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PerÐlhyh

H praktik  suneisfor� aut c thc ergasÐac eÐnai ditt . Kat� pr¸to lìgo,
sqedi�sthke kai ulopoi jhke se antikeimenostrafèc perib�llon programma-
tismoÔ, mÐa biblioj kh epÐlushc (genik¸n) problhm�twn ikanopoÐhshc periori-
sm¸n. Ex�llou, o programmatismìc me periorismoÔc eÐnai mia sÔgqronh mèjo-
doc eÔkolhc diatÔpwshc kai apodotik c epÐlushc problhm�twn beltistopoÐh-
shc. 'Ena tètoio prìblhma �pou antimetwpÐsthke sto deÔtero komm�ti thc
ergasÐac� eÐnai h kat�rtish wrologÐwn programm�twn gia ekpaideutik� idrÔ-
mata, ìpwc panepist mia kai sqoleÐa. O stìqoc mac se aut� ta probl mata
den eÐnai apl� na broÔme mÐa lÔsh, all� kai h poiìthta aut c thc lÔshc na eÐnai
ikanopoihtik ; p.q. na mhn up�rqoun pollèc kenèc ¸rec an�mesa sta maj mata
pou parakoloujeÐ ènac foitht c sth sqol  tou. To {p�ntrema} thc biblioj -
khc kai tou sust matoc kat�rtishc wrologÐwn programm�twn apotèlese mÐa
pragmatik  dokimasÐa gia thn axiopistÐa amfìterwn twn pleur¸n.

Jematik  perioq : Teqnht  NohmosÔnh

Lèxeic-kleidi�: programmatismìc me periorismoÔc, epilut c, sunèpeia-orÐ-
wn, qronoprogrammatismìc, wrolìgio prìgramma





Abstract

This work has two main practical contributions. First of all, a library that
solves (generic) constraint satisfaction problems (CSPs) was designed and
implemented, in an object-oriented programming environment. Besides, con-
straint programming is a modern method that facilitates the declaration and
efficient solving of optimization problems. A problem of this kind—which
was coped with in the second part of this work—is automated timetabling
for educational institutions, e.g. universities and schools. Our goal in these
problems is not to find a solution simply, but to produce qualitative solutions;
for example, there should not be many gaps (i.e. idle hours) in a student’s
personal timetable. The connection between the solver-library and automa-
ted timetabling system was a real “crash-test” for both parts’ reliability.

Subject Area: Artificial Intelligence

Keywords: constraint programming, solver, bounds-consistency, schedu-
ling, automated timetabling
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EuqaristÐec

Ja  jela na euqarist sw ton kajhght  mou Panagi¸th Stamatìpoulo gia
tic suzht seic pou k�name, tic dek�dec �mesec apant seic sta hlektronik�
mhnÔmat� mou kai th bo jei� tou sto na m�jw LATEX, ètsi ¸ste h ergasÐa
na eÐnai ìso to dunatìn kalÔterh, akìma kai ston trìpo parousÐas c thc. O
shmantikìc qrìnoc pou dièjese kai ìlec oi sumboulèc pou èdwse sunèbalan
kajoristik� sto na xeperastoÔn oi ìpoiec duskolÐec kai eggu jhkan th jetik 
èkbash thc ergasÐac.

EpÐshc euqarist¸ ton Kuri�ko Zerboud�kh gia tic upodeÐxeic tou sqeti-
k� me to p¸c mporeÐ na diatupwjeÐ antikeimenostraf¸c kai na epilujeÐ èna
prìblhma kat�rtishc wrologÐou progr�mmatoc. Oi suzht seic pou k�name
bo jhsan sto na egklimatist¸ sto perib�llon tou programmatismoÔ me pe-
riorismoÔc, kaj¸c h empeirÐa tou p�nw se autìn ton tomèa eÐnai meg�lh.

Tèloc, na euqarist sw ta xadèrfia mou M�no, Gi�nnh kai Baggèlh Prebe-
niì pou mou paraqwroÔsan ton upologist  touc, ìpote touc zhtoÔsa na k�nw
dokimèc.
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Kef�laio 1

Eisagwg 

{Jermoparakal¸ ton SÔllogo Foitht¸n   ìpoion �llon diab�zei
autì to post kai eÐnai upeÔjunoc gia to prìgramma twn qeimerin¸n
majhm�twn thc sqol c!!!!!
'Otan ja sunt�xete to prìgramma prospaj ste ìso to dunatìn ka-
lÔtera ta maj mata tou 3ou ètouc na eÐnai kollht� me ta maj mata
tou 2ou ètouc ètsi ¸ste ìsoi apì mac qrwst�me k�poio m�jhma apì
to 3o ex�mhno na mhn qreiasteÐ na eÐmaste apì to prwÐ wc to br�du
sth sqol  gia na parakolouj soume ta maj mata 2ou-3ou ètouc
pou èqoume dhl¸sei.

Thn Ðdia apaÐthsh mporeÐ na èqei kai opoiosd pote foitht c pou
eÐnai se �llo ètoc, pq 4o, all� h dik  mou ap�nthsh pisteÔw ìti
kalÔptei ìlouc em�c pou t¸ra mpaÐnoume sto 3o ètoc.}

Sto parap�nw m numa1 sto anepÐshmo diadiktuakì fìroum tou Tm matoc
Plhroforik c kai Thlepikoinwni¸n tou PanepisthmÐou Ajhn¸n, ènac foitht c
ekfr�zei thn anhsuqÐa tou gia to p¸c ja katartisteÐ to wrolìgio prìgramma
thc sqol c, mazÐ me tic proswpikèc tou epijumÐec. Kai den eÐnai o mìnoc pou
èqei tètoiec anhsuqÐec; to wrolìgio prìgramma prèpei na ikanopoieÐ to sÔnolo
twn foitht¸n, pou pijanìtata èqoun antikrouìmenec protim seic. Autì to
gegonìc apì mìno tou k�nei thn kataskeu  enìc wrologÐou progr�mmatoc mia
mh tetrimmènh diadikasÐa. Ex�llou èqei apodeiqjeÐ ìti akìma kai h kat�rtish
enìc mikroÔ megèjouc progr�mmatoc, ìtan up�rqoun periorismoÐ gia tic ¸rec
kai tic aÐjousec pou ja gÐnoun k�poia maj mata, eÐnai èna dÔskolo, NP-pl rec,
prìblhma [1, 2].

1http://www.forums.gr/showthread.php?postid=223927#post223927
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H kat�rtish wrologÐou progr�mmatoc gia ekpaideutik� idrÔmata, eÐnai loi-
pìn èna polusÔnjeto prìblhma, tìso apì �poyh epÐlushc, ìso kai apì thn
pleur� thc diatÔpwshc kai eÔreshc twn prodiagraf¸n tou. Aut  h teleutaÐa
pleur� tou probl matoc m�lista, apoteleÐ Ðswc to shmantikìtero {agk�ji}
gia th qrhsimìthta twn efarmog¸n gia dhmiourgÐa wrologÐwn programm�twn:
Up�rqoun pollèc efarmogèc gia aut  th doulei�, bg�zoun ikanopoihtik� apo-
telèsmata mèsa se logik� qronik� diast mata, ìmwc sp�nia lamb�noun upìyh
ìlec tic paramètrouc twn problhm�twn. Dhlad  up�rqei mÐa dustokÐa sthn
an�ptuxh efarmog¸n pou ja kalÔptoun tic an�gkec tou eurÔterou f�sma-
toc twn ekpaideutik¸n idrum�twn kai eÐnai sÔnhjec fainìmeno k�je Ðdruma na
antimetwpÐzei me diaforetik� mèsa to dikì tou prìblhma.

'Oson afor� t¸ra touc trìpouc epÐlushc enìc tètoiou probl matoc, e-
d¸ kai dekaetÐec, èqoun diatupwjeÐ arketèc mèjodoi. 'Eqoun qrhsimopoihjeÐ
diadikasÐec thc Epiqeirhsiak c 'Ereunac [3] kai twn diktÔwn ro c. 'Eqoun
epÐshc epistrateuteÐ mèjodoi thc Teqnht c NohmosÔnhc, ìpwc h prosomoiw-
mènh anìpthsh [4], h tampoÔ anaz thsh [5], oi genetikoÐ algìrijmoi [6] kai o
programmatismìc me periorismoÔc [7, 8, 9, 10].

Sthn ergasÐa aut , qrhsimopoi same ton programmatismì me periorismoÔc,
wc mÐa montèrna mèjodo safoÔc diatÔpwshc kai apotelesmatik c epÐlushc
poikÐlwn problhm�twn beltistopoÐhshc. Ex�llou, b�sh aut c thc ergasÐac
apotèlese to sÔsthma kat�rtishc wrologÐwn programm�twn Orprog [11],
to opoÐo sthrÐzetai se aut n akrib¸c th mejodologÐa. To Orprog �èna
epituqhmèno sÔsthma, apotèlesma susswreumènhc empeirÐac et¸n� qrhsimo-
poi jhke san mètro sÔgkrishc, tìso gia ta apotelèsmata pou par�gontai apì
thn efarmog  aut c thc ergasÐac, ìso kai gia th diepaf c thc, h opoÐa u-
lopoi jhke se Visual Basic .NET, mia axiìlogh gl¸ssa gia th dhmiourgÐa
eÔqrhstwn kai komy¸n diepaf¸n. Shmei¸netai ìti prostèjhkan k�poiec du-
natìthtec sthn efarmog  thc ergasÐac, oi opoÐec den up�rqoun sto Orprog
kai eÐqe zhthjeÐ kat� kairoÔc apì touc qr stec tou, h ulopoÐhs  touc. MÐ-
a tètoia dunatìthta, eÐnai h prosarmog  thc efarmog c stic apait seic twn
sqoleÐwn, sta opoÐa h poiìthta twn wrologÐwn programm�twn krÐnetai peris-
sìtero me b�sh to p¸c katanèmontai oi ¸rec tou k�je kajhght  qwrist�,
mèsa sthn ebdom�da.

Dedomènou ìti to Orprog ulopoi jhke p�nw sthn emporik  biblioj -
kh epÐlushc problhm�twn ikanopoÐhshc periorism¸n Ilog Solver [12, 13],
up�rqoun probl mata sth metafersimìtht� tou, p.q. ston proswpikì upo-
logist  enìc qr sth. Autì st�jhke aform  gia th dhmiourgÐa enìc nèou
epilut , ton opoÐo {baftÐsame} Naxos Solver. H antikeimenostraf c fÔsh

Nikìlaoc I. Pojhtìc 18



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

tou programmatismoÔ me periorismoÔc, mac od ghse sthn apìfash na ton ulo-
poi soume sthn antikeimenostraf  �kai sun�ma apodotik � gl¸ssa C++.2

FrontÐsame ètsi ¸ste o epilut c na mporeÐ na qrhsimopoihjeÐ gia thn anti-
met¸pish opoioud pote probl matoc ikanopoÐhshc periorism¸n kai ìqi mìno
autì thc kat�rtishc wrologÐou progr�mmatoc.

2Analutikìtera, qrhsimopoi jhke o sumbatìc me thn ANSI/ISO C++, metaglwttist c
g++, kaj¸c kai o aposfalmatwt c ddd kai o aposfalmatwt c diaqeÐrishc mn mhc Valgrind.
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Kef�laio 2

Programmatismìc me
periorismoÔc

O programmatismìc me periorismoÔc apoteleÐ mÐa apì tic

kalÔterec proseggÐseic pou èqei k�nei mèqri s mera h epist mh

twn upologist¸n sto Ierì Diskopìthro tou programmatismoÔ: o

qr sthc dhl¸nei to prìblhma kai o upologist c to lÔnei.

� Eugene C. Freuder

'Enac poll� uposqìmenoc tomèac èreunac thc Teqnht c NohmosÔnhc asqo-
leÐtai me ta probl mata ikanopoÐhshc periorism¸n. Tètoia probl mata apote-
loÔntai apì èna sÔnolo periorismènwn metablht¸n (constraint variables) (tic
opoÐec gia suntomÐa pollèc forèc ja tic anafèroume apl� san metablhtèc), oi
opoÐec paÐrnoun timèc apì èna sugkekrimèno peperasmèno pedÐo (domain) apì
diakritèc timèc. Oi periorismènec metablhtèc susqetÐzontai metaxÔ touc mèsw
enìc sunìlou periorism¸n (constraints), pou den eÐnai tÐpota �llo apì sqèseic
metaxÔ twn metablht¸n. Oi sqèseic autèc dhl¸nontai rht� kai den sp�ne se
endi�mesec grammikèc exis¸seic kai anis¸seic, ìpwc suqn� sumbaÐnei se �llec
mejodologÐec programmatismoÔ. Autì dieukolÔnei th diatÔpwsh enìc probl -
matoc, tìso jewrhtik�, ìso kai praktik� mèsw thc suggraf c sunthr simou
k¸dika. H saf neia aut  sth diatÔpwsh, thn k�nei anex�rthth se meg�lo
bajmì apì thn epÐlush tou probl matoc, gi' autì kai oi mèjodoi epÐlushc
pou up�rqoun efarmìzontai se ìla ta probl mata ikanopoÐhshc periorism¸n.
Stigmiìtupa tètoiwn problhm�twn emfanÐzontai ston qronoprogrammatismì,
sthn anÐqneush blab¸n se yhfiak� kukl¸mata kai se �llouc tomeÐc. Ta
teleutaÐa qrìnia èqoun anaptuqjeÐ poll� sust mata kai biblioj kec pou u-

Nikìlaoc I. Pojhtìc 21



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

posthrÐzoun programmatismì me periorismoÔc [14, 15, 16, 17, 18, 19, 20].

2.1 Majhmatikìc orismìc

'Ena prìblhma ikanopoÐhshc periorism¸n eÐnai mia dom  P = (V, D, C):

• me V = {V1, V2, . . . , Vn} to sÔnolo n metablht¸n

• me D = {D1, D2, . . . , Dn} to sÔnolo twn pedÐwn tim¸n pou antistoi-
qoÔn stic metablhtèc, Vi ∈ Di, 1 ≤ i ≤ n. K�je pedÐo tim¸n eÐnai
peperasmèno kai apoteleÐtai apì diakritèc timèc.

• kai me C = {C1, C2, . . . , Ce} èna sÔnolo periorism¸n, ìpou Ci mia sqèsh
metaxÔ twn metablht¸n enìc sunìlou Si ⊆ V . OrÐzoume Ci = (Si, Ti),
me Ti ⊆ Di1 ×Di2 × · · · ×Diq to sÔnolo me touc dunatoÔc sunduasmoÔc
gia tic timèc twn metablht¸n tou sunìlou Si = {Vi1 , Vi2 , . . . , Viq}. A-
n�loga me ton arijmì twn metablht¸n thc sqèshc (o opoÐoc isoÔtai
me |Si|), katat�ssoume ton periorismì Ci stic ex c kathgorÐec/t�xeic
periorism¸n:

– an |Si| = 1, tìte o Ci eÐnai monadiaÐoc (unary)

– an |Si| = 2, tìte o Ci eÐnai duadikìc (binary)

– an |Si| > 2, tìte o Ci eÐnai an¸terhc t�xhc (higher order)

H lÔsh sto prìblhma eÐnai mÐa an�jesh tim¸n stic metablhtèc V1 = d1, V2 =
d2, . . . , Vn = dn, ètsi ¸ste na ikanopoioÔntai oi periorismoÐ, dhlad  èna stoi-
qeÐo tou sunìlou

{t | t ∈ D1 ×D2 × · · · ×Dn, t|Si
∈ Ti, 1 ≤ i ≤ e}.

'Ena tupikì prìblhma ikanopoÐhshc periorism¸n perilamb�nei pollèc me-
tablhtèc. 'Etsi o q¸roc anaz thshc pou prokÔptei eÐnai meg�loc kai mpo-
reÐ na ft�sei to mègejoc tou kartesianoÔ ginomènou twn pedÐwn tim¸n ì-
lwn twn metablht¸n. Autì odhgeÐ sto fainìmeno thc sunduastik c èkrhxhc
(combinatorial explosion), to opoÐo èqei san epakìloujo th qronobìra ana-
z thsh lÔshc.
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2.2 Par�deigma

'Enac qhmikìc protÐjetai na k�nei tic antidr�seic A, B, Γ kai ∆. EÐnai gnwstì
ìti oi B kai Γ qrei�zontai mia qhmik  ousÐa pou par�getai apì th ∆. EpÐshc h
A qrei�zetai mia qhmik  ousÐa pou par�getai apì th B. Me poia seir� mporoÔn
na gÐnoun oi antidr�seic?

To parap�nw gÐnetai na anaparastajeÐ san èna prìblhma ikanopoÐhshc
periorism¸n. OrÐzoume tic metablhtèc VA, VB, VΓ kai V∆ oi opoÐec deÐqnoun
th seir� me thn opoÐa ja gÐnoun oi antÐstoiqec antidr�seic. Wc ek toÔtou,
ta pedÐa tim¸n ìlwn touc tautÐzontai me to sÔnolo {1, 2, 3, 4}. JewroÔme ìti
o qhmikìc ekteleÐ diadoqik� tic antidr�seic kai ètsi isqÔei ìti oi metablhtèc
eÐnai diaforetikèc metaxÔ touc:

VA 6= VB, VA 6= VΓ , VA 6= V∆

VB 6= VΓ , VB 6= V∆

VΓ 6= V∆

B�sei twn dedomènwn tou probl matoc isqÔoun epÐshc:

V∆ < VB

V∆ < VΓ

VB < VA

Ex�llou, ìtan mia antÐdrash X par�gei mia ousÐa pou qrhsimopoieÐtai sthn
Y , h X prohgeÐtai thc Y (  VX < VY ). En¸nontac ìlouc touc parap�nw
periorismoÔc èqoume:

VA 6= VΓ (2.1)

VB 6= VΓ (2.2)

V∆ < VB (2.3)

V∆ < VΓ (2.4)

VB < VA (2.5)

Oi lÔseic sto prìblhma eÐnai treic:

VA VB VΓ V∆ Seir� antidr�sewn
3 2 4 1 ∆, B, Γ, A
4 2 3 1 ∆, B, A, Γ
4 3 2 1 ∆, Γ, B, A
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2.3 Algìrijmoi epÐlushc

2.3.1 Gènna-kai-dokÐmaze

H pr¸th mèjodoc epÐlushc onom�zetai gènna-kai-dokÐmaze (generate-and-test).
Autì pou k�nei epanalhptik�, eÐnai na genn� ènan sunduasmì twn metablht¸n
tou probl matoc ikanopoÐhshc periorism¸n kai sth sunèqeia na ton dokim�-
zei gia na diapistwjeÐ an eÐnai mia nìmimh lÔsh, dhlad  an ikanopoieÐ touc
periorismoÔc.

1. An�jese stic metablhtèc tuqaÐec timèc apì ta pedÐa twn tim¸n touc.

2. An gia autèc tic timèc twn metablht¸n throÔntai oi periorismoÐ, tìte
epÐstreyè tic wc lÔsh.

3. P gaine sto B ma 1.

An autìc o algìrijmoc efarmosteÐ sto par�deigma (§2.2), tìte ja paraqjoÔn
�kai ja elegqjoÔn� ìloi oi dunatoÐ sunduasmoÐ:

VA VB VΓ V∆

1 1 1 1
1 1 1 2

...
4 4 4 4

Sunolik� ja gennhjoÔn kai ja exetastoÔn 44 = 256 sunduasmoÐ, apì touc
opoÐouc mìno 3 ja eÐnai nìmimoi. Mia genn tria (generator) paragwg c sun-
duasm¸n ja prèpei na èqei tic ex c idiìthtec:

• plhrìthta, dhlad  na par�gei ìlouc touc dunatoÔc sunduasmoÔc.

• na eÐnai apèritth, pou shmaÐnei na par�gei ènan sunduasmì mÐa mìno for�,
ètsi ¸ste na mhn mei¸netai h apìdosh thc mejìdou, lìgw epaneilhmmè-
nwn �skopwn elègqwn tou Ðdiou sunduasmoÔ.

• enhmèrwsh, h opoÐa eÐnai proairetik  idiìthta kai epitrèpei th meÐwsh
tou q¸rou anaz thshc, mèsw thc axiopoÐhshc k�poiwn plhrofori¸n gia
to prìblhma. Sto parap�nw par�deigma eÐnai eÔkolo na sunaqjeÐ to
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sumpèrasma ìti V∆ = 1, afoÔ h antÐdrash ∆ gÐnetai p�nta pr¸th. Me
aut n thn plhroforÐa h genn tria ja dhmiourg sei 43 = 64 sunduasmoÔc
mìno, afoÔ den ja asqolhjeÐ me th V∆ kai ètsi ja par�gei touc ex c
sunduasmoÔc:

VA VB VΓ V∆

1 1 1 1
1 1 2 1

...
4 4 4 1

'Eqoun protajeÐ belti¸seic gia ton algìrijmo, ìpwc h anarrÐqhsh lìfou
(hill climbing) kai to euristikì twn elaqÐstwn sugkroÔsewn (min conflict
heuristic), pou aposkopoÔn sto na ft�noume pio sÔntoma se mÐa lÔsh, mèsw
thc allag c thc seir�c me thn opoÐa gennioÔntai oi sunduasmoÐ. Genik� p�ntwc,
h aplìthta thc mejodologÐac gènna-kai-dokÐmaze den sunep�getai kai uyhl 
apìdosh. ArkeÐ na skefteÐ kaneÐc ìti se èna prìblhma pou den èqei lÔsh, gia
na to diapist¸sei autì o algìrijmoc, ja exet�sei ìlec tic dunatèc peript¸seic!

2.3.2 Opisjodrìmhsh

H mèjodoc thc opisjodrìmhshc (backtracking) apoteleÐ mia kalÔterh pro-
sèggish sto prìblhma. En¸ sth gènna-kai-dokÐmaze dÐname timèc se ìlec tic
metablhtèc kai sth sunèqeia elègqame an parabi�zontan oi periorismoÐ, sthn
opisjodrìmhsh dÐnoume tim  se mÐa metablht  kai èpeita elègqoume an isqÔoun
oi periorismoÐ gia tic  dh desmeumènec metablhtèc. Mia metablht  onom�zetai
desmeumènh (bound   singleton) ìtan thc èqei anatejeÐ tim  (dhlad  ìtan to
pedÐo tim¸n thc èqei gÐnei monomelèc), alli¸c eÐnai eleÔjerh (unbound).

O algìrijmoc problèpei ìti an kat� thn an�jesh tim c se mÐa metablht 
brejeÐ ìti parabi�zetai k�poioc periorismìc (gia tic desmeumènec metablhtèc
p�nta), tìte epilègetai mÐa �llh tim  apì to pedÐo tim¸n thc. An èqoume
dokim�sei ìlec tic timèc tou pedÐou thc metablht c, opisjodromoÔme, dhlad 
dokim�zoume thn epìmenh tim  thc prohgoÔmenhc metablht c pou desmeÔjhke.
An apotÔqoun ìlec oi anajèseic kai gia aut n, tìte opisjodromoÔme sthn
proprohgoÔmenh k.o.k. Dèsmeush ìlwn twn metablht¸n, me ikanopoÐhsh twn
periorism¸n, shmaÐnei epituqÐa, en¸ antÐjeta h an�gkh na opisjodrom soume
pÐsw apì thn pr¸th metablht  isodunameÐ me apotuqÐa. Ston yeudok¸dika
pou akoloujeÐ h opisjodrìmhsh epitugq�netai mèsw anadrom c:
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function BackTracking(V ariables, Constraints)
if exists unbound v in V ariables then

for each a in domain(v) do
v ← a
if there is no violation of Constraints
for the V ariables that are bound then

BackTracking(V ariables, Constraints)
end if

end for
v ← domain(v)

else
return true . Brèjhke lÔsh!

end if
return false . ApotuqÐa

end function

Kat� thn efarmog  tou algorÐjmou sto par�deigma (§2.2) emfanÐzontai ta
ex c b mata:

VA VB VΓ V∆
Periorismìc

pou parabi�zetai
Opisjodrìmhsh

1
1 1 (2.5): VB < VA

1 2 (2.5): VB < VA

1 3 (2.5): VB < VA

1 4 (2.5): VB < VA X
2
2 1
2 1 1 (2.2): VB 6= VΓ

2 1 2 (2.1): VA 6= VΓ

2 1 3
2 1 3 1 (2.3): V∆ < VB

2 1 3 2 (2.3): V∆ < VB

2 1 3 3 (2.3): V∆ < VB

2 1 3 4 (2.3): V∆ < VB X
2 1 4

...

Nikìlaoc I. Pojhtìc 26



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

An kai ek pr¸thc ìyewc faÐnetai ìti o algìrijmoc èqei mikrìterh polu-
plokìthta apì ton gènna-kai-dokÐmaze, entoÔtoic gia th qeirìterh perÐptwsh
èqoume Ðdiec poluplokìthtec! 'Estw to prìblhma me V = {V1, V2, . . . , Vn},
D = {D1, D2, . . . , Dn} kai monadikì periorismì V1 = Vn. DÐnetai epÐshc
D1 = {a} kai Dn = {b}, me a 6= b. Kat� thn efarmog  thc mejìdou thc
opisjodrìmhshc, ja qreiasteÐ na exantlhjoÔn ìloi oi sunduasmoÐ twn meta-
blht¸n V2, V3, . . . , Vn−1, mèqri na gÐnei antilhptì ìti den up�rqei lÔsh, ìpwc
akrib¸c ja sunèbaine kai ston gènna-kai-dokÐmaze.

Oi dÔo autèc mèjodoi p�sqoun loipìn, giatÐ polÔ apl� eÐnai opisjojewrhti-
kèc (retrospective), pou shmaÐnei ìti ekmetalleÔontai touc periorismoÔc mìno
gia ton èlegqo twn  dh desmeumènwn metablht¸n. Kai autìc o èlegqoc gÐnetai
a posteriori, met� thn an�jesh dhlad . Ta pedÐa twn eleÔjerwn metablht¸n
den periorÐzontai prin autèc desmeutoÔn, ¸ste na apokleistoÔn k�poiec timèc
pou ja odhg soun oÔtwc   �llwc se apotuqÐa kai na èqoume ètsi mia meÐwsh
tou q¸rou anaz thshc.

2.3.3 Di�dosh periorism¸n

Oi emprosjojewrhtikèc (prospective) mèjodoi �en antijèsei me tic opisjo-
jewrhtikèc� met� apì k�je pr�xh pou gÐnetai epÐ twn metablht¸n, den elèg-
qoun mìno tic desmeumènec metablhtèc, all� diagr�foun apì ta pedÐa tim¸n
twn eleÔjerwn metablht¸n tic timèc ekeÐnec pou den eÐnai sunepeÐc me touc
periorismoÔc. 'Eqoume dhlad  èna {kl�dema} tou dèndrou anaz thshc, me
stìqo na mhn anatejoÔn sto mèllon lanjasmènec timèc (a priori pruning).
Prin proqwr soume sthn parousÐash twn algorÐjmwn, ja eisag�goume k�-
poiec kainoÔrgiec ènnoiec.

To dÐktuo periorism¸n (constraint network) eÐnai ènac gr�foc me kìmbouc
pou anaparistoÔn tic metablhtèc. Touc kìmbouc sundèoun akmèc pou anapa-
ristoÔn touc periorismoÔc. Gia to par�deigma (§2.2) èqoume to Sq ma 2.1.

Mia akm  en¸nei dÔo kìmbouc-metablhtèc kai epomènwc anaparist� ènan
duadikì periorismì. Oi monadiaÐoi periorismoÐ den eÐnai an�gkh na anaparasta-
joÔn, kaj¸c mporoÔn na ikanopoihjoÔn se èna proepexergastikì st�dio, me
diagraf  k�poiwn tim¸n apì ta pedÐa twn metablht¸n. An eÐqame p.q. th meta-
blht  Vi me pedÐo tim¸n Di = {1, 2, 3, 4, 5} kai ton monadiaÐo periorismì Vi < 3,
tìte apl� ja jètame san pedÐo tim¸n thc Vi to Da

i = {1, 2, 6 3, 6 4, 6 5} = {1, 2},
apì thn arq . Ti gÐnetai ìmwc me thn anapar�stash periorism¸n an¸terhc
t�xhc sto dÐktuo periorism¸n? Den up�rqei lìgoc na asqolhjoÔme kai me
aut n, afoÔ apodeiknÔetai ìti:
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Sq ma 2.1: DÐktuo periorism¸n

K�je prìblhma ikanopoÐhshc periorism¸n mporeÐ na metasqhma-
tisteÐ se èna isodÔnamo prìblhma, pou perièqei mìno duadikoÔc
periorismoÔc. O metasqhmatismìc autìc lègetai duadikopoÐhsh
(binarization).

Apìdeixh: 'Estw ìti èqoume èna prìblhma P , me ènan periorismì
an¸terhc t�xhc Ci, o opoÐoc afor� tic metablhtèc Vi1 , Vi2 , . . . , Viq .
Fti�qnoume èna prìblhma P ′ Ðdio me to P , all� qwrÐc ton Ci.
Eis�goume sto P ′ mia nèa metablht  V0 me pedÐo tim¸n ta stoiqeÐa
tou sunìlou Di1×Di2×· · ·×Diq pou ikanopoioÔn ton Ci. Epiplèon
eis�goume touc ex c (duadikoÔc) periorismoÔc, me dedomèno ìti
V0 = (x1, x2, . . . , xq):

Vi1 = x1

Vi2 = x2

...

Viq = xq

Epanalamb�noume th diadikasÐa gia k�je periorismì an¸terhc t�-
xhc tou P . Telik� to duadikì P ′ eÐnai isodÔnamo me to P . �
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Me th duadikopoÐhsh, �sqeta apì to gegonìc ìti den qrhsimopoieÐtai su-
qn� stic ulopoi seic twn problhm�twn se upologist , èqoume th dunatìthta
se jewrhtikì epÐpedo, na asqolhjoÔme mìno me ta duadik� probl mata ikano-
poÐhshc periorism¸n, dhlad  me to dÐktuo periorism¸n twn problhm�twn.

To dÐktuo periorism¸n eÐnai to mèso sto opoÐo ja diadÐdontai oi periori-
smoÐ (propagation). Oi algìrijmoi pou ja doÔme gia autì to dÐktuo-gr�fo,
epiqeiroÔn na ton fèroun se mia kat�stash sunèpeiac akm¸n (arc consistency
– AC). Mia akm  (Vi, Vj) eÐnai sunep c, an gia k�je x ∈ Di, up�rqei y ∈ Dj,
tètoio ¸ste to zeÔgoc tim¸n (x, y) na mhn parabi�zei ton periorismì gia thn
akm  aut . 'Otan mia akm  (Vi, Vj) eÐnai sunep c, tìte den isqÔei aparaÐthta
ìti kai h (Vj, Vi) eÐnai sunep c, afoÔ h sunèpeia eÐnai kateujunìmenh. P.q.
èstw V1 ∈ {1, 2} kai V2 ∈ {1, 2, 3} me V1 ≥ V2. IsqÔei ìti h (V1, V2) sunep c
kai h (V2, V1) asunep c, afoÔ den up�rqei y ∈ D1, me y ≥ 3.

Me ton parak�tw algìrijmo mporoÔme na exasfalÐsoume th sunèpeia k�je
akm c (Vi, Vj), afair¸ntac tic timèc tou Di pou den ikanopoioÔn ton periorismì
gia tic dÔo metablhtèc. (P.q. gia thn parap�nw akm  (V2, V1), afaireÐ to 3
apì to D2.)

function Revise(Vi, Vj)
del← false
for each x in Di do

if there is no y ∈ Dj, with (x, y) not violating the constraint then
delete x from Di

del← true
end if

end for
return del

end function

Aut  h diadikasÐa kaleÐtai apì ènan algìrijmo sunèpeiac akm¸n gia na
gÐnoun ìlec oi akmèc enìc gr�fou sunepeÐc. Tètoioi algìrijmoi eÐnai oi AC-1,
AC-2, AC-3, AC-4 k.lp. oi opoÐoi eÐnai parallagèc kai belti¸seic thc basik c
idèac:

Gia k�je akm , afaÐrese apì ta pedÐa twn metablht¸n tic timèc
ekeÐnec pou den ikanopoioÔn ton antÐstoiqo periorismì.

Me autìn ton trìpo afairoÔntai apì nwrÐc ekeÐnec oi timèc pou den mporoÔn
na summetèqoun sthn telik  lÔsh.
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procedure AC-1(G)
Q← {(Vi, Vj) | (Vi, Vj) ∈ arcs(G)}
repeat

changed← false
for each (Vi, Vj) ∈ Q do

changed← changed or Revise(Vi, Vj)
end for

until not changed
end procedure

ParathroÔme ìti o algìrijmoc met� apì k�je allag  ston gr�fo, elègqei
xan� tic akmèc tou gia na diapistwjeÐ an eÐnai sunepeÐc. Kai autì giatÐ mporeÐ
na sumbeÐ to fainìmeno tou ntìmino: na afairejeÐ mia tim  tou pedÐou miac
metablht c V1 gia gÐnei sunep c mia akm  (V1, V2) kai autì na prokalèsei
asunèpeia se akmèc tÔpou (Vx, V1). An prosèxoume ton AC-1 ìmwc, ja doÔme
ìti den ja elègxei mìno tic akmèc tÔpou (Vx, V1), all� ìlec. O AC-3 èrqetai
na stamat sei aut n th spat�lh stouc elègqouc:

procedure AC-3(G)
Q← {(Vi, Vj) | (Vi, Vj) ∈ arcs(G)}
while Q 6= ∅ do

select and delete (Vk, Vm) from Q
if Revise(Vk, Vm) then

Q← Q ∪ {(Vi, Vk) | (Vi, Vk) ∈ arcs(G), i 6= m}
end if

end while
end procedure

Gia na doÔme poia eÐnai h filosofÐa pÐsw apì autoÔc touc algorÐjmouc, ja
prospaj soume na fèroume se sunèpeia tic akmèc gia to dÐktuo periorism¸n
tou paradeÐgmatoc (§2.2):

DA DB DΓ D∆ Periorismìc
1 {6 1, 2, 3, 4} {1, 2, 3, 6 4} {1, 2, 3, 4} {1, 2, 3, 4} VA > VB

2 {2, 3, 4} {6 1, 2, 3} {1, 2, 3, 4} {1, 2, 6 3, 6 4} VB > V∆

3 {2, 3, 4} {2, 3} {6 1, 2, 3, 4} {1, 2} VΓ > V∆

4 {6 2, 3, 4} {2, 3} {2, 3, 4} {1, 2} VA > VB
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Sthn 1h gramm  asqoloÔmaste me ton periorismì VA > VB: H tim  1
afaireÐtai apì to DA, afoÔ den up�rqei y ∈ DB me 1 > y. Met� apì autì h
akm  (VA, VB) eÐnai sunep c, den isqÔei ìmwc akìma to Ðdio kai gia th (VB, VA),
afoÔ den up�rqei y ∈ DA,1 me y > 4. Sunep¸c prèpei na afairejeÐ epÐshc
h tim  4 apì to DB. 'Eqontac petÔqei th sunèpeia twn akm¸n (VA, VB) kai
(VB, VA), exasfalÐsame ìti h sqèsh pou sundèei tic VA kai VB, isqÔei.

Sth 2h kai sthn 3h gramm  epanalamb�noume thn Ðdia diadikasÐa gia touc
periorismoÔc VB > V∆ kai VΓ > V∆ antÐstoiqa. Me to tèloc thc 3hc gramm c
oloklhr¸netai to pr¸to {pèrasma} apì k�je uparkt  akm . Bèbaia up rxan
k�poiec allagèc sta pedÐa, opìte ìpwc dhl¸netai kai ston AC-1,2 oi akmèc
prèpei na elegqjoÔn xan� wc proc th sunèpei� touc. 'O,ti apomènei na gÐnei,
diekperai¸netai sthn 4h gramm  me to na èrjei se kat�stash sunèpeiac h akm 
(VA, VB).

EÔloga ja anarwthjeÐ kaneÐc: {Ma eÐnai lÔsh autì pou emfanÐzetai sthn
4h gramm ?} H ap�nthsh eÐnai ìqi, oi algìrijmoi elègqou sunèpeiac den upì-
sqontai ìti ja broun lÔsh! H qrhsimìtht� touc ègkeitai sto ìti mei¸noun ton
q¸ro anaz thshc. Pr�gmati, sto parap�nw par�deigma, to mègejoc tou q¸-
rou anaz thshc apì 4×4×4×4 = 256 pou  tan, ègine mìlic 2×2×3×2 = 24.
TonÐzoume ìti h sunèpeia twn akm¸n enìc gr�fou den faner¸nei ìti ja èqoume
mÐa   perissìterec lÔseic, oÔte kan ìti ja èqoume lÔsh. Gia tou lìgou to
alhjèc parousi�zontai oi treic gr�foi tou Sq matoc 2.2. K�poiec forèc ìmwc
mporoÔme na apofanjoÔme gia th lÔsh met� thn efarmog  enìc algorÐjmou
AC: 1) ìtan k�poia metablht  èqei kenì pedÐo, opìte den up�rqei lÔsh kai to
prìblhma ikanopoÐhshc periorism¸n onom�zetai asunepèc (inconsistent) kai 2)
ìtan ìlec oi metablhtèc èqoun monomelèc pedÐo, opìte oi timèc twn metablht¸n
apoteloÔn lÔsh.

To �nw fr�gma thc poluplokìthtac enìc algorÐjmou sunèpeiac akm¸n
eÐnai ed2, ìpou e o arijmìc twn periorism¸n kai d o mègistoc arijmìc twn
stoiqeÐwn enìc pedÐou tim¸n tou probl matoc. Oi algìrijmoi thc oikogèneiac
AC diafèroun metaxÔ touc sto jèma thc apìdoshc. Oi apodotikìteroi algì-
rijmoi p�ntwc apaitoÔn perissìterh mn mh gia na ektelestoÔn.

Met� thn efarmog  enìc algorÐjmou AC loipìn, gia na proqwr soume
sthn epÐlush tou probl matoc, anagkazìmaste ek twn pragm�twn na qrhsimo-
poi soume mÐa klasik  mèjodo anaz thshc ìpwc h pr¸ta-kat�-b�joc (depth-
first-search – DFS). H pr¸ta-kat�-pl�toc kai an�logec mèjodoi pou den ekme-

1To DA t¸ra isoÔtai me {2, 3, 4}.
2Ston algìrijmo AC-1 èqoume changed = true (sel. 30).
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(gþ) 'Eqei monadik  lÔsh

Sq ma 2.2: Treic gr�foi me sunèpeia wc proc tic akmèc
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talleÔontai to peperasmèno kai stajerì (Ðso me to pl joc twn metablht¸n)
b�joc tou dèndrou anaz thshc den endeÐknuntai.

Kentrikì rìlo sthn apotelesmatikìthta thc anaz thshc paÐzoun ta eu-
ristik�. H mèjodoc anaz thshc {sumbouleÔetai} ton euristikì kanìna gia
na apofasÐsei poia metablht  ja epilèxei kai poia tim  ja thc anatejeÐ (me
�lla lìgia poioc kìmboc tou dèndrou anaz thshc ja epilegeÐ). 'Ena genikì
euristikì eÐnai h arq  thc suntomìterhc apotuqÐac (first fail principle). To
euristikì autì proteÐnei na anatejeÐ tim  sth metablht  me to mikrìtero pedÐo
tim¸n. SunhjÐzetai na sundu�zontai perissìtera tou enìc euristik�. P.q. an
to parap�nw euristikì sunantoÔse dÔo metablhtèc me ton Ðdio arijmì tim¸n,
den ja mporoÔse na axiolog sei poia apì tic dÔo metablhtèc eÐnai kalÔtero
na epilegeÐ pr¸th. Se autì to shmeÐo mporoÔme na akolouj soume ènan �llo
euristikì kanìna pou protrèpei: di�lexe th metablht  ekeÐnh, pou emplèketai
se megalÔtero arijmì periorism¸n (most constraint principle).

An efarmìsoume ta parap�nw euristik� sthn 4h gramm  tou prohgoÔmenou
pÐnaka èqoume:

1. first fail principle: epilog  twn metablht¸n VA, VB kai V∆ (me ta mikrì-
tera pedÐa tim¸n).

2. most constraint principle: apì tic parap�nw metablhtèc, epilog  thc
VB, afoÔ emplèketai se perissìterouc (treic) periorismoÔc. (Autì eÐnai
profanèc sto dÐktuo periorism¸n tou Sq matoc 2.1, sto opoÐo oi akmèc
pou sundèontai me th VB eÐnai treic, ènanti dÔo akm¸n gia tic VA kai V∆.)

k-sunèpeia

Eip¸jhke ìti met� thn efarmog  enìc algorÐjmou AC, autì pou prokÔptei
den eÐnai (p�nta) lÔsh. Gia na èqoume mia pio susthmatik  eikìna gia thn
kat�stash enìc diktÔou periorism¸n an� p�sa stigm , ja orÐsoume thn ènnoia
thc K-sunèpeiac. 'Enac gr�foc periorism¸n eÐnai k-sunep c (k-consistent),
an kai mìno an gia k�je sunduasmì tim¸n twn pedÐwn opoiwnd pote k − 1
metablht¸n, pou ikanopoieÐ touc metaxÔ touc periorismoÔc, up�rqei tim  sto
pedÐo k�je �llhc metablht c, tètoia ¸ste na ikanopoioÔntai tautìqrona ìloi
oi periorismoÐ pou sundèoun tic k metablhtèc. 'Enac gr�foc eÐnai isqur� k-
sunep c (strongly k-consistent) an gia k�je ` ≤ k eÐnai `-sunep c.

Se ènan isqur� 1-sunep  gr�fo eÐnai exasfalismèno ìti ja throÔntai oi
{atomikoÐ}-monadiaÐoi periorismoÐ k�je metablht c, en¸ oi gr�foi pou prokÔ-
ptoun apì touc algorÐjmouc AC eÐnai isqur� 2-sunepeÐc. An ènac gr�foc n
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Sq ma 2.3: 3-sunep c all� ìqi 2-sunep c gr�foc

kìmbwn/metablht¸n eÐnai isqur� n-sunep c, tìte opoiosd pote sunduasmìc
twn tim¸n twn metablht¸n apoteleÐ lÔsh. Up�rqoun algìrijmoi exasf�lishc
isqur c k-sunèpeiac, me k > 2, ìmwc to kìstoc touc eÐnai ekjetikì kai ètsi
protimoÔme th qr sh miac klasik c mejìdou anaz thshc se sunduasmì me ènan
algìrijmo AC.

Sto Sq ma 2.3, o gr�foc den eÐnai 2-sunep c. Autì mporoÔme na to deÐ-
xoume b�sei tou orismoÔ, gia k = 2. PaÐrnoume loipìn ènan sunduasmì tim¸n
k − 1 metablht¸n, dhlad  en prokeimènw mÐa tim  mÐac metablht c, èstw thc
VA. Dialègoume thn tim  1 thc VA (den qrei�zetai na elègxoume an h tim 
aut  ikanopoieÐ touc up�rqontec monadiaÐouc periorismoÔc gia thn VA, afoÔ
den up�rqoun tètoioi). 'Omwc den up�rqei tim  sth VB pou na ikanopoieÐ ton
periorismì VA 6= VB, gia VA = 1. (To Ðdio isqÔei kai gia th VΓ , all� arkeÐ na
to deÐxoume gia mÐa metablht .)

Parìla aut� o gr�foc eÐnai 3-sunep c. An p�roume opoiond pote sundua-
smì tim¸n k− 1 = 2 metablht¸n, pou ikanopoieÐ touc periorismoÔc (1h st lh
tou PÐnaka 2.1), tìte up�rqei tim , se k�je trÐth metablht , pou ikanopoieÐ
touc periorismoÔc an�mesa stic k = 3 metablhtèc (2h st lh tou PÐnaka 2.1).
Fusik� o gr�foc den eÐnai isqur� 3-sunep c, afoÔ den eÐnai 2-sunep c.

VA = 2, VB = 1 VΓ = 1
VA = 2, VΓ = 1 VB = 1
VB = 1, VΓ = 1 VA = 2

PÐnakac 2.1: Apìdeixh 3-sunèpeiac
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Sunèpeia-orÐwn

H sunèpeia-orÐwn (bounds-consistency) eÐnai mia pio qalar  ènnoia sunèpeiac.
Afor� ta �kra twn pedÐwn twn metablht¸n pou emplèkontai se ènan periorismì
Ck. Gia na exasfalisteÐ h sunèpeia-orÐwn se ènan periorismì Ck, elègqetai an
gia ta �kra max{Di} kai min{Di} k�je metablht c Vi pou emplèketai ston
periorismì, up�rqoun timèc upost rixhc sta pedÐa twn upìloipwn metablht¸n,
ètsi ¸ste na ikanopoieÐtai o periorismìc.

Ac doÔme èna par�deigma. 'Estw oi metablhtèc Vi kai Vj, me Di = {0, 3, 9}
kai Dj = {0, 3, 4}, pou sundèontai me ton periorismì Vi = 3Vj. Gia na up�rqei
sunèpeia akm¸n, ja prèpei na afairejeÐ to 3 apì to Di (afoÔ 1 /∈ Dj) kai to
4 apì to Dj (afoÔ 3 · 4 = 12 /∈ Di). Wstìso gia na èqoume sunèpeia-orÐwn,
ja prèpei na afairejeÐ mìno to 4 apì to Dj, kaj¸c apoteleÐ oriak  (mègisth)
tim  tou pedÐou autoÔ. To 3 tou Di, den up�rqei prìblhma na parameÐnei.

Sun jwc, h sunèpeia-orÐwn efarmìzetai ìtan èqoume na k�noume me perio-
rismoÔc stouc opoÐouc h epibol  sunèpeiac akm¸n eÐnai exairetik� qronobìra
� p.q. ston periorismì V1 =

∑10
i=2 Vi.
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Kef�laio 3

O epilut c Naxos Solver

MporeÐ kaneÐc na dei ta ìria, an ta xeper�sei.

� Herbert Simon

Sta plaÐsia aut c thc ergasÐac sqedi�sthke kai ulopoi jhke ènac epilut c
problhm�twn ikanopoÐhshc periorism¸n, pou gia suntomÐa ja ton anafèroume
apl� wc epilut  (solver). Me �lla lìgia, kataskeu�sthke mia biblioj kh pou
epitrèpei th lÔsh problhm�twn, mèsw programmatismoÔ me periorismoÔc. P re
to ìnoma Naxos Solver, apì to nhsÐ1 sto opoÐo �rqise na qtÐzetai � kai
sto opoÐo èfjase se èna telikì, ¸rimo st�dio.

Lìgw thc plhj¸rac twn jewrhtik¸n ergasi¸n p�nw ston programmatismì
me periorismoÔc, tèjhkan poll� dil mmata kai eÐqame pollèc epilogèc na k�-
noume. O stìqoc mac  tan na {pantrèyoume} th jewrÐa me thn pr�xh, ètsi
¸ste na prokÔyei ènac epilut c me qamhlèc apait seic se qrìno kai mn mh,
ston opoÐo ja eÐnai eÔkolo na diatupwjeÐ k�je log c prìblhma, to opoÐo
dÔnatai na epilujeÐ mèsw programmatismoÔ me periorismoÔc.

Se autì to kef�laio, met� apì mÐa sÔntomh eisagwg , analÔontai oi algì-
rijmoi pou qrhsimopoi jhkan kai aitiologoÔntai oi apof�seic pou p�rjhkan.
Sto Par�rthma Aþ up�rqei èna egqeirÐdio qr shc tou epilut , kaj¸c kai merik�
paradeÐgmata qr shc tou, pou epideiknÔoun th leitourgikìtht� tou. Ex�llou,
èna sobarìtero �kai sÐgoura polÔ pio {barÔ}� par�deigma diatÔpwshc kai e-
pÐlushc enìc probl matoc me ton Naxos Solver, parousi�zetai sto epìmeno
kef�laio; anaferìmaste sto prìblhma kat�rtishc wrologÐou progr�mmatoc,
pou apoteleÐ mÐa sklhr  dokim , sqetik� me tic dunatìthtec kai tic eukolÐec
pou mporeÐ na prosfèrei o epilut c.

1Pio sugkekrimèna, anaferìmaste sto qwriì KorwnÐda thc N�xou.
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3.1 KathgorÐec algorÐjmwn epibol c su-
nèpeiac

Arqik�, èprepe na melet soume thn oikogèneia algorÐjmwn epibol c sunèpeiac
AC kai na k�noume ènan apì autìn, thn {kardi�} tou epilut .

Sto prohgoÔmeno kef�laio parousi�sthkan oi AC-1 kai AC-3. MazÐ me
ton AC-2 �o opoÐoc up�rqei perissìtero gia istorikoÔc lìgouc� kai ton
kainoÔrgio AC-2001, apoteloÔn thn kathgorÐa algorÐjmwn prosanatolismè-
nwn stic akmèc (arc oriented   coarse grained). Se autoÔc touc algorÐjmouc,
ìtan gÐnei k�poia allag  sto pedÐo k�poiac metablht c, tìte exet�zontai oi
akmèc, dhlad  oi upìloipec metablhtèc, me tic opoÐec sundèetai h metablht 
aut , m pwc brejeÐ k�poia asunèpeia. An exairèsoume ton AC-2001, oi algì-
rijmoi aut c thc kathgorÐac èqoun meg�lh qronik  poluplokìthta, ìmwc oi
apait seic touc se mn mh eÐnai oi apolÔtwc anamenìmenec (mikrèc).

H deÔterh meg�lh kathgorÐa algorÐjmwn, eÐnai prosanatolismènh stic ti-
mèc twn metablht¸n (fine grained). Se aut n perilamb�nontai metaxÔ twn
�llwn, oi algìrijmoi AC-4, AC-6 kai AC-7 [21]. En¸ oi algìrijmoi autoÐ
èqoun bèltisth poluplokìthta, oi apait seic touc se mn mh eÐnai apagoreu-
tikèc gia èna praktikì sÔsthma pou lÔnei poikÐlwn eid¸n probl mata, ìpwc
o epilut c. Oi uyhlèc apait seic se mn mh ofeÐlontai sto ìti gia k�je tim 
tou pedÐou k�je metablht c, apojhkeÔontai plhroforÐec pou èqoun na k�noun
me tic timèc upost rixhc (support values), oi opoÐec brÐskontai sta pedÐa twn
sundedemènwn me aut n metablht¸n.

O AC-2001, en¸ katat�ssetai stouc coarse grained algorÐjmouc, èqei
bèltisth qronik  poluplokìthta kai poluplokìthta mn mhc, an�logh me aut n
twn fine grained algorÐjmwn [22].

Tèloc up�rqei o AC-5, o opoÐoc den katat�ssetai se kamÐa apì tic parap�-
nw kathgorÐec, an kai ja mporoÔse na an kei kai stic dÔo. 'Iswc h prohgoÔme-
nh prìtash na faÐnetai diforoÔmenh, wstìso gÐnetai katanoht  an skeftoÔme
ìti o AC-5 eÐnai parametrikìc; mporoÔme gia k�je periorismì, na d¸soume tic
dikèc mac {odhgÐec} gia thn antimet¸pis  tou, dhlad  na fti�xoume dikèc mac
uporoutÐnec, oi opoÐec ja kaloÔntai apì ton kÔrio algìrijmo AC-5.

Pr�gmati, me ton AC-5 eÐnai eÔkolo na prosomoi¸soume p.q. ton AC-3
kai ton AC-4. EÐnai dunatìn na fti�xoume akìmh kai ubrÐdia. H euelixÐa tou
aut , kaj¸c kai h apotelesmatik  �bèltisthc poluplokìthtac� prosarmog 
tou se aploÔc, {kajhmerinoÔc} periorismoÔc, k�noun ton AC-5 idanikì gia na
qrhsimopoihjeÐ se ènan epilut  genik c qr shc, ìpwc o Naxos.

Nikìlaoc I. Pojhtìc 38



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

3.2 O algìrijmoc AC-5

Ston Naxos Solver qrhsimopoi jhke mia parallag  tou AC-5. Parak�tw
parousi�zetai o arqikìc orismìc tou AC-5 [23] kai sth sunèqeia ja anaferjeÐ
to p¸c prosarmìsthke gia ton epilut .2

1: procedure AC-5
2: Q← ∅
3: for each (i, j) ∈ arcs(G) do
4: ArcCons(i, j, ∆)
5: Q← Q ∪ {((k, i), w) | (k, i) ∈ arcs(G), k 6= j}
6: Di ← Di −∆
7: end for
8: while Q 6= ∅ do
9: Pick and remove an ((i, j), w) out of Q

10: LocalArcCons(i, j, w, ∆)
11: Q← Q ∪ {((k, i), w) | (k, i) ∈ arcs(G), k 6= j}
12: Di ← Di −∆
13: end while
14: end procedure

Den èqoun oristeÐ akìma oi uporoutÐnec ArcCons kai LocalArcCons.
Sthn pragmatikìthta, den ja orÐsoume tic Ðdiec tic uporoutÐnec, all� ja dh-
l¸soume mìno tic prodiagrafèc touc.

H ArcCons(i, j, ∆), ja prèpei na fèrnei se sunèpeia thn akm  (i, j). Ka-
t� th diadikasÐa aut , ìpoiec timèc afairejoÔn apì to pedÐo Di, ja prèpei na
mpoun sto sÔnolo ∆ � to opoÐo kat� thn ènarxh thc ektèleshc thc uporou-
tÐnac eÐnai kenì.

H LocalArcCons(i, j, w, ∆) ja prèpei na fèrnei se sunèpeia thn akm 
(i, j) �afair¸ntac timèc apì to Di kai b�zont�c tic sto kenì arqik� sÔnolo
∆� dedomènhc thc afaÐreshc thc tim c w apì to pedÐo Dj. To shmeÐo pou
ja prèpei na proseqjeÐ ed¸, eÐnai ìti h LocalArcCons den apaiteÐtai na
exasfalÐsei th sunèpeia thc akm c (i, j). Autì pou prèpei na k�nei eÐnai na
afairèsei tic timèc ekeÐnec tou Di, oi opoÐec eÐqan monadikì st rigma sth
metablht  j, thn tim  w.

EÐnai dunatìn, na orÐsoume th LocalArcCons ètsi:

2'Hdh k�name mÐa prosarmog , b�zontac stic grammèc 5 kai 11, th sunj kh k 6= j.
An�logh sunj kh up�rqei ston orismì tou AC-3.
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procedure LocalArcCons(i, j, w, ∆)
ArcCons(i, j, ∆)

end procedure

An qrhsimopoi soume ton parap�nw orismì, kat' ousÐan agnooÔme to w kai
telik� o AC-5 tautÐzetai me ton AC-3.

Pr�gmati, an èqoume gia mÐa akm  (i, j) {afhrhmènouc} periorismoÔc tou
tÔpou Cij = {(0, 33), (35, 33), (9, 999), (3, 5)}, autì to w den ja eÐnai idiaÐtera
qr simo. Gia tètoiec peript¸seic periorism¸n, o idanikìc algìrijmoc ja  tan
o AC-2001.

'Omwc oi periorismoÐ pou tÐjentai apì ènan programmatist  pou qrhsimo-
poieÐ mia biblioj kh epÐlushc problhm�twn ikanopoÐhshc periorism¸n, ìpwc o
Naxos Solver, eÐnai {safèsteroi}. P.q. eÐnai thc morf c Cij = {(x, y) |
x = y, x ∈ Di, y ∈ Dj}. Sunhjismènoi periorismoÐ pou diatup¸nontai se ènan
epilut , eÐnai oi sunarthsiakoÐ (functional), ìpwc mÐa sqèsh Vi = 4Vj + 7,
metaxÔ twn metablht¸n Vi kai Vj, anti-sunarthsiakoÐ (anti-functional), ìpwc
h anisìthta Vi 6= Vj kai monìtonoi (monotonic) ìpwc to Vi < 8Vj.

Gia tic parap�nw kathgorÐec periorism¸n �kaj¸c kai gia arketèc �llec�
mporoÔme na orÐsoume thn LocalArcCons kat� tètoio trìpo, ¸ste na èqei
stajer  poluplokìthta. P.q. gia ton periorismì Vi = 4Vj + 7, an klhjeÐ h
LocalArcCons(i, j, 3, ∆) �dhlad  an èqoume w = 3� mporoÔme na doÔme
se O(1) an (4 · 3 + 7) ∈ Di, en¸ h antÐstoiqh kl sh ArcCons(i, j, ∆), ja
èpairne qrìno O(|Di|). Kai en¸ gia ìla ta parap�nw oi apait seic mn mhc
eÐnai qamhlèc �an�logec me autèc tou AC-3�, h poluplokìthta pou epitug-
q�noume gia tic proanaferjeÐsec kathgorÐec periorism¸n eÐnai h bèltisth (Ðdia
me aut n twn fine grained algorÐjmwn kai tou AC-2001).

3.3 Prosarmog  tou AC-5

Gia tic an�gkec tou Naxos Solver, qrhsimopoi jhke mia parallag  tou
AC-5:
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1: procedure AC-5-Naxos
2: Q← ∅
3: arcs(G)← ∅
4: while read (i, j) do
5: arcs(G)← arcs(G) ∪ {(i, j)}
6: ArcCons(i, j, ∆)
7: Q← Q ∪ {(i, (i, j), w) | w ∈ ∆}
8: Di ← Di −∆
9: end while

10: while Q 6= ∅ do
11: Pick and remove an (i, (i, j), w) out of Q
12: for each (k, i) ∈ arcs(G), with k 6= j do
13: LocalArcCons(k, i, w, ∆)
14: Q← Q ∪ {(k, (k, i), w) | w ∈ ∆}
15: Dk ← Dk −∆
16: end for
17: end while
18: end procedure

Mia pr¸th parat rhsh eÐnai ìti o gr�foc G den eÐnai arqik� sqhmati-
smènoc. Autì prosfèrei mÐa megalÔterh euelixÐa: O algìrijmoc mporeÐ na
eisqwr sei sth diadikasÐa d lwshc twn metablht¸n kai twn periorism¸n �
me to pou dhl¸netai ènac periorismìc, enswmat¸netai autìmata sto dÐktuo
periorism¸n.3

P�ntwc, to shmantikìtero nèo stoiqeÐo tou algorÐjmou, ègkeitai sto ìti
to Q perièqei �llou tÔpou stoiqeÐa. En¸ ston AC-5 to Q apoteloÔntan
apì stoiqeÐa ((i, j), w), pou s maine ìti prèpei na elegqjeÐ h sunèpeia thc
akm c (i, j), dedomènhc thc apousÐac tou w apì Dj, ston AC-5-Naxos to Q
èqei stoiqeÐa (i, (i, j), w), pou shmaÐnei ìti ja prèpei na elegqjeÐ h sunèpeia
ìlwn twn akm¸n, pou kateujÔnontai proc th metablht  i, dedomènhc p�li thc
apousÐac tou w apì Dj [24, 25]. H akm  (j, i) den qrei�zetai na elegqjeÐ. O
nèoc tÔpoc loipìn twn stoiqeÐwn tou Q, perièqei perissìterec plhroforÐec.4

3GÐnetai dhlad  autìmata “post”, sÔmfwna kai me thn orologÐa tou Ilog Solver. O
teleutaÐoc epilut c apaiteÐ apì ton programmatist  o opoÐoc ton qrhsimopoieÐ, na dhl¸nei
rht� to pìte ja gÐnontai post k�poioi sugkekrimènoi periorismoÐ. Ston Naxos Solver ta
pr�gmata eÐnai pio apl�.

4O par�gontac exoikonìmhshc mn mhc isoÔtai me ton mèso ìro twn bajm¸n twn kìmbwn
tou G.
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Perissìterec tropopoi seic

Ston algìrijmo pou qrhsimopoieÐ pragmatik� o epilut c, èqoume anajèsei pe-
rissìterec {armodiìthtec} stic uporoutÐnec ArcCons kai LocalArcCons:
se autèc enswmat¸nontai oi grammèc 7�8 kai 14�15 antÐstoiqa tou AC-5-
Naxos. Dhlad  den up�rqei to endi�meso sÔnolo ∆ kai antÐ autoÔ, stic dÔo
uporoutÐnec pern�me san par�metro to Ðdio to Q. Epiplèon, oi dÔo uporoutÐ-
nec eÐnai upeÔjunec gia thn afaÐresh asunep¸n tim¸n apì tic metablhtèc. Gia
to skopì autì qrhsimopoioÔn mÐa mèjodo remove. An h remove klhjeÐ na
afairèsei kai thn teleutaÐa tim  enìc pedÐou miac metablht c, tìte egeÐretai
mia shmaÐa, pou deÐqnei ìti to dÐktuo periorism¸n den eÐnai 2-sunepèc.

MÐa �llh paradoq  pou ègine gia aploÔsteush, eÐnai ìti h ArcCons gia
mÐa akm  (i, j), k�nei kai th doulei� thc ArcCons gia thn akm  (j, i). H
summetrikìthta aut  den isqÔei gia thn LocalArcCons, giatÐ to ìrisma w
pou paÐrnei, afor� th mÐa apì tic dÔo akmèc.

Epiplèon �qwrÐc na qrhsimopoioÔme austhr  majhmatik  gl¸ssa� epi-
trèpontai pollaplèc akmèc (i, j), afoÔ to arcs(G) kai to Q, èqoun ulopoihjeÐ
san lÐstec kai ìqi san sÔnola. Me aut n thn paradoq  diathroÔme thn aplì-
thta twn periorism¸n. P.q. oi periorismoÐ 3Vi = Vj + 1 kai Vi = 9Vj, den
qrei�zetai na sugqwneujoÔn se ènan periorismì.

Tèloc, epitr�phkan oi kajolikoÐ periorismoÐ (global constraints), oi opoÐoi
èqoun na k�noun me perissìterec apì dÔo metablhtèc. H apìfash aut   -
tan epibeblhmènh lìgw thc suqn c qr shc kajolik¸n periorism¸n, ìpwc p.q.
tou {ìlec oi metablhtèc enìc sunìlou na eÐnai diaforetikèc metaxÔ touc}.
'Etsi, ston telikì algìrijmo AC-5-Naxos-Final pou parousi�zetai para-
k�tw, oi akmèc (i, j) èqoun antikatastajeÐ me periorismoÔc Ck. Oi uporoutÐnec
ArcCons kai LocalArcCons gia touc kajolikoÔc periorismoÔc, epitrèpe-
tai na b�zoun sto Q stoiqeÐa tou stul (i, NIL, w), pou upodeiknÔoun ìti
ja prèpei na exetasteÐ, ektìc twn �llwn, kai o (kajolikìc) periorismìc pou
prok�lese thn afaÐresh tou w apì to Di.
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1: procedure AC-5-Naxos-Final
2: Q← ∅
3: C ← ∅
4: while read Ck do
5: C ← C ∪ {Ck}
6: Ck.ArcCons(Q)
7: end while
8: while Q 6= ∅ do
9: Pick and remove an (i, Cs, w) out of Q

10: for each Ck ∈ C that variable i is involved in, with Ck 6= Cs do
11: Ck.LocalArcCons(i, w,Q)
12: end for
13: end while
14: end procedure

Me Ck.ArcCons, anaferìmaste sthn ArcCons pou èqei sqediasteÐ gia
ton periorismì Ck. Ta Ðdia isqÔoun kai gia to Ck.LocalArcCons.

Anaforik� me th gramm  10 tou algorÐjmou, eÐnai eÔkolo na ulopoihjeÐ, an
prohgoumènwc, gia k�je periorismènh metablht , èqoume fti�xei ènan pÐnaka
me touc periorismoÔc stouc opoÐouc aut  emplèketai.

3.4 Sunart seic ArcCons kai Local-

ArcCons gia gnwstoÔc periorismoÔc

Ston Naxos Solver ulopoioÔntai oi pio diadedomènoi periorismoÐ. H en-
swm�tws  touc ston AC-5, gÐnetai me sugkekrimènec gia k�je periorismì,
sunart seic ArcCons kai LocalArcCons. Sth sunèqeia, ja oristoÔn au-
tèc oi sunart seic. Ja qrhsimopoihjoÔn sumbolismoÐ tou parak�tw pÐnaka.
Sth deÔterh st lh tou, up�rqei h epex ghsh twn sumbolism¸n thc pr¸thc
st lhc.5

Vi.min min{Di}
Vi.max max{Di}
Vi.value H monadik  tim  tou Di, efìson |Di| = 1. An |Di| 6= 1,

o sumbolismìc den orÐzetai.

5AntÐ tou sumbolismoÔ Vi.value, ja mporoÔsame apl� na qrhsimopoi soume to Vi.min  
Vi.max. Den to k�name, gia na eÐnai oi algìrijmoi pou akoloujoÔn pio euan�gnwstoi.
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Vi.next(x) min{y | y > x, y ∈ Di ∪ {+∞}}
Vi.previous(x) max{y | y < x, y ∈ Di ∪ {−∞}}
Vi.remove(x) remove(Vi, x, Q)
VarFired To pr¸to ìrisma thc LocalArcCons(i, w,Q), ìpwc

qrhsimopoieÐtai ston parap�nw algìrijmo AC-5-Na-
xos-Final. Anafèretai sth metablht  apì thn opoÐa
afairèjhke to w.

OrÐzoume th remove wc ex c:

procedure remove(Vi, x, Q)
Di ← Di − {x}

end procedure

EpÐshc, h remove prosjètei sto Q to kat�llhlo stoiqeÐo kai shk¸nei mia
{shmaÐa asunèpeiac}, an epiqeirhjeÐ na afairejeÐ h teleutaÐa tim  enìc pedÐou
metablht c.

Sto ex c, antÐ gia Vi, Vj, . . ., ja qrhsimopoi soume ta X, Y, Z, . . ., gia na
anaferìmaste se periorismènec metablhtèc. To C, ja sumbolÐzei mÐa akèraia
stajer�. Akìma, ìtan dÔo sumbolismoÐ metablht¸n (p.q. oi X kai VarFired)
anafèrontai sto Ðdio stigmiìtupo metablht c, tìte to deÐqnoume me ton tele-
st  ≡ (p.q. X ≡ VarFired). AntÐstoiqa orÐzetai kai to 6≡. TonÐzetai ìti ìtan
anafèroume ìti X ≡ Y , den ennooÔme ìti up�rqoun dÔo metablhtèc X kai Y
me Ðdia pedÐa tim¸n, all� ìti up�rqei mÐa metablht  thn opoÐa sumbolÐzoume
eÐte me X, eÐte me Y .

3.4.1 O periorismìc X < Y

'Eqoume touc parak�tw orismoÔc gia tic dÔo uporoutÐnec:

procedure ArcCons
while X.max ≥ Y.max do

X.remove( X.max )
end while
while X.min ≥ Y.min do

Y.remove( Y.min )
end while

end procedure

OmoÐwc, orÐzetai o periorismìc X ≤ Y . H LocalArcCons tautÐzetai me
thn ArcCons; ex�llou, me opoiond pote �llon gnwstì trìpo kai na orÐzame
thn LocalArcCons, den ja kerdÐzame k�ti se poluplokìthta.
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'Ena jetikì qarakthristikì thc parap�nw sun�rthshc, eÐnai ìti esti�zei
sta �kra twn pedÐwn twn metablht¸n. Sunep¸c o periorismìc autìc sumbadÐ-
zei me to pneÔma thc sunèpeiac-orÐwn (bounds-consistency).

3.4.2 O periorismìc X = Y

procedure ArcCons
for each v ∈ DX do

if v /∈ DY then
X.remove( v )

end if
end for
for each v ∈ DY do

if v /∈ DX then
Y.remove( v )

end if
end for

end procedure

procedure LocalArcCons(VarFired, w,Q)
if X ≡ VarFired then

if w ∈ DY then
Y.remove( w )

end if
else . Y ≡ VarFired

if w ∈ DX then
X.remove( w )

end if
end if

end procedure

Me th LocalArcCons, exasfalÐzoume ìti met� thn afaÐresh mÐac tim c
w apì to pedÐo thc mÐac metablht c (dhlad  thc VarFired), ja afairejeÐ h Ðdia
tim  apì to pedÐo thc �llhc metablht c, efìson bèbaia an kei se autì.

Se autìn ton periorismì faÐnetai xek�jara h diafor� sthn t�xh poluplo-
kìthtac, metaxÔ twn ArcCons kai LocalArcCons. Ousiastik�, drèpoume
touc karpoÔc thc apìfas c mac na qrhsimopoi soume ton AC-5.
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An�logoi eÐnai oi orismoÐ gia ton genikìtero periorismì X = ±Y + C, me
C akèraia stajer�.

3.4.3 O periorismìc X 6= Y

procedure ArcCons
if |DY | = 1 and Y.value ∈ DX then

X.remove( Y.value )
end if
if |DX | = 1 and X.value ∈ DY then

Y.remove( X.value )
end if

end procedure

H LocalArcCons tautÐzetai kai ed¸ me thn ArcCons � qwrÐc {ap¸-
leiec} se poluplokìthta.

3.4.4 O periorismìc AllDiff

O periorismìc AllDiff efarmìzetai p�nw se èna sÔnolo metablht¸n � ed¸
ja to sumbolÐzoume me Arr. Epib�llei ìlec oi metablhtèc pou apoteloÔn to
Arr, na eÐnai diaforetikèc metaxÔ touc, ìtan eÐnai desmeumènec; eÐnai dhlad 
mia genÐkeush tou periorismoÔ pou perigr�fhke prohgoumènwc. Me min{Arr}
kai max{Arr}, sumbolÐzoume thn el�qisth kai th mègisth tim  antÐstoiqa,
pou up�rqei sthn ènwsh twn pedÐwn twn metablht¸n pou apoteloÔn to Arr.

procedure ArcCons
if max{Arr} −min{Arr}+ 1 < |Arr| then

Raise “inconsistency flag”
end if
for each X ∈ Arr do

for each Y ∈ Arr, with Y 6≡ X do
if |DY | = 1 and Y.value ∈ DX then

X.remove( Y.value )
end if

end for
end for

end procedure
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H sunj kh tou pr¸tou if parap�nw, eÐnai empneusmènh apì thn arq  tou
perister¸na: An topojet soume n peristèria se n− 1 fwlièc, ja up�rqei mia
toul�qiston fwli� me 2 toul�qiston peristèria. [26] Ed¸ ta {peristèria} eÐnai
oi metablhtèc kai oi {fwlièc} pou mporoÔn na moirastoÔn, eÐnai h ènwsh twn
tim¸n touc. An oi timèc eÐnai ligìterec apì tic metablhtèc, tìte anagkastik�
dÔo metablhtèc ja èqoun thn Ðdia tim  kai sunep¸c o periorismìc AllDiff den
ja isqÔei.

procedure LocalArcCons(VarFired, w,Q)
if |DVarFired| = 1 then

for each X ∈ Arr, with X 6≡ VarFired do
if VarFired.value ∈ DX then

X.remove( VarFired.value )
end if

end for
end if

end procedure

Kai oi dÔo uporoutÐnec gia to AllDiff, èqoun mÐa idiaiterìthta se sqèsh me
touc upìloipouc periorismoÔc: 'Otan afairoÔn mÐa tim  apì k�poia metablht 
tou Arr, ja prèpei na epanexetasteÐ h sunèpeia twn akm¸n tou periorismoÔ.
Se aut n thn perÐptwsh topojetoÔntai sto Q stoiqeÐa tou tÔpou (i, NIL, w).

Basizìmenoc sto parap�nw, ja mporoÔse kaneÐc na isquristeÐ ed¸, ìti
oi ArcCons kai LocalArcCons den k�noun kal� th {doulei�} touc. W-
stìso, se sunduasmì me ton AC-5, oi uporoutÐnec autèc dÐnoun ta swst�
apotelèsmata.

3.4.5 Oi periorismoÐ X ∨ Y kai ¬(X ∨ Y )

H uporoutÐna pou ja parousiasteÐ sth sunèqeia afor� kai touc dÔo periori-
smoÔc, X ∨ Y kai ¬(X ∨ Y ). Gia ton pr¸to periorismì, h metablht  neg twn
uporoutin¸n ja eÐnai false, en¸ gia ton deÔtero h neg ja eÐnai true. JewroÔme
ìti to “true” tautÐzetai me ton akèraio arijmì 1 kai to “false” me to 0. EpÐshc,
jewroÔme ìti oi metablhtèc X kai Y eÐnai boolean,  toi DX , DY ⊆ {0, 1}. (An
oi metablhtèc den eÐnai boolean, h ArcCons arqik� afaireÐ tic timèc v < 0
kai v > 1 apì ta pedÐa touc.6)

procedure ArcCons

6Ed¸, gia q�rh thc sumbatìthtac me th sunèpeia-orÐwn, oi timèc afairoÔntai apì ta �kra
tou pedÐou, mèqri to teleutaÐo na gÐnei uposÔnolo tou {0, 1}.
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if |DY | = 1 and Y.value = neg and neg ∈ DX then
X.remove( neg )

end if
if |DX | = 1 and X.value = neg and neg ∈ DY then

Y.remove( neg )
end if

end procedure

H LocalArcCons tautÐzetai me thn ArcCons.

3.4.6 Meta-periorismoÐ

Oi meta-periorismoÐ (meta-constraints) eÐnai periorismoÐ pou orÐzontai me b�sh
�llouc {periorismoÔc}, ìpwc autoÐ pou orÐsthkan prohgoumènwc. P.q. ènac
meta-periorismìc eÐnai to X = (Y = Z). 'Otan to Y eÐnai Ðsio me to Z, to X
eÐnai true, alli¸c, an to Y eÐnai di�foro tou Z, to X eÐnai false. Profan¸c,
an ta DY kai DZ perièqoun timèc gia tic opoÐec o {periorismìc} Y = Z, mporeÐ
na gÐnei kai alhj c kai yeud c, tìte DX = {0, 1}.

H lèxh {periorismìc}, mp ke parap�nw se eisagwgik�, gia na tonÐsoume
ìti sthn pragmatikìthta, to Y = Z den eÐnai periorismìc, all� mia sqèsh,
pou �llec forèc isqÔei kai �llec ìqi. Wstìso, an DX = {1}, tìte h sqèsh
ja prèpei na isqÔei kai antistrìfwc, an DX = {0}.

3.4.7 O meta-periorismìc X = (Y < Z)

1: procedure ArcCons
2: if 0 ∈ DX and Y.max < Z.min then
3: X.remove( 0 )
4: end if
5: if 1 ∈ DX and Y.min ≥ Z.max then
6: X.remove( 1 )
7: end if
8: if |DX | = 1 then
9: if X.value = 0 then

10: while Z.max > Y.max do
11: Z.remove( Z.max )
12: end while
13: while Z.min > Y.min do
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14: Y.remove( Y.min )
15: end while
16: else
17: while Y.max ≥ Z.max do
18: Y.remove( Y.max )
19: end while
20: while Y.min ≥ Z.min do
21: Z.remove( Z.min )
22: end while
23: end if
24: end if
25: end procedure

Tic grammèc 17�22, tic daneist kame apì ton antÐstoiqo algìrijmo gia ton
periorismì X < Y (§3.4.1). EÐnai emfanèc ìti, ìtan h metablht  X desmeÔetai,
tìte h sqèsh Y < Z,   h �rnhs  thc, gÐnetai periorismìc.

H LocalArcCons tautÐzetai me thn ArcCons.

3.4.8 Oi meta-periorismoÐ X = (Y = Z) kai X = (Y 6=
Z)

H uporoutÐna pou ja parousiasteÐ sth sunèqeia afor� kai touc dÔo meta-
periorismoÔc, X = (Y = Z) kai X = (Y 6= Z). Gia ton pr¸to meta-
periorismì, h metablht  neg ja eÐnai false, en¸ gia ton deÔtero h neg ja
eÐnai true.

1: procedure ArcCons
2: if neg ∈ DX and Y.min = Z.max and Y.max = Z.min then
3: . . . . if Y and Z are bound to the same value
4: X.remove( neg )
5: end if
6: if ¬neg ∈ DX and DY ∩DZ = ∅ then
7: X.remove( ¬neg )
8: end if
9: if |DX | = 1 then

10: if X.value = neg then
11: if |DZ | = 1 and Z.value ∈ DY then
12: Y.remove( Z.value )
13: end if
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14: if |DY | = 1 and Y.value ∈ DZ then
15: Z.remove( Y.value )
16: end if
17: else
18: for each v ∈ DY do
19: if v /∈ DZ then
20: Y.remove( v )
21: end if
22: end for
23: for each v ∈ DZ do
24: if v /∈ DY then
25: Z.remove( v )
26: end if
27: end for
28: end if
29: end if
30: end procedure

Oi grammèc 11�16, proèrqontai apì ton antÐstoiqo algìrijmo tou perio-
rismoÔ X 6= Y (§3.4.3) kai oi grammèc 18�27 apì ton periorismì X = Y
(§3.4.2).

H LocalArcCons aut  th for� eÐnai diaforetik  apì thn ArcCons kai
autì ofeÐletai sthn èmmesh Ôparxh tou periorismoÔ X = Y . Kat� ta �lla,
den eÐnai dÔskolo na kataskeuasteÐ, opìte o orismìc thc paraleÐpetai.

Gia na doÔme an isqÔei DY ∩DZ = ∅ (gramm  6 tou parap�nw algorÐjmou),
kaloÔme th sun�rthsh EmptyIntersection(Y, Z), pou orÐzetai wc ex c:

function EmptyIntersection(Y, Z)
vy ← −∞
while true do

vz ← Z.next(vy)
vy ← Y.next(vy)
if vy = +∞ or vz = +∞ then

break
end if
if vy = vz then

return false
else if vy > vz then

if vy ∈ DZ then

Nikìlaoc I. Pojhtìc 50



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

return false
end if

else
if vz ∈ DY then

return false
end if
vy ← vz

end if
end while
return true

end function

3.4.9 Oi meta-periorismoÐ X = (Y ∧Z) kai X = ¬(Y ∧
Z)

Parak�tw, gia ton pr¸to meta-periorismì (apì touc X = (Y ∧ Z) kai X =
¬(Y ∧Z)), h metablht  neg ja eÐnai false, en¸ gia ton deÔtero h neg ja eÐnai
true.

procedure ArcCons
if neg ∈ DX and Y.min ∧ Z.min then

X.remove( neg )
end if
if ¬neg ∈ DX and ¬(Y.max ∧ Z.max) then

X.remove( ¬neg )
end if
if |DX | = 1 then

if X.value 6= neg then
if 0 ∈ DY then

Y.remove( 0 )
end if
if 0 ∈ DZ then

Z.remove( 0 )
end if

end if
end if

end procedure
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QwrÐc na èqoume ap¸leia sthn t�xh poluplokìthtac, mporoÔme na orÐsou-
me thn LocalArcCons b�sei thc ArcCons.

An�logouc orismoÔc èqoume kai gia touc meta-periorismoÔc X = (Y ∨ Z)
kai X = ¬(Y ∨Z). Se autì to shmeÐo oloklhr¸same thn anafor� mac stouc
meta-periorismoÔc.

3.4.10 O periorismìc X = CY

UpenjumÐzoume ìti me C sumbolÐzoume mÐa akèraia stajer�. Ed¸, gia na èqei
nìhma o periorismìc, èqoume C 6= 0.

procedure ArcCons
for each v ∈ DX do

if v (mod C) 6= 0 or
⌊

v
C

⌋
/∈ DY then

X.remove( v )
end if

end for
for each v ∈ DY do

if C · v /∈ DX then
Y.remove( v )

end if
end for

end procedure

procedure LocalArcCons(VarFired, w,Q)
if X ≡ VarFired then

SuppVal←
⌊

w
C

⌋
if w (mod C) = 0 and SuppVal ∈ DY then

Y.remove( SuppVal )
end if

else . Y ≡ VarFired
SuppVal← C · w
if SuppVal ∈ DX then

X.remove( SuppVal )
end if

end if
end procedure
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Jèmata ulopoÐhshc

H akèraia diaÐresh
⌊

a
b

⌋
, ulopoi jhke sth C++ me ton telest  “/”. Wstìso,

se k�poia mhqan mata, an a < 0   b < 0, to a/b mporeÐ na d¸sei
⌈

a
b

⌉
[27].

3.4.11 O periorismìc X = bY/Cc
Se autìn ton periorismì �o opoÐoc eÐnai ìmoioc me thn akèraia diaÐresh thc
C/C++�, k�je tim  v thc X, antistoiqeÐ stic timèc [C · v, C(v + 1)] thc Y ,
efìson bèbaia up�rqoun, gia C > 0.

procedure ArcCons
for each v ∈ DX do

if Y.next(C · v − 1) ≥ C(v + 1) then
X.remove( v )

end if
end for
for each v ∈ DY do

if
⌊

v
C

⌋
/∈ DX then

Y.remove( v )
end if

end for
end procedure

procedure LocalArcCons(VarFired, w,Q)
if X ≡ VarFired then

SuppVal← C · w − 1
while (SuppVal← Y.next(SuppVal)) < C(w + 1) do

Y.remove( SuppVal )
end while

else . Y ≡ VarFired
SuppVal←

⌊
w
C

⌋
if SuppVal ∈ DX then

if Y.next(C · SuppVal− 1) ≥ C(SuppVal + 1) then
X.remove( SuppVal )

end if
end if

end if
end procedure
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Sthn parap�nw sunj kh tou while, pr¸ta gÐnetai an�jesh tim c sto Sup-
pVal kai èpeita autì sugkrÐnetai me to C(w + 1).

3.4.12 O periorismìc X = bC/Y c
Se autìn ton periorismì, k�je tim  v thc X, me v 6= −1 kai v 6= 0, antistoiqeÐ
stic timèc (

⌊
C

v+1

⌋
,
⌊

C
v

⌋
] thc Y , efìson bèbaia up�rqoun, gia C > 0. Oi antÐ-

stoiqec timèc gia to −1 thc X, eÐnai oi (−∞,−C]. Sto 0 thc X, antistoiqoÔn
oi (C, +∞) timèc thc Y .

procedure ArcCons
if −1 ∈ DX and −∞ = Y.previous(−C + 1) then . −C =

⌊
C
−1

⌋
X.remove( −1 )

end if
if 0 ∈ DX and Y.next(C) = +∞ then . C =

⌊
C
1

⌋
X.remove( 0 )

end if
for each v ∈ DX , with v 6= −1, v 6= 0 do

if Y.next(
⌊

C
v+1

⌋
) >

⌊
C
v

⌋
then

X.remove( v )
end if

end for
for each v ∈ DY do

if
⌊

C
v

⌋
/∈ DX then

Y.remove( v )
end if

end for
end procedure

Apì ton parap�nw algìrijmo, mporeÐ kaneÐc na kataskeu�sei kai thn Lo-
calArcCons � anatrèqontac Ðswc kai sthn antÐstoiqh uporoutÐna gia ton
periorismì X = bY/Cc.

3.4.13 Oi periorismoÐ min kai max

O periorismìc min efarmìzetai p�nw se èna sÔnolo metablht¸n, èstw Arr
kai mÐa metablht  X, h opoÐa ja isoÔtai me thn el�qisth tim  twn metablht¸n
tou Arr. Me thn ArcCons exasfalÐzoume ìti X.min = minY ∈Arr{Y.min}
kai X.max = minY ∈Arr{Y.max}, afair¸ntac timèc apì ta pedÐa ekeÐna pou

Nikìlaoc I. Pojhtìc 54



Autìmath Kataskeu  WrologÐwn Programm�twn mèsw ProgrammatismoÔ me PeriorismoÔc

parabi�zoun arqik� autèc tic sunj kec.7 EpÐshc, gia tic endi�mesec timèc twn
metablht¸n, epib�llontai oi sunj kec:

∀v ∈ DX ,∃Y ∈ Arr : v ∈ DY kai

∀Y ∈ Arr,∀v ∈ DY , v ∈ DX .

H LocalArcCons, an afairejeÐ mÐa tim  w apì to pedÐo thc X, tìte
frontÐzei na isqÔei ∀Y ∈ Arr, w /∈ DY . An afairejeÐ mÐa tim  w apì k�poia
metablht  Y ∈ Arr kai w ∈ DX , tìte elègqetai an up�rqei k�poia �llh
metablht  sto Arr, thc opoÐac to pedÐo perièqei to w; an den up�rqei tètoia
metablht , tìte to w afaireÐtai apì to DX .

3.4.14 O periorismìc Inverse

O periorismìc Inverse (Antistrof ), efarmìzetai an�mesa se dÔo pÐnakec apì
periorismènec metablhtèc. 'Estw ìti èqoume ènan pÐnaka Arr, tou opoÐou oi
timèc twn metablht¸n eÐnai jetikèc kai epijumoÔme o {antÐstrofìc} tou na
eÐnai o ArrInv. Tìte ja isqÔei:

∀v ∈ DArrInv[i], DArr[v] 3 i.

An den up�rqei v, tètoio ¸ste i ∈ DArr[v], tìte to pedÐo thc ArrInv[i] ja
perièqei thn eidik  tim  −1 kai mìno.

Aplopoi¸ntac touc sumbolismoÔc, mporoÔme na gr�youme ìti prèpei na
isqÔei:

Arr[ArrInv[i]] = i kai ArrInv[Arr[i]] = i.

Ex ou kai h onomasÐa “Inverse”. Bèbaia, autèc oi sqèseic ja eÐqan nìhma, an
ìlec metablhtèc twn dÔo pin�kwn  tan desmeumènec kai an h monadik  tim  pou
ja perieÐqe to pedÐo tim¸n k�je metablht c, sumbolizìtan me to Ðdio to ìnoma
thc metablht c. Akìma ja èprepe ∀i, ArrInv[i] 6= −1.

procedure ArcCons
for i← 0 to |ArrInv| − 1 do

for each v ∈ DArrInv[i], with v 6= −1 do
if v /∈ [0, |Arr|) or i /∈ DArr[v] then

ArrInv[i].remove( v )

7Gia ton periorismì max isqÔei ì,ti kai ston min, me mÐa diafor�: Sthn ArcCons
exasfalÐzetai ìti X.min = maxY ∈Arr{Y.min} kai X.max = maxY ∈Arr{Y.max}.
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else if |DArr[v]| = 1 and −1 ∈ DArrInv[i] then
ArrInv[i].remove( −1 )

end if
end for

end for
for i← 0 to |Arr| − 1 do

for each v ∈ DArr[i] do
if v /∈ [0, |ArrInv|) or i /∈ DArrInv[v] then

Arr[i].remove( v )
end if

end for
end for

end procedure

1: procedure LocalArcCons(VarFired, w,Q)
2: i← index of array that VarFired belongs to
3: if VarFired ∈ ArrInv then
4: if w ∈ [0, |Arr|) and i ∈ DArr[w] then
5: Arr[w].remove( i )
6: end if
7: else . VarFired ∈ Arr
8: if w ∈ [0, |ArrInv|) and i ∈ DArrInv[w] then
9: ArrInv[w].remove( i )

10: end if
11: if |DVarFired| = 1 and −1 ∈ DArrInv[VarFired.value] then
12: ArrInv[VarFired.value].remove( −1 )
13: end if
14: end if
15: end procedure

Diab�zontac thn LocalArcCons, Ðswc anarwthjeÐ kaneÐc an eÐnai apa-
raÐthtoi oi èlegqoi w ∈ [0, |Arr|) kai w ∈ [0, |ArrInv|), stic grammèc 4 kai 8
antÐstoiqa. Efìson oi timèc pou perièqontai se aut� ta diast mata, afairèjh-
kan apì thn ArcCons kai afoÔ h LocalArcCons den kaleÐtai gia tic timèc
pou afaÐrese h ArcCons tou Ðdiou periorismoÔ,8 poioc o lìgoc na k�noume
autoÔc touc elègqouc? H ap�nthsh eÐnai, giatÐ oi timèc ektìc twn diasthm�-

8'Opwc èqei anaferjeÐ, oi monadikèc uporoutÐnec pou den upakoÔoun se autìn ton kanìna,
eÐnai autèc gia ton periorismì AllDiff.
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twn, eÐnai pijanìn na èqoun afairejeÐ apì sunart seic ArcCons pou aforoÔn
�llouc periorismoÔc, sto pr¸to while tou algorÐjmou AC-5-Naxos-Final.

Jèmata ulopoÐhshc

Sth gramm  2 thc LocalArcCons, paÐrnoume ton aÔxonta arijmì thc Var-
Fired, ston pÐnaka ston opoÐo an kei. Kat� to sqediasmì tou epilut , h
upost rixh aut c thc gramm c, den  tan tetrimmènh diadikasÐa.

H par�metroc VarFired pou paÐrnei h k�je LocalArcCons, den eÐnai
tÐpota �llo apì ènan deÐkth se mÐa metablht . 'Eqontac autì mìno sta qèria
mac gia th VarFired, den mporoÔme na gnwrÐzoume se stajerì qrìno, an ènac
apì touc pÐnakec stouc opoÐouc an kei eÐnai o Arr   o ArrInv. Lème {ènac
apì touc pÐnakec}, giatÐ mÐa metablht  mporeÐ na an kei se polloÔc pÐnakec. Oi
pÐnakec ston epilut , èqoun ulopoihjeÐ san pÐnakec apì deÐktec se metablhtèc
kai ìqi san pÐnakec metablht¸n. To gegonìc autì k�nei ta pr�gmata dÔskola.

H lÔsh pou uiojet jhke, eÐnai ìti gia k�je periorismì Inverse, dhmiourgoÔ-
me ènan pÐnaka katakermatismoÔ, me kleidÐ touc deÐktec mn mhc twn metablh-
t¸n. Anazht¸ntac ton deÐkth mn mhc miac metablht c ston pÐnaka katakerma-
tismoÔ, brÐskoume se stajerì qrìno ton pÐnaka ston opoÐo an kei �dhlad 
ton Arr   ton ArrInv� kai th jèsh thc se autìn.

3.4.15 O periorismìc tou ajroÐsmatoc

Ston periorismì tou ajroÐsmatoc, kaj¸c kai se autìn tou ginomènou pou
ja perigrafeÐ sthn epìmenh par�grafo, h pl rhc epibol  sunèpeiac krÐjhke
asÔmforh. AntÐ aut c, ja efarmìsoume sunèpeia-orÐwn.

Sth sunèqeia, jewroÔme ìti h metablht  X isoÔtai me to �jroisma tou
sunìlou metablht¸n Arr.

procedure ArcCons
summin←

∑
Y ∈Arr Y.min

summax←
∑

Y ∈Arr Y.max
changedsum← true

while true do
repeat

while X.min < summin do
X.remove( X.min )

end while
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for each Y ∈ Arr do
while Y.min + summax− Y.max < X.min do

summin← summin− Y.min
Y.remove( Y.min )
summin← summin + Y.min . summin is updated
changedsum← true

end while
end for

until ¬(X.min < summin)

if ¬changedsum then
break
. The first time, it will not break, because changedsum = true

end if
changedsum← false

repeat
while X.max > summax do

X.remove( X.max )
end while
for each Y ∈ Arr do

while Y.max + summin− Y.min > X.max do
summax← summax− Y.max
Y.remove( Y.max )
summax← summax + Y.max . summax is updated
changedsum← true

end while
end for

until ¬(X.max > summax)

if ¬changedsum then
break

end if
changedsum← false

end while
end procedure

Gia na doÔme an h el�qisth tim  Y.min tou pedÐou miac metablht c Y ∈ Arr
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eÐnai sunep c, prosjètoume se aut n to �jroisma twn megÐstwn twn upìloipwn
metablht¸n tou Arr (dhlad  to summax − Y.max). An to apotèlesma eÐnai
mikrìtero tou X.min, tìte den up�rqei kamÐa perÐptwsh h Y.min na eÐnai
sunep c, opìte afaireÐtai. Me an�logo trìpo, elègqoume thn tim  Y.max.

procedure LocalArcCons(VarFired, w,Q)
if w < VarFired.min or w > VarFired.max then

ArcCons() . Only boundary values are taken into account
end if

end procedure

Oi mèjodoi LocalArcCons pou aforoÔn sunèpeia-orÐwn, mporoÔn na
ulopoihjoÔn pio apodotik�, an antÐ gia èna aplì ìrisma w, paÐrnoun ènac
eÔroc ∆ me timèc pou afairèjhkan apì th metablht  VarFired. Kai autì
giatÐ, mìno to el�qisto   to mègisto tou ∆ qrei�zetai na elegqjeÐ gia na
èqoume sunèpeia-orÐwn.

3.4.16 O periorismìc X = Y Z

Kai ed¸, ja efarmìsoume sunèpeia-orÐwn.

procedure ArcCons
repeat

changed← false
bounds← {Y.min · Z.min, Y.min · Z.max, Y.max · Z.min,

Y.max · Z.max}
pmin← min{bounds}
pmax← max{bounds}
while X.min < pmin do

X.remove( X.min )
end while
while X.max > pmax do

X.remove( X.max )
end while
ProductPrune(X,Y, Z, changed)
ProductPrune(X, Z, Y, changed)

until ¬changed
end procedure
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procedure ProductPrune(X,Y, Z, changed)
while Y.min · Z.min /∈ [X.min, X.max] and

Y.min · Z.max /∈ [X.min, X.max] do
X.remove( Y.min )
changed← true

end while
while Y.max · Z.min /∈ [X.min, X.max] and

Y.max · Z.max /∈ [X.min, X.max] do
X.remove( Y.max )
changed← true

end while
end procedure

H ProductPrune afaireÐ asunepeÐc timèc apì to pedÐo thc metablht c
pou brÐsketai sto deÔtero ìrism� thc. Stic parap�nw sunart seic, èqei lhfjeÐ
upìyh to endeqìmeno oi Y kai Z na perièqoun arnhtikèc timèc.

procedure LocalArcCons(VarFired, w, Q)
if w < VarFired.min or w > VarFired.max then

ArcCons() . Only boundary values are taken into account
end if

end procedure

Stouc algorÐjmouc epibol c sunèpeiac-orÐwn, den qrhsimopoioÔme kajì-
lou ta Ðdia ta pedÐa twn metablht¸n, par� mìno ta �kra touc. P.q. sthn
ProductPrune antÐ tou DX , qrhsimopoi jhke to [X.min, X.max], to opoÐ-
o eÐnai upersÔnolo tou DX .

3.5 Proteinìmenh beltÐwsh tou AC-5

Kat� thn efarmog  tou AC-5, parathr same oi LocalArcCons kaloÔntan
pollèc forèc �skopa, gia touc periorismoÔc pou den l�mbanan upìyh to ìrisma
w thc uporoutÐnac. Prìkeitai gia touc periorismoÔc pou aforoÔn sunèpeia-
orÐwn (tètoioi eÐnai oi monotonikoÐ kai polloÐ �lloi), kaj¸c kai gia touc anti-
sunarthsiakoÔc, ìpwc to 6= (oi opoÐoi emperièqoun th sunèpeia-orÐwn, kaj¸c
prokaloÔn afaÐresh tim¸n, ìtan to k�tw kai to �nw ìrio tou pedÐou mÐac
metablht c tautÐzontai, dhlad  ìtan aut  eÐnai desmeumènh).

'Etsi, skeft kame na sugkentr¸noume se k�je stoiqeÐo thc our�c Q tou
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AC-5, ìlec tic timèc w pou afairèjhkan apì mÐa sugkekrimènh metablht . Gia
na entopÐzoume se stajerì qrìno to stoiqeÐo thc lÐstac ekeÐno, pou afor�
mÐa sugkekrimènh metablht , ja qrhsimopoi soume ènan pÐnaka katakermati-
smoÔ, me kleidÐ to ìnoma thc metablht c. Telik�, ta stoiqeÐa thc Q ja eÐnai
thc morf c (VarFired, W ), me W = {w1, . . . , wn}. M�lista, k�je metablht 
VarFired, ja mporeÐ na emfanÐzetai se èna to polÔ stoiqeÐo thc Q.

TropopoioÔme elafr¸c kai th LocalArcCons kai thn k�noume sun�r-
thsh pou epistrèfei mÐa tim  alhjeÐac: true an den lamb�nei upìyh to ìrisma
w pou paÐrnei, alli¸c false. O algìrijmoc pou prokÔptei eÐnai o ex c:

procedure AC-5-Hashed
Q← ∅
for each (i, j) ∈ arcs(G) do

ArcCons(i, j, ∆)
Enqueue(i, ∆, Q)
Di ← Di −∆

end for
while Q 6= ∅ do

Pick and remove an (i, W ) out of Q
for each (k, i) ∈ arcs(G) do

for each w ∈ W do
IgnoreW← LocalArcCons(k, i, w, ∆)
Enqueue(k, ∆, Q)
Dk ← Dk −∆
if IgnoreW then

break
end if

end for
end for

end while
end procedure

procedure Enqueue(i, ∆, Q)
Get the position of the element (i, W ) of Q . . . . using a hash table
if it does not exist then

Q← Q ∪ {(i, ∆)}
else

Replace it by (i, W ∪∆)
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end if
end procedure

MÐa parat rhsh pou ja mporoÔse na gÐnei ston sqediasmì tou parap�-
nw algorÐjmou, eÐnai giatÐ den kaloÔme xeqwrist� tic LocalArcCons twn
periorism¸n pou aforoÔn sunèpeia-orÐwn, all� perimènoume na doÔme ti ja
epistrèyei h k�je LocalArcCons. O lìgoc gia ton opoÐon proqwr sa-
me se autìn ton k�pwc pio dusan�gnwsto sqediasmì, eÐnai ìti se praktik�
sust mata dÐnontai sun jwc arketèc {armodiìthtec} stic LocalArcCons.

Oi èlegqoi twn periorism¸n mèsw thc LocalArcCons, mei¸nontai ai-
sjht�, kaj¸c gia k�je sÔnolo W kai an�loga me ton periorismì, mporeÐ na
apaithjeÐ mìno ènac èlegqìc tou.9

MÐa beltÐwsh ston parap�nw algìrijmo, h opoÐa èqei enswmatwjeÐ ex
orismoÔ kai ston AC-3, eÐnai h topojèthsh sto sÔnolo W , {dÐpla} apì k�je
wi, tou onìmatoc tou periorismoÔ apì ton opoÐo pro lje, ètsi ¸ste na mhn
qrei�zetai na kalèsoume thn LocalArcCons tou antÐstoiqou summetrikoÔ
periorismoÔ, gia to wi autì.

MÐa akìma beltÐwsh pou ja mporoÔse na gÐnei, eÐnai h topojèthsh se k�je
stoiqeÐo (VarFired, W ) thc Q, mÐac tim c alhjeÐac me ìnoma ChangedBound,
h opoÐa ja eÐnai true an k�poio stoiqeÐa tou W ,  tan pr¸hn �kro thc meta-
blht c VarFired,   alli¸c false. Sth sunèqeia, ja mporoÔme na pern�me thn
ChangedBound san èna epiplèon ìrisma thc LocalArcCons, ètsi ¸ste,
ìtan o periorismìc gia ton opoÐon kaleÐtai aut  h uporoutÐna afor� sunèpeia-
orÐwn kai h ChangedBound eÐnai false, h uporoutÐna na epistrèfei amèswc
true, qwrÐc na qrei�zetai na mpei sto kÔrio mèroc thc.10

{DÐpla} sthn ChangedBound, an aut  eÐnai true, mporeÐ na up�rqei o
teleutaÐoc periorismìc o opoÐoc thn èkane true (èstw kai an k�poioc �l-
loc nwrÐtera thn èkane epÐshc true), efìson autìc afor� kajar� epibol 
sunèpeiac-orÐwn. Diaforetik�, ja up�rqei h eidik  tim  NIL. H skopimìthta
thc Ôparxhc autoÔ tou {deÐkth} ston periorismì, eÐnai gia na ton blèpei o al-
gìrijmoc kai na mhn kalèsei kajìlou thn LocalArcCons gia autìn (ìson
afor� th metablht  VarFired).

9H diafor� gÐnetai pio aisjht  stouc mh duadikoÔc periorismoÔc, stouc opoÐouc efar-

mìzetai sunèpeia-orÐwn, ìpwc p.q. ston X1 =
∑10

i=2 Xi.
10Autì èqei praktik  shmasÐa mìno gia polÔplokouc periorismoÔc pou aforoÔn sunèpeia-

orÐwn. Par�deigma enìc tètoiou �mh duadikoÔ ìmwc� periorismoÔ, eÐnai o X1 =
∑10

i=2 Xi

pou proanafèrjhke. Up�rqoun bèbaia kai pio polÔplokoi duadikoÐ periorismoÐ gia sunèpeia-
orÐwn, oi opoÐoi ìmwc eÐnai pio polÔ jewrhtik c, par� praktik c shmasÐac.
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Tèloc, mÐa allag  apì thn opoÐa ja proèkupte el�ttwsh twn pr�xewn
p�nw sthn Q, ja  tan na epitrèpontai na èqoume eÔrh afairemènwn tim¸n apì
k�poio pedÐo kai ìqi mìno aplèc timèc w.

3.6 Anaz thsh lÔshc mèsw stìqwn

3.6.1 Eisagwg 

'Opwc eÐnai gnwstì, sta perissìtera probl mata den arkeÐ mìno h epibol 
2-sunèpeiac, gia na brejeÐ mÐa lÔsh (bl. kai Sq ma 2.2). Apì èna shmeÐo kai
met�, prèpei na arqÐsoume thn anaz thsh, epanalamb�nontac thn an�jesh ti-
m¸n se metablhtèc kai elègqontac k�je for� �p.q. met� apì k�je an�jesh�
an to dÐktuo periorism¸n eÐnai 2-sunepèc, sÔmfwna kai me thn praktik  thc
diat rhshc sunèpeiac akm¸n (maintaining arc consistency – MAC).11 [29, 28]
An mÐa an�jesh tim c prokalèsei asunèpeia, tìte ja prèpei na akurwjeÐ kai
na epilegeÐ mÐa �llh tim .

Gia na dieukolunjeÐ,  , kalÔtera, gia na kajodhghjeÐ h anaz thsh, èqei
ulopoihjeÐ ston epilut  ènac mhqanismìc stìqwn. O programmatist c pou
qrhsimopoieÐ ton epilut  mporeÐ na orÐsei touc dikoÔc tou stìqouc,   na ekme-
talleuteÐ touc enswmatwmènouc. Sun jwc, ènac stìqoc prokaleÐ thn an�jesh
tim c se mÐa periorismènh metablht ,   thn afaÐresh tim c apì to pedÐo thc. An
sthn poreÐa thc anaz thshc katal xoume se adièxodo, oi stìqoi pou od ghsan
se autì akur¸nontai autìmata apì ton epilut  kai to dÐktuo periorism¸n me
tic metablhtèc pou to sunjètoun epanèrqetai sthn kat�stash pou briskìtan
prin ektelestoÔn oi stìqoi.

Genik�, ènac stìqoc mporeÐ na anajètei   na afaireÐ timèc se mÐa   perissì-
terec metablhtèc,   na qrhsimopoieÐtai gia thn epilog  metablht c gia na thc
anatejeÐ tim  kai, kat� autìn ton trìpo, na kajorÐzei th mèjodo anaz thshc.
'Enac stìqoc, kat� ton termatismì thc ektèles c tou, mporeÐ proairetik� na
{genn sei} ènan �llon stìqo; aut  h dunatìthta mporeÐ na prosd¸sei qa-
rakthristik� anadrom c sth diatÔpwsh twn stìqwn. Tèloc, den ja prèpei
na paraleÐyoume touc meta-stìqouc AND kai OR. Touc qarakthrÐsame san

11Sto [28] perigr�fetai ènac beltiwmènoc algìrijmoc diat rhshc sunèpeiac akm¸n MAC
Extended (MACE). O prokajorismènoc algìrijmoc pou qrhsimopoieÐ o epilut c eÐnai pio
kont� ston genikì algìrijmo MAC; h epilog  tou MAC, ènanti tou MACE, eÐqe na k�nei
me to ìti o MACE paÐrnei apof�seic, p.q. gia to poiec metablhtèc ja epilegoÔn gia na touc
anatejeÐ tim , qwrÐc na erwt�tai o programmatist c pou fti�qnei touc stìqouc. Me lÐga
lìgia, o MACE akur¸nei ton mhqanismì stìqwn.
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{meta-stìqouc}, giatÐ eÐnai stìqoi pou apl� up�rqoun gia na exuphretoÔn, o
kajènac touc, dÔo �llouc stìqouc, touc opoÐouc lème upo-stìqouc. Gia na pe-
tÔqei o stìqoc-AND, ja prèpei na ikanopoihjoÔn kai oi dÔo upo-stìqoi tou,
en¸ gia na petÔqei o OR, arkeÐ na ikanopoihjeÐ ènac apì touc upo-stìqouc
tou.

AxÐzei na shmeiwjeÐ ìti oi stìqoi-OR, eÐnai gnwstoÐ kai san shmeÐa epilo-
g c (choice points). Pr�gmati, eÐnai shmeÐa sta opoÐa èqoume dÔo enallaktikèc
epilogèc, dhlad  shmeÐa sta opoÐa diaklad¸netai to dèndro anaz thshc. O
stìqoc-OR upagoreÔei na epilèxoume èna upo-stìqo tou kai an telik� den
petÔqei autìc, na anairejoÔn oi ìpoiec (alusidwtèc) allagèc pou autìc epè-
fere sta pedÐa twn metablht¸n kai na dokim�soume ton �llon upo-stìqo. An
fusik� kai autìc apotÔqei, tìte kai o stìqoc-OR apotugq�nei.

3.6.2 Antikeimenostraf c montelopoÐhsh

H afhrhmènh basik  kl�sh gia ènan stìqo ston Naxos Solver, orÐzetai wc
ex c:

class NsGoal {

public:

virtual bool isGoalAND (void) const;

virtual bool isGoalOR (void) const;

virtual NsGoal* getFirstSubGoal (void) const;

virtual NsGoal* getSecondSubGoal (void) const;

virtual NsGoal* GOAL (void) = 0;

};

Apì thn kl�sh aut , par�gontai oi kl�seic twn meta-stìqwn NsgAND

kai NsgOR, twn opoÐwn h mèjodoc-kataskeu c paÐrnei dÔo orÐsmata (tÔpou
“NsGoal*”), pou den eÐnai tÐpota �llo par� oi dÔo upo-stìqoi touc. 'Olec oi
mèjodoi thc NsGoal, ektìc apì thn GOAL(), aforoÔn touc meta-stìqouc. O
programmatist c pou ja orÐsei dikoÔc tou stìqouc, qrei�zetai na asqolhjeÐ
mìno me thn GOAL().

K�je stìqoc pou orÐzetai apì ènan programmatist  pou qrhsimopoieÐ ton
epilut , ja eÐnai mÐa kl�sh h opoÐa ja par�getai, èstw kai èmmesa, apì th
basik  kl�sh NsGoal. Sunep¸c ja prèpei na orÐzetai ston k�je stìqo, h
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mèjodoc GOAL(). H kl�sh tou stìqou mporeÐ asfal¸c na perièqei kai o-
poiesd pote �llec mejìdouc � plhn aut¸n thc basik  kl�shc, proc apofug 
sugqÔsewn me touc meta-stìqouc.

H GOAL() eÐnai mÐa krÐsimh mèjodoc, kaj¸c ekteleÐtai k�je for� pou o
epilut c prospajeÐ na ikanopoi sei ènan stìqo. H mèjodoc aut  epistrèfei
ènan deÐkth se NsGoal, dhlad  epistrèfei ton epìmeno stìqo proc ikanopoÐh-
sh. An o deÐkthc eÐnai to 0, autì shmaÐnei ìti o trèqwn stìqoc pètuqe � kai
ètsi den apaiteÐtai h dhmiourgÐa k�poiou �llou stìqou.

Ac doÔme èna par�deigma stìqwn, oi opoÐoi eÐnai m�lista enswmatwmènoi
ston epilut , kaj¸c qrhsimopoioÔntai eurèwc. Prìkeitai gia touc stìqouc
thc pr¸ta-kat�-b�joc anaz thshc (depth-first-search – DFS).

class NsgInDomain : public NsGoal {
private:

NsIntVar& Var;

public:
NsgInDomain (NsIntVar& Var_init)

: Var(Var_init) { }

NsGoal* GOAL (void)
{

if (Var.isBound())
return 0;

NsInt value = Var.min();
return ( new NsgOR( new NsgSetValue(Var,value),

new NsgAND( new NsgRemoveValue(Var,value),
new NsgInDomain(*this) ) ) );

}
};

class NsgLabeling : public NsGoal {
private:

NsIntVarArray& VarArr;

public:
NsgLabeling (NsIntVarArray& VarArr_init)

: VarArr(VarArr_init) { }
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NsGoal* GOAL (void)
{

int index = -1;
NsUInt minDom = NsUPLUS_INF;
for (NsIndex i = 0; i < VarArr.size(); ++i) {

if ( !VarArr[i].isBound()
&& VarArr[i].size() < minDom )

{
minDom = VarArr[i].size();
index = i;

}
}
if (index == -1)

return 0;
return ( new NsgAND( new NsgInDomain(VarArr[index]),

new NsgLabeling(*this) ) );
}

};

ParathroÔme ìti sthn epistrefìmenh tim  thc GOAL() (ìtan aut  den eÐnai
0) kai stic mejìdouc kataskeu c twn meta-stìqwn NsgAND kai NsgOR, qrh-
simopoioÔme ton telest  new. Autì eÐnai aparaÐthto na gÐnetai k�je for�,
gia na fti�xoume ènan deÐkth se stìqo. O epilut c analamb�nei sthn pr¸th
eukairÐa na sb sei ènan �qrhsto stìqo me ton telest  delete; gia autì, ìloi
oi stìqoi pou fti�qnoume, ja prèpei na èqoun dhmiourghjeÐ me new kai na mhn
gÐnontai delete apì em�c.

'Oson afor� thn praktik  shmasÐa tou paradeÐgmatoc, ìtan zht soume
apì ton epilut  na ikanopoihjeÐ o stìqoc NsgLabeling(VarArr), tìte ana-
mènoume na anatejoÔn timèc se ìlec tic metablhtèc tou pÐnaka VarArr. 'Etsi, o
stìqoc NsgLabeling, sth mèjodo GOAL() p�nta, dialègei mÐa metablht  (sug-
kekrimèna ekeÐnh me to mikrìtero pedÐo, sÔmfwna me to euristikì first-fail). 'E-
peita prost�zei na dojeÐ tim  sth metablht  (mèsw tou stìqou NsgInDomain

o opoÐoc anajètei se mÐa metablht  thn el�qisth tim  tou pedÐou thc) kai na
ikanopoihjeÐ o stìqoc this. Autìc o stìqoc �pou parapèmpei kai se èna
eÐdoc {anadrom c}� dhmiourgeÐ èna �llo stigmiìtupo thc NsgLabeling, pa-
nomoiìtupo me to trèqon stigmiìtupo. Me to this, kat' ousÐan protrèpoume
ton epilut  na anajèsei tim  kai stic upìloipec metablhtèc tou pÐnaka VarArr.
'Otan h GOAL() epistrèyei 0, ja èqoume telei¸sei epituq¸c (Sq ma 3.1).
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Sq ma 3.1: Sunduasmìc stìqwn pou apoteloÔn ton NsgLabeling

En¸ o NsgLabeling epilègei mÐa metablht  gia na thc anatejeÐ tim , o
NsgInDomain epilègei thn tim  pou ja anatejeÐ. Pio sugkekrimèna, epilègei
p�nta thn el�qisth tim  tou pedÐou thc metablht c. 'Epeita kaleÐ ton ensw-
matwmèno stìqo NsgSetValue pou apl� anajètei thn tim  sth metablht . An
sth sunèqeia brejeÐ ìti h tim  aut  den an kei se k�poia lÔsh, tìte afaireÐtai
apì to pedÐo thc metablht c me ton stìqo NsgRemoveValue kai sth sunèqeia
ja anatejeÐ mÐa �llh tim  (stìqoc “NsgInDomain(*this)”).

Sun jwc, gia thn antimet¸pish dÔskolwn kai meg�lwn problhm�twn, e-
pib�lletai na orÐsoume touc dikoÔc mac stìqouc, san touc NsgLabeling kai
NsgInDomain. O skopìc eÐnai na gÐnei h anaz thsh pio apodotik , mèsw pio
eÔstoqwn epilog¸n, pou prokÔptoun apì euristikèc sunart seic.

3.6.3 O algìrijmoc ikanopoÐhshc stìqwn

Se aut n thn par�grafo parousi�zetai o algìrijmoc ikanopoÐhshc stìqwn.
Arqik�, o programmatist c pou qrhsimopoieÐ th biblioj kh, èqei jèsei k�-
poiouc stìqouc. 'Oloi autoÐ oi stìqoi mpaÐnoun se mÐa stoÐba me ìnoma “sta-
ckAnd”; ìloi oi stìqoi aut c thc stoÐbac ja prèpei na ikanopoihjoÔn.

O algìrijmoc qeirÐzetai, ìpwc eÐnai fusikì, diaforetik� touc meta-stì-
qouc, apì ì,ti touc koinoÔc stìqouc. K�je for� pou sunant� ènan stìqo-
AND, b�zei touc dÔo upo-stìqouc tou, sth stoÐba stackAnd.
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Ta apotelèsmata thc ektèleshc enìc stìqou-OR eÐnai lÐgo pio polÔploka,
afoÔ an apotÔqei o ènac upo-stìqoc tou, o epilut c ja prèpei na epanafèrei
ta p�nta sthn kat�stash pou  tan prin thn ektèles  tou kai sth sunèqeia
na ektelèsei ton enallaktikì upo-stìqo. Gia na to katafèroume autì, èqou-
me fti�xei mÐa stoÐba stackOr. K�je for� pou ekteleÐtai ènac stìqoc-OR,
sth stoÐba aut  prostÐjetai èna stoiqeÐo, sto opoÐo up�rqoun ta trèqonta
pedÐa ìlwn twn metablht¸n, h trèqousa stoÐba stackAnd me touc stìqouc
pou den èqoun akìma ikanopoihjeÐ, kaj¸c kai ènac deÐkthc “delayedGoal” pou
deÐqnei ston pr¸to stìqo, apì to prohgoÔmeno stoiqeÐo thc stackOr pou den
èqei ikanopoihjeÐ. Dhlad , o delayedGoal deÐqnei se ènan stìqo pou an kei
se mÐa stackAnd k�poiou prohgoÔmenou stoiqeÐou thc stackOr.12 EpÐshc sto
stoiqeÐo thc stackOr mpaÐnei kai ènac deÐkthc ston enallaktikì upo-stìqo
tou stìqou-OR, ètsi ¸ste, an qreiasteÐ na opisjodrom soume, na ton ekte-
lèsoume kai na suneqÐsoume kanonik� thn anaz thsh.

Parap�nw, anafèrjhke ìti se k�je stoiqeÐo thc stoÐbac stackOr up�r-
qoun ta pedÐa ìlwn twn metablht¸n, ìpwc  tan th stigm  pou mp ke sth
stackOr to sugkekrimèno stoiqeÐo. Sthn pr�xh, den apojhkeÔoume k�je fo-
r� ta pedÐa ìlwn twn metablht¸n, all� apojhkeÔoume mìno ta pedÐa pou ja
all�xoun. Dhlad  se k�je nèo stoiqeÐo thc stackOr, up�rqei ènac arqik�
�deioc pÐnakac katakermatismoÔ. K�je for� pou p�me na afairèsoume k�poia
tim  apì to pedÐo miac metablht c, elègqetai se stajerì qrìno an ston pÐnaka
katakermatismoÔ up�rqei to pedÐo aut c thc metablht c. An den up�rqei, tìte
apojhkeÔetai se autìn kai Ôstera afaireÐtai h tim . 'Etsi, glit¸noume arketì
qrìno kai mn mh, afoÔ apojhkeÔoume ta aparaÐthta.

function Solve
while time limit has not been reached do

if stackOr.top.stackAnd is not empty then
CurrGoal← stackOr.top.stackAnd.pop()

else
CurrGoal← stackOr.top.delayedGoal
stackOr.top.delayedGoal← get the next goal of

stackAnd of the stackOr frame that ‘delayedGoal’

12'Otan telei¸soume me thn ikanopoÐhsh twn stìqwn thc stackAnd sthn opoÐa deÐqnei o
delayedGoal, tìte ston deÐkth autì anatÐjetai h tim  tou delayedGoal tou stoiqeÐou thc
stoÐbac stackOr sthn opoÐa èdeiqne o delayedGoal. Dhlad , kaj¸c aux�noume ton deÐkth
delayedGoal, autìc mporeÐ na oristeÐ anadromik� apì {prohgoÔmenouc} deÐktec delayedGoal
sth stoÐba stackOr.
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points to or (if there is not such a goal) get the
next delayed goal of that stackOr frame

end if

if CurrGoal is an AND-goal then
stackOr.top.stackAnd.push( 2nd sub-goal of CurrGoal )
stackOr.top.stackAnd.push( 1st sub-goal of CurrGoal )

else if CurrGoal is an OR-goal then
stackOr.push( 2nd sub-goal of CurrGoal )
Initialize stackOr.top.delayedGoal
stackOr.top.stackAnd.push( 1st sub-goal of CurrGoal )

else
NewGoal← result of CurrGoal’s execution

if TwoConsistent() = false then
if BackTrack() = false then

return false
end if

end if

if NewGoal 6= NIL then
stackOr.top.stackAnd.push( NewGoal )

else if stackOr.top.stackAnd is empty
and stackOr.top.delayedGoal = NIL then

return true . Success
end if

end if
end while
return false

end function

Me th BackTrack opisjodromoÔme sto prohgoÔmeno {shmeÐo epilog c}.
H TwoConsistent afor� mìno to deÔtero komm�ti (grammèc 8�13) tou al-
gorÐjmou AC-5-Naxos-Final (sel. 43). Dhlad  trèqoume to {elafrÔ} kom-
m�ti tou AC-5, ekeÐno pou qrhsimopoieÐ mìno tic LocalArcCons kai ìqi tic
ArcCons. Autì eÐnai dunatìn na gÐnei, afoÔ, kaj¸c katebaÐnoume to dèn-
dro anaz thshc, èqoume th dunatìthta na afairoÔme mìno timèc apì ta pedÐa.
Sunep¸c, me tic kat�llhlec kl seic thc LocalArcCons eÐnai dunatìn na
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fèroume to dÐktuo periorism¸n se 2-sunèpeia.
Me th Solve brÐskoume mÐa lÔsh tou probl matoc. An epijumoÔme na

broÔme thn epìmenh lÔsh, k�noume BackTrack kai xanakaloÔme th Solve.

3.7 Periorismènec metablhtèc

H kl�sh pou ulopoieÐ mÐa periorismènh metablht  sunjètetai, ektìc twn �l-
lwn, apì thn kl�sh gia to pedÐo tim¸n thc. H teleutaÐa kl�sh perilamb�nei
dÔo akèraiouc pou parist�noun ta �kra tou pedÐou kai ènan pÐnaka apì bit.
An to i-ostì bit tou pÐnaka eÐnai energopoihmèno, autì ja pei ìti to pedÐo
perièqei thn tim  min dom + i, ìpou min dom h el�qisth tim  tou pedÐou.

Arqik� o pÐnakac èqei mhdenikì m koc, afoÔ gia na perigr�youme to pedÐo
miac metablht c, qreiazìmaste mìno thn el�qisth kai th mègisth tim  tou. O
pÐnakac apì bit ja dhmiourghjeÐ an afairèsoume k�poia endi�mesh tim  apì to
pedÐo. Sunep¸c, eÐnai kal  praktik  na prospajoÔme na afairoÔme timèc apì
ta �kra twn pedÐwn tim¸n proc ta {mèsa} kai ìqi antistrìfwc.

O pÐnakac ulopoi jhke me th bo jeia tou tÔpou deque13 thc Standard
Template Library (STL) thc C++. O tÔpoc autìc ulopoieÐ èna ubrÐdio pÐna-
ka kai dipl� sundedemènhc lÐstac: eÐnai ènac pÐnakac {kommatiasmènoc} sth
mn mh. Dhlad  eÐnai ènac pÐnakac ston opoÐo mporoÔme na prosjafairoÔme
stoiqeÐa sta �kra tou, se stajerì qrìno, pleonèkthma pou den èqei o aplìc
pÐnakac, all� qarakthrÐzei th lÐsta. O tÔpoc autìc qrhsimopoi jhke kat�
kìron stic ulopoi seic mac, ìpou qrei�sthke na fti�xoume pÐnakec.

13Profèretai {ntek}.
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Kef�laio 4

Kat�rtish wrologÐou
progr�mmatoc

'Eqw akoÔsei ìti ènac apì touc lìgouc thc makrozwÐac twn rwmaðk¸n

gefur¸n eÐnai ìti oi sqediastèc touc èprepe na stèkontai k�tw apì

autèc thn pr¸th for� pou qrhsimopoioÔntan. 'Iswc na èftase h ¸ra

gia na jèsoume ènan parìmoio kanìna kai ston tomèa tou logismikoÔ.

� Henry Baker

Gia na proseggÐsoume to prìblhma thc kat�rtishc wrologÐou progr�mma-
toc sth genik  tou ekdoq , eÐnai an�gkh na sugkentr¸soume tic prodiagrafèc
pou èqoun tejeÐ gia autì kai èpeita na proqwr soume se mia ulopoÐhsh pou
ja tic kalÔptei. An�mesa se aut� ta dÔo b mata, eÐnai aparaÐthto na doÔme
pio susthmatik� to prìblhma, orÐzont�c to majhmatik�.

4.1 Genikeumèno prìblhma an�jeshc tim¸n

H kathgorÐa problhm�twn qronoprogrammatismoÔ afor� probl mata anaz -
thshc pou apant¸ntai akìma kai sthn kajhmerinìtht� mac. P.q. ènac ajlht c
sqedi�zei gia ìlh th qroni� to pìte ja k�nei propon seic, thn hmer sia di�r-
kei� touc, se poiouc tomeÐc ja d¸sei b�roc k�je for� kai se poiec diorgan¸seic
ja summet�sqei. Sto xekÐnhma thc mèrac k�je noikokur� kataskeu�zei, Ðswc
kai asuneÐdhta, èna prìgramma gia na fèrei ègkaira se pèrac ìlec tic douleièc
tou spitioÔ, p.q. kajariìthta, mageÐrema k.lp. Genikìtera, k�je prìblhma
pou èqei san stìqo thn antistoÐqish enìc sunìlou apì qronikèc periìdouc
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(me qarakthristik� thn ¸ra ènarxhc   tèlouc touc kai th di�rkei� touc) se
èna sÔnolo apì drasthriìthtec onom�zetai prìblhma qronoprogrammatismoÔ
(scheduling problem) [9].

Mia �llh kathgorÐa eÐnai ta probl mata an�jeshc (assignment-type pro-
blem – ATP) pou diatup¸nontai wc ex c: 'Estw ìti èqoume n ontìthtec, m
pìrouc kai èna sÔnolo apì K deutereÔontec periorismoÔc. K�je pìroc eÐnai
monadiaÐoc, dhlad  mporeÐ na anatejeÐ se mÐa apokleistik� ontìthta. To zh-
toÔmeno eÐnai se kajemÐa ontìthta na ekqwrhjeÐ ènac xeqwristìc pìroc, ètsi
¸ste na ikanopoioÔntai oi K deutereÔontec periorismoÐ. An up�rqoun pollèc
lÔseic, epilègetai aut  pou elaqistopoieÐ th sun�rthsh kìstouc pou ja èqei
oristeÐ. To genikeumèno prìblhma an�jeshc (generalized ATP – GATP) eÐ-
nai ìmoio me to ATP me th diafor� ìti k�je ontìthta mporeÐ na apaiteÐ kai
parap�nw apì ènan pìrouc [30].

P.q. èna ATP eÐnai to serbÐrisma m pi�twn me faghtì (pìroi) se n pel�tec
enìc estiatorÐou (ontìthtec). Se k�je pel�th-ontìthta mporeÐ na ekqwrhjeÐ
mìno ènac pìroc, epomènwc autoÐ pou epijumoÔn kai èna deÔtero pi�to ja dusa-
resthjoÔn! An to prìblhma gÐnei GATP, tìte to empìdio autì den ufÐstatai,
efìson bèbaia eparkoÔn ta pi�ta-pìroi.

Ja orÐsoume èna sugkekrimèno tÔpo probl matoc qronoprogrammatismoÔ
gia na ton apeikonÐsoume se èna GATP. 'Estw ìti èqoume n drasthriìth-
tec, kajemÐa apì tic opoÐec prèpei na sundejeÐ me mÐa qronik  perÐodo pi tou
sunìlou P = {pi | 1 ≤ i ≤ mp}. Oi qronikèc perÐodoi tou P den allhlepika-
lÔptontai. K�je drasthriìthta apaiteÐ a pìrouc, ènan apì k�je peperasmèno
sÔnolo Qi, 1 ≤ i ≤ a. Sunep¸c to GATP prìblhma pou prokÔptei afor� n
drasthriìthtec-{ontìthtec}, pou prèpei na sundejoÔn me a pìrouc h kajemÐa,
apì to sÔnolo Q×P , me Q =

⋃
i Qi. Mèsa stouc deutereÔontec periorismoÔc

ja up�rqoun kai oi ex c dÔo:

1. Oi pìroi oi opoÐoi ja ekqwroÔntai se mÐa drasthriìthta ja aforoÔn thn
Ðdia qronik  perÐodo. Dhlad  an (q1, p1) kai (q2, p2) dÔo pìroi gia thn
Ðdia drasthriìthta, tìte p1 = p2.

2. K�je drasthriìthta ja prèpei na antistoiqÐzetai me k�poio stoiqeÐo
k�je sunìlou Qi, 1 ≤ i ≤ a. Me �lla lìgia, gia mia dedomènh drasth-
riìthta kai gia 1 ≤ i ≤ a, ja up�rqei q ∈ Qi ètsi ¸ste o pìroc (q, p),
p ∈ P na ekqwreÐtai se aut n.

P.q. èstw ìti èqoume sth di�jes  mac gia mia hmèra èna lewforeÐo kai 3 odh-
goÔc. Jèloume na programmatÐsoume n dromolìgia di�rkeiac miac ¸rac. An en-
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diaferìmaste na m�joume p¸c aut� ja katanemhjoÔn stouc odhgoÔc kai ston
qrìno, dhmiourgoÔme èna GATP ìpwc to parap�nw me P = {p1, p2, . . . , p24}
(ìpou pi h i-ost  ¸ra thc hmèrac), a = 1 kai Q = Q1 = {d1, d2, d3} (ìpou
di o i-ostìc odhgìc).1 Sunep¸c kajemÐa drasthriìthta ja sundejeÐ me ènan
odhgì kai mÐa qronik  perÐodo (sÔnolo Q× P ).

Ti gÐnetai ìmwc an se k�je dromolìgio prèpei na b�loume kai ènan ei-
spr�ktora apì 4 diajèsimouc? To parap�nw prìblhma ja all�xei kai ètsi
ja èqoume to sÔnolo Q2 = {e1, e2, e3, e4} (ìpou ei o i-ostìc eispr�ktorac),
gia na gÐnei to Q = Q1 ∪ Q2 kai to a = 2. Telik�, k�je drasthriìthta ja
antistoiqisteÐ me dÔo stoiqeÐa tou Q × P (pou ja aforoÔn thn Ðdia qronik 
perÐodo): to (di, pk) kai to (ej, pk).

An epijumoÔme gia k�poio dromolìgio x na èqoume gia par�deigma 2 ei-
spr�ktorec, dhl¸noume rht� ìti gia to x qreiazìmaste 3 = 1 + 2 pìrouc
kai prosjètoume ènan deutereÔonta periorismì pou anafèrei ìti to x apaiteÐ
2 eispr�ktorec. Akìma, stouc deutereÔontec periorismoÔc mporoÔme na en-
t�xoume kanìnec pou up�rqoun p.q. stic sumb�seic twn ergazìmenwn, sth
nomojesÐa, tic odhgÐec tou kataskeuast  tou lewforeÐou k.lp. 'Enac deute-
reÔwn periorismìc ja mporoÔse na eÐnai ìti kanènac odhgìc kai eispr�ktorac
den mporeÐ na douleÔei p�nw apì 8 ¸rec. 'Enac �lloc deutereÔwn periorismìc
pijanìn na afor� to lewforeÐo kai na orÐzei ìti met� apì 15 ¸rec leitourgÐac
thc mhqan c tou, ja stamat� gia na gÐnei anefodiasmìc.

Se k�je (G)ATP ja prèpei na orÐzetai mia sun�rthsh kìstouc, gia na ela-
qistopoihjeÐ kat� thn epÐlush tou probl matoc. Se autì to shmeÐo èqoume th
megalÔterh diaforopoÐhsh an�mesa sta GATP probl mata qronoprogramma-
tismoÔ. Ac doÔme merik� paradeÐgmata: 'Otan èqoume na k�noume me b�rdiec,
o stìqoc sun jwc eÐnai h isokatanom  stic hmèrec twn wr¸n ergasÐac k�je
ergazìmenou. Mia �llh perÐptwsh eÐnai ìtan mia kataskeuastik  etaireÐa apo-
skopeÐ sto na perat¸sei èna èrgo to suntomìtero dunatìn, kai mia �llh ìtan
dÐnei perissìtero b�roc sto qrhmatikì kìstoc kai ètsi epizht� th meÐwsh twn
uperwri¸n kai thn el�ttwsh thc suneqìmenhc qr shc twn mhqanhm�twn.

4.2 Prodiagrafèc enìc probl matoc

Prin montelopoi soume to prìblhma kat�rtishc wrologÐou progr�mmatoc eÐnai
swstì na prospaj soume na sugkentr¸soume ìlec tic apait seic pou èqoun
ta perissìtera an¸tata ekpaideutik� idrÔmata apì autì. An katagr�youme tic

1Epeid  a = 1, to prìblhma ektìc apì GATP eÐnai kai ATP.
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an�gkec miac sqol c kai mìno, kinduneÔoume na èqoume mia monìpleurh �poyh
tou probl matoc kai oi ìpoiec lÔseic proteÐnoume pijanìn na eÐnai anef�rmo-
stec se �lla idrÔmata [31, 9, 32, 14].

4.2.1 Ta dedomèna

O kamb�c p�nw ston opoÐo sqedi�zetai to wrolìgio prìgramma den eÐnai �lloc
apì ton qrìno. 'Ena prìgramma afor� sun jwc thn katanom  twn majhm�twn
mèsa se mÐa ebdom�da; spaniìtera afor� èna dekapenj mero. H genikìterh
perÐptwsh me thn opoÐa ja asqolhjoÔme perilamb�nei D ton arijmì hmèrec.
K�je hmèra katatèmnetai se H didaktikèc periìdouc, pou suqn� apokaloÔntai
kai {¸rec}. H akrib c qronik  di�rkeia miac didaktik c periìdou den mac endia-
fèrei, kaj¸c afor� k�je ekpaideutikì Ðdruma qwrist� � se k�poia idrÔmata
eÐnai 1 ¸ra kai se �lla 45 lept�.

Ektìc apì ta D kai H ja prèpei na eÐnai gnwst� kai ta sÔnola twn aijou-
s¸n kai twn kajhght¸n. K�je aÐjousa qarakthrÐzetai apì th qwrhtikìtht�
thc, en¸ gia k�poion kajhght  mporeÐ na up�rxei h apaÐthsh k�poiwn orÐwn
stic suneqìmenec ¸rec, stic ¸rec an� hmèra,   stic hmèrec an� ebdom�da, pou
mporeÐ to polÔ na did�xei.

Pollèc forèc gia lìgouc aplìthtac, sth bibliografÐa gia ta probl mata
wrologÐwn programm�twn, èna m�jhma, anaforik� me th di�rkei� tou, èqei san
monadikì qarakthristikì ton arijmì twn didaktik¸n periìdwn pou katalam-
b�nei sto prìgramma. Kai ètsi an gia par�deigma to m�jhma {An�lush} èqei
arijmì didaktik¸n periìdwn Ðso me 5, oiad pote katanom  aut¸n eÐnai nìmimh.
Sunep¸c thn 1h hmèra tou progr�mmatoc ja mporoÔsame na èqoume 3 ¸rec A-
n�lush kai th 2h hmèra 2 ¸rec. 'Omwc ja up rqe kai h perÐptwsh thn 1h hmèra
na gÐnoun 4 ¸rec An�lush kai th 2h hmèra 1 ¸ra,   akìma na gÐnoun kai oi 5
¸rec se mÐa hmèra mìno! Wstìso, sta ekpaideutik� idrÔmata tètoia zht ma-
ta sqedìn potè den rujmÐzontai tuqaÐa. Gia k�je m�jhma den gnwstopoieÐtai
apl� o arijmìc twn didaktik¸n periìdwn tou, all� o arijmìc twn dialèxe¸n
tou sto prìgramma kai h qronik  di�rkeia kajemÐac apì autèc. P.q. gia thn
An�lush ja prèpei na mporoÔme na dhl¸soume ìti èqoume 2 dialèxeic, h mÐa
twn 3 kai h �llh twn 2 didaktik¸n periìdwn. Dhlad  ta maj mata sp�ne se
dialèxeic.

Gia k�je m�jhma dhl¸nontai oi kajhghtèc oi opoÐoi ja to did�xoun, kaj¸c
kai oi aÐjousec stic opoÐec mporeÐ na gÐnei, me seir� protÐmhshc. 'Oson afor�
tic aÐjousec dhl¸nontai kai oi proôpojèseic pou prèpei na plhroÔn gia na
didaqjeÐ se autèc to m�jhma, ìpwc qwrhtikìthta kai exoplismìc. Ja prèpei
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epÐshc na dÐdetai h dunatìthta prokajorismoÔ twn didaktik¸n periìdwn kai
twn aijous¸n stic opoÐec ja l�boun q¸ra oi dialèxeic enìc sugkekrimènou
maj matoc.

Epiplèon ja prèpei na uposthrÐzetai h ènnoia tou zeÔgouc tautìqronwn
majhm�twn (me is�rijmec dialèxeic), pou qrhsimeÔei se peript¸seic didaska-
lÐac me thlesundi�skeyh. Oi dialèxeic twn majhm�twn enìc tètoiou zeÔgouc
xekinoÔn thn Ðdia stigm . P.q. an èqoume ta maj mata {An�lush} sthn aÐ-
jousa {A} kai {An�lush-kl¸noc} sthn aÐjousa {B} kai ta ent�xoume se èna
zeÔgoc, ja petÔqoume thn par�llhlh didaskalÐa touc. O kajhght c tou ma-
j matoc ja mporeÐ na brÐsketai sthn aÐjousa {A} en¸ oi foithtèc sth {B} ja
mporoÔn kai autoÐ na ton parakoloujoÔn ex apost�sewc, mèsa apì mia ojình.

EÐnai shmantikì epÐshc na parèqetai h dunatìthta omadopoÐhshc twn ma-
jhm�twn, an�loga me tic an�gkec twn foitht¸n kai twn kanonism¸n enìc idrÔ-
matoc. P.q. ta maj mata omadopoioÔntai pollèc forèc an� ex�mhna, kaj¸c
oi foithtèc suqn� parakoloujoÔn ìla ta maj mata tou exam nou touc. Kalì
eÐnai epÐshc na up�rqei trìpoc di�krishc twn om�dwn an�loga me th barÔtht�
touc.

Tèloc, eÐnai aparaÐthth h katagraf  twn didaktik¸n periìdwn stic opoÐ-
ec den ja eÐnai diajèsimh mia sugkekrimènh aÐjousa, ènac kajhght c,   èna
m�jhma.

4.2.2 Apait seic

Ta parap�nw dedomèna eÐnai arket� gia na fwtÐsoun tic perissìterec pleurèc
problhm�twn poikÐlwn idiaiterot twn. Aut  h genikìthta tou probl matoc,
k�je �llo par� mac empodÐzei na jèsoume k�poiec austhrèc apait seic pou
isqÔoun se ìlec tic peript¸seic.

Ac doÔme loipìn k�je di�lexh san mia drasthriìthta pou apaiteÐ k�poiouc
pìrouc gia na gÐnei:

• Katarq n apaiteÐ mÐa aÐjousa apì autèc pou èqoun protajeÐ gia to
m�jhma, se qronik  perÐodo pou eÐnai diajèsimh. H qwrhtikìthta thc
aÐjousac ja prèpei na eparkeÐ gia to akroat rio kai o exoplismìc thc
ja prèpei na kalÔptei tic an�gkec tou maj matoc.

• Qrei�zetai ìlouc touc kajhghtèc pou to did�skoun diajèsimouc. 'Opwc
kai na èqei, ja prèpei p�ntote na throÔntai ta ìria gia ìlouc touc kajh-
ghtèc sqetik� me tic suneqìmenec ¸rec, tic ¸rec an� hmèra kai tic hmèrec
an� ebdom�da, pou mporeÐ kajènac apì autoÔc to polÔ na did�xei.
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• An h di�lexh afor� m�jhma pou an kei se om�da, tìte den mporeÐ na
gÐnetai tautìqrona me dialèxeic thc Ðdiac om�dac. Wc ek toÔtou mia o-
m�da mporeÐ na jewrhjeÐ kai aut  san pìroc. 'Opwc kai oi parap�nw
pìroi, eÐnai apokleistikìc, dhlad  se dedomènh qronik  stigm  mporeÐ
na ekqwreÐtai se mÐa to polÔ drasthriìthta-di�lexh.

K�poiec �llec apait seic gia k�je m�jhma, èqoun na k�noun me to ìti oi
dialèxeic tou den mporoÔn na gÐnontai se periìdouc pou den eÐnai diajèsimo;
akìma, dÔo dialèxeic tou den mporoÔn na l�boun q¸ra thn Ðdia hmèra. Tèloc,
oi dialèxeic twn majhm�twn enìc zeÔgouc tautìqronwn majhm�twn ja xekinoÔn
tautìqrona.

Sta dedomèna kai tic apait seic tou probl matoc apousi�zei h ontìth-
ta foitht c pou se pollèc ergasÐec jewreÐtai kai aut  san ènac pìroc. H
al jeia eÐnai ìti den qrei�zetai na èqoume ènan akìma pìro-foitht  gia th
di�lexh, kaj¸c autìc {antiproswpeÔetai} apì touc pìrouc aÐjousa kai om�da
majhm�twn:

X 'Enac foitht c mporeÐ na brÐsketai se mÐa aÐjousa kai se aut n mporeÐ
na gÐnei mÐa to polÔ di�lexh. Dhlad  o periorismìc ìti ènac foitht c
mporeÐ na parakoloujeÐ to polÔ mÐa di�lexh, isqÔei  dh.

X An jèloume ta maj mata pou epijumeÐ na parakolouj sei ènac foitht c
na mh gÐnontai tic Ðdiec ¸rec, mporoÔme na ta ent�xoume se mÐa om�da.
Epomènwc kai aut  h an�gkh tou foitht  kalÔptetai apì  dh up�rqonta
pìro. Sthn pr�xh bèbaia oi om�dec majhm�twn fti�qnontai b�sei twn
protim sewn poll¸n (kai ìqi mìno enìc) foitht¸n.

4.2.3 Krit ria poiìthtac

EÐnai koin� diapistwmèno ìti èna prìblhma kat�rtishc wrologÐou progr�mma-
toc, an mporeÐ na lujeÐ, èqei sun jwc pollèc lÔseic. Parìla aut� k�poiec
apì tic lÔseic pou plhroÔn tic proôpojèseic thc prohgoÔmenhc paragr�fou
mporeÐ na krijoÔn mh apodektèc. Ac fantastoÔme gia par�deigma èna 5 mero
prìgramma sto opoÐo ìlec oi dialèxeic èqoun stoibaqteÐ mèsa se 3 hmèrec!

Gia na apofÔgoume tètoiec peript¸seic kai, akìma kalÔtera, gia na brejeÐ
to bèltisto prìgramma mporoÔme na l�boume upìyh k�poia apì ta parak�tw
krit ria poiìthtac:

1. Isokatanom  twn didaktik¸n periìdwn mèsa sthn ebdom�da, gia ta maj -
mata pou parakoloujeÐ ènac foitht c,   pou did�skei ènac kajhght c.
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2. ElaqistopoÐhsh twn ken¸n sto prìgramma enìc foitht    enìc kajh-
ght . An èqoume èna meg�lo di�leimma, p.q. to meshmèri gia geÔma, to
opoÐo mporeÐ na jewrhjeÐ san yeudom�jhma, tìte autì den ja prèpei na
prostÐjetai sta ken�.

3. K�poia maj mata gia ekpaideutikoÔc lìgouc Ðswc na prèpei na gÐnontai
met� apì k�poia �lla, pou ja leitourgoÔn me eisagwgikì trìpo. Ac
poÔme, to m�jhma {Hlektronik -Ergast rio}, kalì ja  tan na gÐnetai
met� to m�jhma {Hlektronik }.

4. 'Otan ta kt ria me tic aÐjousec miac sqol c, brÐskontai se arket  apì-
stash metaxÔ touc, tìte ja mporoÔse na tejeÐ o stìqoc thc elaqisto-
poÐhshc twn metakin sewn enìc foitht    kajhght .

5. Pijanìn na protajoÔn kai �lla krit ria, ìpwc h paidagwgik  eustoqÐa
tou progr�mmatoc (p.q. ta dÔskola maj mata kalì eÐnai na enall�s-
sontai me ta eÔkola k.�.), h arai  katanom  twn dialèxewn tou Ðdiou
maj matoc sthn ebdom�da,   h eukolÐa prosarmog c tou progr�mmatoc
se aprìbleptec allagèc (p.q. prìslhyh enìc kajhght  sth jèsh enìc
�llou).

Ta krit ria 2, 3 kai 4 aforoÔn th diadoq  twn majhm�twn. 'Opwc faÐnetai
eÐnai dÔskolo, ìqi mìno na sugkentr¸soume, all� kai na montelopoi soume
majhmatik� ìla ta krit ria, afoÔ èqoun na k�noun me polloÔc par�gontec.
Epiplèon k�je ekpaideutikì Ðdruma dÐnei kai mÐa diaforetik  barÔthta se k�je
krit rio. Se autì ègkeintai kai oi meg�lec diaforopoi seic kat� thn epÐlush
tou probl matoc, pou sunant�me apì Ðdruma se Ðdruma.

Sthn ergasÐa aut  ja asqolhjoÔme me ta krit ria 1 kai 2 ta opoÐa ja pro-
spaj soume na efarmìsoume gia tic om�dec majhm�twn. Kai autì giatÐ pÐsw
apì mÐa om�da majhm�twn krÔbetai mia meg�lh merÐda twn foitht¸n. Epomè-
nwc ta maj mata mÐac om�dac (p.q. {Maj mata A' Exam nou}) ja prèpei na
isokatanèmontai mèsa sthn ebdom�da kai na èqoun to dunatìn ligìtera ken�
metaxÔ touc.

'Otan belti¸noume èna prìgramma wc proc èna krit rio, eÐnai pijanìn na
to k�noume qeirìtero wc proc èna �llo. Gia na krat soume tic isorropÐec
prèpei se k�je krit rio pou qrhsimopoioÔme na d¸soume kai apì ènan sun-
telest  krisimìthtac. GnwrÐzontac th shmasÐa tou kajenìc, mporoÔme na ta
sugqwneÔsoume ìla se èna krit rio, dhlad  se mÐa sun�rthsh proc elaqisto-
poÐhsh. Ex�llou to genikeumèno prìblhma an�jeshc (§4.1), dèqetai mìno mÐa
sun�rthsh gia elaqistopoÐhsh.
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4.3 Majhmatik  montelopoÐhsh

Oi prodiagrafèc tou probl matoc pou epijumoÔme na kalÔyoume, prèpei na
gÐnoun pio safeÐc. O drìmoc gia na epiteuqjeÐ autì, eÐnai h majhmatik  touc
montelopoÐhsh.

4.3.1 Par�metroi tou probl matoc

'Estw ìti sto wrolìgio prìgramma èqoume D hmèrec kai H ¸rec. OrÐzoume
to sÔnolo P twn didaktik¸n periìdwn (wr¸n) tou wrologÐou progr�mmatoc

P = {0, 1, . . . , D ·H − 1}

Akìma mac dÐnontai to sÔnolo twn aijous¸n C 6= ∅, twn kajhght¸n T 6= ∅,
twn majhm�twn S 6= ∅ (to “S” proèrqetai apì th lèxh “subject”), twn dia-
lèxewn L kai twn om�dwn majhm�twn G, me g ⊆ S, ∀g ∈ G. Oi morfèc twn
parap�nw sunìlwn eÐnai oi ex c:

C = {c1, c2, . . . , c|C|}
T = {t1, t2, . . . , t|T |}
S = {s1, s2, . . . , s|S|}
L = {`1, `2, . . . , `|L|}
G = {g1, g2, . . . , g|G|}

K�je stoiqeÐo, an�loga me to sÔnolo sto opoÐo an kei, èqei tic dikèc tou
idiìthtec. Gia ta ci ∈ C, ti ∈ T kai si ∈ S èqoume antÐstoiqa ta

nac(ci) ⊆ P
nat(ti) ⊆ P
nas(si) ⊆ P

To sÔmbolo “na” prokÔptei apì to “not available” kai h sqèsh aut  sumbo-
lÐzei ìti to antikeÐmeno sto opoÐo efarmìzetai den ja eÐnai diajèsimo k�poiec
¸rec. P.q. to nat(t2) = {0, 5} sumbolÐzei ìti o kajhght c t2 den ja eÐnai
diajèsimoc tic ¸rec 0 kai 5. Up�rqoun peript¸seic pou ènac kajhght c a-
paiteÐ na up�rqei k�poio ìrio stic suneqìmenec ¸rec, stic ¸rec an� hmèra,  
stic hmèrec an� ebdom�da, pou mporeÐ to polÔ na did�xei. 'Etsi orÐzontai oi
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antÐstoiqec sunart seic:2

mconthours : T → {0} ∪ N
mhoursday : T → {0} ∪ N
mdaysweek : T → {0} ∪ N

An h tim  miac sun�rthshc apì tic parap�nw, gia ènan kajhght  ti ∈ T , eÐnai
0, autì shmaÐnei pwc to antÐstoiqo ìrio gia ton sugkekrimèno kajhght  den
up�rqei. P.q. an mdaysweek(t2) = 0, tìte o t2 mporeÐ na did�xei akìma kai
ìlec tic hmèrec thc ebdom�dac.

'Oson afor� ta maj mata, orÐzontai oi parak�tw sqèseic me ta �lla sÔnola

∅ 6= class(si) ⊆ C
∅ 6= teach(si) ⊆ T

gia si ∈ S. H pr¸th sumbolÐzei tic protim¸menec aÐjousec stic opoÐec ja
l�boun q¸ra oi dialèxeic tou maj matoc kai h deÔterh touc kajhghtèc oi
opoÐoi to did�skoun. To m�jhma to opoÐo afor� mÐa di�lexh, o aÔxwn arijmìc
thc di�lexhc gia to m�jhma kai h di�rkei� thc prokÔptoun antÐstoiqa apì tic
sunart seic:

subj : L 7→ S
order : L→ N
dur : L→ {1, 2, . . . , H}

An ìpou Ki èqoume to sÔnolo twn dialèxewn tou maj matoc si:
Ki = {`j | `j ∈ L kai subj(`j) = si}, tìte gia thn order prèpei na isqÔei:
∀si ∈ S : {order(`j) | `j ∈ L kai subj(`j) = si} = {1, 2, . . . , |Ki|}. Me thn
teleutaÐa sqèsh apaitoÔme oi aÔxontec arijmoÐ twn dialèxewn na eÐnai ègkuroi.
Anaforik� me tic om�dec majhm�twn, orÐzetai h barÔtht� touc mèsw thc

imp : G→ N

Tèloc, dÐdetai to sÔnolo twn zeug¸n tautìqronwn majhm�twn E. Ta stoiqeÐa
tou eÐnai sÔnola dÔo majhm�twn:

{si, sj} ∈ E, i 6= j, si, sj ∈ S, |Ki| = |Kj|

Me thn teleutaÐa isìthta apaitoÔme ta maj mata pou ja gÐnontai tautìqrona
na èqoun ton Ðdio arijmì dialèxewn.

2JewroÔme ìti N = {1, 2, 3, . . .}
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To zhtoÔmeno eÐnai na broÔme tic ¸rec stic opoÐec ja gÐnetai k�je di�lexh
`i ∈ L, tic opoÐec anaparistoÔme me xi,1, xi,2, . . . , xi, dur(`i) ∈ P . Sthn prag-
matikìthta, arkeÐ na xèroume to xi ≡ xi,1, afoÔ oi ¸rec stic opoÐec gÐnetai
mia sugkekrimènh di�lexh eÐnai diadoqikèc kai h di�rkei� thc gnwst . K�je
di�lexh `i ∈ L ja gÐnetai se mÐa sugkekrimènh aÐjousa cli ∈ C. Autì pou
telik� jewreÐtai lÔsh tou probl matoc eÐnai h eÔresh miac sun�rthshc

sol : L→ P × C

h opoÐa apeikonÐzei k�je di�lexh sthn ¸ra kai sthn aÐjousa stic opoÐec ja
pragmatopoieÐtai. Ja èqoume dhlad  ∀`i ∈ L, (xi, cli) = sol(`i).

4.3.2 PeriorismoÐ

Gia na prokÔyei h lÔsh sol ja prèpei na ikanopoieÐ k�poiouc periorismoÔc.
'Estw ìti èqoume ta

xi,k me (xi, cli) = sol(`i) kai 1 ≤ k ≤ dur(`i)
xj,l me (xj, clj) = sol(`j) kai 1 ≤ l ≤ dur(`j)

OrÐzoume èna bohjhtikì sÔnolo Fi pou ja perièqei tic om�dec majhm�twn stic
opoÐec an kei to m�jhma si:

Fi = {g | g ∈ G, si ∈ S kai si ∈ G}

IsqÔoun ta parak�tw:

� Katarq n oi didaktikèc perÐodoi (¸rec) twn dialèxewn prèpei na eÐnai
diadoqikèc:

xi,p+1 = xi,p + 1, 1 ≤ p ≤ dur(`i)− 1 (4.1)

� MÐa di�lexh arqÐzei kai telei¸nei thn Ðdia hmèra!⌊xi,1

H

⌋
=

⌊xi, dur(`i)

H

⌋
(4.2)

Ex�llou apì thn par�stash
⌊

x
H

⌋
paÐrnoume thn hmèra sthn opoÐa up�r-

qei h didaktik  perÐodoc x.

� Oi dialèxeic enìc maj matoc gÐnontai se diaforetikèc hmèrec:

subj(`i) = subj(`j)
i6=j
=⇒

⌊xi

H

⌋
6=

⌊xj

H

⌋
(4.3)
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� H aÐjousa sthn opoÐa ja gÐnetai mia di�lexh `i prèpei na an kei ston
kat�logo me tic protim¸menec aÐjousec tou antÐstoiqou maj matoc:

cli ∈ class(subj(`i)) (4.4)

� DÔo tautìqronec dialèxeic den mporoÔn:

1. na gÐnontai sthn Ðdia aÐjousa:

xi,k = xj,l
i6=j
=⇒ cli 6= clj (4.5)

2. na moir�zontai k�poion apì touc kajhghtèc pou tic paradÐdoun:

xi,k = xj,l
i6=j
=⇒ teach(subj(`i)) ∩ teach(subj(`j)) = ∅ (4.6)

3. na an koun sthn Ðdia om�da majhm�twn:

xi,k = xj,l
i6=j
=⇒ Fsubj(`i) ∩ Fsubj(`j) = ∅ (4.7)

� MÐa di�lexh den mporeÐ na gÐnei mÐa ¸ra sthn opoÐa den eÐnai diajèsimo
èna (toul�qiston) apì ta parak�tw:

1. h aÐjous� thc:
xi,k /∈ nac(cli) (4.8)

2. ènac apì touc kajhghtèc oi opoÐoi did�skoun to antÐstoiqo m�jhma:

xi,k /∈ nat(t), ∀t ∈ teach(subj(`i)) (4.9)

3. to Ðdio to m�jhma:
xi,k /∈ nas(subj(`i)) (4.10)

� Gia ta zeÔgh tautìqronwn majhm�twn èqoume ìti ta oi dialèxeic touc ja
arqÐzoun thn Ðdia stigm :

{si, sj} ∈ E
subj(`i) = sp

subj(`j) = sq

order(`i) = order(`j)

 =⇒ xi = xj (4.11)
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� Gia k�je kajhght  t ∈ T prèpei na gÐnoun sebast� ta ìria pou èqoun
tejeÐ ìson afor�:

1. tic suneqìmenec ¸rec pou mporeÐ to polÔ na did�xei: OrÐzoume to
sÔnolo T ch

t me ìlouc touc arijmoÔc twn suneqìmenwn wr¸n pou
did�skei o t mèsa sthn ebdom�da. Na shmeiwjeÐ ìti an p.q. 5 ∈ T ch

t ,
tìte sÐgoura kai 0, 1, . . . , 4 ∈ T ch

t .
'Eqoume m ∈ T ch

t an kai mìno an isqÔei èna apì ta ex c:

(i) m ≥ 1 kai ∃xi1,k1 , xi2,k2 , . . . , xim,km ∈ P :

`ip ∈ L, 1 ≤ p ≤ m

xi1,k1 = xi2,k2 + 1 = · · · = xim,km + m− 1⌊xi1,k1

H

⌋
=

⌊xi2,k2

H

⌋
= · · · =

⌊xim,km

H

⌋
t ∈

⋂
1≤p≤m

teach(subj(`ip))

(ii) m = 1 kai ∃xi,k ∈ P : `i ∈ L kai t ∈ teach(subj(`i))

(iii) m = 0

O periorismìc loipìn pou isqÔei gia to T ch
t eÐnai:

mconthours(t) 6= 0 =⇒ max{T ch
t } ≤ mconthours(t) (4.12)

2. tic ¸rec an� hmèra pou mporeÐ to polÔ na did�xei: OrÐzoume to
sÔnolo T h

t,d me tic diaforetikèc didaktikèc periìdouc stic opoÐec o
t paradÐdei dialèxeic mèsa sthn hmèra d:

T h
t,d = {xi,j | xi,j ∈ P,

⌊xi,j

H

⌋
= d, `i ∈ L kai t ∈ teach(subj(`i))}

Tìte prèpei na isqÔei:

mhoursday(t) 6= 0 =⇒ max
0≤d≤D−1

{|T h
t,d|} ≤ mhoursday(t) (4.13)

3. tic hmèrec an� ebdom�da pou mporeÐ to polÔ na did�xei: OrÐzoume
to sÔnolo Tw

t me tic hmèrec mèsa sthn ebdom�da stic opoÐec o t
paradÐdei k�poia di�lexh:

Tw
t = {d | xi,j ∈ P,

⌊xi,j

H

⌋
= d, `i ∈ L kai t ∈ teach(subj(`i))}
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Tìte up�rqei o periorismìc:

mdaysweek(t) 6= 0 =⇒ |Tw
t | ≤ mdaysweek(t) (4.14)

4.3.3 BeltistopoÐhsh lÔshc

'Oloi oi prohgoÔmenoi periorismoÐ eÐnai austhroÐ kai prèpei na isqÔoun, gia
na eÐnai to wrolìgio prìgramma swstì kai sunepèc me tic prodiagrafèc pou
èqoun diatupwjeÐ. Ja prèpei ìmwc na exasfalisteÐ me k�poion trìpo kai h
poiìthta tou progr�mmatoc, me �lla lìgia na brejeÐ to kalÔtero prìgramma
apì ta sunep  me touc parap�nw orismoÔc progr�mmata pou mporoÔn na ka-
tartistoÔn. 'Etsi kataskeu�zoume mia sun�rthsh ektÐmhshc h opoÐa apoteleÐ
th sÔndesh dÔo krithrÐwn/parast�sewn. To bèltisto prìgramma par�getai
ìtan h sun�rthsh aut  elaqistopoihjeÐ.

OrÐzoume to sÔnolo Gg,d pou perièqei tic didaktikèc periìdouc twn majh-
m�twn thc om�dac majhm�twn g ∈ G, gia thn hmèra d:

Gg,d = {xi,j | xi,j ∈ P,
⌊xi,j

H

⌋
= d, `i ∈ L kai subj(`i) ∈ g}

To sÔnolo Gp
g,d perièqei ta stoiqeÐa tou Gg,d auxhmèna kat� 1:

Gp
g,d = {x + 1 | x ∈ Gg,d}

'Eqoume loipìn dÔo krit ria ta opoÐa èqoun sugkekrimèna b�rh ìtan sundua-
stoÔn grammik� sth sun�rthsh ektÐmhshc:

1. Isokatanom  twn didaktik¸n periìdwn mèsa sthn ebdom�da, gia tic dia-
lèxeic miac om�dac majhm�twn. Gia k�je om�da g ∈ G paÐrnoume th
diafor� tou mègistou hmer siou arijmoÔ didaktik¸n periìdwn twn dia-
lèxewn thc om�dac, apì ton antÐstoiqo el�qisto. P.q. an èqoume treic
didaktikèc hmèrec thn ebdom�da kai gia mÐa om�da majhm�twn èqoume dia-
lèxeic pou diarkoÔn 4 didaktikèc periìdouc thn 1h hmèra, 7 th 2h kai 5
thn 3h tìte max{4, 7, 5} −min{4, 7, 5} = 3. AjroÐzoume ìlec autèc tic
diaforèc, afoÔ èqoun pr¸ta pollaplasiasteÐ me th barÔthta thc k�je
om�dac, gia g ∈ G:∑

g∈G

imp(g) ·
(

max
0≤d≤D−1

{|Gg,d|} − min
0≤d≤D−1

{|Gg,d|} −Greedy(g)

)
(4.15)
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Sthn parap�nw par�stash, up�rqei ènac kainoÔrgioc ìroc, to
“Greedy(g)”. Ousiastik�, prìkeitai gia thn tim  max0≤d≤D−1{|Gg,d|}
−min0≤d≤D−1{|Gg,d|}, pou ja paÐrname efìson kataskeu�zame �me è-
nan pantel¸c prìqeiro trìpo� to wrolìgio prìgramma, me th bo -
jeia �plhstou (greedy) algorÐjmou exisorrìphshc fortÐou (load bala-
ncing) [33]. O algìrijmoc eÐnai o ex c:3

function Greedy(g)
i← 0
for each ` ∈ L, with subj(`) ∈ g do

Durs[i]← dur(`)
i← i + 1

end for
SortDescending(Durs)
for d← 0 to D − 1 do

DayLoad[d]← 0
end for
for i← 0 to |Durs| − 1 do

d← argmin{DayLoad}
DayLoad[d]← DayLoad[d] + Durs[i]

end for

return

(
max

0≤d≤D−1
{DayLoad} − min

0≤d≤D−1
{DayLoad}

)
end function

ApodeiknÔetai ìti o algìrijmoc autìc proseggÐzei sth qeirìterh perÐ-
ptwsh to  misu thc {poiìthtac} thc bèltisthc lÔshc, ìson afor� to
prìblhma exisorrìphshc fortÐou p�nta; ex�llou to teleutaÐo eÐnai NP-
pl rec. 'Oson afor� thn ektÐmhsh pou dÐnei o algìrijmoc, gia to prìblh-
ma kat�rtishc wrologÐou progr�mmatoc pou exet�zoume, eÐnai profanèc
ìti den mporeÐ na eÐnai axiìpisth, kaj¸c den lamb�netai upìyh kanènac
periorismìc apì autoÔc pou èqoun tejeÐ � p.q. ìti dialèxeic tou Ðdiou
maj matoc den mporoÔn na gÐnontai thn Ðdia hmèra. Tìte poioc o lìgoc
pou qrhsimopoioÔme aut n th mèjodo?

H skopimìthta aut c thc mejìdou ègkeitai sth dÐkaih metaqeÐrish ìlwn
twn om�dwn. P.q. èstw h om�da majhm�twn A, me tèsseric dÐwrec

3Me argmin{ai}, sumbolÐzoume to mikrìtero i gia to opoÐo paÐrnoume to el�qisto ai.
Me th SortDescending, taxinomoÔme ton pÐnaka Durs se fjÐnousa seir�.
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dialèxeic kai h om�da majhm�twn B, me mÐa ex�wrh kai mÐa dÐwrh di�lexh.
Ja doÔme thn perÐptwsh sthn opoÐa up�rqoun dÔo hmèrec sto wrolìgio
prìgramma (D = 2).

Ek twn pragm�twn, gia thn om�da B mporoÔme na petÔqoume sthn kalÔ-
terh perÐptwsh

max
0≤d≤D−1

{|GB,d|} − min
0≤d≤D−1

{|GB,d|} = 6− 2 = 4,

b�zontac p.q. thn ex�wrh di�lexh thn 1h hmèra kai th dÐwrh di�lexh th
2h hmèra.

'Omwc, autì to “4” den eÐnai swstì na {mpei sto Ðdio tsoub�li} me
èna max0≤d≤D−1{|GA,d|} − min0≤d≤D−1{|GA,d|} = 4, gia thn om�da A.
Autì ja s maine ìti ja èqoume treic dÐwrec dialèxeic (thc A) th mÐa
hmèra kai mÐa dÐwrh di�lexh thn �llh hmèra. Wstìso ja mporoÔsame
na petÔqoume max0≤d≤D−1{|GA,d|} −min0≤d≤D−1{|GA,d|} = 4 − 4 = 0,
moir�zontac kalÔtera tic dialèxeic stic hmèrec.

SunoyÐzontac, h par�stash “Greedy(g)” eis qjh me stìqo na lamb�-
nontai upìyh pijanèc eggeneÐc anisokatanomèc twn dialèxewn twn om�-
dwn majhm�twn � ìpwc p.q. thc om�dac B.

2. Ken� (entìc miac hmèrac) metaxÔ twn dialèxewn thc Ðdiac om�dac ma-
jhm�twn. Oi dialèxeic miac om�dac, an�loga kai me th barÔtht� thc,
parakoloujoÔntai ìlec apì meg�lo arijmì foitht¸n. P.q. oi foithtèc
tou A' exam nou parakoloujoÔn sun jwc ìla ta basik� maj mata tou
exam nou touc. 'Etsi h tim  thc parak�tw par�stashc ja prèpei na gÐnei
ìso to dunatìn mikrìterh:

∑
g∈G

imp(g) ·

 ∑
0≤d≤D−1,

Gg,d 6=∅

(
max{Gp

g,d} −min{Gg,d}
)
−

∑
`i∈L,

subj(`i)∈g

dur(`i)

 (4.16)

H diafor� max{Gp
g,d} − min{Gg,d} isoÔtai me ton arijmì twn didakti-

k¸n wr¸n pou qwrÐzoun thn pr¸th di�lexh thc om�dac g, apì to tèloc
thc teleutaÐac di�lexhc thc Ðdiac om�dac, gia thn hmèra d. P.q. ston
PÐnaka 4.1 h diafor� eÐnai 7. An apì aut  th diafor� afairèsoume th
sunolik  di�rkeia twn dialèxewn thc g thn hmèra d, paÐrnoume ton arijmì
twn ken¸n. Gia ton PÐnaka 4.1 paÐrnoume 7− (2 + 3) = 2.
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d

1
2
3 xi1,1

4 xi1,2

5
6
7 xi2,1

8 xi2,2

9 xi2,3

PÐnakac 4.1: Oi dialèxeic miac om�dac majhm�twn thn hmèra d

4.4 Di�gramma ontot twn-susqetÐsewn

Koit¸ntac apì th skopi� twn b�sewn dedomènwn, o trìpoc pou proseggÐzou-
me to prìblhma wrologÐou progr�mmatoc faÐnetai sto di�gramma ontot twn-
susqetÐsewn (Sq ma 4.1). 'Enac shmantikìc periorismìc pou up�rqei stic
susqetÐseic afor� sthn autosusqètish ZEUGOS: dÔo maj mata pou apote-
loÔn èna zeÔgoc tautìqronwn majhm�twn prèpei na eÐnai diaforetik� metaxÔ
touc kai k�je zeÔgoc prèpei na eÐnai monadikì � ta zeÔgh (MAJ A, MAJ B)
kai (MAJ B, MAJ A) den mporoÔn na up�rqoun tautìqrona.

4.5 UlopoÐhsh me programmatismì me pe-
riorismoÔc

Se èna prìblhma qronoprogrammatismoÔ-GATP (§4.1), ekqwroÔme se k�je
drasthriìthta k�poiouc anagkaÐouc pìrouc, gia mÐa sugkekrimènh qronik  pe-
rÐodo p ∈ P . Mil¸ntac t¸ra me ìrouc problhm�twn ikanopoÐhshc periori-
sm¸n, mÐa drasthriìthta mporeÐ na jewrhjeÐ san mÐa metablht  Vi ∈ P . Gia
lìgouc aplìthtac sthn anapar�stash twn dedomènwn ston upologist , jew-
roÔme ìti to P eÐnai thc morf c {0, 1, . . . , |P | − 1}.
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Sq ma 4.1: Di�gramma ontot twn-susqetÐsewn
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4.5.1 MonadiaÐoc pìroc

MporoÔme na fantastoÔme k�je monadiaÐo pìro san ènan pÐnaka me |P | stoi-
qeÐa (Sq ma 4.2(aþ)). Ta stoiqeÐa autoÔ tou pÐnaka, eÐnai sthn ousÐa upo-
doqèc, kajemÐa apì tic opoÐec ja sundèetai me mÐa to polÔ drasthriìthta
(Sq ma 4.2(bþ)). Me th sÔndesh aut  kajorÐzetai autìmata kai h qronik 
perÐodoc kat� thn opoÐa ja gÐnetai h drasthriìthta.

Met� thn parap�nw jewrhtik  par�grafo, ja per�soume se jèmata ulo-
poÐhshc me programmatismì me periorismoÔc pou eÐnai sumbatìc me ton epilut .
Katarq n an èqoume n drasthriìthtec, dhmiourgoÔme is�rijmec metablhtèc me
pedÐo tim¸n to P :

NsIntVarArray var;

for (i=0; i<N; ++i)

var.push_back( NsIntVar(pm, 0, np-1) );

'Opou pm o diaqeirist c tou probl matoc (NsProblemManager) kai np = |P |.
O stìqoc mac eÐnai na broÔme mÐa nìmimh an�jesh tim¸n gia tic var, dhlad 
na m�joume se poia qronik  perÐodo ja gÐnetai k�je drasthriìthta. Ac doÔme
t¸ra to p¸c ulopoieÐtai ènac pìroc. 'Eqoume thn ex c kl�sh:

class CUnarySimple {

protected:

NsProblemManager& pm;

NsIntVarArray vActivities;

int nperiods;

public:

CUnarySimple (NsProblemManager& pm_init, int nperiods_init)

: pm(pm_init), nperiods(nperiods_init) { }

void add (NsIntVar& vStart)

{

vActivities.push_back( vStart );

}

void close (void)

{

pm.add( NsAllDiff(vActivities) );
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(aþ) 'Enac pìroc r1 gia |P | = 5
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(gþ) Oi drasthriìthtec twn V1 kai V2 a-
paitoÔn kai ton r1 kai ton r2

r3
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00

•

..4 • 33 V2

(dþ) 'Enac pollaplìc pìroc

Sq ma 4.2: Pìroi kai anajèseic touc
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}

void exclude (int p)

{

for (NsIndex i = 0; i < vActivities.size(); ++i)

vActivities[i].remove(p);

}

};

H CUnarySimple èqei sten  sqèsh me tic drasthriìthtec (metablhtèc var)
oi opoÐec th qrei�zontai san pìro. Me th mèjodo add() antigr�foume ìlec
autèc tic metablhtèc ston pÐnaka vActivities. 'Otan telei¸soume me tic
add(), kaloÔme thn close() gia na exasfalÐsoume ìti ìlec oi metablhtèc
tou vActivities ja èqoun diaforetikèc timèc; dhlad  oi drasthriìthtec pou
zhtoÔn ton Ðdio pìro den ja gÐnoun thn Ðdia stigm , ètsi ¸ste na mporeÐ na
ekqwrhjeÐ se autèc o pìroc. Me thn exclude(int p) dhl¸noume ìti thn
perÐodo p o pìroc den eÐnai diajèsimoc. Gia na parousi�soume me k¸dika
to prìblhma pou up�rqei sto Sq ma 4.2(bþ), dhlad  to ìti dÔo metablhtèc
apaitoÔn ton pìro r1, mporoÔme na gr�youme tic ex c entolèc:

int nperiods = 5;

// ArqikopoÐhsh twn metablht¸n-drasthriot twn //

NsIntVarArray var;

for (i=0; i<2; ++i)

var.push_back( NsIntVar(pm, 0, nperiods-1) );

// SÔndesh twn 2 metablht¸n me ton pìro r1 //

CUnarySimple r1(pm, nperiods);

r1.add(var[0]);

r1.add(var[1]);

r1.close();

Sthn pr�xh to parap�nw isodunameÐ me thn apeujeÐac kl sh thc
pm.add( NsAllDiff(var) );

Kai autì epeid  prìkeitai gia mia aploðk  perÐptwsh pou afor� ènan mìno
pìro.

'Opwc anafèrjhke kai sthn §4.1, ìtan mÐa drasthriìthta apaiteÐ peris-
sìterouc tou enìc pìrouc, oi pìroi autoÐ ekqwroÔntai gia thn Ðdia qronik 
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perÐodo. Sto Sq ma 4.2(gþ) parousi�zetai mÐa lÔsh se èna tètoio prìblhma
an�jeshc pìrwn, to opoÐo diatup¸netai me k¸dika wc ex c:

NsIntVarArray var;

for (i=0; i<3; ++i)

var.push_back( NsIntVar(pm, 0, nperiods-1) );

CUnarySimple r1(pm, nperiods);

r1.add(var[0]);

r1.add(var[1]);

r1.close();

CUnarySimple r2(pm, nperiods);

r2.add(var[0]);

r2.add(var[1]);

r2.add(var[2]);

r2.close();

Me mikrèc tropopoi seic sth CUnarySimple mporoÔme na thn k�noume
na uposthrÐzei drasthriìthtec me qronik  di�rkeia kai megalÔterh thc mÐac
periìdou. Ja peir�xoume loipìn mìno th mèjodo add():

1 void CUnary::add (NsIntVar& vStart, int duration)

2 {

3 vActivities.push_back( vStart );

4 NsIntVar& vActivityStart = vActivities.back();

5 for (int i=1; i<duration; ++i)

6 vActivities.push_back( vActivityStart + i );

7 }

Se sqèsh me thn CUnarySimple::add(), h CUnary::add() paÐrnei èna epi-
plèon ìrisma: th di�rkeia thc drasthriìthtac. Oi upodoqèc enìc pìrou pou
aforoÔn thn Ðdia drasthriìthta, eÐnai profan¸c diadoqikèc, pr�gma pou exa-
sfalÐzetai sthn 6h gramm  tou parap�nw k¸dika.

4.5.2 PollaploÐ pìroi

Ston monadiaÐo pìro èqoume thn {euqèreia} na epilèxoume to pìte ja ekqwrh-
jeÐ ènac pìroc. Se ènan pollaplì pìro, ektìc apì to pìte epilègoume kai poion
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pìro ja desmeÔsoume. P.q. ìtan èqoume èna lewforeÐo me to opoÐo prèpei
na diekperaiwjoÔn k�poia dromolìgia, to ìqhma autì apoteleÐ ènan monadiaÐo
pìro. An up�rqei ènac mìno odhgìc, tìte kai autìc eÐnai monadiaÐoc pìroc. An
up�rqoun perissìteroi odhgoÐ diajèsimoi, tìte èqoume ènan pollaplì pìro,
touc odhgoÔc.

Me �lla lìgia h ènnoia tou pollaploÔ pìrou èrqetai na uposthrÐxei th
diazeuktik  apaÐthsh {k�poiou tuqaÐou} pìrou apì èna sÔnolo, gia mÐa qro-
nik  perÐodo. P.q. mÐa di�lexh enìc maj matoc qrei�zetai k�poia aÐjousa apì
to sÔnolo twn aijous¸n gia na gÐnei. 'Estw loipìn ìti èqoume dÔo dÐwrec
dialèxeic pou antiproswpeÔontai apì tic metablhtèc V1, V2 kai mÐa monìwrh
pou antistoiqeÐ sth V3. EpÐshc up�rqoun treic aÐjousec diajèsimec, oi c1, c2

kai c3, oi opoÐec ìlec mazÐ apoteloÔn ènan pollaplì ìro, ton r3. MÐa nìmi-
mh ekq¸rhsh tou r3 stic metablhtèc faÐnetai sto Sq ma 4.2(dþ). An k�name
to l�joc kai fti�qname ènan monadiaÐo pìro gia k�je aÐjousa kai sundèame
touc pìrouc autoÔc me tic metablhtèc, tìte antÐ gia di�zeuxh, ja eÐqame to
antÐjeto, th sÔzeuxh: K�je di�lexh ja apaitoÔse na thc ekqwrhjoÔn ìlec oi
aÐjousec!

Se ènan pollaplì pìro (p.q. me aÐjousec) den anazhtoÔme mìno to qro-
nikì di�sthma ekeÐno, kat� to opoÐo ja ekqwrhjeÐ ènac pìroc, all� jèloume
na gnwrÐzoume kai to poioc {pragmatikìc} pìroc ja ekqwrhjeÐ (p.q. se poia
aÐjousa ja gÐnei h di�lexh). 'Etsi oi metablhtèc (tou probl matoc ikanopoÐh-
shc periorism¸n) den ja aforoÔn mìno thn ¸ra ènarxhc miac drasthriìthtac
(var), all� kai to poion pìro ja desmeÔsoun. 'Otan ènac pollaplìc pìroc
sundèetai me tic metablhtèc var, tìte aparaÐthta dhmiourgoÔme kai tic meta-
blhtèc res, ètsi ¸ste na xèroume poioc pìroc res[i] �pou an kei ston en
lìgw pollaplì pìro� èqei ekqwrhjeÐ sth var[i]. EÐnai profanèc ìti oi
metablhtèc twn pin�kwn var kai res eÐnai is�rijmec, kaj¸c kai ìti gia k�je
pollaplì pìro pou sundèetai me tic var qrei�zetai na orÐsoume ton antÐstoiqo
pÐnaka metablht¸n {res}.

Gia thn ulopoÐhsh tou pollaploÔ pìrou ekmetalleuìmaste ton uperfor-
twmèno, wc proc tic NsIntVar, telest  “*”:

class CMultiple : public CUnary {

private:

int multiplicity;

public:

CMultiple (NsProblemManager& pm_init,
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int multiplicity_init, int nperiods_init)

: CUnary(pm_init,nperiods_init),

multiplicity(multiplicity_init) { }

void add (NsIntVar& vStart, NsIntVar& vRes,

int duration)

{

vActivities.push_back( vRes*nperiods + vStart );

NsIntVar& vActivityStart = vActivities.back();

for (int i=1; i<duration; ++i)

vActivities.push_back( vActivityStart + i );

}

void exclude (int p, int r)

{

for (NsIndex i = 0; i<vActivities.size(); ++i)

vActivities[i].remove(r*nperiods + p);

}

};

O disdi�statoc pÐnakac me tic upodoqèc (ìpwc sto Sq ma 4.2(dþ)) {seiriopoi-
 jhke} se èna monodi�stato, mèsw tou tÔpou:

vActivities[i] = res[i]*nperiods + var[i]

Gia k�je tim  tou res[i], èqoume nperiods upodoqèc, ìpwc sto sq ma
pou anafèrjhke. H CMultiple klhronomeÐ ta qarakthristik� thc kl�shc
CUnary. Wstìso up�rqei mia diaforopoÐhsh sth sun�rthsh kataskeu c, h o-
poÐa paÐrnei èna epiplèon ìrisma, pou den eÐnai �llo apì ton arijmì twn pìrwn
(multiplicity); oi pìroi, ìpwc eÐnai logikì, arijmoÔntai apì to 0 mèqri to
multiplicity-1. EpÐshc h exclude() èqei tropopoihjeÐ, ètsi ¸ste na orÐzei
mh diajèsimec ¸rec gia sugkekrimèno pìro.

T¸ra mporoÔme na diatup¸soume me k¸dika to ex c prìblhma: Diajètoume
èna lewforeÐo (monadiaÐoc pìroc bus) kai èqoume na dialèxoume an�mesa apì
5 odhgoÔc, to poioc ja to odhg sei se kajèna apì ta 3 dromolìgia di�rkeiac
7, 2 kai 4 wr¸n.

int nroutes = 3;

int ndrivers = 5;
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NsIntVarArray var_route;

for (i=0; i<nroutes; ++i)

var_route.push_back( NsIntVar(pm, 0, nhours-1) );

NsIntVarArray res_driver;

for (i=0; i<ndrivers; ++i)

res_driver.push_back( NsIntVar(pm, 0, ndrivers-1) );

CUnary bus(pm, nhours);

bus.add(var_route[0], 7);

bus.add(var_route[1], 2);

bus.add(var_route[2], 4);

bus.close();

CMultiple drivers(pm, ndrivers, nhours);

drivers.add(var_route[0], res_driver[0], 7);

drivers.add(var_route[1], res_driver[1], 2);

drivers.add(var_route[2], res_driver[2], 4);

drivers.close();

H plei�da var route[i]-res driver[i] telik� ja faner¸sei to pìte ja ar-
qÐsei to i-ostì dromolìgio kai to poioc odhgìc ja eÐnai sto timìni.

4.6 Efarmog  sto prìblhma wrologÐou
progr�mmatoc

H ènnoia tou pìrou pou analÔjhke prohgoumènwc, eÐnai meÐzonoc shmasÐac
gia ta probl mata wrologÐwn programm�twn. Sthn pr�xh, gia na lÔsoume
èna tètoio prìblhma akoloujoÔme ta ex c b mata:

• DhmiourgoÔme dÔo pÐnakec metablht¸n, ton var kai ton classvar, me
mègejoc ìso o arijmìc twn dialèxewn. To zeug�ri var[i]-classvar[i]
deÐqnei se poia ¸ra ja arqÐsei h i-ost  di�lexh kai se poia aÐjousa ja
l�bei q¸ra. Gia k�je di�lexh prèpei na èqei fulaqteÐ k�pou h plhrofo-
rÐa thc di�rkei�c thc.

• 'Ena m�jhma apoteleÐtai apì mÐa   perissìterec dialèxeic. Epomènwc
sundèetai me k�poia zeug�ria var[i]-classvar[i], ta opoÐa ja prèpei
na upìkeintai stouc periorismoÔc tou maj matoc.
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Pr¸ta apì ìla, an èqoume nrooms aÐjousec, h classvar[i] ja isoÔtai
ex orismoÔ me [0..nrooms-1], afoÔ ja orÐzetai me thn entol :
classvar.push back( NsIntVar(pm, 0, nrooms-1) );

An ìmwc den epijumoÔme h i-ost  di�lexh na gÐnetai sthn aÐjousa k,
tìte ja prèpei classvar[i]=[0..k-1 k+1..nrooms-1]. Autì mporeÐ
na epiteuqjeÐ apl� me thn entol  classvar[i].remove(k);

• 'Omoia, oi prodiagrafèc tou probl matoc epitrèpoun ston qr sth na
dhl¸sei ìti {stic t�de ¸rec to sugkekrimèno m�jhma den ja eÐnai dia-
jèsimo}. Ac p�roume th genik  perÐptwsh pou èna m�jhma den mporeÐ
na gÐnei se k�poia ¸ra x. KaloÔme gia k�je di�lexh i tou maj ma-
toc th var[i].remove(x). EÐnai ìmwc autì arketì? H ap�nthsh eÐnai
{nai}, an h di�rkeia thc di�lexhc i eÐnai mÐa ¸ra. GiatÐ an eÐnai mega-
lÔterh, tìte h x ja prèpei na apokleisteÐ ìqi mìno san ¸ra ènarxhc
thc di�lexhc (var[i]), all� kai san tim  twn didaktik¸n wr¸n thc Ðdiac
di�lexhc pou èpontai (var[i]+1,var[i]+2,. . . ,var[i]+dur[i]-1, ìpou
dur[i] h di�rkeia thc di�lexhc). Gia na gÐnei to parap�nw katanohtì,
ac p�roume to par�deigma miac dÐwrhc di�lexhc, h opoÐa prèpei na topo-
jethjeÐ se èna wrolìgio prìgramma 2 hmer¸n me 4 ¸rec/hmèra. 'Eqoume
days=2, hours=4 kai var[0]=[0..7] (7=days*hours-1). An jèloume
na apokleÐsoume thn ¸ra 3 (4h ¸ra thc 1hc hmèrac) kai kalèsoume thn
var[i].remove(3), ja p�roume var[0]=[0..2 4..7]. Blèpoume ìti h
di�lexh eÐnai pijanìn na arqÐsei thn ¸ra 2 kai ètsi h deÔterh didaktik 
perÐodìc thc na gÐnei thn ¸ra 3! 'Ara èprepe na eÐqame apokleÐsei kai
th 2 san tim  thc var[0]. O parak�tw k¸dikac k�nei swst� th doulei�
(apokleÐei tic timèc [x-(dur[i]-1)..x]):

for (h=0; h<dur[i]; ++h)

var[i].remove(x - h);

• Gia k�je di�lexh di�rkeiac megalÔterhc thc mÐac ¸rac, tÐjetai ènac akìma
periorismìc. ProkÔptei apì ton seiriakì trìpo pou èqoume per�sei tic
¸rec thc ebdom�dac sto pedÐo thc var[i]:4

var[i]=[ 0*H..1*H-1︸ ︷︷ ︸
1h hmèra

1*H..2*H-1︸ ︷︷ ︸
2h hmèra

. . . (D-1)*H..D*H-1︸ ︷︷ ︸
teleutaÐa hmèra

]

4'Opou D o arijmìc twn hmer¸n kai H o arijmìc twn wr¸n tou wrologÐou progr�mmatoc.
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Se aut n thn anapar�stash up�rqei o kÐndunoc mÐa di�lexh me dur[i]>1
na sp�sei se dÔo hmèrec, me �lla lìgia na arqÐsei sto tèloc miac hmè-
rac kai na telei¸sei sthn arq  thc epìmenhc! P.q. mÐa dÐwrh di�lexh
var[i] ja mporoÔse na p�rei th tim  H-1, dhlad  na arqÐzei thn teleu-
taÐa ¸ra thc pr¸thc hmèrac kai ètsi h deÔterh ¸ra thc na gÐnetai thn
epìmenh hmèra. H lÔsh se autì to z thma eÐnai na afairejoÔn apì thn
var[i], me parìmoio trìpo ìpwc sthn prohgoÔmenh perÐptwsh me tic
mh diajèsimec ¸rec enìc maj matoc, gia k�je hmèra d oi problhmatikèc
timèc [(d+1)*H-(dur[i]-1)..(d+1)*H-1]:

for (d=0; d<days; ++d) {

for (h=(d+1)*hours-dur[i]+1; h<(d+1)*hours; ++h)

var[i].remove(h);

}

• Se èna dèndro anaz thshc pollèc forèc parousi�zontai summetrÐec a-
n�mesa se diaforetik� monop�tia. DÔo summetrik� monop�tia aforoÔn
ta Ðdia dedomèna kai ft�noun p�nta sto Ðdio apotèlesma: eÐte katal -
goun sthn Ðdia lÔsh, eÐte kai ta dÔo den èqoun lÔsh. Sunep¸c arkeÐ na
exet�soume mìno èna apì ta dÔo kai me ton trìpo autìn na kladèyoume
to dèndro anaz thshc. H apom�krunsh twn summetri¸n se ìlo touc to
f�sma, k�je �llo par� eÔkolh upìjesh eÐnai, kaj¸c apoteleÐ èna apì ta
anoikt� jèmata thc Teqnht c NohmosÔnhc. Wstìso autì den prèpei na
mac apojarrÔnei apì to na prospajoÔme na entopÐzoume ìsec to dunatì
perissìterec peript¸seic summetrÐac sta probl mata pou epilÔoume kai
na tic exafanÐzoume.

T¸ra sto prìblhm� mac up�rqei h ex c summetrÐa: 'Estw ìti gia dÔo dia-
lèxeic i kai j enìc maj matoc, pou diarkoÔn to Ðdio, èqoume var[i] = a
kai var[j] = b. O epilut c jewreÐ aut  thn perÐptwsh diaforetik  me
ekeÐnh pou var[i] = b kai var[j] = a. 'Omwc profan¸c oi dÔo peript¸-
seic tautÐzontai ìson afor� to telikì prìgramma. Me ton periorismì
pm.add(var[i] < var[j]) apofeÔgoume aut n th dipl  lÔsh.

• 'Oson afor� sta zeÔgh tautìqronwn majhm�twn, oi dialèxeic touc xeki-
noÔn thn Ðdia ¸ra. An oi metablhtèc tou pr¸tou maj matoc enìc zeÔgouc
eÐnai oi var[i], var[i+1], . . . , var[i+nl-1] kai tou deÔterou maj ma-
toc oi var[j], var[j+1], . . . , var[j+nl-1], ìpou nl o arijmìc twn
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dialèxewn tou k�je maj matoc tou zeÔgouc, tìte o periorismìc diatu-
p¸netai rht�:

for (k=0; k<nl; ++k)

pm.add(var[i+k] == var[j+k]);

• Oi kajhghtèc kai oi om�dec majhm�twn antimetwpÐzetai san monadiaÐoi
pìroi kai oi dialèxeic pou touc aforoÔn sundèontai mazÐ touc mèsw thc
add() (§4.5.1), p.q. prof[k].add(var[i],dur[i]), ìpou prof[k] o
kajhght c-pìroc gia th di�lexh i. 'Otan èna m�jhma gÐnetai apì dÔo
kajhghtèc (  an kei se perissìterec apì mÐa om�dec), sundèetai kai me
touc dÔo pìrouc, ìpwc eÐnai logikì; apaiteÐ tautìqrona kai touc dÔo.

• Epeid  gia k�je di�lexh qreiazìmaste {mÐa k�poia} aÐjousa apì tic dia-
jèsimec, o antÐstoiqoc pìroc eÐnai ènac kai eÐnai pollaplìc (§4.5.2);
perilamb�nei ìlec tic aÐjousec. Gia na ton sundèsoume me mÐa di�lexh
kaloÔme thn rooms.add(var[i],classvar[i],dur[i]), ìpou rooms o
en lìgw pìroc. Prin k�noume th sÔndesh aut , ja prèpei na elègxou-
me gia to an h qwrhtikìthta thc aÐjousac eparkeÐ gia tic an�gkec tou
maj matoc.
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||
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vvvvvvvvv

BB
BB

BB
BB

76 5401 23CMultiple
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/. -,() *+CProfessor 76 5401 23CGroup /. -,() *+CClassrooms

Sq ma 4.3: IerarqÐa twn kl�sewn tou probl matoc

• H ierarqÐa twn kl�sewn tou probl matoc, pou arqÐzei na qtÐzetai sig�-
sig�, faÐnetai sto Sq ma 4.3. H mình kainoÔrgia kl�sh pou up�rqei sto
sq ma, eÐnai h CObjective, me thn opoÐa ja asqolhjoÔme argìtera. En
olÐgoic, h CObjective paÐzei rìlo ìson afor� thn poiìthta thc lÔshc.
'Otan anaferìmaste se panepist mia, to krit rio poiìthtac miac lÔshc
eÐnai h isokatanom  kai h èlleiyh ken¸n metaxÔ twn wr¸n gia tic om�dec
majhm�twn (CGroup). 'Otan anaferìmaste se sqoleÐa, den èqoume en
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gènei om�dec majhm�twn, all� o stìqoc eÐnai na belti¸soume to pro-
swpikì prìgramma tou k�je kajhght  (CProfessor). Wc ek toÔtou, oi
dÔo kl�seic CGroup kai CProfessor par�gontai apì th CObjective.

4.6.1 Perissìtero sÔnjetoi periorismoÐ

Gia touc kajhghtèc, ektìc apì to na did�skoun èna to polÔ m�jhma an� ¸ra,
up�rqoun akìma treic pio sÔnjetoi periorismoÐ: a) epibol  orÐou ston arijmì
twn wr¸n an� hmèra pou did�skei ènac sugkekrimènoc kajhght c, b) epibol 
orÐou ston arijmì twn hmer¸n an� ebdom�da stic opoÐec did�skei ènac sugke-
krimènoc kajhght c kai g) epibol  orÐou ston arijmì twn suneqìmenwn wr¸n
pou did�skei ènac sugkekrimènoc kajhght c. H diatÔpws  touc ston epilut ,
ja dieukolunjeÐ an dhmiourg soume ènan disdi�stato pÐnaka vOccupiedHour,
apoteloÔmeno apì periorismènec metablhtèc me pedÐa [0..1]. H metablht 
vOccupiedHour[d][h] ja eÐnai 1 an o kajhght c k�nei m�jhma thn hmèra d
kai ¸ra h kai 0 an eÐnai eleÔjeroc.

Gia na p�roume ìmwc ton pÐnaka vOccupiedHour, ja prèpei na ton sun-
dèsoume me ton pÐnaka vActivities tou pìrou (kl�sh CUnary) me ton opoÐo
parist�noume ton kajhght . Gia ton skopì autì, ja qrhsimopoi soume è-
nan {endi�meso} pÐnaka, me ìnoma vTimetable, ton opoÐon kataskeu�zoume
{antistrèfontac} ton vActivities (bl. k. §3.4.14):
vTimetable = NsInverse(vActivities, days*hours-1);

MÐa metablht  vTimetable[d ·H +h] ja perièqei tic jèseic twn metablht¸n
ston pÐnaka vActivities, oi opoÐec parist�noun drasthriìthtec tou kajh-
ght  (dhlad , maj mata pou did�skei), oi opoÐec ja gÐnontai thn hmèra d kai
¸ra h. An den up�rqei kamÐa drasthriìthta gia th sugkekrimènh hmèra kai
¸ra, tìte h vTimetable[d ·H + h] ja èqei thn eidik  tim  -1. Epomènwc gia
k�je stoiqeÐo tou pÐnaka vOccupiedHour, ja èqoume ton meta-periorismì:

vOccupiedHour[d][h] = ( vTimetable[d*hours + h] >= 0 );

Dhlad  h “boolean” periorismènh metablht  vOccupiedHour[d][h] ja eÐnai
0, mìno an h antÐstoiqh tim  tou pÐnaka vTimetable eÐnai -1. Sth sunèqeia
exet�zoume ènan-ènan touc treic periorismoÔc.

'Orio ston arijmì twn wr¸n an� hmèra

DhmiourgoÔme gia ton sugkekrimèno kajhght , ènan monodi�stato pÐnaka o-
nìmati vHoursPerDay, me to vHoursPerDay[d] na anaparist� ton arijmì twn
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wr¸n pou o kajhght c did�skei thn hmèra d, afoÔ ja isoÔtai me to �jroisma
twn metablht¸n vOccupiedHour[d][h], ∀h. Sth sunèqeia epib�lloume k�-
je stoiqeÐo tou vHoursPerDay na eÐnai mikrìtero apì ènan dojènta akèraio
maxHoursPerDay.

vHoursPerDay[d] = NsSum(vOccupiedHour[d]);

pm.add( vHoursPerDay[d] <= maxHoursPerDay );

'Orio ston arijmì twn hmer¸n an� ebdom�da

Gia na epib�lloume autìn ton periorismì, ja dhmiourg soume p�li ènan mono-
di�stato pÐnaka, ton vOccupiedDay, me th “boolean” periorismènh metablht 
vOccupiedDay[d] na eÐnai alhj c an k�poia ¸ra thc hmèrac d, o kajhght c
paradÐdei k�poia di�lexh.

for (d=0; d<days; ++d)

vOccupiedDay.push_back( vHoursPerDay[d] > 0 );

pm.add( NsSum(vOccupiedDay) <= maxDaysPerWeek );

'Orio ston arijmì twn suneqìmenwn wr¸n

Akolouj¸ntac thn Ðdia filosofÐa, mporoÔme na b�loume èna ìrio (Ðso me
maxHoursContinuous) stic suneqìmenec ¸rec didaskalÐac gia ènan kajhgh-
t . O {endi�mesoc} pÐnakac periorismènoc metablht¸n pou ja qrhsimopoi -
soume, onom�zetai vContHoursUntil kai eÐnai disdi�statoc. Me th metablht 
vContHoursUntil[d][h] parist�noume ton arijmì twn suneqìmenwn wr¸n
pou did�skei o kajhght c, mèqri thn ¸ra h (gia thn hmèra d), thc h sumperi-
lambanomènhc. An o kajhght c den k�nei m�jhma thn ¸ra h, tìte h metablht 
ja eÐnai 0. Gia na epiblhjeÐ o periorismìc, dhl¸noume ìti gia k�je hmèra d,
to maxh{vContHoursUntil[d][h]} prèpei na fr�ssetai apì to ìrio pou èqei
tejeÐ.5

for (d=0; d<days; ++d) {

h = 0;

vContHoursUntil[d][h] = ( vTimetable[d*hours + h] >= 0 );

for (h=1; h<hours; ++h)

5Ston pragmatikì k¸dika gia ton epilut , antÐ gia vContHoursUntil[d][h] = ...,
gr�foume vContHoursUntil[d].push back( ... ). Ed¸, qrhsimopoi same thn pr¸th ek-
doq  gia lìgouc anagnwsimìthtac.
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vContHoursUntil[d][h] = (vTimetable[d*hours + h] >= 0)

* (vContHoursUntil[d][h-1] + 1);

pm.add( NsMax(vContHoursUntil[d]) <= maxHoursContinuous );

}

4.6.2 PeriorismoÐ antikeimenik c sun�rthshc

H antikeimenik  sun�rthsh (objective function), eÐnai ousiastik� mÐa perio-
rismènh metablht . MporoÔme na enhmer¸soume ton epilut  ìti epijumoÔme
thn elaqistopoÐhsh aut c thc metablht c. An fti�xoume th metablht  ètsi
¸ste na antikatoptrÐzei ta meionekt mata miac lÔshc, ìso perissìtero thn
elaqistopoioÔme, tìso h poiìthta thc lÔshc ja aux�nei (bl. §4.3.3).

Sto prìblhma pou exet�zoume, gia na p�roume thn {antikeimenik  meta-
blht }, apl� ajroÐzoume tic mini-antikeimenikèc-metablhtèc twn stigmiotÔpwn
thc kl�shc CObjective. Gia na katano soume thn prohgoÔmenh prìtash, ja
doÔme èna par�deigma. Katarq n, an�loga me to an katartÐzoume wrolìgio
prìgramma gia panepist mio   gia sqoleÐo, èna stigmiìtupo thc CObjective

mporeÐ na anafèretai antÐstoiqa se mÐa om�da majhm�twn   se ènan kajhght 
(Sq ma 4.3). Kai oi dÔo peript¸seic antimetwpÐzontai kat� ton Ðdio trìpo �
gia autì ex�llou par�gontai apì thn Ðdia kl�sh�, me th diafor� ìti gia tic
om�dec majhm�twn, oi mini-antikeimenikèc-metablhtèc mpaÐnoun me diaforetik�
b�rh �orizìmena apì ton qr sth� sto �jroisma apì to opoÐo prokÔptei h
telik  antikeimenik  metablht .

Ac p�roume loipìn mÐa om�da majhm�twn. 'Ena meionèkthma se aut n, eÐnai
h anisokatanom  twn majhm�twn mèsa sthn ebdom�da. To mètro gia aut n thn
anisokatanom , dÐdetai apì thn parak�tw metablht  (pou prokÔptei apì thn
par�stash (4.15); to greedy eÐnai ènac akèraioc arijmìc pou sundèetai �mesa
me aut n thn par�stash).

vDistribution =

NsMax(vHoursPerDay) - NsMin(vHoursPerDay) - greedy;

Mènei na doÔme to deÔtero kai teleutaÐo meionèkthma, pou den eÐnai �l-
lo apì ton arijmì twn ken¸n wr¸n metaxÔ twn dialèxewn miac om�dac, ton
opoÐo ja parast soume me thn periorismènh metablht  vHoles. Gia na thn
kataskeu�soume, ja qrhsimopoi soume tèsseric bohjhtikoÔc pÐnakec: touc
disdi�statouc vBefore kai vAfter kai touc monodi�statouc vHolesArr kai
vTimetable, o opoÐoc orÐsthke sthn prohgoÔmenh par�grafo.
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for (d=0; d<days; ++d) {

vBefore[d][0] = NsIntVar(pm,0,0);

vAfter[d][hours-1] = NsIntVar(pm,0,0);

for (h=1; h<hours; ++h)

vBefore[d][h] = vBefore[d][h-1] == 1

|| vTimetable[d*hours + h-1] >= 0;

for (h=hours-2; h>=0; --h)

vAfter[d][h] = vAfter[d][h+1] == 1

|| vTimetable[d*hours + h+1] >= 0;

for (h=0; h<hours; ++h)

vHolesArr.push_back(vBefore[d][h]==1 && vAfter[d][h]==1

&& vTimetable[d*hours + h] < 0 );

}

vHoles = NsSum(vHolesArr);

MÐa “boolean” periorismènh metablht  vBefore[d][h] eÐnai 1, an gia thn
hmèra d, up�rqei di�lexh maj matoc thc om�dac, pou gÐnetai se mÐa ¸ra h′ ≤ h.
An�loga, orÐzetai kai h vAfter[d][h], h opoÐa eÐnai 1 an up�rqei m�jhma thc
om�dac, thn hmèra d, pou gÐnetai se mÐa ¸ra h′ ≥ h.

H “boolean” metablht  vHolesArr[d ·H + h] eÐnai 1, an gia thn hmèra d,
thn ¸ra h den gÐnetai k�poio m�jhma thc om�dac kai gia thn Ðdia hmèra, prin
kai met� thn h, lamb�noun q¸ra k�poiec dialèxeic tic om�dac. Se aut n thn
perÐptwsh h h logÐzetai wc ken  kai ja prèpei na prostejeÐ sto �jroisma apì
to opoÐo paÐrnoume th vHoles.

Oi vDistribution kai vHoles ajroÐzontai, èqontac sugkekrimèna b�rh
kai ètsi prokÔptei h mini-antikeimenik -metablht  gia th CObjective.

4.6.3 Anaz thsh

'Enac endedeigmènoc trìpoc anaz thshc gia tètoia probl mata, eÐnai h anaz -
thsh periorismènwn asumfwni¸n (limited discrepancy search – LDS) [34], se
sunduasmì me thn topik  anaz thsh (local search).

Akìma, gia na meiwjeÐ o q¸roc anaz thshc, h ìpoia opisjodrìmhsh gÐne-
tai, ja afor� mìno tic dialèxeic (var[i]) kai ìqi tic aÐjousec (classvar[i]).
Dhlad , ìtan anajètoume mÐa sugkekrimènh ¸ra se mÐa var[i], epilègoume
gia aut n thn kalÔterh �b�sei twn protim sewn pou èqoun diatupwjeÐ gia to
sugkekrimèno m�jhma� diajèsimh aÐjousa. An qreiasteÐ na opisjodrom sou-
me, den ja epilèxoume �llh aÐjousa gia th di�lexh. Apl¸c, ja akur¸soume
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th dèsmeush thc aÐjousac kai ja anajèsoume p.q. mÐa �llh ¸ra sth var[i].
Me �lla lìgia, den exet�zoume enallaktikèc epilogèc gia thn aÐjousa miac
di�lexhc, all� mìno gia thn ¸ra pou ja gÐnetai h di�lexh.

4.6.4 Euristik�

Gia na kateujunjeÐ grhgorìtera h anaz thsh se mÐa lÔsh, antÐ na k�nou-
me tuqaÐec epilogèc (ìpwc p.q. na anajètoume tuqaÐec timèc stic metablhtèc
kai èpeita na elègqoume an apì autèc prokÔptei lÔsh), sumbouleuìmaste tic
euristikèc sunart seic

Epilog  metablht c

H pr¸th euristik  sun�rthsh, mac upodeiknÔei poia mh desmeumènh metablh-
t  ( toi di�lexh) ja epilèxoume gia na thc anatejeÐ tim  (variable ordering
heuristic).

1. Epilègoume apì to sÔnolo twn metablht¸n-dialèxewn, th metablht  e-
keÐnh gia thn opoÐa paÐrnoume to el�qisto phlÐko mègejoc pedÐou meta-
blht c6 di� di�rkeia di�lexhc.

2. An up�rqei isobajmÐa gia to parap�nw krit rio, tìte proqwr�me sto
epìmeno krit rio, koin¸c exet�zoume to tie-break. To 2o krit rio eunoeÐ
th di�lexh me to megalÔtero �jroisma twn bar¸n twn om�dwn majhm�twn
stic opoÐec summetèqei. Asfal¸c, autì to krit rio èqei nìhma ìtan
anaferìmaste se panepist mia kai ìqi se sqoleÐa.

To epìmeno b ma met� thn epilog  thc metablht c-di�lexhc, eÐnai na thc
anajèsoume tim .

Epilog  tim c metablht c

Gia na dialèxoume mÐa tim  (value ordering heuristic) gia na anatejeÐ se mÐa
periorismènh metablht  pou antiproswpeÔei mÐa di�lexh `, ja sundu�soume me
sugkekrimèna b�rh ta parak�tw dÔo krit ria. Gia thn aplopoÐhsh twn ìpoiwn
upologism¸n ja k�noume, ìtan anaferìmaste se k�poia �llh di�lexh (`′ 6= `),
ja ennoeÐtai ìti se aut n èqei  dh anatejeÐ tim ; mh {desmeumènec} dialèxeic
ja agnooÔntai.

6Euristikì first-fail.
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• Epilog  thc hmèrac ekeÐnhc, apì thn opoÐa ja prokÔyei h megalÔterh
beltÐwsh sthn isokatanom  twn dialèxewn, gia tic CObjectives stic
opoÐec summetèqei h di�lexh `. 'Opwc èqei proanaferjeÐ, èna stigmiìtupo
obj thc CObjective, mporeÐ na eÐnai eÐte mÐa om�da majhm�twn, eÐte ènac
kajhght c. To b�roc thc om�dac majhm�twn sumbolÐzetai me wobj; ìtan
anaferìmaste se kajhght , ja isqÔei wobj = 1. Epomènwc, epizhtoÔme
thn an�jesh tim c gia thn opoÐa ja elaqistopoihjeÐ h par�stash7∑

obj

wobj ∆obj->vDistribution

Fusik�, arkeÐ na exet�soume mìno ta obj me ta opoÐa sundèetai h ` �
kai ìqi ta upìloipa. Autì to euristikì stoqeÔei mìno sthn epilog 
hmèrac kai ìqi ¸rac gia thn `, kaj¸c h anisokatanom  eÐnai ènnoia pou
afor� th diaspor� twn dialèxewn stic hmèrec thc ebdom�dac.

• Epilog  thc hmèrac kai ¸rac gia thn opoÐa ja prokÔyoun ta ligìtera
ken� metaxÔ twn dialèxewn twn stigmiìtupwn obj thc CObjective, sta
opoÐa an kei h `. EpijumoÔme loipìn, na dialèxoume mÐa an�jesh gia thn
`, h opoÐa na megistopoieÐ thn par�stash∑

obj

wobj (arijmìc twn dialèxewn `′ ∈ obj pou koll�ne sthn `)

Mia di�lexh `′ {koll�ei} sthn `, an akrib¸c met� to tèloc mÐac apì tic
dÔo dialèxeic, arqÐzei h èterh di�lexh.

An apì ton sunduasmì twn dÔo euristik¸n prokÔyei isobajmÐa, up�rqei
to krit rio (tie-break) gia na ephre�sei thn poreÐa thc anaz thshc: Epilog 
thc hmèrac gia thn opoÐa ja èqoume to megalÔtero �plwma twn dialèxewn tou
Ðdiou maj matoc � efìson to ` eÐnai di�lexh enìc maj matoc me perissìterec
thc mÐac dialèxeic. Protim�me dhlad  tic hmèrec pou brÐskontai ìso to du-
natìn perissìterec hmèrec, prin thn pr¸th   met� thn teleutaÐa di�lexh tou
maj matoc sto opoÐo an kei h `.

7Gia th gr gorh ulopoÐhsh thc par�stashc, eÐnai dunatìn na qrhsimopoihjoÔn oi meta-
blhtèc vHoursPerDay[d] thc CObjective.
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Kef�laio 5

Sumper�smata kai mellontik 
doulei�

An deic ìti katanal¸neic ìlo sou sqedìn ton qrìno sth jewrÐa,

asqol sou lÐgo kai me praktik� pr�gmata; ètsi ja belti¸seic

tic jewrÐec sou. An deic ìti xodeÔeic ìlo sou sqedìn ton qrìno

sthn pr�xh, d¸se lÐgh prosoq  kai sta jewrhtik� zht mata;

ètsi ja belti¸seic tic praktikèc sou.

� Donald Knuth

Ta jèmata me ta opoÐa asqoleÐtai aut  h ergasÐa sunoyÐzontai sta ex c
dÔo: a) sqediasmìc kai ulopoÐhsh miac biblioj khc gia programmatismì me
periorismoÔc kai b) sqediasmìc kai ulopoÐhsh enìc sust matoc kat�rtishc
wrologÐwn programm�twn. Kai stic dÔo ulopoi seic, kÔrio mèlhm� mac  tan
na d¸soume lÔseic genikoÔ kai ìqi eidikoÔ qarakt ra.

Epeid  oi efarmogèc oi opoÐec qtÐsthkan  tan ogk¸deic, to antikeimeno-
strafèc perib�llon programmatismoÔ sto opoÐo anaptÔqjhkan bo jhse polÔ
sthn kalÔterh org�nwsh tou k¸dika. EpÐshc h {zeÔxh} thc C++ me tic
diepafèc thc Visual Basic .NET, mèsw enìc DLL, suntèlese ston kalÔtero
sunduasmì thc apìdoshc me th leitourgikìthta.

H epilog  mac na ergastoÔme p�nw ston programmatismì me periorismoÔc
�kai mia shmantik  efarmog  tou, ìpwc o qronoprogrammatismìc� apoteleÐ
kombikì shmeÐo gia thn epektasimìthta twn efarmog¸n. H dhlwtikìthta me
thn opoÐa ekfr�zoume touc periorismoÔc sta progr�mmata m�c epitrèpei thn
�mesh prosjafaÐresh periorism¸n kai thn eÔkolh tropopoÐhsh twn krithrÐwn
poiìthtac twn lÔsewn pou dÐnei o epilut c.
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'Oson afor� ton Ðdio ton epilut , dhmiourg jhke toÔth thn perÐodo, kat�
thn opoÐa up�rqei meg�lh kinhtikìthta ston tomèa èreunac gia ton program-
matismì me periorismoÔc. Prospaj same na l�boume upìyh touc pio diadedo-
mènouc algorÐjmouc sth bibliografÐa, wstìso, mellontik�, ja prèpei na thn
exet�soume se megalÔtero b�joc kai na eÐmaste en meroi twn ìpoiwn shman-
tik¸n exelÐxewn pou eÐnai sqedìn bèbaio ìti ja up�rxoun.

Up�rqoun merik� pio apt� zht mata ta opoÐa ja prèpei na akoump sou-
me. Oi pio diadedomènoi periorismoÐ, èqoun  dh ulopoihjeÐ ston epilut , ìmwc
up�rqoun polloÐ akìma pou mporoÔn na ulopoihjoÔn, ìpwc autìc tou upo-
loÐpou (V1 mod V2). Akìma, akolouj¸ntac kai to par�deigma k�poiwn �llwn
epilut¸n ìpwc autoÔ thc GNU Prolog [35], kalì ja  tan na xekajaristoÔn
ta ìria metaxÔ 2-sunèpeiac kai sunèpeiac-orÐwn; sthn paroÔsa f�sh up�rqei
èna ubrÐdio, dhlad  se �llouc periorismoÔc efarmìzetai sunèpeia-orÐwn kai
se �llouc ìqi. EpÐshc, ja prèpei na epitrapeÐ h afaÐresh eÔrouc tim¸n �kai
ìqi apl� mÐac tim c k�je for�� apì mÐa metablht . Autì ja epit�qune thn
efarmog  sunèpeiac-orÐwn, kaj¸c o algìrijmoc ja asqoloÔntan mìno me èna
�kro apì to afairemèno eÔroc tim¸n kai ìqi me k�je tim  tou. Tèloc, to sh-
mantikìtero Ðswc apì ìla eÐnai na grafeÐ èna eÔlhpto egqeirÐdio qr shc tou
epilut , to opoÐo ja èdene sto mègisto bajmì th jewrÐa me thn pr�xh, mèsw
paradeigm�twn. EÐnai exairetik� krÐsimo na mporèsoume na mu soume, akìma
kai sqetik� �peirouc programmatistèc, ston kìsmo tou programmatismoÔ me
periorismoÔc kai na xedipl¸soume se mikrì qronikì di�sthma tic dunatìth-
tèc tou. Se autì to plaÐsio, ja  tan endiafèron an ènac programmatist c
efarmog¸n pou qrhsimopoieÐ ton epilut  proqwroÔse se sqediasmì stìqwn
�gia ton mhqanismì stìqwn tou epilut � pou ja epideÐknuan poikÐlwn eid¸n
mejìdouc anaz thshc kai euristik�.

'Oson afor� to sÔsthma kat�rtishc wrologÐwn programm�twn, up�rqei
arket  doulei� na gÐnei, anaforik� me tic mejìdouc anaz thshc kai ta euristi-
k� pou autì ekmetalleÔetai. Wc t¸ra, ègine prosp�jeia na ulopoihjoÔn mìno
ekeÐna pou h empeirÐa tou Orprog èdeixe ìti {douleÔoun kal�}. Sunep¸c,
den èqei dojeÐ to kat�llhlo b�roc sth melèth �llwn mejìdwn anaz thshc,
stic paramètrouc touc kai, giatÐ ìqi, sth qr sh sunduasm¸n touc. Akìma,
ja  tan mÐa tolmhr  idèa, na mhn akoloujoÔme tufl� èna sugkekrimèno trìpo
anaz thshc, k�je for� pou mac dÐnetai èna prìblhma, all� na epilègoume se
qrìno ektèleshc (run-time) th mèjodo anaz thshc pou ja taÐriaze kalÔtera
sto sugkekrimèno prìblhma. Aut  h {èxupnh} epilog  thc mejìdou anaz th-
shc ja mporoÔse na all�zei tic apof�seic thc akìma kai ìtan h anaz thsh
brÐsketai se exèlixh.
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Tèloc, up�rqoun perij¸ria beltÐwshc kai gia th diepaf  tou sust matoc
kat�rtishc wrologÐwn programm�twn. Ja mporoÔse na gÐnei pio filik  ston
qr sth, mèsw thc dhmiourgÐac magik¸n-dialìgwn (wizards), oi opoÐoi ja dieu-
kìlunan th gr gorh kai apl  diatÔpwsh problhm�twn apì ton plèon arq�rio
qr sth, eÐte autìc fti�qnei prìgramma gia panepist mio, eÐte gia sqoleÐo.
EpÐshc mÐa leitourgÐa pou gÐnetai na ulopoihjeÐ, eÐnai h diejnopoÐhsh thc die-
paf c: H diepaf  k�je for� pou xekin� ja mporoÔse na diab�zei èna arqeÐo
me tic metafr�seic ìlwn twn dialìgwn, sth gl¸ssa tou telikoÔ qr sth.
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Par�rthma Aþ

EgqeirÐdio qr shc tou Naxos
Solver

O skopìc autoÔ tou parart matoc eÐnai na d¸sei tic plhroforÐec pou qrei�ze-
tai ènac programmatist c efarmog¸n (application developer) thc biblioj khc.
Se èna sq ma {prwjÔstero}, èqoume  dh apokalÔyei k�poiec teqnikèc ptuqèc
tou Naxos Solver, kat� thn an�lush twn algorÐjmwn tou; p.q. perigr�fhke
analutik� o mhqanismìc stìqwn (§3.6).

O Naxos Solver eÐnai mÐa biblioj kh epÐlushc problhm�twn ikanopoÐh-
shc periorism¸n gia to antikeimenostrafèc perib�llon thc gl¸ssac C++. O
epilut c eÐnai asfal c gia qr sh se polunhmatikì perib�llon (threadsafe).
Den ja prèpei na qrhsimopoioÔntai {eswterikèc} kl�seic, mèjodoi, sunar-
t seic tou k.lp. oi opoÐec den perigr�fontai sto egqeirÐdio qr shc, kaj¸c
mporeÐ na all�xoun sto mèllon. Akìma, gia apofug  parexhg sewn, kalì
eÐnai na mhn onom�zoume tic dikèc mac metablhtèc, kl�seic k.lp. me onìmata
pou xekinoÔn apì “Ns”, kaj¸c autì eÐnai to prìjema gia tic enswmatwmènec
kl�seic kai stajerèc tou epilut . Tèloc, shmei¸netai ìti o epilut c den k�nei
kanèna èlegqo gia tuqìn uperqeilÐseic (p.q. kat� thn prìsjesh dÔo meg�lwn
akeraÐwn), gia lìgouc apìdoshc.

Mèroc tou sqediasmoÔ kai thc {onomatologÐac} tou epilut  eÐnai ephre-
asmèno apì th montelopoÐhsh thc Standard Template Library (STL) gia th
C++ [36]. P.q. qrhsimopoi jhkan kai ulopoi jhkan arketoÐ epanal ptec
(iterators).

Den èqoume di�krish twn kl�sewn tou Naxos Solver se kl�seic-qeiri-
st ria (handle-classes) kai kl�seic-ulopoÐhshc (implementation-classes), ì-
pwc gÐnetai ston Ilog Solver. O lìgoc aut c thc diaforopoÐhshc ston
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Ilog Solver, èqei na k�nei me thn prosp�jeia na diaqeiristeÐ autìmata th
mn mh al� Java. Se k�je kl�sh-qeirist rio, up�rqei mÐa anafor� se mÐ-
a kl�sh-ulopoÐhshc. EÐnai dunatìn pollèc kl�seic-qeirist ria na deÐqnoun
sthn Ðdia kl�sh-ulopoÐhshc. H kl�sh-ulopoÐhshc diagr�fetai apì th mn mh,
mìno ìtan p�yei na ufÐstatai kai h teleutaÐa kl�sh-qeirist rio pou deÐqnei se
aut n. (K�ti antÐstoiqo gÐnetai kai sthn Java me tic anaforèc.) Epomènwc,
ston Ilog Solver eÐnai dunatìn p.q. se mÐa sun�rthsh na dhmiourgoÔme au-
tìmatec metablhtèc gia na perigr�youme ènan periorismì kai autìc, kaj¸c kai
oi metablhtèc pou afor�, na up�rqoun kai met� to tèloc thc sun�rthshc; se
antÐstoiqh perÐptwsh ston Naxos Solver ja èqoume sf�lma kat�tmhshc
(segmentation fault).

Aþ.1 DiaqeÐrish sfalm�twn

Xekin�me apì th diaqeÐrish sfalm�twn, gia thn opoÐa eÐnai shmantikì na fron-
tÐzoume, ìpoio prìgramma kai na gr�foume. Ston Naxos Solver prèpei na
sullamb�nontai oi exairèseic tÔpou NsException. H kl�sh aut  eÐnai upokl�-
sh thc runtime error, h opoÐa me th seir� thc par�getai apì thn exception.
ArkeÐ loipìn na sullamb�noume ton tÔpo exception; me th mèjodo what()

aut c thc basik c kl�shc, ja p�roume se mÐa sumboloseir� èna m numa gia to
sf�lma pou sunèbh.

#include <naxos.h>

using namespace naxos;

using namespace std;

int main (void)

{

try {

// ... CODE OF THE PROGRAM ... //

} catch (exception& exc) {

cerr << exc.what() << "\n";

} catch (...) {

cerr << "Unknown exception" << "\n";
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}

}

Den eÐnai swst  programmatistik  taktik  na ent�ssoume tic exairèseic
sto s¸ma twn algorÐjmwn mac. Sun jwc, oi exairèseic apoteloÔn to {peri-
tÔligma} twn programm�twn mac.

Aþ.2 Periorismènec metablhtèc

O epilut c uposthrÐzei akèraiec periorismènec metablhtèc peperasmènwn pe-
dÐwn. H kl�sh me tic opoÐec anaparÐstantai eÐnai h NsIntVar, h opoÐa perièqei
tic parak�tw mejìdouc.

NsIntVar(NsProblemManager& pm, NsInt min, NsInt max) EÐnai mÐa mè-
jodoc-kataskeu c (constructor). To pm eÐnai o diaqeirist c probl ma-
toc ston opoÐon an kei h metablht  (bl. §Aþ.4) kai ta min kai max, to
el�qisto kai to mègisto tou pedÐou tim¸n thc, pou sumbolÐzetai kai me
[min..max].

O tÔpoc NsInt mporeÐ na jewrhjeÐ ìti eÐnai se jèsh na anaparast sei
toul�qiston touc akèraiouc arijmoÔc ekeÐnouc pou eÐnai dunatìn na ana-
parastajoÔn me ènan long. H el�qisth tim  tou tÔpou NsInt, isoÔtai
me th stajer� NsMINUS INF kai h mègisth me NsPLUS INF. (Gia ton mh
proshmasmèno tÔpo NsUInt, h mègisth tim  eÐnai NsUPLUS INF.)

H el�qisth tim  enìc pedÐou prèpei na eÐnai gn sia megalÔterh apì
NsMINUS INF, ìpwc kai h mègisth tim  prèpei na eÐnai gn sia mikrìterh
apì NsPLUS INF, kaj¸c autèc oi stajerèc apoteloÔn eidikèc timèc pou
antiproswpeÔoun to �peiro, ìpwc ja doÔme kai parak�tw.

NsIntVar() Sto stigmiìtupo thc kl�shc pou dhmiourgeÐtai me aut n th mèjo-
do-kataskeu c, eÐnai dunatìn sth sunèqeia na anatejeÐ k�poia èkfrash
(mèsw kai tou uperfortwmènou telest  “=”), ìpwc sthn trÐth gramm 
tou parak�tw paradeÐgmatoc.

NsIntVar X(pm,0,3), Y(pm,-1,15), Z;

NsIntVar W = X + 3*Y;

Z = W * W;
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Sth deÔterh gramm  tou paradeÐgmatoc, qrhsimopoi jhke mÐa �llh mèjo-
doc-kataskeu c, pou paÐrnei san ìrisma mÐa Expression (ed¸, h èkfrash
 tan h “X + 3*Y”).

bool remove(NsInt val) AfaireÐ thn tim  val apì to pedÐo thc metablht c.

bool remove(NsInt min, NsInt max) AfaireÐ apì to pedÐo thc metablht c
tic timèc pou brÐskontai sto di�sthma [min, max]. AntÐ na tic afairoÔ-
me mÐa-mÐa me th remove(val), eÐnai pio apodotikì na kaloÔme aut  th
mèjodo.

void removeAll() {Adei�zei} to pedÐo tim¸n thc metablht c. Praktik�, au-
tì pou gÐnetai eÐnai h enhmèrwsh tou diaqeirist  probl matoc, ìti up rxe
asunèpeia � lìgw tou kenoÔ pedÐou tim¸n. Aut  h mèjodoc eÐnai qr si-
mh ìtan jèloume na prokalèsoume apotuqÐa sthn anaz thsh. P.q. ìtan
jèloume na apotÔqei ènac stìqoc, kat� thn ektèles  tou, kaloÔme aut 
th mèjodo gia mÐa opoiad pote metablht .1

void set(NsInt val) Anajètei thn tim  val sth metablht ; sunep¸c, h
metablht  gÐnetai desmeumènh.

AkoloujoÔn oi mèjodoi pou den prokaloÔn kamÐa allag  sth metablht  gia
thn opoÐa kaloÔntai.

bool contains(NsInt val) Epistrèfei true an h tim  val an kei sto pe-
dÐo thc metablht c. H kl sh Var.contains(i) eÐnai isodÔnamh me thn
Var[i], pou prokÔptei apì ton uperfortwmèno telest  “[]”.

NsInt min() H el�qisth tim  tou pedÐou tim¸n.

NsInt max() H mègisth tim  tou pedÐou tim¸n.

NsUInt size() Arijmìc twn tim¸n pou perièqontai sto pedÐo tim¸n.

bool isBound() Epistrèfei true an h metablht  eÐnai desmeumènh.

NsInt value() QrhsimopoieÐtai ìtan h metablht  eÐnai desmeumènh kai epi-
strèfei th (monadik ) tim  thc. An klhjeÐ gia mÐa mh desmeumènh meta-
blht , prokaleÐtai sf�lma.

1En¸ gia na deÐxoume ìti ènac stìqoc petuqaÐnei, k�noume thn GOAL() na epistrèyei 0,
gia na deÐxoume ìti apètuqe, up�rqei autìc o ligìtero komyìc trìpoc.
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AntÐ aut c, ja mporoÔse na qrhsimopoihjeÐ mÐa mèjodoc, apì tic min()
kai max(). O lìgoc Ôparxhc aut c thc mejìdou, afor� thn anagnwsi-
mìthta tou k¸dika.

NsInt next(NsInt val) Epistrèfei th mikrìterh tim  sto pedÐo tim¸n, pou
eÐnai gn sia megalÔterh apì thn val. An den up�rqei k�poia tètoia
tim , epistrèfetai NsPLUS INF. H val mporeÐ na p�rei kai tic eidikèc
timèc NsMINUS INF kai NsPLUS INF.

NsInt previous(NsInt val) OrÐzetai an�loga me th next(). Epistrèfei
th megalÔterh tim  sto pedÐo tim¸n, pou eÐnai gn sia mikrìterh apì thn
val. An den up�rqei k�poia tètoia tim , epistrèfetai NsMINUS INF. H
val mporeÐ na p�rei kai tic eidikèc timèc NsMINUS INF kai NsPLUS INF.

int varsConnected() O arijmìc �llwn metablht¸n pou sundèontai mèsw
periorism¸n me th metablht . Qr simh mèjodoc gia to euristikì sto
opoÐo, kat� thn anaz thsh, epilègoume na anatejeÐ tim  pr¸ta sth me-
tablht  pou summetèqei stouc perissìterouc periorismoÔc.

Sth sunèqeia parousi�zontai dÔo epanal ptec gia thn kl�sh kai paradeÐgmata
qr shc touc.

NsIntVar::const iterator Diatrèqei tic timèc tou pedÐou thc metablht c.
P.q. me ton parak�tw k¸dika, tup¸nontai oi timèc thc metablht c, se
aÔxousa seir�.

for (NsIntVar::const_iterator v = Var.begin();

v != Var.end(); ++v)

cout << *v << "\n";

NsIntVar::const gap iterator Diatrèqei ta ken� pou up�rqoun entìc tou
pedÐou thc metablht c. An qrhsimopoioÔsame th gl¸ssa twn majhma-
tik¸n, ja lègame ìti paÐrnoume ìlec tic timèc tou sumplhr¸matoc tou
pedÐou tim¸n thc metablht c, wc proc to [min, max] (ìpou min to el�qi-
sto kai max to mègisto tou pedÐou tim¸n thc metablht c). P.q.

for (NsIntVar::const_gap_iterator g = Var.gap_begin();

g != Var.gap_end(); ++g)

cout << *g << "\n";
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Tèloc, shmei¸netai ìti o telest c “<<” èqei uperfortwjeÐ, gia na eÐnai
dunatìn na tup¸netai mÐa metablht  se èna reÔma exìdou, gr�fontac p.q.
“cout << Var;”.

Aþ.3 PÐnakec periorismènwn metablht¸n

O prokajorismènoc tÔpoc (euèliktou) pÐnaka tou epilut , me stoiqeÐa periori-
smènec metablhtèc, eÐnai o NsIntVarArray. MporoÔme na anaferìmaste sto
i-ostì stoiqeÐo enìc tètoiou pÐnaka VarArr, mèsw thc gnwst c par�stashc
VarArr[i]. O prokajorismènoc tÔpoc gia to i, eÐnai o NsIndex.

Met� th dhmiourgÐa enìc NsIntVarArray, autìc den perièqei kanèna stoi-
qeÐo. Oi metablhtèc pou ton sunjètoun, eis�gontai eÐte sthn arq , eÐte sto tè-
loc tou, ìpwc mporeÐ na gÐnei se mÐa sundedemènh lÐsta. H mèjodoc-kataskeu c
tou den paÐrnei orÐsmata. AkoloujoÔn oi upìloipec mèjodoi aut c thc kl�shc.

NsIndex size() Epistrèfei to mègejoc tou pÐnaka.

bool empty() Epistrèfei true an o pÐnakac eÐnai �deioc.

NsIntVar& back() H teleutaÐa periorismènh metablht  tou pÐnaka.

NsIntVar& front() H pr¸th periorismènh metablht  tou pÐnaka.

void push back(Expression) Eisagwg  sto tèloc tou pÐnaka, thc meta-
blht c pou ja isoÔtai me thn èkfrash Expression. 'Opwc ja analujeÐ
se epìmenh par�grafo, mÐa Expression mporeÐ apl� na eÐnai mÐa periori-
smènh metablht ,   k�poioc sunduasmìc metablht¸n. P.q.

VarArr.push_back( NsIntVar(pm, 10, 30) );

VarArr.push_back( 3*VarX + VarY );

VarArr.push_back( VarX > 11 );

Sthn pr¸th entol  parap�nw, ousiastik� eis�game sto tèloc tou pÐnaka
VarArr mÐa kainoÔrgia metablht  me pedÐo [10..30].

Me thn teleutaÐa entol , eis�goume mÐa periorismènh metablht  sto
tèloc tou pÐnaka, pou ja eÐnai 1 an isqÔei VarX > 11, alli¸c 0. (MporeÐ
fusik� to pedÐo thc na eÐnai kai to [0..1], se perÐptwsh pou k�poiec
timèc thc VarX eÐnai mikrìterec kai k�poiec megalÔterec tou 11.) 'Eqoume
dhlad  ènan meta-periorismì.
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void push front(Expression) 'Opwc h push back(), all� h eisagwg  gÐ-
netai sthn arq  tou pÐnaka.

AkoloujoÔn oi epanal ptec gia touc pÐnakec. Qrhsimopoi¸ntac touc, mpo-
roÔme na diatrèqoume eÔkola ìlec tic metablhtèc tou pÐnaka.

NsIntVarArray::iterator Epanal pthc gia na paÐrnoume kat� seir� tic me-
tablhtèc tou pÐnaka. P.q. parak�tw afairoÔme thn tim  2 apì ìlec tic
metablhtèc tou VarArr:

for (NsIntVarArray::iterator V = VarArr.begin();

V != VarArr.end(); ++V)

V->remove(2);

NsIntVarArray::const iterator Autìc o epanal pthc up�rqei gia thn pe-
rÐptwsh pou den jèloume na tropopoi soume tic metablhtèc. MporoÔme
p.q. qrhsimopoi¸ntac ton, na tup¸soume tic metablhtèc enìc pÐnaka.

for (NsIntVarArray::const_iterator V = VarArr.begin();

V != VarArr.end(); ++V)

cout << *V << "\n";

Tèloc, shmei¸netai ìti o telest c “<<” èqei uperfortwjeÐ kai gia touc
pÐnakec, oi opoÐoi mporoÔn na tupwjoÔn, gr�fontac p.q. “cout << VarArr;”.

Aþ.4 Diaqeirist c probl matoc

Prin xekin soume na diatup¸noume èna prìblhma, prèpei na orÐsoume èna dia-
qeirist  probl matoc (kl�sh NsProblemManager). O diaqeirist c autìc sug-
krateÐ ìsec plhroforÐec qrei�zontai gia tic metablhtèc, to dÐktuo periori-
sm¸n pou kataskeu�zetai kai touc stìqouc pou ja ektelestoÔn. H mèjodoc-
kataskeu c tou den paÐrnei orÐsmata. AkoloujoÔn oi upìloipec mèjodoi.

void add(ExprConstr) Prosjètei ton periorismì pou perigr�fei h èkfra-
sh periorismoÔ ExprConstr (bl. §Aþ.5.1). Se mÐa èkfrash periorismoÔ
qrhsimopoioÔntai h telestèc twn sunjhk¸n (<, ==, != k.lp.),   enswma-
twmènec ekfr�seic ìpwc h NsAllDiff() pou epib�llei ìla ta stoiqeÐa
enìc pÐnaka na eÐnai diaforetik�. P.q.
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pm.add( 3*VarX != VarY/2 );

pm.add( VarW == -2 || VarW >= 5 );

pm.add( NsAllDiff(VarArr) );

void addGoal(NsGoal* goal) Prosj kh tou goal sth lÐsta me touc proc
ikanopoÐhsh stìqouc (bl. §3.6).

bool nextSolution() EÔresh thc epìmenhc lÔshc. IkanopoÐhsh twn stì-
qwn pou èqoun tejeÐ. An den brejeÐ lÔsh, epistrèfetai false.

void minimize(Expression) DÐnei odhgÐa ston epilut  na prospaj sei na
elaqistopoi sei thn tim  thc Expression. K�je for� pou o epilut c
brÐskei mÐa lÔsh, ja prèpei h tim  thc Expression na eÐnai mikrìterh apì
aut n thc prohgoÔmenhc lÔshc (algìrijmoc branch-and-bound). Ousia-
stik�, met� apì k�je lÔsh pou dÐnei h nextSolution(), an h mègisth
tim  thc Expression eÐnai a, epib�lletai o periorismìc Expression < a,
gia thn epìmenh for� pou ja klhjeÐ h nextSolution(). Dhlad  se
k�je lÔsh, h Expression bgaÐnei meiwmènh. An den mporeÐ na meiwjeÐ
peraitèrw, h nextSolution() ja epistrèyei false kai ja prèpei na
èqoume apojhkeumènh k�pou thn teleutaÐa (bèltisth) lÔsh. P.q.

pm.minimize( VarX + VarY );

while (pm.nextSolution() != false)

{ /* STORE SOLUTION */ }

An epijumoÔme na megistopoi soume mÐa Expression, apl� b�zoume èna
“-” mprost� thc kai kaloÔme th minimize() gia aut n.

void timeLimit(unsigned long secs) H anaz thsh ja diarkèsei to polÔ
secs deuterìlepta. Met� to pèrac autoÔ tou qronikoÔ diast matoc, h
nextSolution() epistrèfei false.

void realTimeLimit(unsigned long secs) K�nei ì,ti kai h prohgoÔmenh
mèjodoc, me th diafor� ìti ed¸ ta secs deuterìlepta eÐnai pragmatikìc
qrìnoc, en¸ sthn prohgoÔmenh mèjodo  tan o kajarìc qrìnoc pou èqei
dojeÐ apì to sÔsthma, apokleistik� ston epilut  (CPU time).
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Aþ.5 Ekfr�seic

Gia na sundèsoume tic metablhtèc, ekmetalleuìmaste touc uperfortwmènouc
telestèc kai dhmiourgoÔme ekfr�seic kai sunduasmoÔc apì ekfr�seic. MÐa
apl  èkfrash mporeÐ na eÐnai kai mÐa metablht    ènac akèraioc. MÐa èkfrash
sumbolÐzetai me Expression.

Aþ.5.1 Ekfr�seic periorism¸n

SumbolÐzontai me ExprConstr kai eÐnai upokathgorÐa twn ekfr�sewn Expres-
sion. QrhsimopoioÔntai kurÐwc san orÐsmata thc NsProblemManager::add()
kai gia th dhmiourgÐa meta-periorism¸n. Oi parak�tw parast�seic eÐnai Ex-
prConstr :

• Expression1 op Expression2, op ∈ {<, <=, >, >=, ==, !=}

• !( ExprConstr )

• ExprConstr1 op ExprConstr2, op ∈ {&&, ||}

• NsAllDiff( V arArr )

O orismìc eÐnai loipìn anadromikìc. H teleutaÐa èkfrash sumbolÐzei ìti oi
periorismènec metablhtèc tou V arArr (pou eÐnai pÐnakac tou tÔpou NsIntVar-
Array) eÐnai diaforetikèc metaxÔ touc. Parak�tw parousi�zontai merikèc ek-
fr�seic periorism¸n:

VarX < VarY

!( X==Y || X+Y==-3 )

(X==Y) != 1

Aþ.5.2 Genikèc ekfr�seic

Ektìc apì tic ExprConstr, sthn kathgorÐa twn genik¸n ekfr�sewn Expres-
sion, an koun kai oi ex c parast�seic:

• Expression1 op Expression2, op ∈ {+, -, *, /}

• NsMin( V arArr )

• NsMax( V arArr )
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• NsSum( V arArr )

• NsSum( V arArr, start, length )

MÐa Expression mporeÐ �ektìc apì to na summetèqei se mÐa èkfrash periori-
smoÔ� na anatejeÐ se mÐa metablht . P.q. mporoÔme na gr�youme

NsIntVar X = Y + 3/Z;

NsIntVar W = NsSum(VarArrA) - (NsMin(VarArrB) == 10);

Shmei¸netai m�lista, ìti apì to na gr�foume VarArr[0] + VarArr[1]

+ VarArr[2], eÐnai pio apodotikì na qrhsimopoioÔme thn isodÔnamh èkfrash
NsSum(VarArr,0,3). To deÔtero kai to trÐto ìrisma tou NsSum eÐnai proai-
retik� kai sumbolÐzoun antÐstoiqa th jèsh tou pr¸tou stoiqeÐou tou VarArr

to opoÐo ja mpei sto �jroisma kai ton arijmì twn metèpeita stoiqeÐwn (mazÐ
me to pr¸to) pou ja sunupologistoÔn sto �jroisma. An den up�rqoun aut�
ta dÔo orÐsmata, tìte ìloc o pÐnakac mpaÐnei sto �jroisma.

O lìgoc pou to NsSum eÐnai h apodotikìterh apì tic dÔo ekfr�seic, èqei
na k�nei me to gegonìc ìti gia thn pr¸th par�stash ja dhmiourghjeÐ mÐa
endi�mesh metablht  pou ja isoÔtai me VarArr[0] + VarArr[1] kai se aut n
ja prostejeÐ h VarArr[2]. Autì den ja gÐnei gia to NsSum.

Ta NsMin kai NsMax, dÐnoun to el�qisto kai to mègisto antÐstoiqa tou
pÐnaka ton opoÐo dèqontai san ìrisma.

Aþ.5.3 Ekfr�seic pin�kwn

Tèloc, up�rqei mia eidik , anex�rthth kathgorÐa ekfr�sewn, pou afor� an�je-
sh se pÐnaka metablht¸n tÔpou NsIntVarArray. Perilamb�nei tic parak�tw
parast�seic, gia ton periorismì Inverse (bl. §3.4.14).

• NsInverse( V arArr )

• NsInverse( V arArr, maxdom )

Me maxdom sumbolÐzoume ton arijmì twn stoiqeÐwn tou antÐstrofou pÐnaka
pou jèloume na fti�xoume. An den up�rqei tim  gia autì to ìrisma, jewroÔme
ìti maxdom = maxV ∈V arArr{V.max}. Se k�je perÐptwsh, to maxdom prèpei
na eÐnai megalÔtero   Ðso apì aut n thn tim . P.q.

NsIntVarArray VarArrB = NsInverse(VarArrA);

NsIntVarArray VarArrC;

VarArrC = NsInverse(VarArrA, 100);
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Aþ.6 To prìblhma twn N basiliss¸n

San par�deigma ja diatup¸soume èna pragmatikì prìblhma.

1 •
2 •
3 •
4 •
5 •
6 •
7 •
8 •

1 2 3 4 5 6 7 8

Sq ma Aþ.1: 8 basÐlissec pou den apeiloÔntai [37]

Aþ.6.1 Orismìc

To prìblhma twn N basiliss¸n sunÐstatai sthn topojèthsh N basiliss¸n
se mÐa N × N skakièra, me tètoio trìpo ¸ste kamÐa na mhn apeileÐtai. Me
�lla lìgia jèloume na topojet soume N stoiqeÐa se èna plègma N ×N , ètsi
¸ste kanèna apì aut� na mhn èqei koin  gramm , st lh,   diag¸nio me k�poio
�llo. Sto Sq ma Aþ.1 faÐnetai èna par�deigma gia N = 8.

Sunep¸c se k�je st lh 0, 1, . . . , N − 1 ja antistoiqeÐ kai mÐa basÐlissa.
Mènei na doÔme se poia gramm  ja topojet soume thn kajemÐa. Opìte oi
�gnwstoi tou probl matoc eÐnai oi metablhtèc Xi me 0 ≤ Xi ≤ N − 1, ìpou
Xi eÐnai h gramm  sthn opoÐa brÐsketai h basÐlissa thc st lhc i.

'Oson afor� touc periorismoÔc pou isqÔoun, katarq n oi basÐlissec prèpei
na mhn apeiloÔntai stic grammèc, dhlad 

Xi 6= Xj, ∀i 6= j (Aþ.1)

EpÐshc den prèpei na apeiloÔntai stic dÔo diag¸niouc, opìte

Xi + i 6= Xj + j kai Xi − i 6= Xj − j, ∀i 6= j (Aþ.2)

To Xi + i antistoiqeÐ sthn pr¸th kai to Xi − i sth deÔterh diag¸nio thc
basÐlissac thc st lhc i.
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Aþ.6.2 K¸dikac

Ston k¸dika gia ton epilut , oi metablhtèc Xi anaparÐstantai me ènan pÐnaka
Var gia ton opoÐo ja apait soume, sÔmfwna me thn (Aþ.1), na èqei diaforetik�
metaxÔ touc stoiqeÐa. 'Oson afor� thn (Aþ.2), fti�qnoume dÔo akìma pÐnakec,
ton VarPlus kai ton VarMinus, me stoiqeÐa ta Xi + i kai Xi − i antÐstoiqa.
Kai gia autoÔc touc pÐnakec, ja dhl¸soume ìti isqÔei o periorismìc ìti ta
stoiqeÐa pou perièqoun diafèroun metaxÔ touc.

int N = 8;

NsProblemManager pm;

NsIntVarArray Var, VarPlus, VarMinus;

for (int i=0; i<N; ++i) {

Var.push_back( NsIntVar(pm, 0, N-1) );

VarPlus.push_back( Var[i] + i );

VarMinus.push_back( Var[i] - i );

}

pm.add( NsAllDiff(Var) );

pm.add( NsAllDiff(VarPlus) );

pm.add( NsAllDiff(VarMinus) );

pm.addGoal( new NsgLabeling(Var) );

while (pm.nextSolution() != false)

cout << "Solution: " << Var << "\n";

Aþ.7 SEND + MORE = MONEY

'Ena �llo par�deigma, afor� èna gnwstì prìblhma krupt�rijmou (crypt-
arithm). Se aut� ta probl mata, èqoume k�poiec arijmhtikèc sqèseic metaxÔ
lèxewn, ìpwc h SEND + MORE = MONEY . K�je gr�mma twn lèxewn a-
naparist� èna sugkekrimèno yhfÐo (0 wc 9) kai ètsi k�je lèxh antiproswpeÔei
ènan dekadikì arijmì. DÔo diaforetik� gr�mmata den prèpei na parist�noun
to Ðdio yhfÐo. P.q. sth sqèsh SEND + MORE = MONEY , ìpou up�rqei
to E, ja b�loume èna yhfÐo. To Ðdio kai gia ta upìloipa gr�mmata, sta opoÐa
ìmwc ja anatejeÐ diaforetikì yhfÐo, apì autì tou E. To zhtoÔmeno eÐnai
met� apì tic ìpoiec anajèseic, na isqÔei h sqèsh. To prìblhma diatup¸netai
ston epilut  wc ex c:
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NsProblemManager pm;

NsIntVar S(pm,1,9), E(pm,0,9), N(pm,0,9), D(pm,0,9),

M(pm,1,9), O(pm,0,9), R(pm,0,9), Y(pm,0,9);

NsIntVar send = 1000*S + 100*E + 10*N + D;

NsIntVar more = 1000*M + 100*O + 10*R + E;

NsIntVar money = 10000*M + 1000*O + 100*N + 10*E + Y;

pm.add( send + more == money );

NsIntVarArray letters;

letters.push_back( S );

letters.push_back( E );

letters.push_back( N );

letters.push_back( D );

letters.push_back( M );

letters.push_back( O );

letters.push_back( R );

letters.push_back( Y );

pm.add( NsAllDiff(letters) );

pm.addGoal( new NsgLabeling(letters) );

if (pm.nextSolution() != false) {

cout << " " << send.value() << "\n"

<< " + " << more.value() << "\n"

<< " = " << money.value() << "\n";

}

To apotèlesma pou prokÔptei an trèxoume to ektelèsimo gia to parap�nw
prìgramma, eÐnai to ex c:

9567

+ 1085

= 10652
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Par�rthma Bþ

H diepaf  gia thn kat�rtish
wrologÐou progr�mmatoc

H diepaf  thc efarmog c ulopoi jhke se Visual Basic .NET [38, 39]. Oi
fìrmec thc eÐnai kataskeuasmènec ètsi ¸ste o qr sthc na mporeÐ na parèqei
gr gora kai apl� ta stoiqeÐa enìc probl matoc wrologÐou progr�mmatoc. Ta
probl mata me ta opoÐa katapi�netai h efarmog  kaj¸c kai o tÔpoc twn apo-
telesm�twn pou aut  par�gei tautÐzontai me ta antÐstoiqa tou diadiktuakoÔ
sust matoc kat�rtishc wrologÐou progr�mmatoc majhm�twn Orprog.

Bþ.1 DhmiourgÐa enìc probl matoc

'Otan trèxoume to prìgramma emfanÐzetai h Ojình Bþ.1. Sthn arq  thc gram-
m c ergaleÐwn (toolbar) up�rqei to pl ktro DhmiourgÐa. An to pat soume
emfanÐzetai mia ojình dialìgou sthn opoÐa ja eisag�goume tic basikèc para-
mètrouc tou nèou probl matoc pou ja fti�xoume. Autèc eÐnai to ìnom� tou
kai o arijmìc twn hmer¸n kai twn wr¸n tou wrologÐou progr�mmatoc. 'Otan
sumplhr¸soume autèc tic plhroforÐec pat�me OK. Oi {kartèlec} thc kentri-
k c diepaf c energopoioÔntai plèon. KajemÐa apì autèc qrhsimopoieÐtai gia
thn perigraf  xeqwrist¸n pleur¸n tou probl matoc.

Bþ.2 Hmèrec/'Wrec

Epilègontac thn kartèla aut  èqoume th dunatìthta na metonom�soume tic
up�rqousec hmèrec kai ¸rec. P.q. mporoÔme na k�noume klik p�nw sto pro-
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Sq ma Bþ.1: Arqik  ojình

kajorismèno ìnoma 1h hmèra kai na gr�youme Deutèra. Up�rqei epÐshc h
dunatìthta aÔxhshc tou arijmoÔ twn hmer¸n kai twn wr¸n. Me touc ìrouc
{hmèrec} kai {¸rec} ennooÔme didaktikèc hmèrec kai didaktikèc ¸rec. 'Etsi
mÐa didaktik  ¸ra ja mporoÔse na diarkeÐ qrìno diaforetikì thc miac ¸rac,
p.q. na eÐnai 45-lepth kai na fèrei to ìnoma 9:00�9:45.

Bþ.3 AÐjousec

Oi kartèlec pou ja perigrafoÔn apì dw kai sto ex c aforoÔn sÔnola o-
ntot twn tou probl matoc, ìpwc aÐjousec, kajhghtèc, maj mata. KajemÐa
kartèla ousiastik� den diafèrei apì tic �llec sthn emf�nish kai ston trìpo
leitourgÐac thc. 'Olec perièqoun ènan {pÐnaka-lÐsta} me tic antÐstoiqec ontì-
thtec (sth lÐsta thc kartèlac AÐjousec gia par�deigma, perièqontai ìlec oi
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aÐjousec). Oi leitourgÐec tou pÐnaka-lÐstac eÐnai koinèc gia ìlec tic parak�-
tw kartèlec, gia autì arkeÐ na perigr�youme mìno to ti gÐnetai sthn kartèla
AÐjousec (Ojình Bþ.2).

Sq ma Bþ.2: Kartèla AÐjousec

Pat¸ntac to koumpÐ Nèa AÐjousa emfanÐzetai èna par�juro dialìgou gia
na sumplhr¸soume ta stoiqeÐa thc aÐjousac pou jèloume na prosjèsoume sth
lÐsta. An epilèxoume me to pontÐki èna stoiqeÐo thc lÐstac �mia aÐjousa en
prokeimènw�, mporoÔme na to epexergastoÔme   na to diagr�youme, pat¸ntac
to pl ktro EpexergasÐa   Diagraf  antÐstoiqa. To Ðdio apotèlesma paÐr-
noume an k�noume dexÐ klik sthn aÐjousa kai qrhsimopoi soume to anaduìmeno
menoÔ (context menu). Tèloc, to na k�noume diplì klik se k�poio stoiqeÐo
thc lÐstac, eÐnai isodÔnamo me to na pat soume to koumpÐ EpexergasÐa, all�
saf¸c pio eÔqrhsto apì to teleutaÐo. Na tonÐsoume p�li ìti ta parap�nw
isqÔoun gia tic lÐstec pou up�rqoun se ìlec tic kartèlec.
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Sq ma Bþ.3: Par�juro dialìgou gia tic aÐjousec

Sq ma Bþ.4: Kartèla 'Wrec MH diajèsimh

'Otan eis�goume   epexergazìmaste mÐa ontìthta, emfanÐzetai èna par�-
juro dialìgou me ta antÐstoiqa pedÐa-qarakthristik� thc. 'Oson afor� thn
aÐjousa èqoume thn Ojình Bþ.3 h opoÐa perièqei dÔo kartèlec. Sthn pr¸th
eis�goume to 'Onoma kai th Qwrhtikìthta thc aÐjousac. H deÔterh kartèla
pou onom�zetai 'Wrec MH diajèsimh (Ojình Bþ.4), up�rqei kai stic ontìth-
tec twn kajhght¸n kai twn majhm�twn. Perièqei ènan disdi�stato pÐnaka
ston opoÐo apeikonÐzontai oi mèrec kai oi ¸rec tou wrologÐou progr�mmatoc
se “check-box.” An epilèxoume èna check-box tou pÐnaka, dhl¸noume ìti th
sugkekrimènh hmèra kai ¸ra h aÐjousa den eÐnai diajèsimh. K�tw apì k�je
st lh kai dexi� apì k�je gramm  brÐskontai dÔo koumpi�: to 'Olec kai to
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KamÐa. Aut� energopoioÔn kai apenergopoioÔn antÐstoiqa ìlec tic ¸rec, sth
st lh   sth gramm  pou anafèrontai.1

Bþ.4 Kajhghtèc

Sto par�juro dialìgou Idiìthtec Kajhght  ja prèpei na sumplhr¸soume to
pedÐo Onomatep¸numo, ìpwc epÐshc kai tic suneqìmenec ¸rec, ¸rec/hmèra kai
hmèrec/ebdom�da pou mporeÐ to polÔ na did�xei. MporoÔme na eisag�goume
kai tic ¸rec pou den ja eÐnai diajèsimoc (bl. parap�nw).

Bþ.5 Maj mata

Sq ma Bþ.5: Par�juro dialìgou gia ta maj mata

Sthn Ojình Bþ.5 blèpoume thn pr¸th kartèla tou par�jurou dialìgou
Idiìthtec Maj matoc. Up�rqoun ta pedÐa 'Onoma, Kwdikìc, Perigraf . Sto
pedÐo Arijmìc majht¸n eis�goume ton arijmì twn foitht¸n pou ja parakolou-
j soun to m�jhma, ètsi ¸ste na mporeÐ na elegqjeÐ an eparkeÐ h qwrhtikìthta
twn aijous¸n stic opoÐec ja gÐnoun oi dialèxeic.

1Ta control (check-box kai koumpi�) sthn kartèla dhmiourgoÔntai dunamik�. Me th
lèxh {dunamik�} ennooÔme ìti ta control sqedi�zontai kai topojetoÔntai thn ¸ra ektèleshc
tou progr�mmatoc (run-time), afoÔ o arijmìc touc den eÐnai stajerìc. Gia par�deigma
an o arijmìc twn wr¸n tou wrologÐou progr�mmatoc eÐnai 8, tìte o arijmìc twn gramm¸n
apì check-box ja eÐnai 8, en¸ omoÐwc an oi ¸rec eÐnai 10, ja paraqjoÔn 10 grammèc apì
check-box.[40]
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To pedÐo Perigraf  dialèxewn sumplhr¸netai me mia lÐsta me tic ¸rec
pou ja diarkèsei k�je di�lexh tou maj matoc, diaqwrismènec metaxÔ touc me
èna “+”. P.q. èstw ìti èna m�jhma me tÐtlo Fusik  paradÐdetai se duo
dialèxeic (thn ebdom�da): mÐa twn 3 wr¸n kai mÐa twn 2. Tìte sto pedÐo
Perigraf  dialèxewn ja gr�youme 2+3. An eÐqame mÐa di�lexh 4 wr¸n ja
plhktrologoÔsame 4 kai an eÐqame treic dÐwrec dialèxeic ja gr�fame 2+2+2.

Sta pedÐa Om�da Qr¸matoc kai Om�da EktÔpwshc epilègoume tic antÐ-
stoiqec om�dec stic opoÐec an kei to m�jhma, pou ja prèpei ìmwc na èqoun
dhmiourghjeÐ prohgoumènwc (bl. §Bþ.8, Bþ.9). Den aforoÔn paramètrouc tou
probl matoc kat�rtishc wrologÐou progr�mmatoc, all� bohjoÔn sthn kalÔ-
terh parousÐash tou telikoÔ apotelèsmatoc.

Sq ma Bþ.6: Kartèla AÐjousec

Sthn kartèla me tic AÐjousec tou maj matoc (Ojình Bþ.6) eis�goume tic
protim¸menec aÐjousec gia to m�jhma. 'Ena m�jhma mporeÐ na gÐnei se mÐa  
perissìterec   kai ìlec tic protim¸menec aÐjousèc tou �dedomènou ìti apote-
leÐtai apì dialèxeic oi opoÐec mporoÔn na gÐnontai se diaforetikèc aÐjousec�,
all� ìqi se aÐjousa pou den èqei protajeÐ. H diepaf  gia thn epilog  twn
aijous¸n sumpÐptei me aut  twn kajhght¸n tou maj matoc, ìpwc kai me aut 
pou up�rqei sto par�juro dialìgou Idiìthtec Om�dac Majhm�twn pou ja
sqoliasteÐ parak�tw.

Sthn Ojình Bþ.6 up�rqoun dÔo {kouti�-lÐstec}: oi Diajèsimec aÐjousec
kai oi Protim¸menec aÐjousec. Gia na metafèroume mÐa aÐjousa apì th mÐa
lÐsta sthn �llh, thn epilègoume k�nontac klik p�nw thc kai sth sunèqeia
pat�me èna apì ta koumpi� → kai ← , an�loga me th lÐsta sthn opoÐa ja
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thn topojet soume. 'Enac pio gr goroc trìpoc gia thn Ðdia leitourgÐa, eÐnai
na k�noume diplì klik sthn aÐjousa.

Oi protim¸menec aÐjousec eÐnai diatetagmènec, èqoun dhlad  seir� prote-
raiìthtac. Gia na aux soume thn proteraiìthta mÐac aÐjousac, mporoÔme na
{aneb�soume} th jèsh thc kai antistrìfwc: Epilègoume me aplì klik thn
aÐjousa pou jèloume na thc all�xoume seir� sth lÐsta Protim¸menec aÐjou-

sec. Gia na thc aneb�soume th jèsh pat�me 4 kai gia na thn kateb�soume

to 5 .

Sq ma Bþ.7: Kartèla Protim seic

Oi dÔo teleutaÐec kartèlec tou par�jurou dialìgou moi�zoun. H teleutaÐa
me ìnoma 'Wrec MH diajèsimo paÐzei ton Ðdio rìlo me thn om¸numh kartèla sto
par�juro dialìgou gia tic aÐjousec (Ojình Bþ.4). H proteleutaÐa kartèla me
ìnoma Protim seic diafèrei apì thn parap�nw sto ìti k�tw apì k�je st lh
up�rqei kai èna pedÐo me tic diajèsimec aÐjousec. Sto p�nw mèroc up�rqei èna
pedÐo sto opoÐo dhl¸noume e�n jèloume na sumperil�boume   ìqi to m�jhma
sto wrolìgio prìgramma   to e�n epijumoÔme na prokajorÐsoume tic ¸rec stic
opoÐec ja gÐnetai.

Sthn teleutaÐa perÐptwsh ja prèpei na epilèxoume tic prokajorismènec
¸rec ston pÐnaka, sÔmfwna me ì,ti èqoume gr�yei sto pedÐo Perigraf  dialè-
xewn. Ed¸ paÐzei rìlo h seir� twn dialèxewn. Gia par�deigma h perigraf  twn
dialèxewn gia thn Ojình Bþ.7 eÐnai 2+3 kai ìqi 3+2. K�tw apì k�je hmèra
pou up�rqei mia di�lexh epilègoume thn aÐjousa sthn opoÐa aut  ja gÐnetai. H
aÐjousa prèpei na perilamb�netai stic protim¸menec aÐjousec tou maj matoc.
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Bþ.6 ZeÔgh tautìqronwn majhm�twn

Pollèc forèc mÐa aÐjousa den ft�nei gia tic dialèxeic enìc maj matoc. H
èlleiyh qwrhtikìthtac   di�forec sugkurÐec mporeÐ na odhg soun sth qr sh
thc mejìdou thc thlesundi�skeyhc. Me th mèjodo aut , oi dialèxeic enìc
maj matoc katalamb�noun dÔo aÐjousec kai ìqi mÐa ìpwc sun jwc. H diepaf 
den mac dÐnei th dunatìthta na dhl¸soume �mesa ìti èna m�jhma A paradÐdetai
me thlesundi�skeyh. Autì ja diatupwjeÐ {perifrastik�}.

'Estw èna m�jhma M1, me kajhghtèc touc K1 kai L1, to opoÐo did�ske-
tai me thlesundi�skeyh stic aÐjousec AÐjousa A' kai AÐjousa B'. Gia na to
dhl¸soume autì, akoloujoÔme ta ex c b mata:

• DhmiourgoÔme {antÐgrafa} twn kajhght¸n tou maj matoc. Ed¸ fti�-
qnoume touc K2 kai L2. (Wstìso, h diepaf  m�c dÐnei th dunatìthta,
an to epijumoÔme, na èqoume dÔo kajhghtèc me to Ðdio ìnoma. 'Etsi antÐ
gia touc K2 kai L2, ja mporoÔsame na fti�xoume touc K1 kai L1.) Oi
periorismoÐ pou up�rqoun stouc K1 kai L1, den eÐnai an�gkh na pera-
stoÔn kai sta {antÐgraf�} touc K2 kai L2. Na shmeiwjeÐ epÐshc ìti h
Ðdia diadikasÐa akoloujeÐtai, anexart twc tou arijmoÔ twn kajhght¸n
tou maj matoc, pou ed¸ tuqaÐnei na eÐnai dÔo.

• DhmiourgoÔme èna {antÐgrafo} tou maj matoc M1, èstw M2. (Kai ed¸
antÐ gia M2 ja mporoÔsame na to onom�soume M1.) B�zoume thn Ðdia
perigraf  dialèxewn kai sta dÔo maj mata. 'Oson afor� touc kajhgh-
tèc, to M1 èqei touc K1 kai L1, en¸ to M2 èqei touc K2 kai L2. Stic
aÐjousec tou M1 prèpei na up�rqei h AÐjousa A' kai se autèc tou M2
h AÐjousa B'. Oi periorismoÐ tou M1, dhlad  oi ¸rec pou tuqìn eÐnai
prokajorismèno na gÐnetai, kaj¸c kai oi ¸rec pou den eÐnai diajèsimo,
den qrei�zetai na antigrafoÔn sto M2.

• Fti�qnoume èna zeÔgoc tautìqronwn majhm�twn {M1,M2} sthn kartèla
ZeÔgh Majhm�twn.

Bþ.7 Om�dec majhm�twn

Se èna ekpaideutikì Ðdruma, ìpwc mia panepisthmiak  sqol , ènac foitht c
èqei to dikaÐwma na parakoloujeÐ ìpoia maj mata ton endiafèroun, anexar-
t twc exam nou. Me �lla lìgia, epitrèpetai mia eureÐa epilog  diaforetik¸n
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majhm�twn apì k�je foitht . Sunep¸c, to wrolìgio prìgramma den eÐnai
dunatìn na ikanopoi sei pl rwc ìlouc touc foithtèc, pou pijanìtata èqoun
antikrouìmenec protim seic. EÐnai sÔnhjec fainìmeno k�poioc na dusanasqeteÐ
ìtan jèlei na parakolouj sei maj mata twn opoÐwn oi dialèxeic allhlepika-
lÔptontai ston qrìno, èqoun ken� metaxÔ touc,   den isokatanèmontai stic
hmèrec tic ebdom�dac.

Oi Om�dec Majhm�twn up�rqoun gia na b�zoun k�poiouc kanìnec, ¸ste
na prokÔyei to antikeimenik� kalÔtero apotèlesma. Ta maj mata pou an -
koun sthn Ðdia om�da den epitrèpetai na gÐnontai tautìqrona, en¸ h mhqan 
epÐlushc, an�loga me th barÔthta thc om�dac, prospajeÐ na mhn af nei ken�
an�mesa stic dialèxeic touc kai na ta isokatanèmei mèsa sthn ebdom�da. 'Ena
par�deigma miac om�dac majhm�twn pou apaiteÐ ta parap�nw eÐnai ta maj mata
sugkekrimènou ex�mhnou se mia sqol . Oi foithtèc tou antÐstoiqou ex�mhnou
protimoÔn sun jwc na ta parakoloujoÔn ìla.

Sto par�juro dialìgou Idiìthtec Om�dac Majhm�twn sumplhr¸noume
to 'Onoma thc om�dac kai th BarÔtht� thc. O trìpoc pou epilègoume ta
maj mata thc om�dac, eÐnai o Ðdioc me autìn pou epilègoume tic aÐjousec enìc
maj matoc (bl. Ojình Bþ.6).

Ta duo maj mata enìc zeÔgouc tautìqronwn majhm�twn den prèpei na
an koun sthn Ðdia om�da; arkeÐ na an kei to èna. O lìgoc pou isqÔei autì
eÐnai ìti duo maj mata pou an koun sthn Ðdia om�da den mporoÔn na gÐnontai
tautìqrona!

Bþ.8 Om�dec majhm�twn gia ektÔpwsh me
qr¸mata

Oi Om�dec Qr¸matoc eÐnai, ìpwc Ðswc fant�zetai kaneÐc, k�ti pou afor� th
diepaf  kai ìqi th mhqan  upologismoÔ: Ta maj mata pou an koun se mia
tètoia om�da, prob�llontai sto telikì wrolìgio prìgramma me fìnto to qr¸ma
thc.

Sto par�juro Idiìthtec Om�dac Qr¸matoc epilègoume to 'Onoma kai to
Qr¸ma thc om�dac, en¸ sto {koutÐ} pou up�rqei mporoÔme na doÔme poia maj -
mata an koun sthn om�da (Ojình Bþ.8). Den mporoÔme na prosjafairèsoume
se autì to par�juro ta maj mata. Gia na to k�noume autì, epexergazìmaste
to Ðdio to m�jhma pou jèloume na prosjafairèsoume.
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Sq ma Bþ.8: Par�juro dialìgou Idiìthtec Om�dac Qr¸matoc

Bþ.9 Om�dec majhm�twn gia ektÔpwsh upì
sunj kh

Orismènec forèc, sto telikì wrolìgio prìgramma, eÐnai epijumhtì na apo-
monwjoÔn k�poiec kathgorÐec majhm�twn kai na apokruftoÔn oi upìloipec.
'Ena praktikì par�deigma eÐnai o diaqwrismìc twn proptuqiak¸n kai meta-
ptuqiak¸n majhm�twn enìc tm matoc: 'Ola aut� ta maj mata gÐnontai stic
Ðdiec aÐjousec kai wc ek toÔtou summetèqoun sthn kat�rtish tou Ðdiou wro-
logÐou progr�mmatoc. 'Omwc ja  tan qr simo na mporoÔme na fti�xoume èna
xeqwristì prìgramma gia ta proptuqiak� kai èna �llo gia ta metaptuqiak�
maj mata.
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Mia Om�da EktÔpwshc èqei pedÐa to 'Onom� thc kai ton Qarakthristikì
arijmì thc. An fti�xoume tic om�dec ektÔpwshc Proptuqiak� kai Metaptu-
qiak� kai epexergastoÔme ìla ta maj mata ètsi ¸ste na an koun se mÐa apì
autèc tic dÔo om�dec, tìte, kat� thn probol  tou wrologÐou progr�mmatoc
(§Bþ.11), ja èqoume th dunatìthta na fti�xoume xeqwrist� progr�mmata gia
thn k�je om�da. Ta maj mata pou den an koun se k�poia om�da ektÔpwshc
ja tup¸nontai p�ntote.

Bþ.10 Kat�rtish wrologÐou progr�mmatoc

Gia na arqÐsei h kat�rtish tou wrologÐou progr�mmatoc pat�me to koumpÐ
'Enarxh sth gramm  ergaleÐwn (toolbar) thc efarmog c. An èqoume d¸sei
swst� kai oloklhrwmèna ìlec tic paramètrouc, autì pou ja k�nei h efarmog 
eÐnai na antigr�yei sth mn mh thc to trèqon stigmiìtupo tou probl matoc kai
na metabib�sei sth mhqan  upologismoÔ ta stoiqeÐa pou qrei�zetai gia na
xekin sei mia Ðswc qronobìra anaz thsh lÔshc.

Mèqri na oloklhrwjeÐ h anaz thsh, h efarmog  eÐnai sth di�jesh tou qr -
sth gia tropopoÐhsh tou trèqontoc probl matoc,   gia fìrtwsh enìc �llou.
'Otan h anaz thsh oloklhrwjeÐ epituq¸c, tìte to apotèlesma èrqetai na e-
nwjeÐ me to antÐgrafo tou stigmiìtupou pou apojhkeÔthke prohgoumènwc. H
lÔsh tou probl matoc apojhkeÔetai se èna arqeÐo me kat�lhxh result.fct.
P.q. an th stigm  pou xekinoÔsame ton upologismì epexergazìmastan to ar-
qeÐo foo.fct, sto tèloc ja p�roume to foo result.fct. Se k�je perÐptwsh
o qr sthc enhmer¸netai gia to ìnoma autì. To arqeÐo thc lÔshc eÐnai ìmoio
me to arqikì, me th diafor� ìti ìla ta maj mata èqoun prokajorismènec ¸rec,
tic opoÐec o qr sthc èqei thn euqèreia na all�xei.

Bþ.11 Probol  wrologÐou progr�mmatoc

Me to pèrac enìc upologismoÔ,   pat¸ntac to pl ktro Probol  sth gram-
m  ergaleÐwn ìtan èqoume fort¸sei èna arqeÐo me apotelèsmata (p.q. to
foo result.fct), emfanÐzetai h Ojình Bþ.9.

Se aut n mporoÔme na epilèxoume an to prìgramma ja emfanisteÐ me b�sh
tic hmèrec (ènac pÐnakac gia k�je hmèra),   tic aÐjousec (ènac pÐnakac gia k�-
je aÐjousa). Sthn pr¸th perÐptwsh, k�je st lh twn pin�kwn ja antistoiqeÐ
se mÐa aÐjousa. An èqoume pollèc aÐjousec, to pl�toc tou pÐnaka ja eÐnai
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Sq ma Bþ.9: Par�juro dialìgou gia thn probol  tou telikoÔ progr�mmatoc

meg�lo. Pat¸ntac to koumpÐ Epilog  Aijous¸n èqoume th dunatìthta na apo-
kleÐsoume k�poiec aÐjousec, ètsi ¸ste na fti�xoume èna pio mikrì prìgramma.
(En suneqeÐa mporoÔme na xanaprob�lloume to prìgramma epilègontac tic u-
pìloipec aÐjousec.)

Up�rqei h epilog  gia probol  twn qrwm�twn gia ta maj mata pou an -
koun se om�dec qr¸matoc. 'Enac qr sthc mporeÐ na dialèxei na problhjoÔn ta
maj mata pou an koun se om�dec ektÔpwshc me qarakthristikì arijmì entìc
sugkekrimènou eÔrouc. Ta maj mata pou den an koun se om�dec ektÔpwshc
tup¸nontai p�ntote. Tèloc, gÐnetai na rujmÐsoume to mègejoc thc gramma-
toseir�c kai thn kwdikopoÐhsh thc selÐdac sthn opoÐa ja apojhkeuteÐ to
wrolìgio prìgramma.

Pat¸ntac to pl ktro Apoj keush kai Probol  to prìblhma apojhkeÔe-
tai se èna arqeÐo HTML kai èpeita prob�lletai me ton fullometrht  (Ojì-
nh Bþ.10).
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Sq ma Bþ.10: Mèroc enìc katartismènou wrologÐou progr�mmatoc

Bþ.12 O tÔpoc arqeÐwn fct

Ta probl mata apojhkeÔontai se arqeÐa tÔpou fct. Ta arqeÐa aut� eÐnai
sumbat� me to di�gramma ontot twn-susqetÐsewn pou parousi�sthke sthn
§4.4. Sto parak�tw plaÐsio blèpoume èna par�deigma twn perieqomènwn enìc
fct arqeÐou.
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DAYS 2

HOURS 3

problemname(’Mikrì prìgramma’).

dayname(1,’Deutèra’).

dayname(2,’TrÐth’).

hourname(1,’8:00-9:00’).

hourname(2,’9:00-10:00’).

hourname(3,’10:00-11:00’).

classroom(502,’Amfijèatro’,350,[]).

classroom(500,’AÐjousa A\’’,,[na(1,3),na(2,2),na(2,3)]).

teacher(797,’Papadìpouloc A.’,[na(1,1)],0,0,0).

teacher(798,’Bob’,[],4,5,3).

teacher(799,’Tom’,[],0,0,0).

subject(301,’M1’,’ArqaÐa GrammateÐa’,40,2+1,[799],

3,[0 502 5 502],[500 502],’Jewrhtik  KateÔjunsh’,[]).

subject(302,’M2’,’An�lush’,59,2+2,[798,799],

1,[],[500],’Jetik  KateÔjunsh’,[]).

subject(303,’M2’,’An�lush’,59,2+2,[798,799],

1,[],[502],’Jetik  KateÔjunsh’,[]).

subject(304,’’,’Pijanìthtec’,,,[],

0,[],[],’’,[na(3,3)]).

dgroup(7,’Jewrhtik� Maj mata’,[301]).

cgroup(8,’Jetik� Maj mata’,[302,304],50).

cgroup(9,’Xènec Gl¸ssec’,[],10).

colorgroup(5,’Kìkkino’,[303,302],’FF0000’).

printgroup(5,’Apogeumatin� Maj mata’,[304],1000).

equal(303,302).

'Enac pou gnwrÐzei Prolog eÔkola diapist¸nei ìti to suntaktikì twn arqeÐ-
wn fct èqei daneisteÐ poll� stoiqeÐa apì th gl¸ssa aut . All� ac xekin soume
apì thn arq . Stic dÔo pr¸tec grammèc orÐzetai o arijmìc twn hmer¸n kai
twn wr¸n. Sthn trÐth gramm  diatup¸netai to ìnoma tou probl matoc mèsw
tou kathgor matoc2 problemname/1 pou paÐrnei san ìrisma mÐa sumbolosei-
r�. Se autì to shmeÐo na anafèroume ìti oi sumboloseirèc perikleÐontai se

2Mil¸ntac me orologÐa thc gl¸ssa logikoÔ programmatismoÔ Prolog, opoiad pote èk-
frash thc morf c p.q. “parent(john,nick).” eÐnai èna gegonìc pou ekfr�zei ìti ènac
isqurismìc eÐnai alhjinìc, gia par�deigma, ìti {o Gi�nnhc eÐnai goniìc tou NÐkou}. To sÔm-
bolo parent eÐnai èna kathgìrhma pou qrhsimopoieÐtai gia na ekfr�sei k�poia sqèsh, aut n
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apl� eisagwgik� ’. 'Enac qarakt rac “’” entìc miac sumboloseir�c anaparÐ-
statai me thn akoloujÐa diafug c “\’”. P.q. mèsa sto parap�nw arqeÐo fct,
up�rqei to ’AÐjousa A\’’ pou metafr�zetai sth sumboloseir� AÐjousa A’.

Ta kathgor mata dayname/2 kai hourname/2 paÐrnoun san 1o ìrisma ton
aÔxonta arijmì thc hmèrac/¸rac thc opoÐac orÐzoun to ìnoma kai san 2o ìrisma
to ìnoma. Me to classroom/4 perigr�foume mÐa aÐjousa. To 1o ìrism�
tou eÐnai o monadikìc kwdikìc arijmìc thc (prwteÔon kleidÐ), to 2o ìrisma
eÐnai to ìnom� thc, to 3o ìrism� thc eÐnai h qwrhtikìtht� thc kai sto 4o

up�rqei mia lÐsta me tic ¸rec pou den eÐnai diajèsimh. Mia lÐsta sthn Prolog
perilamb�nei tic agkÔlec “[” kai “]” entìc twn opoÐwn kleÐnontai ta stoiqeÐa
thc diaqwrismèna me kìmmata. H sugkekrimènh lÐsta perièqei sunarthsiak�
sÔmbola na. To na(d,h) shmaÐnei {mh diajèsimo thn ¸ra h thc hmèrac d}.
P.q. to na(2,3) shmaÐnei {mh diajèsimo thn 3h ¸ra thc 2hc hmèrac}.

To 1o ìrisma tou teacher/6 eÐnai to prwteÔon kleidÐ tou, to 2o eÐnai to
onomatep¸numì tou kajhght , to 3o eÐnai oi ¸rec pou den eÐnai diajèsimoc
se mia lÐsta ìmoia me aut  pou up�rqei sto classroom/4. To 4o, 5o kai
6o ìrism� tou eÐnai antÐstoiqa oi suneqìmenec ¸rec, oi ¸rec/hmèra kai oi
hmèrec/ebdom�da pou mporeÐ to polÔ na did�xei.

To subject/11 perièqei ìla ta dedomèna enìc maj matoc kai twn sqèsewn
tou me tic aÐjousec kai touc kajhghtèc. To 1o ìrisma eÐnai to prwteÔon
kleidÐ, to 2o eÐnai o kwdikìc kai to 3o to ìnoma tou maj matoc. To 4o eÐnai o
arijmìc twn majht¸n pou to parakoloujoÔn, en¸ to 5o eÐnai h perigraf  twn
dialèxe¸n tou. Sto 6o ìrisma up�rqei mia lÐsta me ta prwteÔonta kleidi� twn
kajhght¸n pou did�skoun to m�jhma. To 7o ìrisma eÐnai ènac arijmìc me tic
ex c ermhneÐec: an eÐnai 0, to m�jhma den ja sumperilhfjeÐ sthn kat�rtish
tou wrologÐou progr�mmatoc, en¸ an eÐnai 1 ja sumbeÐ to antÐjeto. An eÐnai
3, tìte to 8o ìrisma ja perièqei mia lÐsta me tic prokajorismènec ¸rec kai
aÐjousec stic opoÐec ja gÐnontai oi dialèxeic � gia tic prohgoÔmenec dÔo
peript¸seic (tou 0 kai tou 1), to 8o ìrisma ja perièqei apl¸c thn ken  lÐsta
“[]”. H lÐsta eÐnai thc morf c [h1 c1 h2 c2 · · · hn cn]. Ta stoiqeÐa thc
diaqwrÐzontai me ènan kenì qarakt ra �kai ìqi me kìmmata� kai eÐnai ìpwc
faÐnetai thc morf c “hi ci”. 'Ena tètoio stoiqeÐo antistoiqeÐ sthn i-ost 
di�lexh tou maj matoc (ìpwc aut  prokÔptei apì to 5o ìrisma) kai shmaÐnei
ìti h teleutaÐa ja arqÐzei thn ¸ra hi sthn aÐjousa me prwteÔon kleidÐ ci. To hi

eÐnai o aÔxwn arijmìc thc ¸rac,  toi h apìstash thc ¸rac apì thn pr¸th ¸ra

tou gonioÔ-paidioÔ, metaxÔ dÔo ontot twn, gi' autì kai lème ìti èqei bajmì 2 kai mporoÔme
na to gr�youme kai san parent/2.[41]
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ìlou tou wrologÐou progr�mmatoc. P.q. sto arqeÐo fct tou paradeÐgmatoc h
¸ra 0 eÐnai h 1h ¸ra thc 1hc hmèrac kai h ¸ra 5 eÐnai h 3h ¸ra thc 2hc hmèrac.
Na shmeiwjeÐ ìti up�rqei h sp�nia perÐptwsh3 to ci na mhn up�rqei, p.q. na
èqoume th lÐsta “[0  4 502]”.4 To 9o ìrisma tou subject/11 eÐnai mia lÐsta
me ta prwteÔonta kleidi� twn protim¸menwn aijous¸n gia to m�jhma se seir�
proteraiìthtac kai diaqwrismèna me ken�. To 10o ìrisma eÐnai h perigraf  tou
maj matoc kai to 11o oi ¸rec pou autì den eÐnai diajèsimo, ìrisma pou eÐnai
Ðdio sth sÔntax  tou me ta antÐstoiqa twn classroom/4 kai teacher/6.

Oi om�dec majhm�twn, en¸ moir�zontai ta Ðdia prwteÔonta kleidi�, emfa-
nÐzontai se dÔo kathgor mata, to dgroup/3 kai to cgroup/4, an�loga me th
barÔtht� touc. An h barÔthta eÐnai megalÔterh tou 0, tìte h om�da majhm�-
twn anaparÐstatai mèsw tou cgroup/4 kai h barÔthta mpaÐnei sto 4o ìrisma.
Alli¸c, an eÐnai Ðsh me 0, h om�da anaparÐstatai me to dgroup/3 kai h barÔ-
tht� thc aposiwp�tai. Kat� ta �lla sto 1o ìrisma twn dÔo kathgorhm�twn
up�rqei to prwteÔon kleidÐ, sto 2o to ìnoma thc om�dac kai sto 3o h lÐsta me
ta prwteÔonta kleidi� twn majhm�twn pou an koun se aut n. 'Oson afor� ta
3 pr¸ta orÐsmata, ton Ðdio akrib¸c rìlo exuphretoÔn kai sto colorgroup/4

gia tic om�dec qr¸matoc kai sto printgroup/4 gia tic om�dec ektÔpwshc. To
4o ìrisma tou colorgroup/4 eÐnai to qr¸ma thc om�dac se dekaexadik  RGB
morf  (ìpwc h morf  twn qrwm�twn sth gl¸ssa HTML). To 4o ìrisma sto
printgroup/4 eÐnai o qarakthristikìc arijmìc thc om�dac ektÔpwshc. Tèloc,
to equal/2 parist�nei èna zeÔgoc tautìqronwn majhm�twn. Sta orÐsmat� tou
mpaÐnoun ta prwteÔonta kleidi� twn majhm�twn pou to apoteloÔn.

3SumbaÐnei ìtan diagr�youme mÐa aÐjousa sthn opoÐa èqei prokajoristeÐ na gÐnetai k�poia
di�lexh enìc maj matoc.

4Oi qarakt rec tou kenoÔ diast matoc optikopoi jhkan gia megalÔterh saf neia.
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Par�rthma Gþ

SÔndesh thc diepaf c me th
biblioj kh epÐlushc

O sunduasmìc miac ìmorfhc diepaf c me mia isqur  mhqan  epÐlushc, efìson
amfìterec eÐnai ulopoihmènec se diaforetikèc gl¸ssec, den eÐnai mia tetrimmènh
upìjesh. Se autì to kef�laio parousi�zetai h mèjodoc dhmiourgÐac enìc
DLL,1 sto opoÐo mporoÔn na apomonwjoÔn qronobìroi upologismoÐ, kaj¸c
kai h enswm�tws  tou se èna n ma thc kÔriac efarmog c.

Gþ.1 DiadikasÐa sÔndeshc thc Visual Basic

.NET me èna DLL

H diepaf  thc efarmog c sqedi�sthke me th gl¸ssa programmatismoÔ Visual
Basic .NET. Prìkeitai gia mia gl¸ssa pou eÐnai enhmerwmènh p�nw stic te-
leutaÐec exelÐxeic tou leitourgikoÔ sust matoc twn Windows. Epitrèpei th
gr gorh dhmiourgÐa form¸n (diepaf¸n) me sÔgqronh emf�nish kai filikìthta
proc ton qr sth.

ApoteleÐ mia gl¸ssa uyhloÔ epipèdou; dhlad  proseggÐzei perissìtero
thn anjr¸pinh gl¸ssa kai trìpo skèyhc, apì ì,ti mia gl¸ssa programmati-
smoÔ qamhloÔ epipèdou, ìpwc h C gia par�deigma.

To tÐmhma thc filikìthtac tou suntaktikoÔ twn glwss¸n uyhloÔ epipèdou
eÐnai h sqetik� qamhl  taqÔtht� touc. Autìc eÐnai ènac apì touc lìgouc gia
touc opoÐouc aut  kajeaut  h epÐlush twn problhm�twn wrologÐwn program-

1Dynamic-Link Library
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m�twn gÐnetai mèsa apì k¸dika C++. O �lloc lìgoc gia th qr sh thc C++
eÐnai ìti h biblioj kh epÐlushc problhm�twn me periorismoÔc eÐnai grammènh
se C++ kai sunep¸c arqikopoieÐtai sth gl¸ssa aut . Mèsa apì èna par�-
deigma pou afor� to logismikì thc ptuqiak c ergasÐac, ja prospaj soume na
perigr�youme th genikìterh diadikasÐa pou ja prèpei na akolouj sei kaneÐc
gia na diasundèsei èna prìgramma Visual Basic .NET me èna DLL to opoÐo
pro lje apì k¸dika C/C++.

Gþ.1.1 DhmiourgÐa enìc DLL

O k¸dikac C/C++

Katarq n ja perigr�youme ton trìpo dhmiourgÐac me k¸dika C/C++ enìc
DLL, to opoÐo ja eÐnai sumbatì me tic .NET gl¸ssec kai ìqi mìno [42].

'Ena DLL perièqei sunart seic. Oi sunart seic autèc eÐnai diajèsimec
se k�je prìgramma. P.q. dÔo diaforetik� progr�mmata mporoÔn na kaloÔn
tautìqrona thn Ðdia   kai diaforetikèc sunart seic tou DLL. To leitourgikì
sÔsthma, gia exoikonìmhsh mn mhc, fort¸nei èna stigmiìtupo tou DLL se au-
t n, anexart twc tou arijmoÔ twn diergasi¸n pou to qrhsimopoioÔn. Ex�llou
mil�me gia dunamik  biblioj kh.2

Ac per�soume ìmwc se pio praktik� jèmata. Ta {shmeÐa} sta opoÐa k�-
poioc mporeÐ na sundejeÐ me èna DLL eÐnai oi sunart seic me prwtìtupa tÔpou
C pou autì perièqei. ArkeÐ loipìn na xèroume to ìnoma thc sun�rthshc pou
mac endiafèrei, ton arijmì kai ton tÔpo twn orism�twn thc, kaj¸c kai ton
tÔpo metablht c pou epistrèfei.

Poiouc tÔpouc metablht¸n mporoÔme na qrhsimopoi soume sto prwtìtu-
po miac sun�rthshc? 'Opwc anafèrjhke parap�nw, oi sunart seic enìc DLL
èqoun prwtìtupa tÔpou C kai ètsi periorizìmaste stic metablhtèc thc gl¸s-
sac aut c. Ti gÐnetai tìte me ton k¸dika pou gr�foume se C++? 'Enac
kanìnac pou ja mporoÔsame na akolouj soume eÐnai antÐ gia kl�seic (classes)
na qrhsimopoioÔme domèc (structs) kai antÐ gia vector na douleÔoume me deÐktec
(pointers) gia na fti�qnoume pÐnakec. Efìson h sun�rthsh C++ ikanopoieÐ ta
parap�nw, ja to dhl¸soume rht� perikleÐontac th d lws  thc (  to prwtìtu-
pì thc) entìc tou extern "C" { ... }. Me aut  th d lwsh epishmaÐnoume
ìti to prwtìtupo thc sun�rthshc eÐnai sumbatì me th C. Ta parap�nw i-
sqÔoun gia tic sunart seic oi opoÐec jèloume na eÐnai diajèsimec gia qr sh

2Kai sta sust mata UNIX up�rqoun dunamikèc biblioj kec san ta DLL.
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apì progr�mmata ektìc DLL. Den up�rqoun periorismoÐ gia tic {eswterikèc}
sunart seic.

Parajètoume mia elafr¸c aplousteumènh èkdosh thc sun�rthshc pou u-
p�rqei sto DLL to opoÐo fti�qthke sta plaÐsia thc ptuqiak c ergasÐac:

struct room_t {

int *unavail;

int nunavail;

};

extern "C" {

char* orprog (struct room_t *room, int nroom)

{
...

}

}

H sun�rthsh orprog() paÐrnei san orÐsmata ènan pÐnaka apì domèc aijou-
s¸n kai ton arijmì touc. K�je dom  aÐjousac perièqei èna pÐnaka me tic ¸rec
pou h aÐjousa den eÐnai diajèsimh, kaj¸c kai twn arijmì twn wr¸n aut¸n. H
sun�rthsh epistrèfei mia sumboloseir�. Sto s¸ma thc, pou {aposiwp jhke},
up�rqoun kai poll� stoiqeÐa pou aforoÔn mìno sth gl¸ssa C++. Wstìso
to prwtìtupì thc eÐnai prosektik� ftiagmèno ètsi ¸ste na eÐnai sumbatì me
th C.

Tèloc ja prèpei na epishm�noume k�poia probl mata, ta opoÐa mporeÐ na
prokÔyoun apì ton trìpo pou ja gr�youme ton k¸dika C/C++ gia to DLL.
To DLL prèpei na eÐnai asfalèc se polunhmatikì perib�llon (threadsafe). Au-
t  h prìtash, ìson afor� tic C/C++ metafr�zetai wc ex c: ApagoreÔontai
oi kajolikèc (global) kai oi statikèc (static) metablhtèc, efìson den eÐnai
stajerèc (const). Gia na peisteÐ kaneÐc gia autì, arkeÐ na skefteÐ to ti mpo-
reÐ na gÐnei sthn perÐptwsh pou dÔo progr�mmata pou kaloÔn to Ðdio DLL,
epexerg�zontai tautìqrona thn Ðdia kajolik  metablht ! JumhjeÐte ìti up�r-
qei èna stigmiìtupo tou DLL sth mn mh kai sunep¸c mÐa jèsh mn mhc gia thn
kajolik  metablht . Akìma ja prèpei na frontÐsoume idiaitèrwc th diaqeÐrish
thc mn mhc. To DLL perièqei sunart seic oi opoÐec {epistrèfoun} me èna
“return”; se kamÐa perÐptwsh den apeleujer¸noun th mn mh pou desmeÔjhke
kat� th leitourgÐa touc.

Parak�tw ja anafèroume dÔo trìpouc gia na metaglwttÐsoume ton k¸dika
pou fti�xame.
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Metagl¸ttish me Visual C++ .NET [43]

Apì to menoÔ tou Visual Studio .NET epilègoume File → New → Project.
Sto aristerì mèroc tou parajÔrou pou emfanÐzetai dialègoume Visual C++
Projects kai sto dexÐ Win32 Project. Gr�foume èna ìnoma gia to project, èstw
MyProj, sto antÐstoiqo pedÐo kai pat�me OK. Sto nèo par�juro dialìgou
pat�me ton sÔndesmo Application Settings pou brÐsketai sta arister�. Epi-
lègoume wc Application Type to DLL, energopoioÔme to Export symbols kai
pat�me Finish.

Ja asqolhjoÔme me ta arqeÐa MyProj.h kai MyProj.cpp pou dhmiourgoÔn-
tai autìmata, ta onìmata twn opoÐwn proèrqontai profan¸c apì to ìnoma tou
project. Arqik� perièqoun k�poia paradeÐgmata k¸dika. An exairèsoume tic
entolèc gia ton proepexergast , ìla ta upìloipa mporoÔme na ta sb soume
sta arqeÐa aut�. Sto MyProj.h ja b�loume to prwtìtupo thc sun�rthshc
orprog() kai sto MyProj.cpp th d lws  thc. Me mia diafor�: sth Vi-
sual C++ .NET prin apì ton tÔpo metablht c pou epistrèfei h sun�rthsh
orprog() prèpei na b�loume th stajer� MYPROJ API � na tonÐsoume ìti to
ìnoma thc stajer�c sqetÐzetai kai ed¸ me to ìnoma tou project. Pio sugke-
krimèna sto arqeÐo MyProj.h b�zoume (mazÐ me th d lwsh thc dom c struct

room t):

extern "C" {

MYPROJ_API char* orprog(struct room_t *room, int nroom);

}

En¸ sto MyProj.cpp:

MYPROJ_API char* orprog(struct room_t *room, int nroom)

{
...

}

K�je epiplèon arqeÐo *.cpp pou tuqìn epijumoÔme na qrhsimopoi soume, pèra
apì ta  dh up�rqonta, ja prèpei na k�nei #include to stdafx.h.

Metagl¸ttish me gcc

'Enac �lloc trìpoc gia na metaglwttÐsoume k¸dika C++ eÐnai na qrhsimopoi-
 soume ton g++ o opoÐoc perilamb�netai sto pakèto tou gcc. Tètoio pakèto
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gia Windows eÐnai to MinGW.3 To Cygwin4 eÐnai mia �llh, eurÔterh om�da
programm�twn. Gia na paraqjeÐ to DLL dhmiourgoÔme kai metaglwttÐzoume
èna arqeÐo C++ sÔmfwna me aut� pou eip¸jhkan sthn par�grafo {O k¸di-
kac C/C++}. O g++ ìtan klhjeÐ san linker prèpei na p�rei thn par�metro
-shared kai na orÐsoume san arqeÐo exìdou (par�metroc -o) k�poio arqeÐo
*.dll. Efìson to DLL metaglwttÐsthke mèsw Cygwin, gia na leitourg sei
qrei�zetai kai to cygwin1.dll, arqeÐo to opoÐo mporoÔme na antigr�youme
apì ton kat�logo tou Cygwin, ston kat�logo tou DLL pou fti�xame.

H biblioj kh thc mhqan c epÐlushc metaglwttÐzetai mèsw tou Cygwin. O
lìgoc gia ton opoÐon den qrhsimopoi jhke h Visual C++ .NET eÐnai ìti den
eÐnai pl rwc sumbat  me ton g++, p�nw ston opoÐo sthrÐqjhke h an�ptux 
thc biblioj khc. H teleutaÐa qrhsimopoieÐ kai k�poiec dunatìthtec twn epe-
kt�sewn STL, oi opoÐec den eÐnai katagegrammènec se k�poio prìtupo kai ètsi
h metafor� tou k¸dika se �llh platfìrma ègine akìma pio dusqer c.

Gþ.1.2 Kl sh sun�rthshc enìc DLL sth Visual Ba-
sic .NET

H Visual Basic .NET parèqei th dunatìthta kl shc sunart sewn enìc DLL.
Genikìtera oi .NET efarmogèc mporoÔn na epikoinwnoÔn eÔkola metaxÔ touc,
mèsa apì th qr sh “managed” k¸dika. Up�rqei ìmwc h dunatìthta antalla-
g c dedomènwn kai me efarmogèc ektìc .NET, oi opoÐec qrhsimopoioÔn “unma-
naged” k¸dika gia na epikoinwnoÔn, sÔmfwna me thn orologÐa thc Microsoft.
O k¸dikac autìc perièqei touc basikoÔc tÔpouc metablht¸n, ìpwc autoÐ thc
C. Gia na antimetwpistoÔn probl mata sumbatìthtac èqei dhmiourghjeÐ h bi-
blioj kh Marshal, pou k�nei prosarmog  tÔpwn (Marshaling).

An jèloume na kalèsoume mÐa sun�rthsh enìc DLL, pr¸ta apì ìla prèpei
na gnwrÐzoume to prwtìtupì thc, to opoÐo tekmhri¸netai sun jwc apì ton
kataskeuast  tou DLL. EpÐshc prèpei na xèroume th jèsh tou DLL sto dÐsko.
An ta gnwrÐzoume ìla aut� eÐmaste ètoimoi na enswmat¸soume th sun�rthsh
ston k¸dika Visual Basic .NET mèsa apì th d lwsh Declare, ìpwc ston
parak�tw k¸dika:5

Imports System.Runtime.InteropServices

3http://www.mingw.org/
4http://www.cygwin.com/
5Gia na {sp�sei} mia entol  se dÔo grammèc, qrhsimopoieÐtai o qarakt rac “ ” sto tèloc

thc pr¸thc gramm c.
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<StructLayout(LayoutKind.Sequential)> _

Private Structure Room_t

Public Unavail As IntPtr

Public UnavailLength As Integer

End Structure

Private Declare Auto _

Function orprog Lib "naxos.dll" _

(<[In](), Out()> ByVal Room() As Room_t, _

ByVal RoomLength As Integer) _

As <MarshalAsAttribute(UnmanagedType.LPStr)> String

SugkrÐnontac ton parap�nw k¸dika me autìn thc prohgoÔmenhc paragr�fou,
mporoÔme eÔkola na entopÐsoume omoiìthtec. All� ac p�roume mÐa mÐa thc
enìthtec tou k¸dika.

Sthn pr¸th gramm  dhl¸noume ìti ja qrhsimopoi soume tic kl�seic pou
k�noun to Marshaling. 'Epeita orÐzoume th dom  thc aÐjousac Structure

Room t me ta mèlh thc se pl rh antistoiqÐa me aut� thc struct room t tou
C++ k¸dika. H dom  orÐzetai ìpwc sun jwc, me th diafor� ìti èqoume to
prìjema <StructLayout(LayoutKind.Sequential)>. Autì mpaÐnei gia na
enhmer¸soume ton metaglwttist  ìti ja qrhsimopoi soume ènan pÐnaka apì
domèc Structure Room t o opoÐoc prèpei na èqei ta stoiqeÐa tou topojeth-
mèna seiriak� sth mn mh, ìpwc gÐnetai �llwste me touc pÐnakec thc C.

TeleutaÐa èqoume th d lwsh Declare sthn opoÐa up�rqei to ìnoma thc su-
n�rthshc orprog() pou perièqetai sto DLL. Met� th lèxh-kleidÐ Lib up�rqei
h diadrom  tou katalìgou kai to ìnoma tou DLL. Sto par�deigma bèbaia den
up�rqei diadrom  afoÔ to naxos.dll brÐsketai ston Ðdio kat�logo me autìn
thc efarmog c pou to kaleÐ. 'Oson afor� to pr¸to ìrisma o prosdiorismìc
<[In](), Out()> prohgeÐtai thc d lwshc tou pÐnaka me tic domèc. Me autìn
dhl¸noume ìti ja eisag�goume  /kai ja p�roume dedomèna mèsw autoÔ tou
orÐsmatoc. H sun�rthsh orprog() epistrèfei mÐa sumboloseir�. Aut  meta-
trèpetai se sumboloseir� tÔpou String thc Visual Basic .NET an b�loume
to prìjema <MarshalAsAttribute(UnmanagedType.LPStr)>.6

6MporeÐ kaneÐc na katano sei thn anagkaiìthta aut c thc prosarmog c tÔpou, an ske-
fteÐ ìti sth C k�je qarakt rac eÐnai èna byte, en¸ sth Visual Basic .NET qrhsimopoieÐtai
to sÔsthma Unicode sto opoÐo ènac qarakt rac mporeÐ na apojhkeÔetai mèqri kai se 4
byte. 'Enac aploÔsteroc trìpoc gia na petÔqoume aut n thn prosarmog  tÔpou qwrÐc na
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Sth dom  Structure Room t up�rqei o tÔpoc IntPtr pou den eÐnai kai
o plèon sunhjismènoc sth Visual Basic. To ìnom� tou proèrqetai apì to
Integer Pointer kai antistoiqeÐ sto int* thc C.7 H diafor� autoÔ toÔ tÔpou
apì touc upìloipouc eÐnai ìti qrhsimopoieÐtai ìpwc oi deÐktec sthn C. Den
up�rqei gia autìn Garbage Collection.8

H dèsmeush kai h apeleujèrwsh thc mn mhc pou deÐqnei ènac IntPtr gÐnetai
me parìmoio trìpo me autìn thc C. Stic malloc() kai free() antistoiqoÔn oi
mèjodoi AllocHGlobal() kai FreeHGlobal(), oi opoÐec an koun sthn kl�sh
Marshal. Ston parak�tw k¸dika gÐnetai apostol  dedomènwn se èna DLL kai
an�gnwsh twn dedomènwn pou epestr�fhsan apì autì. Ja mporoÔse kaneÐc
na pei ìti apoteleÐ èna par�deigma metafor�c apì ton kìsmo tou managed
k¸dika, se autìn tou unmanaged kai toÔmpalin.9

Dim MyVbArray(ArbitrarySize - 1) As Integer

’ An�jesh tim¸n sta stoiqeÐa tou MyVbArray...

Dim MyDllArray As IntPtr

MyDllArray = Marshal.AllocHGlobal( _

Marshal.SizeOf(MyVbArray(0)) * MyVbArray.Length)

Marshal.Copy(MyVbArray, 0, MyDllArray, MyVbArray.Length)

’ To DLL kaleÐtai na epexergasteÐ to MyDllArray...

Marshal.Copy(MyDllArray, MyVbArray, 0, MyVbArray.Length)

Marshal.FreeHGlobal(MyDllArray)

Arqik� orÐzoume ènan pÐnaka akeraÐwn MyVbArray megèjouc Arbitrary-

Size. Met� apì aut  th gramm  mporoÔme plèon na per�soume ìpoia dedomèna
jèloume ston pÐnaka autì. Gia na ta metabib�soume sto DLL orÐzoume ènan
ènan deÐkth se pÐnaka akeraÐwn MyDllArray. O IntPtr tÔpoc tou antistoiqeÐ
sto int* tou unmanaged k¸dika.

b�loume to Marshal prìjema, eÐnai na all�xoume sth d lwsh Declare to Auto se Ansi.
7Up�rqei kai o tÔpoc UIntPtr pou antistoiqeÐ sto unsigned* thc C.
8To Garbage Collection eÐnai mÐa mèjodoc diaqeÐrishc mn mhc sto opoÐo h apodèsmeush

pìrwn mn mhc gÐnetai autìmata, qwrÐc na qrei�zetai o programmatist c na prono sei gia
aut n. Ektìc apì th Visual Basic .NET, Garbage Collection qrhsimopoioÔn kai �llec
diadedomènec gl¸ssec ìpwc h Java.

9Sth Visual Basic ta sqìlia arqÐzoun me thn apìstrofo “’” kai telei¸noun sto tèloc
thc gramm c.
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Me thn AllocHGlobal() desmeÔoume mn mh gia to MyDllArray. Epeid  h
SizeOf(MyVbArray(0)) isoÔtai me to mègejoc enìc akeraÐou, telik� paÐrnou-
me ìso apojhkeutikì q¸ro apaiteÐtai gia na antigrafeÐ to MyVbArray. AxÐzei
na shmeiwjeÐ ìti h SizeOf() dèqetai san ìrisma èna stigmiìtupo enìc tÔpou
kai ìqi ton Ðdio ton tÔpo.

H pr¸th Copy() antigr�fei to MyVbArray sto MyDllArray. H deÔterh
Copy() k�nei thn antÐstrofh diadikasÐa. EÐnai emfanèc ìti h Copy() qrhsimo-
poieÐ uperfìrtwsh (overloading). To “0” antiproswpeÔei th jèsh ekkÐnhshc
kai to “MyVbArray.Length” ton arijmì twn stoiqeÐwn pou ja antigrafoÔn.
An�mesa stic dÔo Copy() mporoÔme na kalèsoume mÐa sun�rthsh tou DLL.
An up�rqei sta orÐsmat� thc to MyDllArray, to DLL ja mporeÐ na diab�sei
kai na eggr�yei emmèswc ta perieqìmena tou MyVbArray.

Gþ.2 UlopoÐhsh enìc n matoc se Visual Ba-

sic .NET

H Visual Basic .NET èqei enswmat¸sei stic kl�seic thc ta n mata. Sth
sunèqeia ja parousiasteÐ èna par�deigma, empneusmèno apì ton k¸dika thc
efarmog c thc ptuqiak c, sqetik� me to p¸c k�poioc mporeÐ na kataskeu�sei
èna polunhmatikì perib�llon.

H idèa gia th dhmiourgÐa n matoc prot�jhke ìtan emfanÐsthke h sumpe-
rifor� thc efarmog c na {pag¸nei} perimènontac th sun�rthsh upologismoÔ
na katal xei se k�poia lÔsh. O qrìnoc pou h mhqan  ektèleshc exètaze e-
katont�dec lÔseic tou probl matoc pernoÔse anekmet�lleutoc, en¸ mèsa se
autìn o qr sthc ja mporoÔse na epexerg�zetai ta dedomèna eisìdou tou Ðdiou
  enìc �llou probl matoc. OÔtwc   �llwc h mhqan  kat�rtishc wrologÐou
progr�mmatoc èqei  dh p�rei ta dedomèna tou probl matoc pou epilÔei. AfoÔ
epilèxame na trèxoume th mhqan  epÐlushc se èna n ma, proèkuye h an�gkh
anatrofodìthshc tou kÔriou n matoc me plhroforÐec sqetik� me th mhqan 
epÐlushc: se poio st�dio brÐsketai h anaz thsh thc lÔshc, an to n ma èqei
epistrèyei,   an up rxe k�poio sf�lma.

Mèsw thc epex ghshc tou k¸dika ja akoump soume ta teqnik� jèmata.

Private ThreadMy As New Threading.Thread(AddressOf SolverSub)

Private Sub SolverStart()

’ Antigraf  probl matoc proc epÐlush...
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ThreadMy.Start()

TimerMy.Start()

End Sub

Private Sub TimerMy_Tick(ByVal sender As System.Object, _

ByVal e As System.EventArgs) _

Handles TimerMy.Tick

ProgressBarMy.Value = ProgressOfSolution

If ThreadMy.Join(1) Then

TimerMy.Stop()

’ Sunduasmìc lÔshc kai antÐgrafou probl matoc...

End If

End Sub

'Estw ìti èqoume eis�gei ìla ta dedomèna gia èna prìblhma kat�rtishc
wrologÐou progr�mmatoc. Gia na xekin sei h epÐlus  tou, kaleÐtai h Solver-

Start() h opoÐa arqik� antigr�fei k�pou to trèqon prìblhma ètsi ¸ste ìtan
autì epilujeÐ, na up�rqoun apojhkeumènec ìlec oi plhroforÐec tou. Upenju-
mÐzoume ìti o qr sthc ja èqei th dunatìthta na all�xei to trèqon prìblhma
kai ètsi prèpei na to k�noume “backup.”

H metablht  n matoc ThreadMy eÐnai kajolik  gia na èqei embèleia kai stic
dÔo sunart seic. 'Otan xekin sei to n ma ja kalèsei th sun�rthsh SolverSub,
h opoÐa den èqei orÐsmata kai den epistrèfei tÐpota. SÔmfwna me thn orologÐa
thc Visual Basic eÐnai uporoutÐna (Sub). Me th mèjodo Start() to n ma
ekkineÐ.

O TimerMy eÐnai ènac control10 thc Visual Basic pou prokaleÐ èna event an�
takt� qronik� diast mata. H suqnìthta tou event se milliseconds kajorÐzetai
apì th metablht -mèloc TimerMy.Interval. K�je for� pou prokaleÐtai to
event TimerMy.Tick kaleÐtai h sun�rthsh-qeirist c tou TimerMy Tick(). O
programmatist c prèpei na prosèxei ìti to event den èqei egguhmèna stajer 
suqnìthta kai den emfanÐzetai ìtan h efarmog  eÐnai apasqolhmènh.

'Etsi met� th ThreadMy.Start() to kÔrio n ma ekteleÐ thn TimerMy-

.Start(). Sto ex c ja èqoume periodik  kl sh thc TimerMy Tick() kai mèsw
aut c ja mporoÔme na blèpoume thn poreÐa tou n matoc thc mhqan c epÐlushc.
MpaÐnontac sto s¸ma thc sugkekrimènhc sun�rthshc blèpoume ìti h pr¸th
entol  thc enhmer¸nei ènan control ProgressBar, ton ProgressBarMy, me thn

10Oi control eÐnai stoiqeÐa twn form¸n, orat� kai aìrata. P.q. TextBox, Button,
CheckBox, ImageList (aìrato) k.�.
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tim  thc metablht c ProgressOfSolution pou èqei perasteÐ me anafor� sth
sun�rthsh upologismoÔ.

H ThreadMy.Join(t As Integer) perimènei t milliseconds kai an mèqri
tìte to n ma ThreadMy den èqei termatÐsei, epistrèfei False. Se �llh perÐ-
ptwsh epistrèfei True kai h sunj kh tou If sthn TimerMy Tick() gÐnetai
alhj c. Tìte kaleÐtai h TimerMy.Stop(). Diab�zoume th lÔsh pou epestr�-
fh apì th mhqan  epÐlushc kai th sundu�zoume me tic upìloipec plhroforÐec
(p.q. onìmata aijous¸n/kajhght¸n) pou up�rqoun sto antÐgrafo tou pro-
bl matoc pou fti�qthke sthn SolverStart().

Se k�je perÐptwsh mporoÔme na stamat soume thn ektèlesh tou n matoc
kal¸ntac th ThreadMy.Abort().
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