
Programma Anamorfwsh
 Proptuqiakwn SpoudwnTmhmato
 MajhmatikwnPanepisthmio Patrwn

M�jhma: Eisagwg  sthn Epist mh twn Upologist¸n



4h Ebdomada - Trith 26/10/2005

H Gl¸ssa UyhloÔ Epipèdou

FORTRAN90(SÔntomh Eisagwg )
1/73



1. Genik�H FORTRAN90 e�nai h teleuta�a tupopoihmènh èkdosh th
 Gl¸ssa
UyhloÔ Epipèdou (G.U.E.) FORTRAN (e�nai aut  pou qarakthr�ze-tai apì to qarakthristikì 90), sqedi�sthke ètsi ¸ste na mporèseina ikanopoi sei ti
 an�gke
 th
 episthmonik 
 koinìthta
 sthn tr�thqiliet�a gia arijmhtikè
 epexergas�e
 (episthmonik¸n, teqnologik¸nkai arijmhtik¸n upologism¸n).Basik� o stìqo
 th
 FORTRAN90 e�nai, ektì
 twn �llwn, h aplo-po�hsh kai epèktash twn mèqri s mera ekdìsewn th
 gl¸ssa
. 'Etsi:a. Up�rqei eleujer�a ston trìpo graf 
 twn entol¸n pou arq�-zoun apì ton pr¸to mh kenì qarakt ra k�je gramm 
 kai mpore�na telei¸soun opoud pote sthn gramm ,   ston qarakt ra(?), pou shmatodote� to tèlo
 mi�
 entol 
 kai thn endeqìmenh a-parq  �llh
,   ston qarakt ra (!), pou shmatodote� thn aparq sqol�ou mèqri to tèlo
 th
 gramm 
. Mia entol  mpore� na su-neq�zetai se epìmene
 grammè
, arke� o teleuta�o
 mh kenì
qarakt ra
 th
 gramm 
 na e�nai o qarakt ra
 & (ampersand).2/73



b. H pr¸th entol  k�je progr�mmato
 FORTRAN prèpei na e�-nai h entol  (sÔstash
):

PROGRAM [miracle]pou anafèrei to ìnoma tou progr�mmato
 pou akolouje� kai pouxeqwr�zei apì to PROGRAM (keyword) m> èna kenì - kai pou mpo-re� na apotele�tai apì 1-31 qarakt re
 pou arq�zoun apì gr�mmakai perièqoun MONO alfarijmhtik� stoiqe�a kai ton qarakt ra

underscore ( ). K�je �llo
 qarakt ra
 e�nai apar�dekto
, a-kìmh kai to kenì; dhlad  to ìnoma miracle 1 e�nai apar�dekto,en¸ e�nai dektì to miracle 1. Ep> eukair�a
 to kenì ( ) mpore� nadiaqwr�zei onìmata (ìpw
 p.q. to { , }v) arijmoÔ
 klp., kaj> ìson{leitourge�} w
 diaqwristikì. 3/73



g. H teleuta�a entol  k�je progr�mmato
 FORTRAN prèpei nae�nai h entol  (olokl rwsh
):

END PROGRAM [miracle]Shme�wsh: Ja akolouj soume thn praktik  na gr�foume me kefa-la�a gr�mmata ta onìmata pou sto FORTRAN èqoun eidik  shmas�a(keywords) kai me mikr� gr�mmata ìla ta �lla onìmata (identifiers),twn metablht¸n.Ta mikr� kai ta kefala�a gr�mmata sto FORTRAN e�nai i-sìtima (èna kai to autì), apl¸
 h qr sh tou
 dieukolÔnei em�
sthn graf  kai an�gnwsh programm�twn.
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d. 'Ena pr¸to par�deigma progr�mmato
, gi� thn lÔsh prwtob�j-miwn exis¸sewn th
 morf 
 ax+b = 0, mpore� na e�nai to akìloujo:

PROGRAM solve first degree equations

READ *, a, b ! Read the coefficients of the equations

IF (a /= 0) THEN

x = -b/a ! Up�rqei r�za pou e�nai h x

PRINT *, "The root of the given equation is x=", x

ELSE PRINT *, "No equation, and there is no root!"

END IF

END PROGRAM solve first degree equations
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Parathr sei
:(i) Oi agkÔle
 sti
 entolè
, perièqoun ìqi upoqrewtikì perie-qìmeno; h parous�a tou
 e�nai jèma dik 
 ma
 epilog 
, poudieukolÔnei thn diadikas�a tou programmatismoÔ.(ii) O parap�nw aplopoihmèno
 trìpo
 eisìdou dedomènwn (Input):

READ *, a, b, c, dkai exìdou apotelesm�twn (Output):

PRINT *, x, y, zpou onom�zontai List-directed input-output, leitourge� me ti
akìlouje
 pro�pojèsei
 (gia thn dieukìluns  ma
):

I. Sthn entol  READ ta a, b, c kai d e�nai: MONON onìmatametablht¸n. (Ja epanèljoume sÔntoma s> aut�)

II. Sthn entol  PRINT ta x, y kai z mpore� na e�nai: onìmatametablht¸n, stajer¸n   ekfr�sewn. 6/73



III. O qarakt ra
 (*), pou akolouje� thn entol , shmatodote�ston compiler ìti aut  h entol  I/O e�nai sthn aplopoihmè-nh (List-directed) morf  th
 (prokataskeuasmèno
 trìpo
, giadieukìluns  ma
).
IV. Oi perifereiakè
 mon�de
 pou emplèkontai sti
 aplopoihmène
mon�de
 I/O e�nai oi tupikè
 (Default Units), pou e�nai sun jw
to plhktrolìgio kai h ojình.

V. Ta dedomèna data pou d�dontai apì to plhktrolìgio prèpeina diaqwr�zontai apì (a value separator): b́ , /   to tèlo
th
 gramm 
. Enup�rqonta poll� ken� metaxÔ tim¸n kaidiaqwristik¸n agnooÔntai, en¸ dÔo diadoqik� kìmmatajewroÔntai ìti af noun amet�blhth thn tim  th
 ant�-stoiqh
 metablht 
; p.q. sto parak�tw prìgramma gia tadiadoqik� dedomèna th
 arister 
 pleur�
 ja èqoume ta dia-doqik� apotelèsmata tou �llou �krou, pou de�qnoun ta bèlh(ja epanèljoume ìmw
 sÔntoma). 7/73



PROGRAM test

i = 0; j = 0; k = 0

a = 0.0; b = 0.0; c = 0.0

READ *, i,a,j,b,k,c

PRINT *, i,a,j,b,k,c

END PROGRAM test

0 0.0 0 0.0 0 0.0 (arqikè
 timè
)Dedomèna EktupoÔmena apotelèsmata1,2.0,3,4.0,5,6.0 → 1 2.000 3 4.000 5 6.0001 2.0 3 4.0 5 6.0 → 1 2.000 3 4.000 5 6.0001,,, 4.0,, 6.0 → 1 0.000 0 4.000 0 6.0001,,3,, ,6.0 → 1 0.000 3 0.000 0 6.0001, → 1 0.000 3 0.000 5 6.0003, ↑ ↑ ↑ ↑ ↑ ↑5, 6.0 (i a j b k c) EktupoÔmene
Metablhtè
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e. ta eidik� sÔmbola (Special Characters) th
 FORTRAN90 èqounepektaje� sta akìlouja 22 tou p�naka 1 pou akolouje�, me thnant�stoiqh agglik  onomas�a tou
 (blèpe sel�da 143 tou bibl�ousa
 {Eisagwg  sthn Epist mh twn H.U.}:P�naka
 1

The special characters of the FORTRAN90 language

Character Name Character Name

= Equal Sign : Colon
+ Plus Sign Blank
– Minus Sign ! Exclamation mark
∗ Asterisk ” Quotation mark
/ Slash % Percent
( Left parenthesis & Ampersand
) Right parenthesis ; Semicolon
, Comma < Less than
. Decimal point > Great than
$ Currency symbol ? Question mark
’ Apostrophe 9/73



st. 'Ena deÔtero par�deigma progr�mmato
 e�nai to akìloujo gia thneÔresh tw riz¸n twn deuterob�jmiwn exis¸sewn: Ax2+Bx+C = 0(N-dedomèno-to pl jo
 twn exis¸sewn):

PROGRAM QUADRABEST

READ *, N

DO I = 1, N

READ *, A, B, C

IF (A /= 0) THEN

D = B*B - 4*A*C

R1 = (-B - D**0.5)/(2*A)

R2 = (-B + D**0.5)/(2*A)

PRINT *, "REAL ROOTS", R1, R2, "FOR THE EQUATION:", A, B, C

ELSE IF (B /= 0) THEN

R = - C/B

PRINT *, "LINEAR EQUATION WITH THE ROOT R=", R, "(",A,B,C,")"

ELSE IF (C /= 0) THEN

PRINT *, "THERE IS NO EQUATION, AND, OF COURSE, THERE IS NO ROOT", A, B, C

ELSE

PRINT *, "THE GIVEN EQUATION IS AN IDENTITY", A, B, C

ENDIF

ENDDO

END PROGRAM QUADRABEST 10/73



Efarmog :
4
1. −5. 6.
0. 7. 14.
0. 0. 0.
0. 0. −6.Shme�wsh: Gia thn dieukìluns  ma
, ja mporoÔsame ta dedomènatou progr�mmato
 na e�qame gr�yei s> èna arqe�o, p.q. me ìnoma

datafile.txt, en¸ ta apotelèsmata ja mporoÔsame na ta pa•roume s>èna �llo arqe�o outfile.txt en¸ eme�
 ja èprepe gia thn ektèleshtou progr�mmato
 na e�qame d¸sei thn entol :
> QUADRABEST <datafile, >outfileopìte sto outfile ja e�qame ta apotelèsmata. 11/73



z. H genik  morf  elègqou th
 gl¸ssa
 pragmatopoie�tai me thnentol  {BLOCK IF}, pou èqei thn akìloujh dom :

IF (sunj kh) THEN(...block entol¸n)
ELSE IF (sunj kh) THEN(...block entol¸n)
ELSE IF (sunj kh) THEN...
ELSE...(block entol¸n)
END IFpou thn blèpoume na ulopoie�tai sto deÔtero par�deigma tou pro-gr�mmato
 QUADRABEST, me trei
 elègqou
. Ton pr¸to:

IF (A /= 0) THEN,na exasfal�zei thn Ôparxh tou deuterob�jmiou ìrou (me A 6= 0).12/73



Ton deÔtero èlegqo
ELSE IF (B /= 0) THENna exasfal�zei thn parous�a prwtob�jmia
 ex�swsh
, ìtan den u-p�rqei deuterob�jmio
 ìro
 (me A = 0). Tèlo
, ton tr�to èlegqo:

ELSE IF (C /= 0) THENna diaqwr�zei thn per�ptwsh tautìthta
 (ìtan kai oi trei
 sunte-lestè
 e�nai mhdeniko�), apì thn adÔnath isìthta, ìtan up�rqei hper�ptwsh:

A = 0, B = 0, me C 6= 0.
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Fusik�, aplopoihmène
 morfè
 th
 genik 
 entol 
 e�nai duna-tè
, pio apl  per�ptwsh twn opo�wn e�nai h akìloujh

IF (sunj kh) THEN(...block entol¸n)

END IFme thn opo�a ektele�tai to block twn entol¸n ìtan kai mìno ìtanisqÔei h prohgoÔmenh sunj kh.Tèlo
, mia �llh aplopoihmènh morf  e�nai aut  pou perièqetai stopr¸to par�deigma tou progr�mmato
 solve first degree equations, methn dom :
IF (a /= 0) THEN(...block entol¸n 1)
ELSE...(block entol¸n2)
END IFpou exasfal�zei thn ektèlesh tou block entol¸n 1, ìtan isqÔei hsunj kh (a 6= 0),   thn ektèlesh tou block entol¸n 2, ìtan denisqÔei h sunj kh (a = 0). 14/73



h. H genik  epanalhptik  entol  th
 gl¸ssa
 e�nai h entol  DO,pou h pio apl  dom  th
 emperièqetai sto deÔtero par�deigma touprogr�mmato
 QUADRABEST kai e�nai h:

DO I = 1, N( block entol¸n)
END DOuponoe� de ìti to block twn entol¸n pou akolouje� thn pr¸th e-ntol  (DO I=1, N) ja ektelesje� N forè
, me diaforetik  tim ston de�kth (metablht ) I, sÔmfwna me to ped�o pou or�sjhke(I = 1, N), pou shma�nei ìti thn pr¸th for� to I ja èqei tim  1(arqik  tim ), thn deÔterh for� to I ja èqei tim  2 klp. kai thnteleuta�a for� ja èqei tim  I=N (thn telik  tim ).
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Se per�ptwsh pou jèlame to I na lamb�nei mìno ti
 perittè
 timè
mporoÔme na prosjèsoume kai to epijumhtì b ma, me thn morf :

DO I = 1, N, 2pou shma�nei ìti to block twn entol¸n ektele�tai gia thn arqik tim  tou de�kth I, pou sthn sunèqeia aux�netai suneq¸
 kat� tob ma (2) kai ektele�tai to block twn entol¸n èw
 ìtou h tim  touI g�nei megalÔterh tou N, opìte tìte stamat� h epanalhptik  e-ktèlesh kai ektele�tai h epìmenh entol  pou akolouje� thn entol 

END DO. 'Ara o de�kth
 I ja p�rei timè
: 1,3,5, . . . , k ≤ N .j. E�dh stajer¸n (Literal constants of intrinsic type)H gl¸ssa perièqei 5 e�dh dedomènwn (stajer¸n), pou qwr�zontaise dÔo kathgor�e
. H pr¸th kathgor�a perièqei, tou
 trei
 a-rijmhtikoÔ
 tÔpou
 dedemènwn (Akèraioi, Pragmatiko� kaiMigadiko� arijmo�), pou axiopoioÔntai stou
 arijmhtikoÔ
 upo-logismoÔ
, en¸ h deÔterh perilamb�nei 2 tÔpou
 dedomènwn (qara-kt re
 kai Logikè
 stajerè
), pou qrhsimopoioÔntai se mh arij-mhtikè
 diadikas�e
. 16/73



Pio analutik�:(i) Oi Akèraioi (Integer constants) arijmo� th
 gl¸ssa
, e�nai ì-pw
 oi gnwsto� ma
 akèraioi twn majhmatik¸n, me mìno èna pe-riorismì sto mègejo
, pou exart�tai apì to mègejo
 th
 lèxh
enì
 H.U.; p�ntw
 akèraiou
 me 7 yhf�a dèqontai ìloi oi H.U.,en¸ sto ergast rio tou tm mato
 o compiler - Fujitsu/Lahey tousust mato
 dèqetai akera�ou
 me 18 yhf�a (diajètei lèxei
 twn8 bytes).(ii) Oi pragmatiko� (Real constants) arijmo� th
 gl¸ssa
 qara-kthr�zontai apì thn parous�a tou dekadikoÔ shme�ou { . }, ìpw
ston pragmatikì arijmì 1234.56. To mègejo
 tou
 kai h akr�-beia th
 exart�tai apì to mègejo
 th
 lèxew
 tou H.U.. P�ntw
megèjh th
 t�xh
 (10−38,1038) kai akr�beia 7 dekadik¸n yhf�-wn, exasfal�zetai s> ìlou
 tou
 upologistè
. Tèlo
, o compilertou ergasthr�ou dèqetai pragmatikoÔ
 me 33, per�pou, shma-ntik� yhf�a kai t�xh
 (10−4931,104932), afoÔ diajètei lèxei
twn 16 bytes. 17/73



(iii) Oi migadiko� (Complex constants) arijmo� th
 gl¸ssa
 qara-kthr�zontai apì ta dÔo mèrh tou
 - pragmatikì kai fantastikì- pou diaqwr�zontai apì èna kìmma, e�nai pragmatiko� arijmo�kai perikle�ontai mesa se dÔo parenjèsei
 ìpw
 ston: (-2.31,6.17), apojhkeÔontai de se 2 jèsei
 mn mh
.(iv) Oi stajerè
 tÔpou qarakt ra (charcter constants) e�nai mharijmhtikè
 stajerè
 kai apoteloÔn mi� peperasmènh akolou-j�a (string) qarakt rwn ìlwn twn eid¸n pou dèqetai h gl¸ssa,perikleiomènwn e�te metaxÔ apostrìfwn {’} e�te metaxÔ eisagw-gik¸n (quotation marks), ìpw
 p.q. oi peript¸sei
: ’Tomorrow is

Sunday’ kai "Anything you say goes". Oi stajerè
 tÔpou qarakt -ra, axiopoioÔntai se epikefal�de
   se suggraf  graptoÔ kei-mènou. To shmantikì e�nai ìti oi qrhsimopoioÔmenoi qara-kt re
 den perior�zontai mìno sta sÔmbola th
 gl¸ssa
all� mpore� na e�nai opoiosd pote grafikì
 qarakt ra
pou uposthr�zei o epexergast 
 tou H.U., ektì
 twn qara-kt rwn elègqou, ìpw
 p.q. to {newline}. 18/73



Tèlo
, to kenì (b́) apotele� kai autì èna qarakt ra shmantikì,en¸ kai ta perikle�onta sÔmbola (”,’) mporoÔn na e�nai qarakt -re
 th
 stajer�
, arke� e�te na e�nai anìmoioi me ta perikle�ontae�te na grafoÔn dipl� w
 qarakt re
, ìpw
 sti
 peript¸sei
:

’She said "Hello" ’ (Anìmoioi Qarakt re
)

"Isn’’t it a cold day" (Diaplasiasmì
 th
 apostrìfou)(v) Oi logikè
 stajerè
 (logical constants) e�nai to teluta�o e�do
dedomènwn kai mporoÔn na p�roun m�a apì ti
 dÔo timè
 .TRUE.  .FALSE. (Oi tele�e
 emprì
 kai p�sw e�nai apara�thte
), poumporoÔn na p�roun oi logikè
 timè
 (blèpe kai bibl�o sth sel�da154-158)
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i. Metablhtè
 - Onìmata (sth gl¸ssa)Sta 5 e�dh twn stajer¸n, pou anafèrame, antistoiqoÔn is�rijma5 e�dh metablht¸n, pou akoloujoÔn tou
 �diou
 kanìne
 kai perio-rismoÔ
 me ti
 stajerè
. Oi metablhtè
 fusik� èqoun th dunatì-thta na metab�lloun timè
 sto autì prìgramma. 'Etsi, m�a di�taxhgramm�twn kai arijm¸n, kaj¸
 kai tou qarakt ra { }, pou arq�-zei me gr�mma mpore� na parist� mia metablht  FORTRAN. P.q.oi diat�xei
 KOSTAS, ANNA, TASIA, JOHNS paristoÔn metablhtè
. Toapodektì mègisto m ko
 di�taxh
 e�nai 31 qarakt re
. O basi-kì
 lìgo
 pou apaite�tai ìpw
 o pr¸to
 qarakt ra
 e�nai gr�mma,e�nai ìti me ton pr¸to qarakt ra g�netai h fusik  di�krish a-kera�wn kai pragmatik¸n metablht¸n (kanìna
 tou onìmato
 -

name rule). O kanìna
 tou onìmato
 èqei kajolik  isqÔ, plhnìmw
 ìqi kai apìluth, kaj> ìson e�nai tropopoi simo
; p.q. me miaentol  TUPOU (blèpe epìmenh par�grafo.). Analutikìtera, e�nto pr¸to gr�mma tou onìmato
 mia
 metablht 
 e�nai èna apì ta

I, J, K, L, M, N tìte h metablht  e�nai akèraia. 20/73



Gia k�je �llo pr¸to gr�mma h metablht  e�nai pragmatik . Oimetablhtè
 dipl 
 akr�beia
, migadikè
 kai logikè
 or�zontaimìno me mi� d lwsh TUPOU. Autì sumba�nei e�te diìti apaitoÔntaidÔo lèxei
 mn mh
 (dipl 
 akr�beia
, migadikè
), e�te èna mìno bitmi�
 lèxh
 mn mh
 (logikè
).Tèlo
, oi metablhtè
 mporoÔn na èqoun kai de�kte
; auto�mpore� na e�nai mìno akèraie
 stajerè
   akèraie
 metablhtè
,  k�poia grammik  èkfrash aut¸n, pou gr�fontai par�pleura th
metablht 
 kai eswkle�ontai mèsa se parenjèsei
, qwr�zontai de(oi de�kte
) metaxÔ tou
, ìpw
 p�nta me kìmmata.To mègisto pl jo
 twn deikt¸n pou g�netai dektì exart�tai apìton diekperaiwt ; oi trei
 de�kte
, p�ntw
, g�nontai dekto� ap>ìlou
 tou
 diekperaiwtè
. 21/73



Merik� parade�gmata metablht¸n∗:

i. akera�wn: JOHN, MARY, LOSS, JROAD1, ISTREET.

ii. pragmatik¸n: PROFIT, YEAR74, FIRST6.

iii. me de�kte
: WEEK2(I,JS,20), KAPAI(30), ABC(KLM15).Ta parak�tw parade�gmata metablht¸n den e�nai apodekt� gia tou
lìgou
 pou anagr�fontai mèsa sti
 parenjèsei
:

MATHEMATICS% (up�rqei mh apodektì
 qarakt ra
 - to % )

K.I.I (up�rqoun mh apodekto� qarakt re
 - oi tele�e
)

5SCHOL (arq�zei apì arijmì)
THE UNIVERSITY (up�rqei mh apodektì
 qarakt ra
 - to kenì)

∗Ston compiler tou ergasthr�ou tou tm mato
 to m ko
 tou onìmato
 twn metablht¸nmpore� na e�nai mèqri 240 qarakt re
 kai na perièqei san pr¸to qarakt ra tosÔmbolo tou {$} gia eidikoÔ
 skopoÔ
. 22/73



ia. Istorik  anadrom  kai spoudaiìthta th
 gl¸ssa
 FORTRANSthn akroteleÔtia aut  par�grafo tou enhmerwtikoÔ autoÔ sh-mei¸mato
 ja parajèsoume l�ga istorik� stoiqe�a gia th gl¸ssa,pou ja thn ent�xoun mèsa ston {kìsmo} twn glwss¸n uyhloÔ e-pipèdou (pou aparijme� kami� qili�da mèlh) kai ja ton�soun thnspoudaiìtht� th
 sti
 sÔgqrone
 efarmogè
.H FORTRAN ofe�lei thn gènes  th
 ston J. Backus, prwtopì-ro th
 epist mh
 twn Hlektronik¸n Upologist¸n, o opo�o
pro
 to tèlo
 tou 1953 eprìteine sthn IBM th sÔstash mia
 ereu-nhtik 
 om�da
 gia thn epinìhsh enì
 pio apotelesmatikoÔ trìpouprogrammatismoÔ, apì ton tìte gnwstì programmatismì se sum-bolik  gl¸ssa (Assembly-language programming), pr�gma pou jadièdide th qr sh twn H.U., afoÔ plèon ja  tan eukolìtero
 o pro-grammatismì
 tou
. 23/73



H IBM dèqjhke amèsw
 thn prìtash kai h om�da �rqise qwr�
 qro-notrib  thn ergas�a th
, gia ton IBM 704 H.U., me apotèlesmaper� ta mèsa tou 1954 na èqoun proetoimasje� oi prodiagrafè
 th
gl¸ssa
, gia eswterik  kai mìno qr sh th
 IBM, pou thn dièkri-nan h euelix�a, kai h dÔnamh, eprìkeito de na onomasje� {The

IBM Mathematical FORmula TRANslation Sytem, FORTRAN}. H e-pituq�a tou  tan shmantik  kai to pr¸to egqeir�dio anafor�
 th
gl¸ssa
 gia tou
 programmatistè
 ekdìjhke ton Okt¸brio tou1956, en¸ oi apait sei
 twn pelat¸n th
 IBM e�qan w
 apotèle-sma na paradojoÔn diaikperaiwtè
 (compilers) th
 nèa
 gl¸ssa
 sepel�te
 th
 IBM ton Apr�lo tou 1957. Autì  tan to FORTRAN I.
24/73



D¸deka m ne
 argìtera mi� beltiwmènh èkdosh th
 gl¸ssa
 me e-mploutismèna diagnwstik� mhnÔmata kai ènan arijmì shmantik¸nbelti¸sewn enefan�sjhke. Aut   tan h FORTRAN II. Sthn epì-menh f�sh h om�da dhmioÔrghse FORTRAN compilers gia ti
 �lle
mhqanè
 th
 IBM (709, 650, 1620, 7070, k.l.p.). To b ma pou ako-loÔjhse  tan h epituq�a th
 IBM, na prokalèsei ti
 �lle
 etaire�e
kataskeu 
 H.U. na thn mimhjoÔn kai na kataskeu�soun FORTRAN

compilers gia tou
 dikoÔ
 tou
 H.U., me apotèlesma to 1963 na u-p�rqoun diajèsimoi 50 diaforetiko� diekperaiwtè
 FORTRAN. Toprìblhma pou anefÔei s> ìlou
 autoÔ
 tou
 diekperaiwtè
 tan oi {dusarmon�e
} (incompatibilities) pou emfan�sthkan ìqimìno metaxÔ twn diekperaiwt¸n diaforetik¸n etairei¸n all� kaimetaxÔ twn diekperaiwt¸n th
 aut 
 etaire�a
, all� gia dia-foretikè
 mhqanè
.
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'Etsi, apì thn p�esh th
 agor�
 h IBM anagk�sthke to 1962 na ana-ptÔxei kai diajèsei mia nèa èkdosh th
 FORTRAN pou xepèra-se ti
 dusarmon�e
, katarg¸nta
 ìla eke�na ta qarakthristik� twnpersmènwn ekdìsewn pou sqet�zontan me thn �dia th mhqan  (The

machine depended features); autì  tan to FORTRAN IV. To epìmenomeg�lo b ma pro lje apì to Amerixan National Standards Insti-

tute pou to 1962 sunèsthse epitrop  me stìqo thn tupopo�hsh th


FORTRAN IV. 'Etsi, loipìn, genn jhke h pr¸th tupopoihmènhèkdosh th
 gl¸ssa
, h ANSI 66, ton M�rtio tou 1966.
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Me thn p�rodo tou qrìnou kai ti
 nèe
 efarmogè
 twn H.U. seìle
 sqedìn ti
 ekf�nsei
 th
 koinwnik 
 zw 
 ma
 all� kai tonanagkasmì apì ti
 nèe
 gl¸sse
 pou emfan�sthkan (ALGOL 60 &

68, COBOL, BASIC, PASCAL, PL/I) prok�lesan sthn FORTRANthn an�gkh gia nèe
 epekt�sei
 th
 gl¸ssa
, me apotèlesma thsÔstash nèa
 epitrop 
 gia thn kainoÔria tupopo�hsh th
 gl¸s-sa
, th
 opo�a
 h ègkrish kai apodoq  ègine to 1978, onom�sthkede FORTRAN 77 kai antikatèsthse thn pr¸th tupopo�hsh th
gl¸ssa
 thn FORTRAN 66.Tèlo
, h teleuta�a tupopol�hsh th
 gl¸ssa
, pou xek�nhse to1980, e�nai h FORTRAN90, pou ja èqoume eme�
 w
 b�sh, gia taergast ri� ma
. Ep�sh
, e�nai bohjhtikì na tonisje� ìti k�jenèa tupopo�hmènh epèktash th
 gl¸ssa
 enswmat¸nei kainoÔ-rie
 dunatìthte
 s> aut n   jerapeÔei enup�rqouse
 aduna-m�e
 (p.q. dusqrhstìthta sti
 diadikas�e
 eisìdou dedomènwn  exìdou apotelesm�twn). 27/73



Anaforik�, t¸ra, me th spoudaiìthta kai qrhsimìthta th
 gl¸s-sa
 FORTRAN, all� kai thn èntax  th
 ston kìsmo twn glws-s¸n, ja prèpei na tonisje� w
 pro
 th qr sh se pagkìsmioep�pedo, maz� me thn COBOL (1960), e�nai saf¸
 oi pio qrhsi-mopoioÔmene
 gl¸sse
. H men COBOL gia ti
 emporikè
 efarmo-gè
 kai h FORTRAN gia ti
 episthmonikè
 kai teqnologikè
efarmogè
. Merik� parade�gmata e�nai saf¸
 eÔglwtta.Pr¸ton: To megalÔtero mèro
 th
 atr�ktou enì
 JAMBO JE-

T (Boeing 747) kataskeu�zetai, apì mhqanik� ergale�a twn opo�-wn oi kin sei
 elègqontai me th bo jeia programm�twn FORTRAN.To �dio sumba�nei kai me ta selhnìploia th
 NASA.DeÔteron: Ta kaloÔpia pou qrhsimopoioÔntai sthn mazik paragwg  twn karoser� twn autokin twn, kataskeu�zontai meth bo jeia mhqan¸n pou elègqontai apì H.U., me th bo jeia pro-gramm�twn FORTRAN. 28/73



Tr�ton: Ta montèla twn peiram�twn gi� thn èreuna th
 dom 
 twnatìmwn∗, ìpw
 kai h an�lush twn apotelesm�twn aut 
 g�nontaime th bo jeia H.U. di� programm�twn FORTRAN. (P.q. sto CERNth
 Elbet�a
).Tètarton: H statik  melèth twn gefuri¸n kai ouranoxust¸n ka-j¸
 kai o sqediasmì
 twn gennhtri¸n reÔmato
 (blèpe DEH k.t.l.)sun jw
 g�nontai me thn bo jeia programm�twn FORTRAN.Pèmpton: H epikratoÔsa gl¸ssa efarmog¸n tou akadhmaðkoÔ q¸-rou e�nai h FORTRAN. Gnwst� pakèta bibliojhk¸n, ìpw
 to SPSS(gia jèmata Statistik 
), apara�thto efìdio s> ìlou
 tou
 epist -mone
 twn Koinwnik¸n Episthm¸n gia thn an�lush twn deigmato-lhptik¸n ereun¸n kai thn en gènei èreuna. 'Alla axioshme�wtapakèta e�nai to NAG Library (m�a ter�stia kai ektetamènh sul-log  upoprogramm�twn gia efarmogè
 Arijmhtik 
 AnalÔsew
 kaiUpologistik¸n Majhmatik¸n), h biblioj kh th
 IMSL (amfìterata pakèta up�rqoun sto ergast rio tou tm mato
), ktl.

∗Fusik  Uyhl¸n Energei¸n (High Energy Physics) kai Fusik  swmatid�wn (Particle
Physics) 29/73



2. Telestè
a. Arijmhtiko� telestè
 - Enswmatwmène
 sunart sei
 O diek-peraiwt 
 FORTRAN anagnwr�zei ti
 ex 
 pènte arijmhtikè
 pr�-xei
, pou antistoiqoÔn stou
 ant�stoiqou
 telestè
 (Arithmetic

operators):Prìsjesh + (p.q., A + 6.0)Afa�resh − (p.q., K − 20)Pollaplasiasmì
 ∗ (p.q., A ∗ A)Dia�resh / (p.q., A/B)AnÔywsh se dÔnamh ∗∗ (p.q., A ∗ ∗2)(Oi telestè
 th
 prìsjesh
 kai th
 afa�resh
 qrhsimopoioÔntai kai w
 prìsh-ma sti
 stajerè
 kai metablhtè
 me th sun jh majhmatik  ènnoia).E�n sti
 parap�nw arijmhtikè
 pr�xei
 prosjèsoume kai th du-natìthta qrhsimopo�hsh
 twn enswmatwmènwn sth gl¸ssa FOR-

TRAN sunart sewn (pou d�noun èna aplì kai eÔqrhsto trìpo eÔ-resh
 tim¸n twn poluqr stwn majhmatik¸n sunart sewn), tìteèqoume ìla ta {domik� ulik�} gia to kt�simo twn majhmatik¸nekfr�sewn. 30/73



Merikè
 apì ti
 enswmatwmène
 sunart sei
 biblioj kh
 e�nai:

ABS(X) gia thn |X| {p.q., ABS(X+2.0*A)}

SIN(X) gia to ηµX {p.q., SIN(3.0*X**2 - 1.0)}

COS(X) gia to συνX {p.q., COS(2.0*3.14159 + 1.0)}

ALOG(X) gia to lnX {p.q., ALOG(4.5*A - 1.0)}

EXP(X) gia to eX {p.q., EXP(7.0/A)}

SQRT(X) gia thn √
X {p.q., SQRT(B*B - 4.0*A*C)}

CBRT(X) gia thn 3
√

X

ALOG10(X) gia ton dekadikì log�rijmo tou X

TAN(X) gia thn ǫφX

ASIN(X) gia to τoξσυνX

ACOS(X) gia to τoξηµX, klp.Gia èna pl rh kat�logo twn enswmatwmènwn sunart sewn, blèpesto tèlo
 tou kefala�ou 31/73



'Etsi, kat� thn ektèlesh tou progr�mmato
 h apl  anafor� touonìmato
 th
 sun�rthsh
 kai h par�jesh th
 metablht 
 th
 mèsase parenjèsei
, akrib¸
 ìpw
 e�nai grammène
 parap�nw, èqei sanapotèlesma na t�jetai ant� tou onìmato
 th
 sun�rthsh
, h tim th
.Me ton �dio trìpo, oi majhmatikè
 ekfr�sei
 sto FORTRAN e�naièna
 sunduasmì
 sumbìlwn, pr�xewn, sunart sewn, kai parenjè-sewn gia ton upologismì mi�
 arijmhtik 
 tim 
; p.q. e�n jèlamena broÔme thn tim  tou gnwstoÔ ma
 triwnÔmou, ja gr�fame thnèkfrash FORTRAN:
A*X**2 + B*X + C , e�n jèlame h prohgoÔmenh tim  na apomnhmoneuje� sth jèsh U,thn

Y = A*X**2 + B*X + C. 32/73



'Omoia gia th diakr�nousa D tou �diou triwnÔmou ja e�qame:

D = B*B - 4*A*Copìte sth metablht  D ja lamb�name th tim  th
 diakr�nousa
.

b. Logiko� telestè
O diekperaiwt 
 FORTRAN anagnwr�zei ep�sh
 kai ti
 ex 
 pèntelogikè
 pr�xei
, pou antistoiqoÔn stou
 ant�stoiqou
 logikoÔ
telestè
 (Logical operators):{Logik } prìsjesh .OR. (Disjunction){Logikì
} pollaplasiasmì
 .AND. (Conjunction)'Arnhsh .NOT. (Negation)Isodunam�a .EQV. (Equivelence)Mh isodunam�a .NEQV. (Non Equivalence)me tou
 akìloujou
 p�nake
 alhje�a
: 33/73



P�naka
 alhje�a
 twn logik¸n telest¸n

A B A.OR.B A.AND.B A.EQV.B A.NEQV.B .NOT.A

T T T T T F F
T F T F F T F
F T T F F T T
F F F F T F T

g. Telest 
 qarakt rwnGia ton qeirismì dedomènwn tÔpou qarakt ra, up�rqei èna
 mìnotelest 
, o telest 
 th
 par�jesh
 (the concatenation operator)://, o opo�o
 parajètei to èna dedomèno d�pla sto �llo kai dh-miourge� èna nèo dedomèno tÔpou qarakt ra me th sÔnjesh twndÔo. 34/73



P.q., e�n e�qame ti
 stajerè
 ’ABC’ kai ’XYZ’, tìte h pr�xh:

’ABC’ // ’XYZ’ja èdide th stajer�:

’ABCXYZ’.Endiafèron e�nai na tonisje� h dunatìthta sÔndesh
 mèrou
 twnstajer¸n. P.q., e�n e�qame ti
 2 stajerè
 WORDA Kai WORDBm kou
 4 qarakt rwn kai timè
:
WORDA = ’LOOP’, WORDB = ’HOLE’,tìte h pr�xh:

WORDA(4:4) // WORDB(2:4)ja èdide th stajer� ’POLE’, en¸ h pr�xh:
WORDA // WORDB // ’S’ja èdide th stajer�: ’LOOPHOLES’. 35/73



d. Telestè
 sÔgkrish
E�n stou
 parap�nw telestè
, episun�youme tou
 telestè
 sÔ-gkrish
 (Relational Operators), tìte lamb�noume to pl re
 sÔnolotelest¸n pou qrhsimopoie�tai apì èna diekperaiwt  FORTRAN.Oi telestè
 sÔgkrish
 e�nai:Telest 
 {�son me} .EQ.   ==Telest 
 {di�foro tou} .NE.   / =Telest 
 {mikrìtero tou} .LT.   <Telest 
 {mikrìtero tou   �so me} .LE.   <=Telest 
 {megalÔtero tou} .GT.   >Telest 
 {megalÔtero tou   �so me} .GE.   >=

e. Kanìne
 sqhmatismoÔ twn parast�sewnO sqhmatismì
 twn parast�sewn akolouje� orismènou
 eunìhtou
kanìne
, merikoÔ
 apì tou
 opo�ou
 e�nai e�nai qr simo endeiktik�na ton�soume. 36/73



(i) E�nai profanè
 ìti oi telestè
 twn dimel¸n pr�xewn den mpo-roÔn na akoloujoÔn o èna
 ton �llon (fusik� h qr sh twn pros -mwn + kai - den e�nai apagoreutik , p�ntw
 ja prèpei kai p�li naemperièqontai me ti
 ant�stoiqe
 posìthte
 mèsa se parenjèsei
).AploÔstera, den mporoÔn dÔo sÔmbola pr�xewn na topoje-toÔntai par�pleura; p.q., h graf  3.0*(-4) e�nai epitrept , en¸h (-6.0)**-2 den e�nai.(ii) Oi parenjèsei
 omadopoioÔn ti
 pr�xei
 kai bohjoÔn sthn sw-st  èkfrash th
 allhlouq�a
 twn pr�xewn pou prìkeitai na ekte-lestoÔn.(iii) Kat� ton upologismì mi�
 arijmhtik 
 par�stash
, h apìluthtim  k�je ìrou den prèpei na uperba�nei th mègisth epitrepìmenhtim  th sqetik  me ton tÔpo tou ìrou (p.q., akèraioi, pragmatiko�,dipl 
 akr�beia
, ktl.).(iv) Kat� ton upologismì mi�
 arijmhtik 
 par�stash
 den prèpeiarnhtiko� arijmo� na uy¸nontai se pragmatik  dÔnamh. 37/73



(v) E�n se k�poia èkfrash up�rqoun diaforetikè
 leitourg�e
 -pr�xei
, tìte h seir� ektèlesh
 twn upologism¸n elle�yh paren-jèsewn, g�netai me thn parak�tw fj�nousa ierarq�a (afoÔ pr¸tag�nei o upologismìe twn emperieqomènwn sunart sewn) tou p�naka:
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H ierarq�a twn pr�xewn se fj�nousa dunamikìthtaTelest 
 Pr�xh EnergoÔmena

∗∗ exponentiation two numeric

∗ and / multiplication and division two numeric

+ and − unary adition and subtraction one numeric

+ and − binary adition and subtraction two numeric

// concatenation two CHARACTER

.EQ. and == equal to two numeric or two
.NE. and / = not equal to CHARACTER

.LT. and < less than
.LE. and <= less than or equal to two non-COMPLEX
.GT. and > greater than numeric or two

.GE. and >= greater than or equal to CHARACTER

.NOT. logical negation one LOGICAL

.AND. logical conjuction two LOGICAL

.OR. logical inclusive conjuction two LOGICAL

.EQV. and logical equivalence and non-
two LOGICAL

.NEQV. equivalence 39/73



ìpou oi omadopoihmène
 pr�xei
 se pla�sio e�nai th
 id�a
 prote-raiìthta
 kai ekteleoÔntai ex arister¸n pro
 ta dexi�. Tèlo
,epaneilhmène
 uy¸sei
 se dÔnamh ekteloÔntai ex dexi¸n pro
ta arister�.(vi) E�n mia pr�xh g�netai se dedomèna tou autoÔ tou tÔpou tìteto apotèlesma e�nai tou �diou tÔpou, en¸ e�n e�nai diaforetikoÔ,tìte to apotèlesma e�nai tou {uyhlotèrou} tÔpou, ìpou oi mi-gadiko� e�nai {uyhlìteroi} twn pragmatik¸n, pou e�nai uyhlìterhtwn akera�wn. Tèlo
, sth dia�resh dÔo akera�wn, to apotèle-sma e�nai to akèraio mèro
 tou alhjhnoÔ phl�kou. P.q. 7/5 d�dei1.
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st. Parade�gmata1. Sti
 parak�tw majhmatikè
 ekfr�sei
 èqoume arijm sei thseir� twn pr�xewn pou ja ektelestoÔn, me auxanìmenh ar�jmhshgia ti
 pr�xei
 pou akoloujoÔn. Ta diagr�mata e�nai eÔglwttakai den èqoun an�gkh apì epexhg sei
.

41/73



2. Sto akìloujo deÔtero par�deigma ton�zetai h spoudaiìthta th
parat rhsh
 6, prohgoÔmena pou afor� ton tÔpo tou apotelèsma-to
 mi�
 meikt 
 arijmhtik 
. Analutikìtera, zhte�tai na brejoÔnoi arijmhtikè
 timè
 twn parast�sewn:

i) L = 1
3 + 1

3 + 1
3 → L = 1/3 + 1/3 + 1/3

ii) G = 1.0
4 + 1

4.0 + 1.0
4.0 + 1.

4. → G = 1.0/4 + 1/4.0 + 1.0/4.0 + 1./4.

iii) F = 4 ∗
(

1
4

)

− 5.0 ∗
(

1
5

)

+ 6 ∗
(

1.0
6

)

→ F = 4 ∗ (1/4) − 5.0 ∗ (1/5) + 6 ∗ (1.0/6).Sthn per�ptwsh i, ta tr�a phl�ka akera�wn ja d¸soun w
 apotelè-smata, me odhgì kai p�li to (6), trei
 akera�ou
 pou ja e�nai taakèraia mèrh twn pragmatik¸n tou
 phl�kwn: 0.333333...3; dhlad to 0! 'Ara, h tim  tou L ja isoÔtai me to mhdèn. 42/73



Sthn per�ptwsh ii, ta dÔo pr¸ta phl�ka, epeid  perièqoun èna prag-matikì ìro ja e�nai pragmatiko� arijmo� kai �soi me to 0.25. 'Omoiata dÔo epìmena phl�ka e�nai pragmatiko� arijmo�, afoÔ amfìteroioi ìroi tou
 e�nai pragmatiko�. 'Ara to G ja èqei tim  �sh methn mon�da (0.25 + 0.25 + 0.25 + 0.25).Sthn per�ptwsh iii, ja ektelestoÔn pr¸ta oi pr�xei
 mèsa sti
parenjèsei
, pou ja d¸soun ant�stoiqa 0, 0 kai 0.16666...6; ta deginìmena ja e�nai, kat� sunèpeia ant�stoiqa �sa me: 0, 0 kai 1.0;pr�gma pou ja k�nei thn tim  th
 F = 0 - 0 + 1.0 = 1.
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3. Prot�sei
 upoprogramm�twn

a. Genik�E�nai koin  pe�ra twn efarmog¸n, ìti pollè
 forè
, orismènoi upo-logismo� epanalamb�nontai oi �dioi sta di�fora probl mata (p.q.,pollè
 forè
 epizhte�tai h eÔresh twn riz¸n mia
 deuterob�jmia
ex�swsh
),   akìma, kai sta di�fora mèrh tou autoÔ progr�mmato
(p.q., h eÔresh th
 tetragwnik 
 r�za
 diafìrwn parast�sewn).Profan¸
 de, ja  tan polÔ bohjhtikì, e�n mporoÔse kane�
 na dh-miourg sei mia diadikas�a, h opo�a na energopoie� autoÔ
 akrib¸
tou
 pollapl� apaitoÔmenou
 upologismoÔ
, en¸, sugqrìnw
, jaèqei èna aplì trìpo kat�llhlh
 ep�klhs 
 th
, ìpou autì qrei�-zetai, metab�llonta
 fusik� ek�stote ti
 perieqìmene
 metablhtè
(paramètrou
). 44/73



'Allwste, h ènnoia twn enswmatwmènwn sthn gl¸ssa sunart se-wn, aut  akrib¸
 thn an�gkh exuphretoÔn (me apl  anagraf  touonìmato
 th
 sqetik 
 sun�rthsh
, p.q., tou EQR(Q), energopoie�-tai h seir� eke�nh twn upologism¸n me tou
 opo�ou
 epitugq�netaih eÔresh th
 tim 
 th
 sun�rthsh
 ex gia thn trèqousa tim  th
metablht 
 - paramètrou - Q). To sÔsthma FORTRAN d�nei thn du-natìthta gen�keush
 th
 idèa
 aut 
 me epèktash th
 se oiad poteper�ptwsh me thn bo jeia th
 ènnoia
 twn upoprogramm�twn.b. Di�krish upoprogramm�twnOi prot�sei
 upoprogramm�twn diakr�nontai se dÔo kathgor�e
:

• Sti
 sunart sei
 (Functions),
• Sti
 uporout�ne
 (Subroutines). 45/73



Amfìtere
 or�zontai me èna ìnoma, m kou
 1 èw
 6 alfarijmhtik¸nqarakt rwn pou arq�zoun me èna gr�mma, pou akolouje�tai apìèna sÔnolo paramètrwn (Arguments), pou qwr�zontai me kìmmatakai perikle�ontai mèsa se parenjèsei
; p,q., EQUAT2 (A,B,C).H basik  diafor� metaxÔ sunart sewn kai uporoutin¸n ègkeitaista ex 
 2 shme�a. Pr¸ton, to ìnoma th
 sun�rthsh
 sundèetaime m�a arijmhtik  tim , d�kh metablht 
 (thn tim  th
 sun�rth-sh
), pou akolouje� ton kanìna tou onìmato
, en¸ to ìnoma th
uporout�na
 den sundèetai me kam�a tim . DeÔteron, h kl shth
 sun�rthsh
 g�netai me apl  anagraf , tou onìmato
 th
 kai mepar�jesh twn paramètrwn th
∗, en¸ oi uporout�ne
 apaitoÔn thneidik  kl sh CALL; p.q., e�n sto prohgoÔmeno par�deigma jewr -soume thn EQUAT2 (A,B,C) san sun�rthsh kai jèloume thn tim th
 gia A=1.2, B=100.0, C=0.1 sthn jèsh ROOT, tìte ja prèpeina gr�foume:

∗'Opw
 akrib¸
 oi gnwstè
 ma
 sunart sei
 SIN(X), EXP(X), SQRT(X) klp. Blèpe
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ROOT = EQUAT2(1,2,100,0,0,1)E�n t¸ra, h EQUAT3 (A,B,C) èqei orisje� w
 uporout�na, tìtegenik� ja èprepe m�a apì ti
 paramètrou
 na d�nei to exagìmenoapotèlesma, èstw aut  h A, kai sunep¸
 e�n jèloume thn tim  th
A sthn jèsh ROOT gia ti
 timè
 tou B=50.1 kai C=0.1, ja prèpeina gr�foume:
CALL EOUAT3(A,50.1,0.1)
ROOT = Ag. Di�krish sunart sewnOi sunart sei
 genik� diakr�nontai sti
 ex 
 kathgor�e
:

i. Eswterikè
 sunart sei
 (Built in and library functions).

ii. Sunart sei
 - prot�sei
 (Statement functions).
iii. Sunart sei
 upoprogr�mmata (Function subprograms). 47/73



(i) Oi eswterikè
 sunart sei
 perilamb�noun ti
 enswmatwmène
sthn gl¸ssa sunart sei
 (anoiktè
) kaj¸
 kai ti
 sunart sei
th
 biblioj kh
 (kleistè
). H qr sh tou
 e�nai aploÔstath; arke�h anagraf  tou onìmato
 tou
 kai h par�jesh, twn apaitoÔmenwnparamètrwn mèsa se parenjèsei
.O diekperaiwt 
 e�te antikajist� thn sun�rthsh me èna pl jo-
 entol¸n se gl¸ssa mhqan 
 (anoiktè
 sunart sei
), e�te kale�to sqetikì upoprìg r�mma apì thn biblioj kh (kleistè
 sunar-t sei
). To telikì apotèlesma gia ton programmatist  e�nai nalamb�nei, sth jèsh th
 sun�rthsh
, thn tim  th
. P.q., e�n e�qameti
 entolè
 5, 6, tìte h tim  th
 metablht 
 A met� thn ektèleshth
 entol 
 5 ja  tan �sh me thn mon�da, en¸ h tim  th
5 A = COS(X)**2 + SIN(X)**26 B = SIN(0.0)metablht 
 B, met� thn ektèlesh th
 entol 
 6, ja  tan �sh me tomhdèn. 48/73



(ii) Oi sun�rthsei
 - prot�sei
, apoteloÔntai apì m�a mìno e-ntol , h opo�a t�jetai sthn arq  tou progr�mmato
 mprost� apìk�je �llh ektelèsimh entol ; kat� ta loip�, h qr sh tou
 e�naiìpw
 akrib¸
 kai twn enswmatwmènwn sunart sewn.H genik  morf  orismoÔ twn e�nai:v'Onoma sun�rthsh
 (tupikè
 par�metroi) =Arijmhtik  èkfrashvP.q., EQUAT4 (A, B, C, X) = A*X**2 + B*X + Cgia ton upologismì tou gnwstoÔ ma
 triwnÔmou, ìpou sthn jèshtwn tupik¸n paramètrwn e�nai m�a oiad pote metablht  qwr�
 de�-kte
, en¸ sto dexiì mèlo
 th
 arijmhtik 
 èkfrash
 e�nai dunatìna perièqontai kai metablhtè
 me de�kte
. 49/73



(iii) Oi sunart sei
 upoprogr�mmata e�nai sunart sei
, pou denmporoÔn na orisjoÔn me m�a mìno entol , all� apaitoÔn perissì-tere
, en¸ sugqrìnw
 h qr sh tou
 den e�nai tìso ekten 
 gia nasumperilhfjoÔn sti
 sunart sei
 th
 biblioj kh
 th
 gl¸ssa
.H diafor� tou
 apì ti
 prohgoÔmene
 sun�rthsei
 - prot�sei
, e�-nai, ìti diekperai¸nontai anex�rthta apì to prìgramma pou ti
kale� kai sth sunèqeia enswmat¸nontai s> autì. P.q., e�n e�qameto prìblhma th
 eÔresh
 mia
 pragmatik 
 r�za
 th
 tritob�jmia
ex�swsh
, tìte profan¸
 m�a mìno entol  e�nai anepark 
 gia thnk�luyh ìlwn twn peript¸sewn; par�llhla, h an�gkh ep�lush
 tri-tob�jmiwn exis¸sewn den e�nai tìso suqn  gia na prosarthje� hsun�rthsh ston p�naka th
 biblioj kh
 th
 gl¸ssa
.H org�nwsh twn entol¸n th
 sun�rthsh
 - upoprìgr�mma g�netaiw
 ex 
. Kat> arq , èqei w
 pr¸th entol , thn entol  orismoÔ th
sun�rthsh
, pou apotele�tai apì th lèxh FUNCTION, to ìnoma th
sun�rthsh
 kai ti
 metablhtè
 th
 mèsa se dÔo parenjèsei
, ìpw
fa�netai sto sq ma 7. 50/73



Akolouje� met� to s¸ma twn entol¸n th
 sun�rthsh
, pou sumplh-r¸netai me ti
 ex 
 dÔo telikè
 entolè
, RETURN, END. Dhlad ,gia thn sun�rthsh EQUAT5 (Q,U,2) ja èqoume thn di�taxh tousq mato
 7. Sq ma 7. Dom  sun�rthsh
 upoprìgramma1 2 3 4 5 6 7... 72 . . . 80Pr¸thentol  FUNCTION EQUAT5 (X, Y, Z). . . . . .. . .Prosdior�-zousaentol  EQUAT5 = (X+Y**3 - 6*Z + 5). . . . . .Telikè
 RETURNentolè
 ENDShmei¸ste, pr¸to thn diafor� sthn entol  orismoÔ, ìpou e�naiapara�thth h pros�rthsh th
 lèxh
 FUNCTION, pr�gma to opo�oden g�netai sti
 sun�rthsei
 - prot�sei
. 51/73



DeÔtero thn Ôparxh mia
 toul�qiston entol 
 RETURN, me thn o-po�a g�netai h epanafor� th
 ro 
 tou progr�mmato
 sto shme�okl sh
 th
 sun�rthsh
 (apì to kÔrio prìgramma). Tèlo
, prèpeina shmeiwje�, ìti mèsa sto s¸ma th
 sun�rthsh
 prèpei apara�-thta na up�rqei toul�qiston m�a entol  pou na prosdior�zei thnsun�rthsh. P.q., sthn per�ptwsh th
 EOUAT5, prèpei sto s¸math
 sun�rthsh
 na up�rqei m�a arijmhtik  entol  th
 morf 
:

E0UAT5 = (X + Y ) ∗ ∗3 − 6 ∗ B + 5me thn opo�a to ìnoma th
 sun�rthsh
 lamb�nei thn tim  th
.d. Uporout�ne
 (Subroutines)O orismì
 uporoutin¸n kai h org�nwsh twn entol¸n, g�netai ìpw
akrib¸
 kai twn sunart sewn upoprogramm�twn, H diafor� tou
ègkeitai, ìpw
 anafèrjhke parap�nw, pr¸ta ston trìpo kl sh
tou
, kai met� sthn mh sÔndesh arijmhtik 
 tim 
 me to ìnomath
 uporout�na
 (�ra den apaite�tai emf�nish th
 prosdior�zousa
entol 
 me to ìnoma th
 uporout�na
, mèsa sto s¸ma th
). 52/73



e. H entol  EXTERNAL'Opw
 e�pame sthn §3, to ìnoma th
 sun�rthsh
, d�kh metablht 
,sundèetai me mia tim ; sunep¸
, ja mporoÔse na qrhsimopoihje� w
par�metro
 enì
 �llou upoprogr�mmato
, mìno pou se mia tètoiaper�ptwsh ja prèpei na enhmerwje� o diekperaiwt 
 me mia entol 

EXTERNAL, h genik  morf  th
 opo�a
 e�nai:

EXTERNAL Q, U, Z, EOUAT4, . . .Me thn parap�nw entol , o diekperaiwt 
 plhrofore�tai ìti taonìmata twn sunart sewn X, Y, Z, EOUAT4, . . . pijanìn na pa-rousiastoÔn w
 par�metroi upoprogramm�twn.
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4. Parade�gmataa. Qr sh sun�rthsh
 kai uporout�na


(i) Parak�tw d�noume mia sun�rthsh SUMQUA gia ton upologismìtwn ajroism�twn twn tetrag¸nwn twn pr¸twn K (≤ 999) sunte-tagmènwn enì
 dianÔsmato
 A(999), kai mia uporout�na SORT giathn di�taxh enì
 pl jou
 N arijm¸n: X1, X2, . . . , Xν kat� t�xh au-xanìmenou megèjou
 klp.
1 2 3 4 5 6 7 ... 73 ...80

FUNCTION SUMQUA (A, K)

DIMENSION A(999)

SUM = 0.0

DO 20 1 = 1, K

20 SUM=SUM+A(I)*A(I)

−→ SUMQUA=SUM

RETURN

END

. . . . . . . . . . . 54/73



1 2 3 4 5 6 7 ... 73 ...80

SUBROUTINE SORT(X,N)

DIMENSION X(1)

N1=N-1

DO 20 I = 1, N1

J = I + 1

DO 5 K = J, N

IF(X(I) .LE. X(K))

GO TO 5

HELP = X(I)

X(I) = X(K)

X(K) = HELP

5 CONTINUE

20 CONTINUE

RETURN

END 55/73



To kÔrio prìgramma diab�zei ti
 K(≤ 999) suntetagmène
 enì
 dia-nÔsmato
 A, kai ektup¸nei af> enì
 men to �jroisma twn tetrag¸-nwn tou
, pou br�skei me thn qr sh th
 sun�rthsh
 SUMQUA, af>etèrou de ti
 suntetagmène
 kat� aÔxousa seir� megèjou
:

1 2 3 4 5 6 7 ... 73 ...80

PROGRAM SORTING

DIMENSION A(999)

READ 1, K, (A(I), I = 1, K)

1 FORMAT (I5/(10F8.0))

−→ RESULT = SUMQUA(A, K)

6−→6 CALL SORT(A, K)

PRINT 2, RESULT

2 FORMAT (29H SUM OF SQUARES OF COMPONENTS, F20.2///)

PRINT 4, (I, A(I), I = 1, K)

4 FORMAT (I10, F10.2/)

STOP

END SORTING 56/73



Shmei¸ste sto s¸ma th
 sun�rthsh
 SUMQUA thn prosdior�zou-sa entol  (fèrei bèlo
), thn par�leiy  th
 sthn SORT, ìpw
 ep�-sh
 ton trìpo ep�klhsh
 th
 SUMQUA me apl  anafor� tou onì-mato
 th
 sto kÔrio prìgramma (fèrei bèlo
), en¸ h SORT apaite�to CALL (fèrei diagrammismèno bèlo
).b. O algìrijmo
 tou Gauss gia thn hmeromhn�a tou P�sqaSthn sunèqeia d�noume mia jaum�sia efarmog  qr sh
 sun�rthsh
mia
 entol 
, sto prìgramma tou upologismoÔ th
 hmeromhn�a
 touP�sqa, gia ta èth 1985-2000 me thn bo jeia tou tÔpou tou Gauss.E�n E parist� to èto
, to de sÔmbolo [I]J parist� to upìloipo th
dia�resh
 tou akèraiou I dia tou akèraiou J, tìte h hmeromhn�a touP�sqa e�nai h 3h April�ou auxhmènh kat� to pl jo
 twn hmer¸npou d�nontai apì thn posìthta:: P = D + F (1)ìpou : D = [19A + 16]30, (2): F = [2B + 4C + 6D]7, (3)me : A = [E]19, B = [E]4, C = [E]7. (4) 57/73



Gia thn kataskeu  tou progr�mmato
 ja prèpei na parathrhje� ìtito pl jo
 twn et¸n gia ta opo�a ja zht soume thn hmeromhn�a touP�sqa den parousi�zoun duskol�a, kajìson h qr sh th
 entol 


DO mpore� na ikanopoi sei opoiad pote an�gkh ma
. 'Ena deÔteroshme�o pou e�nai bohjhtikì, e�nai h idiìthta twn tÔpwn (2), (3) kai(4) na ekfr�zontai me thn bo jeia th
 diadikas�a
 tou upìloipouth
 dia�resh
. Sunep¸
, ende�knutai h qr sh mia
 sun�rthsh
 mia
entol 
 pou ja parèqei autì to upìloipo. 'Etsi, e�n kalèsoume me:

MOD (I, J)thn sun�rthsh [I]J to zhtoÔmeno prìgramma ja e�nai to akìloujo(mèsa sto ènjeto parousi�zontai ta apotelèsmata):
58/73



1 2 3 4 5 6 7 ... 73 ...80

PROGRAM EASTER

INTEGER E, A, B, C, D, F, P

MOD(I,J) = I - (I/J)*J

WRITE (6,1)

FORMAT (1H1, 53X, ’UNIVERSITY OF PATRAS’/ &

53X, ’DEPARTMENT OF MATHEMATICS’/ &

53X, 13(2H*-)/ &

58X, ’DATES OF EASTER’/58X,15(1H-)/ &

58X, ’YEARS’, 5X, ’EASTER’/ &

58X, 5(1H-), 5X, 6(1H-)/ )

DO 50 E = 1985, 2000

A = MOD (E, 19)

B = MOD (E, 4)

C = MOD (E, 7)

D = MOD (19*A + 16, 30) 59/73



1 2 3 4 5 6 7 ... 73 ...80

F = MOD (2*B + 4*C + 6*D, 7)

P = 3 + D + F

IF (P.GT.30) GO TO 10

WRITE (6, 5) E, P

5 FORMAT (58X, I4, 5X, I2,’ APRIL’)

GO TO 50

10 P = P - 30

WRITE (6, 15) E, P

15 FORMAT (58X, I4, 5X, I2, ’ MAY’)

50 CONTINUE

END EASTER

UNIVERSITY OF PATRAS

DEPARTMENT OF MATHEMATICS
*-*-*-*-*-*-*-*-*-*-*-*-*-*-

DATES OF EASTER

-------------------
YEARS EASTER

------- ---------
1985 14 APRIL
1986 4 MAY
1987 19 APRIL
1988 10 APRIL
1989 30 APRIL
1990 15 APRIL
1991 7 APRIL
1992 26 APRIL
1993 18 APRIL
1994 1 MAY
1995 23 APRIL
1996 14 APRIL
1997 27 APRIL
1998 19 APRIL
1999 11 APRIL
2000 30 APRIL60/73



g, H lÔsh th
 prwtob�jmia
 ex�swsh
 me uporout�naTo par�deigma autì d�nei mia uporout�na - pou ulopoie� thn ep�lushmia
 prwtob�jmia
 ex�swsh
 - me thn ex 
 perigraf :

SUBROUTINE EOUAT1 (A, B, X, K)ìpou:A kai B oi suntelestè
 th
 ex�swsh
 Ax + B = 0Q h lÔsh th
 ex�swsh
, ef> ìson up�rqeiK èna
 de�kth
 plhroforiakì
 me timè
:1 ìtan up�rqei lÔsh2 ìtan h ex�swsh e�nai adÔnath3 ìtan h ex�swsh kaj�statai tautìthtaH uporout�na e�nai h akìloujh:
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SUBROUTINE EQUAT1 (A, B, X, K)

IF (A == 0) GO TO 15

K = 1

Q = -B/A

RETURN

15 IF (B == 0) GO TO 30

K = 2

RETURN

30 K = 3

RETURN

END

To akìloujo kÔrio prìgramma kale� thn EQUAT1 kai ektup¸neithn r�za me thn morf  pou d�nei h parak�tw epikefal�da: 62/73



Fusik� se per�ptwsh tautìthta
   adunam�a
 to prìgramma ektu-p¸nei kat�llhlo m numa.
PROGRAM FDEquations

READ 5, A, B

5 FORMAT (2F10.2)

CALL EQUAT1 (A, B, X, K)

GO TO (5, 20, 30), K

5 WRITE (6,10) A, B, X

10 FORMAT (3X, 20HUNIVERSITY 0F PATRAS/ & 63/73



1X, 28HSCHOOL F0R PHYSICAL SCIENCES, &

2X, 24HSOLUTION 0F FIRST DEGREE, &

5X, 16HEQUATIONS AX+B=0/ &

1X, 15(2H-*)/2X, 2HA=, E10.3, 1X, &

62HB=, E10.3, 1Q, 2HQ=, E10.3)

STOP 1

20 WRITE (6,25) A, B

25 FORMAT (6H ERROR, 3x, 2F10.2)

ST0P 2

30 WRITE (6,35) A, B

35 FORMAT (9H IDENTITY, 2F10.2)

STOP 3

END FDEquations
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d. H lÔsh th
 deuterob�jmia
 ex�swsh
 me uporout�naMe b�sh to prìgramma th
 §1st d�noume thn uporout�na EQUAT2gia thn ep�lush th
 deuterob�jmia
 ex�swsh
 Ax2 + Bx + C = 0 methn ex 
 perigraf :
SUBR0UTINE EQUAT2 (A, B, C, R1, R2, Y 1, Y 2, K)

ìpou:
A, B, C oi suntelestè
 th
 ex�swsh


R1, R2 oi pragmatikè
 r�ze
,  ta pragmatik� mèrh twn migadik¸n riz¸n(Q1 ja parist� thn r�za se per�ptwsh ekfulismoÔse prwtob�jmia ex�swsh)

Y1, Y2 ta fantastik� mèrh twn migadik¸n riz¸nK de�kth
 plhroforiakì
 me timè
:1 sthn per�ptwsh ekfulismoÔ se prwtob�jmia2 sthn per�ptwsh 2 pragmatik¸n riz¸n3 sthn per�ptwsh 2 migadik¸n riz¸n4 sthn per�ptwsh 1 dipl 
 r�za
5 sthn per�ptwsh adunam�a
6 sthn per�ptwsh tautìthta
 65/73



SUBROUTINE EQUAT2(A, B, C, R1, R2, Y1, Y2, K)

IF(A .EQ. 0) GO TO 30

D = B*B - 4*A*C

IF(D) 10, 15, 20

10 R1=-B/(A+A)

R2 = R1

Y1 = SQRT(-D)/(A+A)

Y2 = -Y1

K = 3

RETURN

15 R1 = -B/(A+A)

Y1 = 0

Y2 = 0

R2 = R1

K = 4

RETURN 66/73



20 D1 = SQRT(D)

R1 = (-B + D1) /(A + A)

R2 = (-B - D1)/( A + A)

Y1 = 0

Y2 = 0

K = 2

RETURN

30 IF(B .EQ. 0) GO TO 40

R1 = -C/B

K = 1

RETURN

40 IF (C .EQ. 0) GO TO 50

K = 5

RETURN

50 K = 6

RETURN

END 67/73



To kÔrio prìgramma pou akolouje� ektup¸nei ta apotelèsmataìlwn twn èxh dunat¸n peript¸sewn me thn morf  tou parak�twp�naka 10:
PROGRAM SDEquations

1 WRITE (6.1)

FORMAT (1H1, 45X, ’UNIVERSITY OF PATRAS’/ &

43X, ’DEPARTMENT OF MATHEMATICS’/42X, 29(1H*)/ &

42X, ’SOLVING QUADRATIC EQUATIONS’/42X, &

29(1H-)/26X, ’DATA’, 24X, ’ROOTS’, 26X, ’COMMENTS’/ &

26X, 4(1H-), 24X, 5(1H-), 26X, 8(1H-)/14X, ’S/N’, 3X, ’A’, &

4X, ’B’, 4X, ’C’, 4X, ’X1’, 6X, ’Y1’, 6X, ’X2’, 6X, ’Y2’)

DO 102 I = 1, 6

READ (5, 19) A, B, C

19 FORMAT (3F5.2)

CALL EQUAT2 (A, B, C, R1, R2, Y1, Y2, K)

GO TO (11, 21, 31, 61, 41, 51), K 68/73



11 WRITE (6, 12) I, A, B, C, R1

12 FORMAT (14X, I2, F5.2, F5.2, F5.2, F7.3, 4X, ’-’, &

7X, ’-’, 7X, ’-’, 3X, ’ONE REAL ROOT’)

GO TO 102

21 WRITE (6, 22) I, A, B, C, R1, R2

22 FORMAT (14X, I2, F5.2, F5.2, F5.2, F7.3, 4X, ’-’, &

2X, F7.3, 4X, ’-’, 3X, ’TWO REAL ROOTS’)

GO TO 102

31 WRITE (6, 32) I, A, B, C, R1, Y1, R2, Y2

32 FORMAT (14X, I2, F5.2, F5.2, F5.2, F7.3, F7.3, &

F7.3, F7.3, 1X, ’TWO COMPLEX ROOTS’)

GO TO 102

41 WRITE (6, 42) I, A, B, C

42 FORMAT (14X, I2, F5.2, F5.2, F5.2, 11X, ’-’, 7X, ’-’, &

7X, ’-’, 7X, ’-’, 3X, ’IMPOSSIBLE’)

GO TO 102 69/73



51 WRITE (6, 52) I, A, B, C

52 FORMAT (14X, I2, F5.2, F5.2, F5.2, 11X, ’-’, 7X, ’-’, &

7X, ’-’, 7X, ’-’, 3X, ’IDENTITY’)

GO TO 102

61 WRITE (6, 62) I, A, B, C, R1

62 FORMAT (14X, I2, F5.2, F5.2, F5.2, F7.3, 4X, ’-’, &

7X, ’-’, 7X, ’-’, 3X, ’ONE DOUBLE ROOT’)

GO TO 102

102 CONTINUE

END SDEquations
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P�naka
 10

UNIVERSITY OF PATRAS
DEPARTMENT OF MATHEMATICS
**************************
SOLVING QUADRATIC EQUATIONS
---------------------------

DATA ROOTS COMMENTS
---- ----- --------

S/N A B C R1 Y1 R2 Y2
1 5.00 8.00 3.00 -.600 - -1.000 - TWO REAL ROOTS

2 5.00 7.00 9.00 -.700 1.145 -.700 -1.145 TWO COMPLEX ROOTS

3 1.00 .00 .00 .000 - - - ONE DOUBLE ROOT
4 0.00 9.00 9.00 4.500 - - - ONE REAL ROOT

5 0.00 5.00 5.00 - - - - IMPOSSIBLE
6 0.00 0.00 0.00 - - - - IDENTITY
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Ergast rio 7o: Na sqediaste� kat�llhlh Arijmhtik  Mon�da, me 2 kataqwrhtè
A kai B kai me ìti �lla stoiqe�a sa
 qrei�zontai, ètsi ¸ste aut  na e�nai ikan  naektele� ti
 akìlouje
 leitourg�e
:
1. B ⇒ A 8. A + B ⇒ B2. −B ⇒ A 9. A − B ⇒ B3. A + B ⇒ A 10. B − A ⇒ B4. A − B ⇒ A 11. A + 1 ⇒ A5. B − A ⇒ A 12. B + 1 ⇒ B6. A ⇒ B 13. −A − 1 ⇒ B7. −A ⇒ B 14. −B − 1 ⇒ A

Tèlo
, d¸sate se k�je per�ptw-

sh ta s mata elègqou pou prèpei na dhmiourghjoÔn gia thn ulopo�hsh twn parap�nwdiergasi¸n.(Upìdeixh: Exet�sate e�n to paratijèmeno kÔklwma mpore� na ikanopoi sei ti
an�gke
 sa
.) 72/73



Ergast rio 8o: Dhmiourg�a Monoyhf�wn arijm¸n Hlektronik�Duadik  Morf  Arijmo� a b c d e f g Yhfiak Par�stashA B C D Dekadikì
 1: Fwteinì tm ma,0: Skoteinì0 0 0 0 '0' 1 1 1 1 1 1 10 0 0 1 '1' 0 1 1 0 0 0 00 0 1 0 '2' 1 1 0 1 1 0 10 0 1 1 '3' 10 1 0 0 '4' 00 1 0 1 '5' 10 1 1 0 '6' 00 1 1 1 '7' 11 0 0 0 '8' 11 0 0 1 '9' 1 1 1 1 0 1 1To sunduastikì kÔklwma (sv.k.) th
 apeikìnish
 kajor�zei thn sumperifor� twntmhm�twn (fwteinì   m ) a, b, c, d, e, f kai g an�logame ti
 timè
 twn duadik¸n me-tablht¸n A, B, C kai D (duadik� yhf�a twn dekadik¸n arijm¸n th
 yhfiak 
par�stash
). 'Etsi, loipìn, gia to sv.k. th
 sumperifor�
 tou tm mato
 a, b�sh tougnwstoÔ kanìna, lamb�noume ìle
 ti
 grammè
 tou p�naka alhje�a
, pou to a èqeitim  1 kai dhmiourgoÔme thn èkfrash tou ginomènou twn metablht¸n (ìlwn),   twnsumplhrwm�twn tou
, an�loga th
 tim 
 poÔ èqoun sth gramm  aut . 'Etsi, loipìn,gia to a, to sv.k. prèpei na ikanopoie� thn èkfrash:
Ā·B̄·C̄ ·D̄+Ā·B̄·C ·D̄+Ā·B̄·C ·D+Ā·B·C̄ ·D+Ā·B·C ·D+A·B̄·C̄ ·D̄+A·B̄·C̄ ·D = a(A, B, C, D),poÔ eÔkola ulopoie�tai me th bo jeia twn pul¸n pollapl¸n eisìdwn. Na dhmiour-ghjoÔn ta sv.k. ìlwn twn tmhm�twn kai na aplopoihjoÔn me q�rth Karnaugh.73/73


