiToupyei, kal TpoaBéaeTe OU0 ypappég KWAIKA Kal
TO TIPOYPAUHA OTANATACEI va AEITOUPYEi, UTTOPEITE va OTOIXNHATIOETE OTI TA UTteUBUvVA Pépn
gival o1 U0 ypappéC TTou HOAIC TpooBéoare.
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> uoTdoeig yia ouyypagh Tpoypappdtwy ag H/Y (3)

4. Mnv kdveTe UTTOBEDEIC

H cicodo¢ Twv dedopévwy gival owoTh!

AUTO ouvhOwce odnyei ag éva TPOYPAUKA TTOU XpNhOIHOoTIoIEi OKOUTTidIA Yid va uTtoAoyiadel
okouTtidia  diagopeTikd GIGO (Garbage In, Garbage Out).

2 1youpeuTeiTe 0TI Ta 0edopéva Exouv diapdoel cwartd.

OAec o1 PipAIoOAKeC AsiToupyoUv owaTd!

Edv éxeTe appipoAiec OXETIKA HE TO TI KAVEl £va UTTOTIPOYpAppa i av E€peTe va To
xphoigotoieite owoTd, otapathoeTe(l) Tn ouyypaen Tou kWdika. Koitdéte Tic 0dnyicg
XPAoNG, YPAYETE €va HIKPO TTPOYPAUHA TTOU EAEYXEI TI KAVEI TO UTTOTTPOYPAUA.
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> uoTdoeig yia ouyypagh Tpoypappdtwy as H/Y (4)

4. Aokipn, dokiuR, doKIpA . . .

H dokipn civar pia diadikaacia ou PTopei va ivar KoupaoTikA, ahAd civar e€aipeTika
onpavTikA. Oa TpéTel va eAEYXETE Tov KWAIKA odc 6o To duvaTdv ouxvoTepa. Aev tpémel
va TTEPIHEVETE PHEXPI TOo TEAOG yia va dokipdoeTe Tov KWwAIKA aag. 2& paBocg xpdvou Oa oag
e€olkovopnael xpovo, d10Tt:

» Oa diamioTwoeTe TpoPAnUaATa vwpi¢. Autd Oa amAotoihoel Th 81adikacia evroTiopoU
opaApdTwy,

* Oa éxeTe eumiaTooUvn aTtov kwdikd oag,

* Oa diamioTwoeTe TpoPAARHaTa oxediaouol vwpic.
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2 uoTdoei¢ yia ocuyypaph poypappdtwy ag H/Y (5)

5. Aokiph pe éva attAd oUvoAo Sedopévwy

6. AvamTtulTe £va opyavwpévo oUvoAo doKIpWY £TOI WOTE va KAAUTITOUV 000 TO duvaTov
TTEPIOOOTEPEC TTEPITITWOEIC

7. 2ZwoTh diaxeipion xpovou

8. AkoAoubBnoTe ouppdoceic aTnv ovopdcia HeTaAPANTWY KAl UTTOTTPOYPAHHATWY
calulate_factorial vs sfafrewfevfww

9. AkoAoubBnoTe To HOVTEAO TOU TTPOANTITIKOU TTpOYpPAUUATIOHOU
10. Tpdyte Tov KWAIKA gav va TTPOKeITal va Tov {exdaeTe aupio!
11. Mnv di101dCeTe va avakaAumTeTe AGOn (bugs) oTov kKWdikd oag
12. Karavonote Ti £xeTe KAvVEl Kal yidTi AsiToupyei 0 KWOIKAG

13. Kparthote avrivypaga aAioTepwy ekdO0EWY Tou KWAIKA 0ag
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2 uoTdoei¢ yia ouyypaph Tpoypappdtwy o H/Y (6)

Be patient!

O mpoypappartioydg amaitei xpovo, mpoondOeia kai e€doknon, pe Thv Tdpodo Tou Xpovou Ba
gioTe og Béon va avanTueTe KWAIKA YpAYopad Kal amodoTIKd.
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