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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Onom�zoume mplok mÐa enìthta tou progr�mmatoc, h opoÐa mporeÐ na
perièqei dhl¸seic metablht¸n (kai genikìtera onom�twn). Gia
par�deigma èna upoprìgramma apoteleÐ mplìk.

Di�rkeia zw c enìc antikeimènou onom�zetai to qronikì di�sthma
kat� thn ektèlesh tou progr�mmatoc kat� to opoÐo to antikeÐmeno
eÐnai apojhkeumèno se k�poiec jèseic mn mhc pou qrhsimopoioÔntai
apì to prìgramma.

'Otan mÐa metablht  sundèetai me èna antikeÐmeno, endèqetai h
di�rkeia zw c thc sÔndeshc metablht c - antikeimènou na diafèrei apì
thn di�rkeia zw c tou Ðdiou tou antikeimènou.

Qr stoc Nomikìc ( Tm ma Mhqanik¸n H/U kai Plhroforik c Panepist mio IwannÐnwn )Arqèc Glwss¸n Programmatismou 2015 4 / 112



Di�rkeia Zw c kai DiaqeÐrish Mn mhc

H di�rkeia zw c enìc antikeimènou genik� diafèrei apì th di�rkeia
ektèleshc tou progr�mmatoc. Autì eÐnai qr simo gia arketoÔc lìgouc:

Endèqetai to sÔnolo twn antikeimènwn pou ja prèpei na
apojhkeutoÔn sth mn mh kata th di�rkeia thc ektèleshc tou
progr�mmatoc na apaiteÐ q¸ro pou uperbaÐnei to mègejoc thc
diajèsimhc mn mhc.

Endèqetai na prèpei na kataskeuasteÐ mÐa lÐsta apì antikeÐmena
pou to pl joc touc den eÐnai gnwstì ek twn protèrwn.

'Ena anadromikì upoprìgramma dhmiourgeÐ antikeÐmena se k�je
kl sh tou kai to b�joc thc anadrom c kajorÐzetai kat� th
di�rkeia thc ektèleshc tou progr�mmatoc.

. . .
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

MporoÔme na diakrÐnoume tic parak�tw treic kathgorÐec antikeimènwn,
an�loga me th di�rkeia zw c touc. Ta antikeÐmena k�je kathgorÐac
apojhkeÔontai se èna xeqwristì tm ma thc mn mhc:

Statik� antikeÐmena: èqoun di�rkeia zw c Ðsh me olìklhro to
qrìno ektèleshc tou progr�mmatoc. H anafor� touc mporeÐ na
kajoristeÐ statik� (se qrìno fìrtwshc).

AntikeÐmena stoÐbac: èqoun wc di�rkeia zw c th di�rkeia
ektèleshc enìc upoprogr�mmatoc (h genikìtera enìc mplok tou
progr�mmatoc).
Ta antikeÐmena aut� apojhkeÔontai se èna tm ma thc mn mhc pou
onom�zetai stoÐba (h apoj keush aut¸n twn antikeimènwn mporeÐ
na gÐnei statik� mìno se gl¸ssec pou den uposthrÐzoun
anadrom ).
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

AntikeÐmena swroÔ: dhmiourgoÔntai kai katastrèfontai se
aujaÐretec qronikèc stigmèc. Ta antikeÐmena aut�:

δημιουργούνται με κατάλληλη εντολή του προγράμματος και η

διάρκεια ζωής τους ενδέχεται να υπερβαίνει τη διάρκεια εκτέλεσης

του μπλόκ κατά την εκτέλεση του οποίου δημιουργούνται.

καταστρέφονται με έναν από τους παρακάτω τρόπους:

me kat�llhlh entol  tou progr�mmatoc

autìmata kat� th sullog  skoupidi¸n, an diapistwjeÐ ìti den

up�rqei prìsbash apì to prìgramma proc aut�

ìtan oloklhrwjeÐ to prìgramma.

αποθηκεύονται σε ένα τμήμα της μνήμης που ονομάζεται σωρός.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Par�deigma

Estw to parak�tw prìgramma Pascal:

program p;

var q:^integer;

procedure create(n:integer);

begin;

new(q); q^:=n;

end;

procedure delete;

begin;

dispose(q)

end;

begin (* of program p *)

create(5);

delete;

end.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

To antikeÐmeno tÔpou ^integer (deÐkthc se akèraio) pou
sundèetai me th metablht  q eÐnai statikì antikeÐmeno. H di�rkeia
zw c tou tautÐzetai me th di�rkeia ektèleshc tou progr�mmatoc.

To antikeÐmeno tÔpou integer pou sundèetai me thn tupik 
par�metro n tou upoprogr�mmatoc create eÐnai antikeÐmeno
stoÐbac. H di�rkeia zw c tou tautÐzetai me th di�rkeia ektèleshc
tou upoprogr�mmatoc create.

To antikeÐmeno pou kataskeu�zetai sto upoprìgramma create me
thn qrhsh tou new eÐnai antikeÐmeno swroÔ. To antikeÐmeno autì
den èqei dikì tou ìnoma. EÐnai wstìso prospel�simo mèsw thc
metablht c q h tim  thc opoÐac eÐnai h jèsh mn mhc sthn opoÐa
eÐnai apojhkeumèno autì to antikeÐmeno.
To antikeÐmeno autì exakoloujeÐ na up�rqei kai met� thn
olokl rwsh tou upoprogr�mmatoc create kai katastrèfetai kat�
th di�rkeia ektèleshc thc delete me qr sh tou dispose.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Ta statik� antikeÐmena apojhkeÔontai se èna xeqwristì tm ma thc
mn mhc kai oi anaforèc touc mporoÔn na kajoristoÔn kat� th fìrtwsh
tou progr�mmatoc. H mn mh sthn opoÐa apojhkeÔontai mporeÐ na
brÐsketai sthn arq  thc stoÐbac, qwrÐc autì na eÐnai aparaÐthto.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

H stoÐba qrhsimopoieÐtai gia antikeÐmena pou dhmiourgoÔntai kat�
thn arq  thc ektèleshc enìc mplìk kai katastrèfontai kat� thn
olokl rws  tou. H dèsmeush mn mhc gia aut� ta antikeÐmena gÐnetai
dunamik� (se qrìno ektèleshc).

ParathroÔme ìti oi kl seic twn upoprogramm�twn akoloujoÔn thn
logik  LIFO (last in first out): to pr¸to upoprìgramma pou kaleÐtai
eÐnai to teleutaÐo pou oloklhr¸netai.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

H diaqeÐrish thc stoÐbac gÐnetai me ton parak�tw trìpo:

Arqik� h stoÐba eÐnai ken  (o q¸roc sth mn mh pou diatÐjetai gia
thn apoj keush thc stoÐbac eÐnai aqrhsimopoÐhtoc)

K�je for� pou kaleÐtai èna upoprìgramma dhmiourgeÐtai sthn
koruf  thc stoÐbac èna eggr�fhma drasthriopoÐhshc, sto opoÐo
apojhkeÔontai (mazÐ me �llec plhroforÐec pou sqetÐzontai me to
upoprìgramma) ta antikeÐmena stoÐbac pou dhmiourgoÔntai me thn
kl sh tou upoprogr�mmatoc.
Parìti h jèsh mn mhc enìc antikeimènou stoÐbac den mporeÐ na
problefjeÐ statik�, h sqetik  jèsh tou mèsa sto eggr�fhma
drasthriopoÐhshc mporeÐ na kajoristeÐ statik�.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

'Otan oloklhr¸netai h ektèlesh ènoc upoprogr�mmatoc, to
eggr�fhma drasthriopoÐhshc tou diagr�fetai apì th stoÐba kai
oi antÐstoiqec jèseic mn mhc eleujer¸nontai.
Kat' autì ton trìpo ta antikeÐmena pou eÐqan dhmiourghjeÐ kat�
thn kl sh tou katastrèfontai.
H stoÐba surrikn¸netai sto mègejoc pou eÐqe akrib¸c prin thn
kl sh.

ParathroÔme ìti sto tm ma thc mn mhc pou diatÐjetai gia apoj keush
twn antikeimènwn stoÐbac, h stoÐba ìpwc epÐshc kai o aqrhsimopoÐhtoc
q¸roc apoteloÔntai apo suneqìmenec jèseic mn mhc.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Par�deigma

'Estw o parak�tw skeletìc progr�mmatoc se Pascal:

program p(...);

var ...;

procedure a(...);

var ...;

begin ... end;

procedure b(...);

var ...;

begin ... end;

procedure c(...);

var ...;

begin ... b(...); ... a(...); ... end;

procedure d(...);

var ...;

begin ... c(...); ... end;

begin (* of program p *)

d(...); b(...)

end. (* of program p *)
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Sto parak�tw sq ma faÐnetai pwc tropopoieÐtai to perieqìmeno thc
stoÐbac kat� thn kl sh kai thn olokl rwsh k�je upoprogr�mmatoc.

To kurÐwc prìgramma p kaleÐ arqik� to upoprìgramma d, to d
kaleÐ to c kai to c diadoqik� ta upoprogr�mmata b kai a. Sth
sunèqeia to kurÐwc prìgramma p kaleÐ to b.

H stoÐba megal¸nei apì arister� proc ta dexi� (h koruf  thc
stoÐbac eÐnai to dexiìtero shmeÐo thc), en¸ o qrìnoc trèqei apì
p�nw proc ta k�tw.

Oi statikèc metablhtèc apojhkeÔontai se xeqwristì tm ma thc
mn mhc, to opoÐo eikonÐzetai akrib¸c prÐn apì thn arq  thc
stoÐbac.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

ParathroÔme ìti eggraf mata drasthriopoÐhshc diaforetik¸n
upoprogramm�twn (p.q. twn b kai a) qrhsimopoioÔn tic Ðdiec
jèseic thc stoÐbac se diaforetikèc qronikèc stigmèc.

EpÐshc ta eggraf mata drasthriopoÐhshc diaforetik¸n kl sewn
tou Ðdiou upoprogr�mmatoc (p.q. tou b) qrhsimopoioÔn
diaforetikèc jèseic thc stoÐbac.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

O swrìc qrhsimopoieÐtai gia antikeÐmena pou sqhmatÐzontai kai
katastrèfontai me akajìristo trìpo. H dèsmeush mn mhc gia aut� ta
antikeÐmena gÐnetai dunamik� (se qrìno ektèleshc).

Epeid  h di�rkeia zw c aut¸n twn antikeimènwn den mporeÐ na
problefjeÐ th stigm  pou desmeÔetai h mn mh gia thn apoj keus 
touc, endèqetai se k�poia qronik  stigm  o diajèsimoc q¸roc sto swrì
na apoteleÐtai apì poll� mikr� tm mata ta opoÐa den eÐnai
suneqìmena sth mn mh. Autì shmaÐnei ìti èna (sqetik� meg�lo)
antikeÐmeno endèqetai na mhn qwr�ei sto swrì, parìti o sunolikìc
diajèsimoc q¸roc uperbaÐnei to mègejìc tou.

To fainìmeno autì onom�zetai exwterik  kat�tmhsh.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

H diaqeÐrish thc diajèsimhc mn mhc sto swrì mporeÐ na gÐnei me
di�forouc algìrijmouc. MÐa kathgorÐa algorÐjmwn basÐzetai sth
diat rhsh mÐac sundedemènhc lÐstac me ìla ta eleÔjera tm mata tou
swroÔ. H leitourgÐa aut¸n twn algorÐjmwn sunoyÐzetai parak�tw:

Arqik� h lÐsta perièqei èna monadikì tm ma pou kalÔptei
olìklhro to swrì, kaj¸c olìklhrh h mn mh tou swroÔ eÐnai
diajèsimh.

'Otan up�rqei aÐthma gia thn kataskeu  enìc antikeimènou,
anazhteÐtai sth lÐsta èna tm ma me mègejoc eparkèc ¸ste na
apojhkeuteÐ to antikeÐmeno. An to tm ma thc mn mhc pou
epilègetai eÐnai megalÔtero apì to mègejoc tou antikeimènou, tìte
to aqrhsimopoÐhto tm ma apojhkeÔetai sth lÐsta sth jèsh tou
arqikoÔ.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

'Otan katastrafeÐ èna antikeÐmeno, to tm ma thc mn mhc pou
katal�mbane apodesmeÔetai kai eis�getai sthn kat�llhlh jèsh
thc lÐstac. Sth sunèqeia gÐnetai èlegqoc gia to an k�poio apì ta
geitonik� tm mata tou swroÔ eÐnai eleÔjero. Sthn perÐptwsh aut 
ta dÔo (  trÐa) tm mata sunen¸nontai se èna monadikì tm ma.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Up�rqoun di�forec parallagèc tou parap�nw genikoÔ algìrijmou
diaqeÐrishc tou swroÔ:

O algìrijmoc pr¸tou tairi�smatoc ikanopoieÐ to aÐthma gia
mn mh qrhsimopoi¸ntac to pr¸to tm ma pou ja breÐ sth lÐsta kai
to opoÐo eÐnai arket� meg�lo ¸ste na ikanopoi sei to aÐthma.

O algìrijmoc kalÔterou tairi�smatoc, an�mesa sta tm mata thc
lÐstac, epilègei to mikrìtero apì aut� pou eÐnai arket� meg�la
¸ste na mporoÔn na ikanopoi soun to aÐthma.

O algìrijmoc kalÔterou tairi�smatoc k�nei kalÔterh diaqeÐrish tou
swroÔ, wstìso eÐnai pio argìc kaj¸c se k�je perÐptwsh prèpei na
exet�sei olìklhrh thc lÐsta.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Gia th meÐwsh tou qrìnou anaz thshc, èqoun anaptuqjeÐ algìrijmoi
pou qrhsimopoioÔn perissìterec apì mÐa lÐstec, k�je mÐa apì tic
opoÐec perièqei tm mata diaforetikoÔ megèjouc, kai pio polÔploka
krit ria epilog c tou tm matoc mn mhc pou ja desmeÔsoun.

Sthn perÐptwsh pou gia thn ikanopoÐhsh enìc ait matoc prìkeitai na
qrhsimopoihjeÐ èna tm ma tou swroÔ lÐgo megalÔtero apì to mègejoc
pou apaiteÐtai, orismènoi algìrijmoi epilègoun na desmèusoun
olìklhro to diajèsimo tm ma kai na mhn af soun to upìloipo wc
diajèsimo.

To apotèlesma aut c thc epilog c onom�zetai eswterik  kat�tmhsh.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Par�deigma

'Estw ìti h mn mh pou diatÐjetai gia to swrì èqei mègejoc 10MB kai
ìti h diaqeÐrish gÐnetai me ton algìrijmo kalÔterou tairi�smatoc.
An arqik� kataskeuastoÔn kat� seir� antikeÐmena megèjouc 1MB,
2MB, 1MB, 2MB, 1MB kai 2MB, kai sth sunèqeia katastrafoÔn ìla
ta antikeÐmena megèjouc 1MB, sunolik� up�rqoun eleÔjera 4MB sta
opoÐa ìmwc den mporeÐ na apojhkeuteÐ èna antikeÐmeno megèjouc 2MB.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Ektìc apì to prìblhma thc exwterik c kat�tmhshc, èna �llo
prìblhma pou mei¸nei th diajèsimh mn mh sto swrì eÐnai h Ôparxh
skoupidi¸n.

SkoupÐdia onom�zontai ta antikeÐmena ta opoÐa eÐnai apojhkeumèna
sto swrì, qwrÐc wstìso na up�rqei plèon prìsbash proc aut� apì
to prìgramma.

Kai ta dÔo probl mata, an den antimetwpistoÔn apì to perib�llon
ektèleshc tou progr�mmatoc, eÐnai katastrofik� gia thn ektèlesh tou
progr�mmatoc, kaj¸c an èna aÐthma gia dhmiourgÐa antikeimènou den
mporèsei na ikanopoihjeÐ tìte autì mporeÐ na sunep�getai an¸malo
termatismì thc leitourgÐac tou progr�mmatoc.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Gia thn antimet¸pish thc exwterik c kat�tmhshc gÐnetai
anasugkrìthsh tou swroÔ (metakÐnhsh twn energ¸n antikeimènwn se
suneqìmenec jèseic mn mhc, ètsi ¸ste h diajèsimh mn mh na
apoteleÐtai apì suneqìmenec jèseic).

H diadikasÐa gia thn eÔresh twn skoupidi¸n, thn katastrof  touc kai
thn epistrof  thc mn mhc pou katalamb�noun sto swrì onom�zetai
sullog  skoupidi¸n.

H dhmiourgÐa skoupidi¸n eÐnai suneidht  epilog  se pollèc gl¸ssec,
¸ste na apofeÔgontai qeirìtera probl mata (ìpwc oi xekrèmastoi
deÐktec).
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Sto montèlo tim¸n gia tic metablhtèc:

statik� antikeÐmena eÐnai ta antikeÐmena pou sundèontai me
kajolikèc metablhtèc tou progr�mmatoc   me statikèc metablhtèc
upoprogramm�twn (topikèc metablhtèc pou diathroÔn tic timèc
touc an�mesa se diadoqikèc kl seic enìc upoprogr�mmatoc).
EpÐshc statik� antikeÐmena eÐnai kai di�fora bohjhtik�
antikeÐmena pou kataskeu�zontai apì to metafrast  kai
antistoiqoÔn se plhroforÐec pou eÐnai qr simec sto qrìno
ektèleshc.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

antikeÐmena stoÐbac eÐnai ta antikeÐmena pou sundèontai me
dunamikèc metablhtèc twn upoprogramm�twn (topikèc metablhtèc
pou h tim  touc q�netai met� thn olokl rwsh tou
upoprogr�mmatoc)

antikeÐmena swroÔ eÐnai ta antikeÐmena pou sundèontai me
metablhtèc tÔpou deÐkth kai sqhmatÐzontai me entolèc ìpwc h new
thc Pascal kai h malloc th C.
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Di�rkeia Zw c kai DiaqeÐrish Mn mhc

Sto montèlo anafor¸n gia tic metablhtèc:

ìla ta antikeÐmena apojhkeÔontai sto swrì.

sth stoÐba apojhkeÔontai oi dunamikèc metablhtèc twn
upoprogramm�twn (dhlad  oi anaforèc twn antikeimènwn me ta
opoÐa sundèontai oi metablhtèc)

statik� apojhkeÔontai oi kajolikèc metablhtèc tou
progr�mmatoc kai oi statikèc metablhtèc upoprogramm�twn.
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Perieqìmena

1 Di�rkeia Zw c kai DiaqeÐrish Mn mhc

2 Embèleia

3 Parast�seic
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Embèleia

Embèleia mÐac metablht c (  genikìtera k�poiou onìmatoc p.q
stajer�c, sun�rthshc k.l.p.) onom�zetai to tm ma tou progr�mmatoc
sto opoÐo h metablht  eÐnai orat .

Onom�zoume perib�llon anafor�c enìc mplok to sÔnolo twn
metablht¸n pou eÐnai oratèc sto mplok.
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Embèleia

H embèleia mÐac metablht c genik� den kalÔptei olìklhro to
prìgr�mma. Autì eÐnai qr simo gia arketoÔc lìgouc:

O programmatist c mporeÐ na qrhsimopoieÐ onìmata metablht¸n
se èna tm ma k¸dika pou endeqomènwc qrhsimopoioÔntai kai se
k�poio �llo tm ma tou progr�mmatoc, qwrÐc na dhmiourgeÐtai
sÔgkroush.

MporeÐ na tropopoihjeÐ èna tm ma tou k¸dika (p.q. èna
upoprìgramma) qwrÐc na apaitoÔntai allagèc (dhl¸seic
metablht¸n) èxw apì autì.

To prìgramma eÐnai pio anagn¸simo an oi metablhtèc dhl¸nontai
kont� sto shmeÐo pou qrhsimopoioÔntai.

. . .
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Embèleia

H embèleia twn metablht¸n se mÐa gl¸ssa kajorÐzetai apì touc
kanìnec embèleiac. Up�rqoun dÔo basikoÐ kanìnec embèleiac:

o statikìc kanìnac embèleiac (Pascal, C, Java, Haskell)

o dunamikìc kanìnac embèleiac (APL, SNOBOL, Lisp, Perl)
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Embèleia

'Otan efarmìzetai o statikìc kanìnac, h embèleia mÐac metablht c
kajorÐzetai apì to keÐmeno tou progr�mmatoc.

Me b�sh to statikì kanìna, h embèleia mÐac metablht c orÐzetai wc
to mplok sto opoÐo dhl¸netai, kaj¸c kai ta eswterik� mplok pou
perièqontai se autì, upì thn proôpìjesh ìti den dhl¸netai mèsa se
aut� metablht  me to Ðdio ìnoma.
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Embèleia

Par�deigma

'Estw to parak�tw prìgramma Pascal:
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Embèleia

program p(...);

var s,z:integer; ...

procedure a(...);

var x:integer; ...

procedure c(...);

var z:char; ...

...

procedure b(...);

var y:real; ...

procedure d(...);

var u:char; ...

procedure e(...);

var v:char; ...

...

begin (* of program p *) ...

end.
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Embèleia

H metablht  s pou dhl¸netai sto kurÐwc prìgramma p eÐnai orat 
se olìklhro to prìgramma.

H metablht  z pou dhl¸netai sto kurÐwc prìgramma p eÐnai eÐnai
orat  se olìklhro to prìgramma ektìc apì to upoprìgramma c
sto opoÐo dhl¸netai �llh metablht  me to Ðdio ìnoma.

Oi metablhtèc pou orÐzontai sthn a (p.q. h x) eÐnai oratèc sthn a
kai sth c (all� ìqi stic b, d, e).

Oi metablhtèc pou orÐzontai sthn b (p.q. h y) eÐnai oratèc stic b,
d kai e.

Oi metablhtèc pou orÐzontai sthn c (p.q. h z) eÐnai oratèc mìno
sth c (antÐstoiqa gia d, e).

Qr stoc Nomikìc ( Tm ma Mhqanik¸n H/U kai Plhroforik c Panepist mio IwannÐnwn )Arqèc Glwss¸n Programmatismou 2015 37 / 112



Embèleia

ParathroÔme ìti an se dÔo mplok dhl¸nontai metablhtèc me to Ðdio
ìnoma kai to èna perièqetai mèsa sto �llo (ìpwc sumbaÐnei me to
prìgramma p kai to upoprìgramma c sto par�deigma sta opoÐa
dhl¸nontai metablhtèc me to ìnoma z) tìte h embèleia thc metablht c
pou dhl¸netai sto exeterikì mplok den perilamb�nei to eswterikì
mplok. Autì to fainìmeno onom�zetai trÔpa sthn embèleia.

H embèleia thc metablht c z tou progr�mmatoc p tou paradeÐgmatoc
apeikonÐzetai me leukì qr¸ma sto parak�tw sq ma:

Qr stoc Nomikìc ( Tm ma Mhqanik¸n H/U kai Plhroforik c Panepist mio IwannÐnwn )Arqèc Glwss¸n Programmatismou 2015 38 / 112



Embèleia

p

a

b

c

d

e
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Embèleia

'Otan efarmìzetai o dunamikìc kanìnac, h embèleia mÐac metablht c
kajorÐzetai apì th seir� kl sewn twn mplok tou progr�mmatoc.

Me b�sh to dunamikì kanìna, h embèleia mÐac metablht c orÐzetai wc
to mplok sto opoÐo dhl¸netai, kaj¸c kai ìla ta mplok pou
energopoioÔntai (arqÐzoun na ekteloÔntai) met� apì autì, mèqri na
energopoihjeÐ mplok sto opoÐo dhl¸netai metablht  me to Ðdio ìnoma.
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Embèleia

Par�deigma

program p(...);

var x:integer;

procedure a(...);

var ...

begin ... end

procedure b(...);

var x:real; ...

begin ... call a ... end;

procedure c(...);

var ...

begin ... call b ... end;

begin (* of program p *) ...

... call c ...

end.
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Embèleia

H akoloujÐa kl sewn eÐnai:
p → c → b → a

tìte h embèleia thc metablht c x thc pou dhl¸netai sto prìgramma p
ft�nei mèqri kai thn kl sh thc c. H kl sh thc a blèpei th metablht  x
thc pou dhl¸netai sthn b.
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Embèleia

H qr sh twn kanìnwn embèleiac kai eidikìtera tou dunamikoÔ kanìna,
mporeÐ na bohj sei ton programmatist  na mei¸sei ton arijmì twn
paramètrwn enìc upoprogr�mmatoc.

Par�deigma

Par�deigma: Estw to parak�tw prìgramma Pascal:
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Embèleia

Par�deigma

program CentralShop(output);

var price:real;

procedure TotalCost(quantity:integer);

begin writeln(quantity*price:10:2) end;

procedure DepartmentA(quantity:integer);

var price:real;

begin price:=32.00; TotalCost(quantity)

end;

procedure DepartmentB(quantity:integer);

var price:real;

begin price:=33.33; TotalCost(quantity);

end;

begin (* of program p *)

price:=31.20; TotalCost(10); DepartmentA(5); DepartmentB(3)

end.
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Embèleia

An efarmìstei o statikìc kanìnac embèleiac (ìpwc sumbaÐnei sthn
Pascal) to prìgramma ja tup¸sei tic timèc 312.00, 156.00, 93.60.
Autì sumbaÐnei epeid  h embèleia thc metablht c price h opoÐa
dhl¸netai sto prìgramma CentralShop kalÔptei to upoprìgramma
TotalCost, en¸ antÐjeta oi metablhtèc price thc DepartmentA kai
thc DepartmentB den eÐnai oratèc mèsa sthn TotalCost.

An efarmìstei o dunamikìc kanìnac embèleiac to prìgramma ja
tup¸sei tic timèc 312.00, 160.00, 99.99.
Autì sumbaÐnei epeid  k�je for� to upoprìgramma TotalCost
brÐsketai sthn embèleia mÐac diaforetik  metablht c price, pou
exart�tai apì to mplok apì to opoÐo kl jhke (to CentralShop, to
DepartmentA kai to DepartmentB antÐstoiqa).
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Embèleia

Onom�zoume m  topik  metablht , mÐa metablht  pou eÐnai orat  se
èna mplok, qwrÐc ìmwc na èqei dhlwjeÐ se autì.

Oi kanìnec embèleiac mac bohjoÔn na kajorÐsoume se poi� mh topik 
metablht  anafèretai èna ìnoma, to opoÐo den èqei dhlwjeÐ sto mplok.
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Embèleia

Me b�sh to statikì kanìna embèleiac anazhtoÔme mÐa metablht 
xekin¸ntac apì to trèqon mplok kai proqwr¸ntac k�je for� sto
�mesa exwterikìtero mplok, mèqri na sunant soume d lwsh thc
metablht c. An h metablht  up�rqei se èna mplok gia to opoÐo
up�rqoun perisìterec apì mÐa energopoi seic (lìgw anadrom c) tìte
lamb�netai upìyh h pio prìsfath energopoÐhsh.

Me b�sh to dunamikì kanìna embèleiac anazhtoÔme mÐa metablht 
xekin¸ntac apì to trèqon mplok kai akolouj¸ntac antÐstrofa thn
alusÐda twn kl sewn, mèqri na sunant soume mplok pou perièqei
d lwsh thc metablht c.
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Embèleia

Par�deigma

program p(output);

var x,y,z:integer;

procedure a;

var w:integer;

begin

x:=x+1; y:=y+1; z:=z+1

end;

procedure b(x:integer);

var z:integer;

procedure c(z:integer);

begin

a; writeln(x,y,z);

end;

begin (* of procedure b *)

z:=50; a; c(60); writeln(x,y,z);

end;

begin (* of program p *)

x:=10; y:=20; z:=30; a; b(40); writeln(x,y,z)

end.
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Embèleia

Epeid  sto prìgramma gÐnontai arketèc allagèc stic timèc twn
metablht¸n kai up�rqoun metablhtèc me to Ðdio ìnoma, parousi�zoume
thn ektèlesh tou progr�mmatoc se morf  pÐnaka.

H pr¸th st lh tou pÐnaka anagr�fei thn entol  (  genikìtera th
leitourgÐa) pou ekteleÐ to prìgramma, en¸ k�je mÐa apì tic upìloipec
st lh antistoiqeÐ se mÐa metablht  pou apojhkeÔetai sth stoÐba kat�
thn ektèlesh tou progr�mmatoc.

Gia aploÔsteus , jewroÔme ìti oi statikèc metablhtèc tou
progr�mmatoc apojhkeÔontai sthn arq  thc stoÐbac.
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Embèleia

H stoÐba megal¸nei apì ta arister� proc ta dexi�. H koruf  thc
metatopÐzetai proc ta dexi� k�je for� pou kaleÐtai èna
upoprìgramma kai proc ta arister� k�je for� pou oloklhr¸netai
èna upoprìgramma.

O qrìnoc trèqei apì p�nw proc ta k�tw.

Ston pÐnaka apotup¸ntoume mìno tic jèseic pou antistoiqoÔn se
metablhtèc kai ìqi olìklhro to eggr�fhma drasthriopoÐhshc pou
apojhkeÔtai sth stoÐba.
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Embèleia

Ston pÐnaka pou akoloujeÐ dÐnetai h ektèlesh tou progr�mmatoc sthn
perÐptwsh pou efarmìzetai o statikìc kanìnac embèleiac.
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Embèleia
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Embèleia

Parathr seic:

To upoprìgramma a anafèretai stic metablhtèc x,y,z oi opoÐec
den dhl¸nontai mèsa se autì. Me b�sh to statikì kanìna, oi
x,y,z anazhtoÔntai sto amèswc exwterikìtero mplok pou eÐnai to
kurÐwc prìgramma, ìpou pr�gmati up�rqei d lwsh twn
metablht¸n aut¸n.
Sunep¸c to upoprìgramma a se k�je mÐa apì tic treic kl seic tou
aux�nei kat� èna tic timèc twn metablht¸n x,y,z tou kurÐwc
progr�mmatoc.

To upoprìgramma c anafèretai sth metablht  x h opoÐa den
dhl¸nontai mèsa se autì. Me b�sh to statikì kanìna, h x
anazhteÐtai sto amèswc exwterikìtero mplok pou eÐnai to
upoprìgramma b. Sto b pr�gmati up�rqei d lwsh thc x.
Sunep¸c to upoprìgramma c tup¸nei thn tim  thc x tou
upoprogr�mmatoc b.
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Embèleia

To upoprìgramma c anafèretai sth metablht  y h opoÐa den
dhl¸nontai mèsa se autì. Me b�sh to statikì kanìna, h y
anazhteÐtai sto amèswc exwterikìtero mplok pou eÐnai to
upoprìgramma b, ìpou wstìso den up�rqei d lwsh thc y. H
anaz thsh suneqÐzetai sto mplok pou perikleÐei �mesa to
upoprìgramma b, pou eÐnai to kurÐwc prìgramma. EkeÐ up�rqei
d lwsh thc metablht c y.
Sunep¸c to upoprìgramma c tup¸nei thn tim  thc y tou kurÐwc
progr�mmatoc.
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Embèleia

To upoprìgramma c anafèretai sth metablht  z gia thn opoÐa
up�rqei d lwsh mèsa se autì. Gia aut  th metablht  den
qrei�zetai na efarmosteÐ o kanìnac embèleiac kai tup¸netai h
tim  thc topik c metablht c z.

AntÐstoiqa to upoprìgramma b tup¸nei tic timèc twn topik¸n
metablht¸n x,z kai thn tim  thc metablht c y tou kurÐwc
progr�mmatoc.
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Embèleia

Ston pÐnaka pou akoloujeÐ dÐnetai h ektèlesh tou progr�mmatoc sthn
perÐptwsh pou efarmìzetai o dunamikìc kanìnac embèleiac.
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Embèleia
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Embèleia

Parathr seic:

Kat� thn pr¸th klhsh tou upoprogr�mmatoc a oi metablhtèc x,y,z
oi opoÐec den dhl¸nontai mèsa se autì, anazhtoÔntai sto kurÐwc
prìgramma, pou eÐnai to mplok apì to opoÐo ègine h kl sh tou
upoprogr�mmatoc a. Sto kurÐwc prìgramma up�rqei d lwsh twn
metablht¸n x,y,z.
Sunep¸c to upoprìgramma a sthn pr¸th kl sh tou aux�nei kat�
èna tic timèc twn metablht¸n x,y,z tou kurÐwc progr�mmatoc.
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Embèleia

Parathr seic:

Kat� thn deÔterh klhsh tou upoprogr�mmatoc a oi metablhtèc
x,y,z, anazhtoÔntai sto upoprìgramma b apì to opoÐo ègine h
kl sh tou a.
Sto b up�rqei d lwsh twn x,z, wstìso den up�rqei d lwsh thc y.
H anaz thsh gia thn y suneqÐzetai sto mplok pou k�lese to b, to
opoÐo eÐnai to kurÐwc prìgramma. Sto kurÐwc prìgramma up�rqei
d lwsh thc metablht c y.
Sunep¸c to upoprìgramma a sthn deÔterh kl sh tou aux�nei
kat� èna tic timèc twn metablht¸n x,z tou upoprogr�mmatoc b
kaj¸c kai thc metablht c y tou kurÐwc progr�mmatoc.
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Embèleia

Kat� thn trÐth klhsh tou upoprogr�mmatoc a h anaz thsh
gÐnetai me parìmoio trìpo. Akolouj¸ntac antÐstrofa thn seir�
twn kl sewn, h metablht  z entopÐzetai sto upoprìgramma c, h x
sto upoprìgramma a kai h y sto kurÐwc prìgramma.
Sunep¸c to upoprìgramma a sthn trÐth kl sh tou aux�nei kat�
èna tic timèc thc metablht c z tou upoprogr�mmatoc b, thc x tou
upoprogr�mmatoc b kai thc y tou kurÐwc progr�mmatoc.

Me parìmoio trìpo gÐnetai h efarmog  tou dunamikoÔ kanìna gia
tic mh topikèc metablhtèc twn upoprogramm�twn b kai c.
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Embèleia

ParathroÔme ìti

me b�sh to statikì kanìna ìlec oi anaforèc enìc onìmatoc
metablht c mèsa apì èna mplok anafèrontai sthn Ðdia d lwsh.

me b�sh to dunamikì kanìna h Ðdia anafor� enìc onìmatoc
metablht c mèsa apì èna mplok mporeÐ na anafèretai se
diaforetikèc dhl¸seic, gia diaforetikèc energopoi seic tou mplok.
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Embèleia

MÐa metablht    genikìtera èna ìnoma mporeÐ na dhl¸netai se
di�fora shmeÐa enìc mplìk. Up�rqoun diaforetikoÐ trìpoi susqètishc
thc embèleiac tou onìmatoc me to mplok pou thn perièqei:

H embèleia tou onìmatoc kalÔptei olìklhro to mplok, akìmh kai
to tm ma pou prohgeÐtai thc d lwshc (p.q onìmata sunart sewn
sth Haskell kai mel¸n mÐac kl�shc sth Java kai th C++)

H embèleia tou onìmatoc kalÔptei to tm ma tou mplok pou
akoloujeÐ th d lwsh. An up�rqei d lwsh tou Ðdiou onìmatoc se
exwterikì mplok, tìte h embèleia tou onìmatoc sto exwterikì
mplok kalÔptei kai to tm ma tou trèqontoc mplok mèqri th
d lwsh. (p.q. onìmata metablht¸n sth C, C++, Java)

H embèleia tou onìmatoc kalÔptei olìklhro to mplok, akìmh kai
to tm ma pou prohgeÐtai thc d lwshc, wstìso to ìnoma mporeÐ na
qrhsimopoihjeÐ mìno met� th d lwsh (p.q. onìmata metablht¸n
sth Pascal, C#)
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Embèleia

Pollèc gl¸ssec programmatismoÔ perièqoun èna sÔnolo apì
prokajorismèna onìmata stajer¸n, tÔpwn, sunart sewn klp. Autèc
mporoÔme na jewr soume ìti an koun se èna teqnhtì mplok.

Gia to statikì kanìna embèleiac, autì to mplok jewroÔme ìti perièqei
to mplok tou kurÐwc progr�mmatoc.

Gia to dunamikì embèleiac, jewroÔme ìti autì to mplok brÐsketai sthn
arq  thc akoloujÐac twn kl sewn.
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Embèleia

Orismènec gl¸ssec parèqoun trìpouc ¸ste na apofèugetai h trÔpa
sth embèleia mÐa metablht c ìtan dhl¸netai metablht  me to Ðdio
ìnoma se eswterikìtero mplok.

Gia par�deigma sth C++ to ::X anafèretai sthn kajolik  metablht 
X.

EpÐshc sthn Ada mporoÔme na anaferjoÔme rht� sth metablht  x pou
dhl¸netai sto upoprìgramma a gr�fontac a.x.
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Embèleia

Stic gl¸ssec programmatismoÔ stic opoÐec den up�rqoun dhl¸seic
metablht¸n (ìpwc gia par�deigma h Python), h eisagwg  mÐac topik c
metablht c gÐnetai èmmesa apì ton trìpo qr shc thc, me b�sh
k�poiouc kanìnec pou exart¸ntai apì th gl¸ssa.

Sthn Python ìtan èna upoprìgramma anajètei tim  se mÐa metablht ,
tìte aut  jewreÐtai autìmata topik  metablht .

H Python efarmìzei to statikì kanìna embèleiac.
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Embèleia

Par�deigma

Estw to parak�tw prìgramma Python:

def f():

x = y+1

print(x,y)

x = 1

y = 5

f()

print(x,y)
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Embèleia

H entol  x = y+1 tou upoprogr�mmatoc f dhl¸nei èmmesa mÐa topik 
metablht  x.

AntÐjeta to ìnoma y anafèretai sthn metablht  y tou kurÐwc
progr�mmatoc, kaj¸c den gÐnetai an�jesh tim c sthn y entìc tou
upoprogr�mmatoc f kai sunep¸c h y eÐnai mh topik  metablht .

An ektelesteÐ to parap�nw prìgramma ja tupwjoÔn oi timèc 6 5 apì
thn f kai 1 5 apì to kurÐwc prìgramma.
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Embèleia

Par�deigma

An mèsa se èna upoprìgramma thc Python jèloume na anajèsoume
tim  se mh topik  metablht , tìte ja prèpei na qrhsimopoi soume mÐa
apì tic entolèc global   nonlocal:

def f():

global x

x = y+1

print(x,y)

x = 1

y = 5

f()

print(x,y)
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Embèleia

H entol  global x tou upoprogr�mmatoc f dhl¸nei ìti to ìnoma x
anafèretai sthn metablht  x tou kurÐwc progr�mmatoc.

Sunep¸c kamÐa metablht  sto upoprogr�mmatoc f den eÐnai topik .

An ektelesteÐ to parap�nw prìgramma ja tupwjoÔn oi timèc 6 5 apì
thn f kai 6 5 apì to kurÐwc prìgramma.
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Perieqìmena

1 Di�rkeia Zw c kai DiaqeÐrish Mn mhc

2 Embèleia

3 Parast�seic
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Parast�seic

Oi sumbolikèc stajerèc eÐnai onìmata ta opoÐa antistoiqoÔn se timèc,
oi opoÐec den mporoÔn na all�xoun kat� thn ektèlesh tou
progr�mmatoc.

H qr sh stajer¸n bohj�ei thn anagnwsimìthta kai dieukolÔnei th
sunt rhsh tou progr�mmatoc.
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Parast�seic

Up�rqoun dÔo proseggÐseic gia tic sumbolikèc stajerèc:

AntikajÐstantai apì thn tim  touc se qrìno met�frashc

DhmiourgoÔntai metablhtèc pou h tim  touc den mporeÐ na
all�xei. Autì eÐnai qr simo an h stajer� eÐnai pÐnakac   an h
tim  thc stajer� kajorÐzetai se qrìno ektèleshc.
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Parast�seic

Oi gl¸ssec sun jwc èqoun k�poiec prokajorismènec stajerèc.

Gia par�deigma h PASCAL èqei prokajorismènec tic stajerèc true,
false, maxint, nil.

Orismènec gl¸ssec epitrèpoun h tim  thc stajer�c na orÐzetai apì
mÐa par�stash.

EpÐshc orismènec gl¸ssec epitrèpoun stajerèc sÔnjetou tÔpou.
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Parast�seic

MÐa par�stash sqhmatÐzetai apì stajerèc (sumbolikèc  
kuriolektikèc), metablhtèc (  stoiqeÐa pin�kwn, pedÐa eggraf¸n klp),
sunart seic, telestèc kai parenjèseic.

Oi metablhtèc kai oi stajerèc apoteloÔn aplèc parast�seic.

Oi telestèc kai oi sunart seic qrhsimopoioÔntai ¸ste na
sqhmatistoÔn sÔnjetec parast�seic apì pio aplèc (tic opoÐec
dèqontai wc orÐsmata).

Oi parenjèseic qrhsimopoioÔntai gia na kajoristeÐ h seir�
efarmog c twn telest¸n. EpÐshc sun jwc ta orÐsmata mÐa
sun�rthshc dÐnontai mèsa se parenjèseic qwrismèna mè kìmma.
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Parast�seic

Oi telestèc kai oi sunart seic èqoun parìmoia qrhsimìthta.

Sun jwc o ìroc telest c qrhsimopoieÐtai gia leitourgÐec p�nw se
basikoÔc tÔpouc, oi opoÐec sumbolÐzontai me qr sh m  alfarijmhtik¸n
sumbìlwn (pq +, -, *, /, >>, :, ++, ...). Kata kanìna oi telestèc eÐnai
prokajorismènoi, an kai orismènec gl¸ssec dÐnoun th dunatìthta
orismoÔ telest¸n apì ton programmatist .

O ìroc sun�rthsh qrhsimopoieÐtai sun jwc gia upoprogr�mma ta
opoÐa epistrèfoun k�poio apotèlesma kai ta opoÐa èqoun onìmata
pou sqhmatÐzontai me gr�mmata tou alfab tou kai arijmhtik�
sÔmbola. O orismìc twn sunart sewn apoteleÐ mèroc enìc
progr�mmatoc, en¸ oi perissìterec gl¸ssec èqoun k�poiec
prokajorismènec sunart seic.
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Parast�seic

Oi sunart seic kai oi telestèc dèqontai èna pl joc orism�twn, apì ta
opoÐa exart�tai to apotèlesma pou epistrèfei h sun�rthsh   o
telest c.

MÐa sun�rthsh (  ènac telest c) lème ìti qrhsimopoieÐ projematikì,
enjematikì   epijematikì sumbolismì, an to ìnoma thc (  to sÔmbolo,
sthn perÐptwsh tou telest ) gr�fetai prin, an�mesa   met� apì ta
orÐsmata.
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Parast�seic

Oi perissìterec gl¸ssec qrhsimopoioÔn projematikì sumbolismì gia
tic sunart seic me di�forec parallagèc wc proc th sÔntaxh:

Pascal, C: f(1,2,3)

Haskell: f 1 2 3

Lisp: (f 1 2 3)

Qr stoc Nomikìc ( Tm ma Mhqanik¸n H/U kai Plhroforik c Panepist mio IwannÐnwn )Arqèc Glwss¸n Programmatismou 2015 77 / 112



Parast�seic

EpÐshc, oi perissìterec gl¸ssec qrhsimopoioÔn enjematikì sumbolismì
gia touc duadikoÔc telestèc kai projematikì sumbolismì gia touc
monadiaÐouc telestèc:

1+2, 3*4, 10/4, x && y, x || y

1:[2,3] (prosj kh stoiqeÐou se lÐsta sth Haskell)

”Programming” + ”Languages” (sunènwsh sumboloseir¸n sth
Java)

-q

!p (logik  �rnhsh sth C)

*p (prospèlash mn mhc mèsw deÐkth sth C)
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Parast�seic

H Pascal qrhsimopoieÐ epijematikì telest  gia thn prospèlash mn mhc
mèsw deÐkth: pˆ

H Lisp qrhsimopoieÐ projematikì sumbolismì gia ìlouc touc telestèc,
ìpwc kai gia tic sunart seic, b�zontac ton telest  mazÐ me ta
orÐsmata mèsa se parènjesh:

(+ 1 2)

O sumbolismìc autìc eÐnai gnwstìc wc Polwnikìc sumbolismìc.
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Parast�seic

Mia par�stash mporeÐ na emfanÐzetai:

Sto dexÐ mèloc mÐac entol c an�jeshc.

Sth sunj kh elègqou mÐac entol c apìfashc   epan�lhyhc.

Wc pragmatik  par�metroc se mÐa kl sh upoprogr�mmatoc.

Mèsa se [ ] ¸ste na prosdiorÐzei to stoiqeÐo enìc pÐnaka.

. . .
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Parast�seic

Onom�zoume apotÐmhsh thc par�stashc th diadikasÐa upologismoÔ
thc tim c thc.

H tim  mÐac par�stashc pou perièqei sunart seic prokÔptei apì tic
timèc twn apl¸n parast�sewn pou thn apoteloÔn kai twn tim¸n pou
epistrèfontai apì tic sunart seic, me efarmog  twn telest¸n.

H seir� efarmog c twn telest¸n, ephre�zei thn tim  thc par�stashc.
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Parast�seic

Gia par�deigma h apotÐmhsh thc par�stashc 2 + 3 * 5 dÐnei tim 

17, an ektelèsoume pr¸ta ton pollaplasiasmì

25, an ektelèsoume pr¸ta thn prìsjesh

EpÐshc h apotÐmhsh thc par�stashc 8 - 3 - 1 dÐnei tim 

4, an ektelèsoume pr¸ta thn arister  afaÐresh

6, an ektelèsoume pr¸ta th dexi� afaÐresh
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Parast�seic

QrhsimopoioÔme parenjèseic gia na dhl¸soume thn epijumht  seir�
efarmog c twn telest¸n kat� thn apotÐmhsh.

MporoÔme na periorÐsoume th qr sh parenjèsewn an eis�goume
kanìnec proteraiìthtac kai prosetairismoÔ.
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Parast�seic

Oi kanìnec proteraiìthtac ierarqoÔn touc telestèc, ètsi ¸ste ènac
telest c me megalÔterh proteraiìthta na efarmìzetai prin apì
telestèc me mikrìterh proteraiìthta.

Proteraiìthta telest¸n sth Haskell (mikraÐnei ìso katebaÐnoume):

not − (monadiaÐoi)
^ ∗∗
∗ ‘div‘ ‘mod‘
+ −
== / = <= >= > <
&&
||
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Parast�seic

Gia par�deigma sthn sth Haskell h par�stash

x+2*y >= 2*a + 3*b

eÐnai isodÔnamh me thn

(x+(2*y)) >= ((2*a) + (3*b))
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Parast�seic

Oi kanìnec prosetairismoÔ kajorÐzoun th seir� efarmog c telest¸n
pou èqoun thn Ðdia proteraiìthta.

O sunhjismènoc kanìnac prosetairismoÔ eÐnai apì ta arister� proc
ta dexi�.

Sth Haskell:

oi telestèc ∗ ‘div‘ ‘mod‘ + − && ||
prosetairÐzontai apì arister� proc ta dexia

oi telestèc ^ ∗∗
prosetairÐzontai apì ta dexi� proc ta arister�.
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Parast�seic

Gia par�deigma sth Haskell h par�stash

x / y * z

eÐnai isodÔnamh me thn

(x / y) * z

en¸ h par�stash

x ^ y ^ z

eÐnai isodÔnamh me thn

x ^ (y ^ z)
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Parast�seic

An epijumoÔme diaforetik  seir� efarmog c twn telest¸n apì aut 
pou prokÔptei me b�sh touc kanìnec proteraiìthtac kai
prosetairismoÔ, qrhsimopoioÔme parenjèseic.
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Parast�seic

MporoÔme na kataskeu�soume èna dèntro pou na perigr�fei th dom 
miac par�stashc.

Gia to skopì autì, pr¸ta ja prèpei na arjoÔn ìlec oi amfishmÐec,
¸ste na eÐnai monos manta orismènh h dom  thc par�stashc, dhlad 
na eÐnai xek�jaro poiec upoparast�seic apoteloÔn ta orÐsmata tou
k�je telest .

Autì gÐnetai me b�sh tou kanìnec proteraiìthtac kai prosetairismoÔ:
mporoÔme na prosjèsoume kat�llhla parenjèseic se mÐa par�stash
ètsi ¸ste ta orÐsmata k�je telest  h sun�rthshc na eÐnai eÐte aplèc
parast�seic (stajerèc   metablhtèc) eÐte sÔnjetec parast�seic
kleismènec se parenjèseic.
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Parast�seic

H parap�nw metatrop  mac bohj�ei sto na perigr�youme thn
par�stash me èna dèntro:

MÐa apl  par�stash (sumbolik    kuriolektik  stajer�  
metablht ) parist�netai apì èna dèntro apoteloÔmeno apì ènan
kìmbo me etikèta th stajer�   th metablht .

MÐa sÔnjeth par�stash parist�netai apì èna dèntro h rÐza tou
opoÐou èqei etikèta to ìnoma thc sun�rthshc   tou telest  pou
ja d¸sei to telikì apotèlesma, en¸ ta paidi� tou apì arister�
proc ta dexi� eÐnai oi rÐzec twn dèntrwn pou antistoiqoÔn stic
parast�seic pou apotelìun ta orÐsmata thc sun�rthshc   tou
telest .
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Parast�seic

Par�deigma

'Estw h par�stash

x^2^a-x‘div‘a‘mod‘2+2*x

Me b�sh touc kanìnec proteraiìthtac twn telest¸n, h parap�nw
par�stash gr�fetai isodÔnama

((x^(2^a))-((x‘div‘a)‘mod‘2))+(2*x)
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Parast�seic

To dèntro pou antistoiqeÐ sthn parap�nw par�stash eÐnai:

^

x ^

2 a

2

x a

‘mod‘

- *

2 x

+

‘div‘
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Parast�seic

Par�deigma

'Estw h par�stash

x+1<=3*y||x>0&&y‘mod‘x==1

Me b�sh touc kanìnec proteraiìthtac twn telest¸n, h parap�nw
par�stash gr�fetai isodÔnama

((x+1)<=(3*y))||((x>0)&&((y‘mod‘x)==1))
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Parast�seic

To dèntro pou antistoiqeÐ sthn parap�nw par�stash eÐnai:

<=

+ *

x 1 3 y

&&

> ==

x 0 ‘mod‘ 1

||

y x
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Parast�seic

Stic perissìterec prostaktikèc gl¸ssec ta orÐsmata enìc telest   
mÐac sun�rthshc apotimoÔntai ìla me k�poia seir� (sun jwc apì ta
arister� proc ta dexi�) kai sth sunèqeia efarmìzetai o telest c  
kaleÐtai h sun�rthsh.

Autì antistoiqeÐ me epexergasÐa tou dèntrou pou antistoiqeÐ sthn
par�stash apì ta fÔlla proc th rÐza.
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Parast�seic

Se orismènec peript¸seic endèqetai h apotÐmhsh dÔo parast�sewn oi
opoÐec perièqoun arijmhtikèc pr�xeic kai eÐnai isodÔnamec apo
majhmatik  skopi�, na dÐnei diaforetik� apotelèsmata. Autì
ofeÐletai sto ìti oi gl¸ssec qrhsimopoioÔn periorismèno pl joc apì
bits gia thn apoj keush twn arijm¸n kai endèqetai k�poia pr�xh na
prokalèsei uperqeÐlish.
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Parast�seic

Par�deigma

'Estw o parak�tw orismìc stajer�c sth Haskell:

twoBillions :: Int

twoBillions = 2000000000

H apotÐmhsh thc par�stashc twoBillions ‘div‘ 10 + twoBillions ‘div‘ 10
dÐnei thn tim  400000000 (pou eÐnai h anamenìmenh) en¸ h apotÐmhsh
thc par�stashc (twoBillions + twoBillions) ‘div‘ 10 (pou eÐnai
isodÔnamh apì majhmatik  skopi� me thn pr¸th, kaj¸c ìlec oi
diairèseic eÐnai akribeÐc) dÐnei tim  -29496730 (pou profan¸c eÐnai
l�joc).

To prìblhma dhmiourgeÐtai epeid  h apotÐmhsh tou twoBillions +
twoBillions prokaleÐ arijmhtik  uperqeÐlish.
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Parast�seic

Se orismènec peript¸seic h tim  mÐac par�stashc mporeÐ na exaqjeÐ
prÐn oloklhrwjeÐ o apaitoÔmenoc upologismìc.

Gia par�deigma an h metablht  x èqei tim  0, tìte h tim  thc
par�stashc

(x == 0) or f(y,g(z))

eÐnai True, kai autì prokÔptei qwrÐc na apaiteÐtai na upologÐsoume
thn tim  tou f(y,g(z)).
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Parast�seic

Sth strathgik  thc merik c apotÐmhshc, apotim�tai pr¸ta to èna apì
ta dÔo orÐsmata enìc telest  kai sth sunèqeia exet�zetai to an
mporeÐ �mesa na exaqjeÐ to apotèlesma thc efarmog c tou telest ,
qwrÐc na gÐnei apotimhs  tou deÔterou orÐsmatoc.

Mìno sthn perÐptwsh pou k�ti tètoio den eÐnai dunatì, apotim�tai kai
to deÔtero ìrisma kai sth sunèqeia efarmìzetai o telest c.
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Parast�seic

Pleonekt mata merik c apotÐmhshc:

Den xodeÔei qrìno gia perittoÔc upologismoÔc.

DÐnei megalÔterh euelixÐa.
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Parast�seic

Par�deigma

'Estw ìti ekteleÐtai h parak�tw entol  se C kai to n èqei tim  0:

if (n!=0 && m % n != 0) a = 1; else a = 2;

Epeid  h C k�nei merik  apotÐmhsh kai h sunj kh n!=0 den alhjeÔei,
den ja epiqeir sei na apotim sei th sunj kh m % n != 0 kai ja
ektelèsei thn entol  pou akoloujeÐ to else, dÐnontac sthn a thn tim  2.
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Parast�seic

An t¸ra eketelesteÐ h antÐstoiqh entol  se Pascal (kai to n èqei tim 
0):

if (n<>0) and (m mod n <> 0) then a := 1 else a := 2

tìte, epeid  h Pascal k�nei olik  apotÐmhsh, ja epiqeir sei na
apotim sei th sunj kh m mod n <> 0, h opoÐa lìgw thc diaÐreshc me
to 0 ja prokalèsei sf�lma qrìnou ektèleshc kai diakop  thc
leitourgÐac tou progr�mmatoc.
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Parast�seic

Gia na douleÔei swst� to prìgramma akìmh kai ìtan to n èqei tim  0
ja prèpei na metasqhmatÐsoume thn entol  qrhsimopoi¸ntac
fwliasmèna if:

if (n<>0) then

if (m mod n <> 0) then a := 1

else a := 2

else a := 2

Sthn perÐptwsh pou to n èqei tim  0 h Pascal ja ektelèsei to exwterikì
else, apofeÔgontac thn apotÐmhsh thc sunj khc m mod n <> 0, kai ja
d¸sei sthn a thn tim  2.
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Parast�seic

Par�deigma

H qrhsimìthta thc merik c apotÐmhshc eÐnai megalÔterh ìtan h
sunj kh qrhsimopoieÐtai se ènan brìqo while.

To parak�tw tm ma progr�mmatoc C anazhteÐ mÐa tim  n se mÐa
sundedemènh lÐsta s:

p = s;

while (p != NULL && p->data != n) p = p->next;

Epeid  h C k�nei merik  apotÐmhsh, to p→data ja apotimhjeÐ mìno se
perÐptwsh pou o deÐkthc p den eÐnai kenìc, dhlad  mìno ìtan deÐqnei se
k�poio stoiqeÐo thc lÐstac. An h tim  n den up�rqei sth lÐsta, tìte h
ektèlesh tou brìqou ja oloklhrwjeÐ kanonik�, me to p na èqei tim 
NULL.
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Parast�seic

To antÐstoiqo tm ma progr�mmatoc se Pascal eÐnai to parak�tw:

p := s;

while (p <> nil) and (p^.data <> n) do p := p^.next

Epeid  h Pascal k�nei olik  apotÐmhsh, to pˆ.data ja apotimhjeÐ akìmh
kai sthn perÐptwsh pou o deÐkthc p eÐnai kenìc, prokal¸ntac sf�lma
qrìnou ektèleshc. Sunep¸c an h tim  n den up�rqei sth lÐsta, tìte h
ektèlesh tou progr�mmatoc ja diakopeÐ �mesa.
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Parast�seic

Gia na m n prokaleÐtai sf�lma ìtan to n den emfanÐzetai sth lÐsta
ja prèpei na metasqhmatÐsoume thn entol  while’ qrhsimopoi¸ntac mÐa
bohjhtik  logik  metablht :

p := s;

continue := true;

while continue do

if p = nil then continue := false

else if p^.data = n then continue := false

else p := p^.next

Sthn perÐptwsh pou o deÐkthc eÐnai kenìc, h logik  metablht  continue
paÐrnei tim  false prokal¸ntac termatismì tou brìqou, qwrÐc na
apotimhjeÐ to pˆ.data.
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Parast�seic

H merik  apotÐmish efarmìzetai apì pollèc gl¸ssec (p.q. C, Java, ...)
gia touc duadikoÔc logikoÔc telestèc (di�zeuxh kai sÔzeuxh).

H Haskell qrhsimopoieÐ thn oknhr  apotÐmhsh, h opoÐa upologÐzei mìno
ta orÐsmata pou eÐnai aparaÐthta gia na exaqjeÐ h tim  mÐac
par�stashc ìqi mìno gia touc logikoÔc telestèc, all� kai gia ìlec
tic sunart seic.

Ston antÐpoda, h Pascal qrhsimopoieÐ olik  apotÐmhsh gia ìlouc touc
telestèc.
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Parast�seic

H apotÐmhsh mÐac par�stashc den prèpei na dhmiourgeÐ parenèrgeiec
ìpwc:

Allag  tim¸n se metablhtèc.

EÐsodo   èxodo dedomènwn.

DhmiourgÐa   katastrof  antikeimènwn (dèsmeush   apodèsmeush
mn mhc).
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Parast�seic

MÐa par�stash eÐnai dunatìn na prokaleÐ parenèrgeiec an

K�poioc telest c prokaleÐ parenèrgeiec. Kat� kanìna autì de
sumbaÐnei up�rqoun ìmwc orismènec exaireseic ìpwc oi telestèc
++, −−, += k.l.p pou up�rqoun sth C kai th Java.

An perièqei kl sh mÐa sun�rthshc pou prokaleÐ parenèrgeiec.

An h mÐa par�stash perièqei telestèc   sunart seic pou prokaloÔn
parenèrgeiec, tìte to apotèlesma thc apotÐmhshc mporeÐ na exart�tai
apì th seir� me thn opoÐa kaloÔntai oi sunart seic kai apotimoÔntai
oi metablhtèc.
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Parast�seic

Par�deigma

program p(output);

var n:integer;

function f(k:integer):integer;

var x:integer;

begin

n:=n+1;

f:=k+2

end;

begin

n:=5;

n:=f(0)+n;

writeln(n);

end.
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Parast�seic

Sto parap�nw prìgramma h kl sh thc f all�zei thn tim  tou n.

An to n apotimhjeÐ prin apì thn kl sh thc f(n) tìte to prìgramma
tup¸nei ton arijmì 7

An to n apotimhjeÐ met� apì thn kl sh thc f(n) tìte to
prìgramma tup¸nei ton arijmì 8
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Parast�seic

SumperaÐnoume ìti oi gl¸ssec pou epitrèpoun oi kl seic sunart sewn
na prokaloÔn parenèrgeiec, gia na èqoun saf¸c orismènh
shmasiologÐa, ja prèpei na kajorÐzetai h seir� me thn opoÐa
apotim¸ntai ta orÐsmata twn sunart sewn kai twn telest¸n. H Java
kai h C# kajorÐzoun ìti h apotÐmhsh twn orism�twn gÐnetai apì
arister� proc ta dexi�.

Wstìso, pollèc gl¸ssec epilègoun na mhn orÐsoun th seir�
apotÐmhshc twn orism�twn, ¸ste na eÐnai pio euèliktoc o metafrast c
sth f�sh beltistopoÐhshc tou k¸dika.
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