
An�ptuxh K¸dika se Antikeimenostrafèc
Perib�llon ProgrammatismoÔ

NÐkoc Pojhtìc
pothitos@di.uoa.gr

8/5/2006

1

An�ptuxh K¸dika se Antikeimenostrafèc
Perib�llon ProgrammatismoÔ

I Oi antikeimenostrafeÐc gl¸ssec programmatismoÔ
dieukolÔnoun sthn kalÔterh org�nwsh tou k¸dika.

I Sth C++ mporoÔme na sqedi�zoume me antikeimenostraf 
trìpo apodotikèc efarmogèc.

I Gia na gr�youme k¸dika C++ pou epilÔei èna sugkekrimèno
prìblhma, qrei�zetai prohgoumènwc na doÔme prosektik� thn
perigraf  tou probl matoc autoÔ. Ja prèpei na diakrÐnoume
tic ontìthtec pou up�rqoun sto prìblhma, tic idiìthtèc touc
kai tic metaxÔ touc sqèseic. Ja skeftoÔme epÐshc touc
algorÐjmouc epÐlushc tou probl matoc.
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SÔsthma Kat�rtishc WrologÐou Progr�mmatoc

I S mera, ta meg�la probl mata qronoprogrammatismoÔ
epilÔontai me th bo jeia upologist . Tètoia probl mata
eÐnai p.q. oi b�rdiec tou proswpikoÔ miac aeroporik c
etaireÐac, o kajorismìc hmeromhni¸n gia tic epaggelmatikèc
sunant seic, to wrolìgio prìgramma enìc ekpaideutikoÔ
idrÔmatoc k.�.

I O bèltistoc qronoprogrammatismìc kai h apodotik 
kat�rtish wrologÐwn programm�twn eÐnai èna prìblhma (kai)
thc Teqnht c NohmosÔnhc.

I Ektìc apì efarmogèc pou epilÔoun tètoia probl mata,
èqoun anaptuqjeÐ kai arketèc, emporikèc kurÐwc, biblioj kec
epÐlushc.
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Perigraf  tou probl matoc

Gia arq , ja asqolhjoÔme me mÐa apl  ekdoq  tou probl matoc
kat�rtishc wrologÐou progr�mmatoc:

'Estw ìti mac èqei anatejeÐ h dhmiourgÐa tou wrologÐou
progr�mmatoc gia èna gumn�sio. To prìgramma afor� mìno mÐa
hmèra thc ebdom�dac. GnwrÐzoume poiec t�xeic �  kalÔtera poia
tm mata� up�rqoun sto sqoleÐo autì. Se k�je t�xh did�skontai
sugkekrimèna maj mata apì ènan/mÐa did�skonta/ousa to
kajèna. K�je m�jhma diarkeÐ mÐa ¸ra.
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Perigraf  tou probl matoc: Sqìlia

I H parap�nw perigraf  eÐnai sqetik� saf c. Wstìso den
anafèrontai se aut n k�poiec profaneÐc par�metroi tou
pragmatikoÔ kìsmou pou ja prèpei na lhfjoÔn upìyh kat�
th montelopoÐhsh tou probl matoc.

I P.q. ènac kajhght c den mporeÐ na brÐsketai tautìqrona se
dÔo aÐjousec.

I Akìma, se mÐa t�xh den mporoÔn na gÐnontai tautìqrona dÔo
diaforetik� maj mata!
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Anadromikìc algìrijmoc epÐlushc se yeudok¸dika

Schedule(`, nlesson)
if ` == nlesson

return true // epituqÐa

for h = 0 to nhours− 1 {
if o kajhght c kai h aÐjousa tou maj matoc

eÐnai diajèsima thn ¸ra h {
Dèsmeuse ton kajhght  kai thn aÐjousa gia thn h.
Programm�tise to ` na gÐnetai thn h.
if Schedule(` + 1, nlesson) == true

return true
AkÔrwse thn an�jesh thc h gia to `.
AkÔrwse th dèsmeush kajhght  kai aÐjousac.

}
}
return false // apotuqÐa eÔreshc ¸rac gia to m�jhma `
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Aplìc Diadikastikìc Programmatismìc

I Sth sunèqeia parousi�zetai to arqeÐo k¸dika
only main.cpp, to opoÐo k�je �llo par� to drìmo thc
antikeimenostrafoÔc montelopoÐhshc akoloujeÐ.

I GÐnetai apìpeira na {strimwqtoÔn} mèsa se mÐa main() ìlec
oi ontìthtec tou probl matoc.

I O k¸dikac autìc ja mporoÔse k�llista na grafeÐ kai me
apl  C.
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only main.cpp (1/6)

#include <iostream>

#include <string>

using namespace std;

// A constant for declaring an empty hour for a classroom

const int EMPTY = -1;

// How many hours exist in a day

const int nhours = 3;

inline bool

solve_rec (int course_room[], int course_prof[], int course_hour[],

int ncourse, bool room_unavail[][nhours],

bool prof_unavail[][nhours]);
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only main.cpp (2/6)

int main (void)

{

// The following names could be used for printing

// the timetable on the screen.

string room_name[] = {"C1", "C2"};

string prof_name[] = {"Einstein", "Godel", "Eco"};

string course_name[] = {"Physics", "Physics", "Maths",

"Maths", "Philosophy", "Philosophy", "Literature"};

// Availabilities of our resources

bool room_unavail[][nhours] = { {false, false, false},

{false, false, false} };

bool prof_unavail[][nhours] = { {false, false, false},

{false, false, false},

{false, false, false} };
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only main.cpp (3/6)

// Indexes of the corresponding classroom and professor

// for each course, and the hour it is scheduled at

// (currently EMPTY).

int course_room[] = {0, 1, 0, 1, 0, 1, 0};

int course_prof[] = {0, 0, 1, 1, 2, 2, 2};

int course_hour[] = {EMPTY, EMPTY, EMPTY, EMPTY,

EMPTY, EMPTY, EMPTY};

// If we change ncourse to 7, the scheduler

// will not find any solution.

int ncourse = 6;

if (solve_rec(course_room,course_prof,course_hour,ncourse,

room_unavail,prof_unavail) == true)

cout << "Found a solution\n";

else

cout << "Couldn’t find a solution\n";

}
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only main.cpp (4/6)

bool

solve_rec_body (int course_room[], int course_prof[],

int course_hour[], int curr_course, int ncourse,

bool room_unavail[][nhours], bool prof_unavail[][nhours])

{

// "Renaming" (for better readability)

int l = curr_course;

// Check if all the courses have been scheduled

if (l == ncourse)

return true;

for (int h=0; h<nhours; ++h) {

if ( !room_unavail[course_room[l]][h]

&& !prof_unavail[course_prof[l]][h] ) {

// Assign resources and hour

room_unavail[course_room[l]][h] = true;

prof_unavail[course_prof[l]][h] = true;

course_hour[l] = h;
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only main.cpp (5/6)

// Continue with scheduling the next course

if (solve_rec_body(course_room,course_prof,course_hour,

l+1,ncourse,room_unavail,prof_unavail) == true)

return true;

// Free resources

room_unavail[course_room[l]][h] = false;

prof_unavail[course_prof[l]][h] = false;

course_hour[l] = EMPTY;

}

}

// Couldn’t find an hour, for course ‘l’

return false;

}
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only main.cpp (6/6)

inline bool

solve_rec (int course_room[], int course_prof[], int course_hour[],

int ncourse, bool room_unavail[][nhours],

bool prof_unavail[][nhours])

{

return solve_rec_body(course_room,course_prof,course_hour,

0,ncourse,room_unavail,prof_unavail);

}
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only main.cpp: Apotelèsmata

% g++ -o only_main only_main.cpp

% ./only_main

Found a solution

%

I Gia aplìthta, to only main.cpp den ektup¸nei to wrolìgio
prìgramma; anafèrei mìno an up�rqei k�poia lÔsh sto
prìblhma.

I ParathroÔme ìti qwrÐc th qr sh kl�sewn den eÐnai xek�jaro
to poiec eÐnai telik� oi ontìthtec tou probl matoc. Up�rqei
mÐa {isopèdwsh} twn dedomènwn, afoÔ h anapar�stas  touc
peristrèfetai gÔrw apì touc algorÐjmouc mìno.
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Antikeimenostraf c MontelopoÐhsh (1/2)

I Gia na proqwr soume sthn antikeimenostraf 
montelopoÐhsh, ja prèpei na entopÐsoume tic ontìthtec tou
probl matoc, kaj¸c kai tic metaxÔ touc sqèseic.

I 'Oson afor� to prìblhm� mac, ja dhmiourg soume mÐa kl�sh
gia ta maj mata, mÐa gia touc kajhghtèc kai �llh mÐa gia tic
t�xeic.

I K�je m�jhma perièqei anafor� (reference) ston/sthn
kajhght /tria pou to did�skei kai sthn t�xh sthn opoÐa ja
gÐnei.
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Antikeimenostraf c MontelopoÐhsh (2/2)
I Ston qronoprogrammatismì, ènac pìroc (resource) eÐnai k�ti

to opoÐo an� pìsa qronik  stigm  mporeÐ na anatejeÐ se to
polÔ mÐa drasthriìthta.

I 'Enac kajhght c mporeÐ na jewrhjeÐ ìti eÐnai-ènac (is-a)
pìroc: kajemÐa ¸ra mporeÐ na did�skei èna mìno m�jhma.
'Omoia, se mÐa aÐjousa mporeÐ na lamb�nei q¸ra èna to polÔ
m�jhma thn ¸ra, opìte kai h aÐjousa klhronomeÐ tic
idiìthtec enìc pìrou

/. -,() *+CResource

/. -,() *+CClassroom

is-a
;;wwwwwwwww /. -,() *+CProfessor

is-a
ccGGGGGGGGG

I 'Oson afor� ton algìrijmo epÐlushc, mporoÔme na
ulopoi soume dÔo enallaktikèc teqnikèc anaz thshc:
a) me anadrom  (èmmesh qr sh stoÐbac) kai
b) me emfan  qr sh stoÐbac.
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timetable.h (1/8)

#ifndef TIMETABLE_H

#define TIMETABLE_H

#include <string>

#include <iostream>

namespace timetable {

class CResource {

private:

bool *slot;

int nhours;

// slot[h]==true means that the resource is unavailable at

// hour ‘h’. The length of the array ‘slot’ is ‘nhours’.
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timetable.h (2/8)

public:

CResource (int nhours_init)

: nhours(nhours_init)

{

slot = new bool[nhours];

for (int h=0; h<nhours; ++h)

slot[h] = false;

// initially the resource is always available

}

~CResource (void)

{

delete [] slot;

}
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timetable.h (3/8)

void reserve (int hour)

{

slot[hour] = true;

}

void release (int hour)

{

slot[hour] = false;

}

bool is_free (int hour) const

{

return ( !slot[hour] );

}

};
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timetable.h (4/8)

class CClassroom : public CResource {

private:

const int id;

static int count;

std::string name;

public:

CClassroom (std::string name_init, int nhours_init)

: CResource(nhours_init), id(++count),

name(name_init) { }

friend std::ostream&

operator << (std::ostream& os, const CClassroom& room);

int get_id (void) const

{ return id; }

};
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timetable.h (5/8)

class CProfessor : public CResource {

private:

const int id;

static int count;

std::string name;

public:

CProfessor (std::string name_init, int nhours_init)

: CResource(nhours_init), id(++count),

name(name_init) { }

friend std::ostream&

operator << (std::ostream& os, const CProfessor& prof);

int get_id (void) const

{ return id; }

};
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timetable.h (6/8)

class CCourse {

private:

std::string name;

int hour_scheduled;

static const int EMPTY = -1;

// hour_scheduled==EMPTY means that

// the course has not been scheduled.

CClassroom& classroom;

CProfessor& professor;

public:

CCourse (std::string name_init, CClassroom& cl_init,

CProfessor& pr_init)

: name(name_init), hour_scheduled(EMPTY),

classroom(cl_init), professor(pr_init) { }

friend std::ostream&

operator << (std::ostream& os, const CCourse& les);
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timetable.h (7/8)

CClassroom& get_class (void) const

{ return classroom; }

CProfessor& get_prof (void) const

{ return professor; }

int get_hour (void) const

{ return hour_scheduled; }

bool schedule (int hour)

{

if (classroom.is_free(hour)

&& professor.is_free(hour)) {

classroom.reserve(hour);

professor.reserve(hour);

hour_scheduled = hour;

return true;

} else {

return false;

}

}
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timetable.h (8/8)

void cancel_schedule (void)

{

classroom.release(hour_scheduled);

professor.release(hour_scheduled);

hour_scheduled = EMPTY;

}

};

bool

solve_rec (CCourse course[], int ncourse, int nhours);

void

print_timetable (CCourse course[], int ncourse,

CClassroom room[], int nroom, int nhours);

} // end namespace

#endif // TIMETABLE_H
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timetable.cpp (1/6)

#include "timetable.h"

using namespace timetable;

using namespace std;

// Initializations of the counters of the instances

// of the classes

int CClassroom::count = 0;

int CProfessor::count = 0;
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timetable.cpp (2/6)

// Overloaded operators for printing

ostream& timetable::operator <<

(ostream& os, const CClassroom& room)

{

os << room.name;

return os;

}

ostream& timetable::operator <<

(ostream& os, const CProfessor& prof)

{

os << prof.name;

return os;

}

ostream& timetable::operator <<

(ostream& os, const CCourse& c)

{

os << c.name;

return os;

}
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timetable.cpp (3/6)

namespace {

bool solve_rec_body (CCourse course[], int ncourse,

int curr_course, int nhours)

{

if (curr_course == ncourse)

return true; // success: every course has been scheduled

// variable renaming (for readability)

CCourse& c = course[curr_course];

for (int h=0; h<nhours; ++h) {

if (c.schedule(h) == true) {

if (solve_rec_body(course,ncourse,

curr_course+1,nhours) == true)

return true;

c.cancel_schedule();

}

}

return false; // failed to find an appropriate hour

}

} // end namespace
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timetable.cpp (4/6)

// Recursive search for a solution (timetable)

bool

timetable::solve_rec (CCourse course[], int ncourse, int nhours)

{

return solve_rec_body(course,ncourse,0,nhours);

}

#include <iostream>

#include <iomanip>
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timetable.cpp (5/6)

namespace {

// Serial search for the course scheduled to take place

// in room ‘room’ at hour ‘hour’

int search_course (CCourse course[], int ncourse,

CClassroom& room, int hour)

{

for (int c=0; c<ncourse; ++c) {

if (course[c].get_class().get_id() == room.get_id()

&& course[c].get_hour() == hour)

return c;

}

return -1;

}

inline void print_bar (int columns)

{

for (int i=0; i<columns; ++i)

cout << "+------------";

cout << "+\n";

}

} // end namespace
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timetable.cpp (6/6)

void

timetable::print_timetable (CCourse course[], int ncourse,

CClassroom room[], int nroom, int nhours)

{

int h, r, c;

print_bar(nroom);

for (r=0; r<nroom; ++r) {

cout << "| ";

cout << setiosflags(ios::left) << setw(10) << room[r] << " ";

}

cout << "|\n";

print_bar(nroom);

for (h=0; h<nhours; ++h) {

for (r=0; r<nroom; ++r) {

c = search_course(course,ncourse,room[r],h);

cout << "| ";

cout << setiosflags(ios::left) << setw(10) << course[c] << " ";

}

cout << "|\n";

}

print_bar(nroom);
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main.cpp (1/2)

#include "timetable.h"

using namespace timetable;

#include <iostream>

using namespace std;

int main (void)

{ int nhours = 3; // hours of the timetable

CClassroom room[] = {

CClassroom("C1", nhours),

CClassroom("C2", nhours) };

CProfessor prof[] = {

CProfessor("Einstein", nhours),

CProfessor("Godel", nhours),

CProfessor("Eco", nhours) };

CCourse course[] = {

CCourse("Physics", room[0], prof[0]),

CCourse("Physics", room[1], prof[0]),

CCourse("Maths", room[0], prof[1]),

CCourse("Maths", room[1], prof[1]),

CCourse("Philosophy", room[0], prof[2]),

CCourse("Philosophy", room[1], prof[2]),

CCourse("Literature", room[0], prof[2]) };
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main.cpp (2/2)

cout << "First case, with 6 courses:\n";

if (solve_rec(course,6,nhours) == true) {

cout << "Found a solution\n\n";

print_timetable(course, 6, room, 2, nhours);

} else {

cout << "Couldn’t find a solution\n";

}

//cout << "Second case, with 7 courses:\n";

//if (solve_rec(course,7,nhours) == true) {

// cout << "Found a solution\n\n";

// print_timetable(course, 7, room, 2, nhours);

//} else {

// cout << "Couldn’t find a solution\n";

//}

}
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Apotelèsmata
% g++ -o timetable timetable.cpp main.cpp

% ./timetable

First case, with 6 courses:

Found a solution

+------------+------------+

| C1 | C2 |

+------------+------------+

| Physics | Philosophy |

| Maths | Physics |

| Philosophy | Maths |

+------------+------------+

%

ShmeÐwsh: An metaglwttisteÐ o k¸dikac sta mhqan mata Sun tou Tm matoc me

thn prokajorismènh èkdosh tou g++, ta apotelèsmata ja emfanistoÔn kanonik�,

all� qwrÐc stoÐqish. An qrhsimopoi soume thn pio kainoÔrgia èkdosh tou g++, den

ja up�rqei autì to prìblhma. To mìno pou qrei�zetai gia na gÐnei autì, eÐnai na

trèxoume, prin tic entolèc tou parap�nw plaisÐou, thn entol 

alias g++ ’/usr/sfw/bin/g++’
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Anaz thsh lÔshc me stoÐba

I An antÐ thc sun�rthshc solve rec() (anaz thsh me
anadrom ), qrhsimopoi soume thn solve with stack()
(anaz thsh me emfan  qr sh stoÐbac) tou solve stack.h,
ja p�roume ta Ðdia akrib¸c apotelèsmata.

I Ex�llou, oi dÔo autèc sunart seic ulopoioÔn ton Ðdio
algìrijmo, pou lègetai anaz thsh lÔshc me opisjodrìmhsh

(backtracking).
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solve stack.h

#ifndef SOLVE_STACK_H

#define SOLVE_STACK_H

#include "timetable.h"

namespace timetable {

bool

solve_with_stack (CCourse course[], int ncourse, int nhours);

} // end namespace

#endif // SOLVE_STACK_H
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solve stack.cpp (1/3)

#include "solve_stack.h"

using namespace timetable;

#include "my_stack.h"

bool

timetable::solve_with_stack(CCourse course[],int ncourse,int nhours)

{

my_stack stack_choices;
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solve stack.cpp (2/3)

int c=0, h=0;

while (c < ncourse) {

while (h < nhours) {

if (course[c].schedule(h) == true) {

// Course No ‘c’ has been scheduled at hour ‘h’

stack_choices.push(h);

++c;

h = 0;

break;

} else {

++h;

}

}

if (h == 0)

continue;

// Search for course No ‘c’ failed

if (c == 0)

return false;
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solve stack.cpp (3/3)

// Canceling previous assignment for course No ‘c-1’

--c;

course[c].cancel_schedule();

h = stack_choices.top() + 1; // proceed to the next hour

stack_choices.pop();

}

return true; // success: every course has been scheduled

}
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Ulopoi seic stoÐbac

'Eqoume treic enallaktikèc ulopoi seic tou tÔpou dedomènwn
stoÐba:

1. Sta arqeÐa my stack.h kai my stack.cpp ulopoieÐtai mÐa
apl  stoÐba akeraÐwn (kl�sh my stack).

2. Sto arqeÐo my stack templ.h ulopoieÐtai mÐa template
stoÐba (kl�sh my stack templ), dhlad  mÐa stoÐba thc
opoÐac o tÔpoc twn stoiqeÐwn mporeÐ na eÐnai o opoiosd pote
� opìte mporeÐ na eÐnai mÐa stoÐba akeraÐwn,   mia stoÐba
sumboloseir¸n,   mia stoÐba stoib¸n k.o.k.

3. Tèloc up�rqei h ètoimh lÔsh thc STL (kl�sh stack tou
om¸numou arqeÐou epikefalÐdac thc prìtuphc biblioj khc).
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my stack.h (1/2)

#ifndef MY_STACK_H

#define MY_STACK_H

class my_stack {

private:

struct stacknode {

int thedata;

struct stacknode *next;

};

stacknode *stack;

public:

my_stack (void)

: stack(0) { }
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my stack.h (2/2)

~my_stack (void)

{

while (stack != 0)

pop();

}

int top (void) const

{

return stack->thedata;

}

void pop (void);

void push (int newdata);

};

#endif // MY_STACK_H
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my stack.cpp

#include "my_stack.h"

void my_stack::pop (void)

{

stacknode *current = stack;

stack = current->next;

delete current;

}

void my_stack::push (int newdata)

{

stacknode *newnode = new stacknode;

newnode->thedata = newdata;

newnode->next = stack;

stack = newnode;

}
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my stack templ.h (1/3)

#ifndef MY_STACK_TEMPL_H

#define MY_STACK_TEMPL_H

template <class TemplType>

class my_stack_templ {

private:

struct stacknode {

TemplType thedata;

struct stacknode *next;

};

stacknode *stack;

public:

my_stack_templ (void)

: stack(0) { }
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my stack templ.h (2/3)

~my_stack_templ (void)

{

while (stack != 0)

pop();

}

TemplType& top (void)

{

return stack->thedata;

}

void pop (void);

void push (TemplType& newdata);

};
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my stack templ.h (3/3)

template <class TemplType>

void my_stack_templ<TemplType>::pop (void)

{

stacknode *current = stack;

stack = current->next;

delete current;

}

template <class TemplType>

void my_stack_templ<TemplType>::push (TemplType& newdata)

{

stacknode *newnode = new stacknode;

newnode->thedata = newdata;

newnode->next = stack;

stack = newnode;

}

#endif // MY_STACK_TEMPL_H
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Ulopoi seic stoÐbac: Sqìlia (1/2)

I To s¸ma mÐac template sun�rthshc mporeÐ na orisjeÐ kai se
èna arqeÐo epikefalÐdac. O lìgoc eÐnai ìti o metaglwttist c
qrei�zetai na gnwrÐzei ìqi mìno th d lwsh, all� kai ton
orismì miac tètoiac sun�rthshc, gia na fti�qnei k�je for�
diaforetikèc {ekdìseic} thc (se gl¸ssa mhqan c), an�loga
me ton tÔpo dedomènwn gia ton opoÐo kaleÐtai.

I MporoÔme na orÐzoume domèc (p.q. thn struct stacknode)
�akìma kai �llec kl�seic� entìc enìc orismoÔ miac kl�shc.
Autì gÐnetai gia thn kalÔterh org�nwsh tou k¸dika, dhlad 
gia na dhl¸netai kai na orÐzetai kajetÐ sto epÐpedo pou
qrei�zetai kai gia na mhn up�rqei (aqreÐasth) kajolik 
prìsbash sthn opoiad pote d lwsh.
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Ulopoi seic stoÐbac: Sqìlia (2/2)

I AntÐjeta apì thn my stack::top(), h
my stack templ::top() epistrèfei anafor� (reference) sto
antikeÐmeno pou brÐsketai sthn koruf  thc stoÐbac. O lìgoc
pou gÐnetai autì eÐnai gia na mhn kaleÐtai o copy-constructor
tou tÔpou dedomènwn pou perièqetai sth stoÐba. Gia thn
kl�sh my stack den up�rqei antÐstoiqo prìblhma, afoÔ
gnwrÐzoume ek twn protèrwn ìti o tÔpoc dedomènwn pou
perièqetai se aut n th stoÐba eÐnai akèraioc (int). H
an�jesh enìc akeraÐou se ènan �llo eÐnai profan¸c mÐa
pr�xh pou den kostÐzei.
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Nèa perigraf  probl matoc (me perissìtera zhtoÔmena)

Se autì to shmeÐo, ja k�noume allagèc kai prosj kec ston
k¸dika pou èqei  dh parousiasjeÐ, ètsi ¸ste �metaxÔ twn �llwn�
na kalufjoÔn kai ta ex c zhtoÔmena:

I Kat�rtish wrologÐou progr�mmatoc gia ebdom�da.

I 'Ena m�jhma t¸ra ja mporeÐ na apoteleÐtai apì pollèc
paradìseic. DÔo paradìseic tou idÐou maj matoc den
mporoÔn na gÐnontai thn Ðdia hmèra.

I K�je par�dosh èqei sugkekrimènh di�rkeia se ¸rec.

I Apomìnwsh twn ontot twn ekeÐnwn pou aforoÔn kajar� to
algorijmikì komm�ti thc kat�rtishc wrologÐou
progr�mmatoc. Parak�tw ja doÔme p¸c ja antimetwpÐsoume
autì to zhtoÔmeno, anaforik� me thn kl�sh gia touc
kajhghtèc/riec.
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Apomìnwsh kl�sewn wrologÐou progr�mmatoc (1/2)

I H kl�sh CProfessor analÔetai se CProfessor kai
CProfessorSched.

I Sth CProfessorSched perièqontai ta gnwrÐsmata ekeÐna
enìc kajhght , pou qrei�zetai na xèrei èna sÔsthma
kat�rtishc wrologÐou progr�mmatoc ìpwc to qarakthristikì
MaxHoursPerDay, pou eÐnai oi ¸rec an� hmèra pou mporeÐ to
polÔ na k�nei m�jhma ènac kajhght c.1

I Apì thn �llh, sth CProfessor (h opoÐa klhronomeÐ ta
qarakthristik� thc CProfessorSched) perièqontai
gnwrÐsmata enìc kajhght  ìpwc to ìnom� tou, pou den eÐnai
aparaÐthto na ta xèrei ènac algìrijmoc kat�rtishc
wrologÐou progr�mmatoc.

1P.q. sth main() pou akoloujeÐ orÐzetai ìti o Einstein mporeÐ na did�xei
to polÔ 2 ¸rec/hmèra, lìgw p.q. sÔmbashc.
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Apomìnwsh kl�sewn wrologÐou progr�mmatoc (2/2)

I AfoÔ analÔsame thn arqik  kl�sh, se CProfessor kai
CProfessorSched, gÐnetai t¸ra na proqwr�me se allagèc
sthn ulopoÐhsh thc CProfessorSched, qwrÐc na mac
endiafèrei h {eswterik } ulopoÐhsh thc CProfessor kai
antÐstrofa.

Kai oi upìloipec ontìthtec tou probl matoc antimetwpÐzontai me
an�logo trìpo.
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Sqèseic metaxÔ twn kl�sewn

Tèloc, k�je m�jhma (CCourseSched) perilamb�nei (has) ènan
sugkekrimèno arijmì paradìsewn.

Oi sqèseic klhronomikìthtac kai sÔnjeshc metaxÔ twn kl�sewn
faÐnontai sto parak�tw sq ma. Sto plaÐsio me th diakekommènh
gramm  ent�ssontai oi kl�seic pou aforoÔn �mesa to sÔsthma
kat�rtishc wrologÐou progr�mmatoc (algorijmikì mèroc).

'& %$ ! "#CResource

'& %$ ! "#CClassroomSched

is-a
55llllllllllllll '& %$ ! "#CProfessorSched

is-a

OO

'& %$ ! "#CCourseSched
has//'& %$ ! "#CLectureSched

'& %$ ! "#CClassroom

is-a

OO

'& %$ ! "#CProfessor

is-a

OO

'& %$ ! "#CCourse

is-a

OO

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _�
�
�
�
�

�
�
�
�
�

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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timetableV2.h (1/16)

#ifndef TIMETABLEV2_H

#define TIMETABLEV2_H

#include <string>

#include <iostream>

namespace timetable {

extern int ndays; // days of the timetable

extern int nhours; // hours of the timetable

class CResource {

private:

bool **slot;

// slot[d][h]==true means that the resource is unavailable on

// day ‘d’ and hour ‘h’.
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timetableV2.h (2/16)

public:

CResource (void)

{

int d, h;

slot = new bool*[ndays];

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

slot[d] = new bool[nhours];

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

slot[d][h] = false;

// initially the resource is always available

}

}

~CResource (void)

{

for (int d=0; d<ndays; ++d)

delete [] slot[d];

delete [] slot;

}
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timetableV2.h (3/16)

void reserve (int day, int hour, int dur=1)

// reserve the resource for ‘dur’ hours

// starting at (‘day’,‘hour’)

{

while (dur-- > 0)

slot[day][hour++] = true;

}

void release (int day, int hour, int dur=1)

// release the resource for ‘dur’ hours

// starting at (‘day’,‘hour’)

{

while (dur-- > 0)

slot[day][hour++] = false;

}
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timetableV2.h (4/16)

bool is_free (int day, int hour, int dur=1) const

// check whether the resource is availalbe

// for ‘dur’ hours, starting at (‘day’,‘hour’)

{

if (hour + dur > nhours)

return false;

while (dur-- > 0) {

if (slot[day][hour++] == true)

return false;

}

return true;

}

};
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timetableV2.h (5/16)

class CClassroomSched : public CResource {

private:

public:

CClassroomSched (void) { }

};
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timetableV2.h (6/16)

class CProfessorSched : public CResource {

private:

int MaxHoursPerDay;

public:

CProfessorSched (int MaxHoursPerDay_init=0)

: MaxHoursPerDay(MaxHoursPerDay_init) { }

bool is_free (int day, int hour, int dur=1) const

{

if (MaxHoursPerDay != 0) {

int HoursPerDay=0;

for (int h=0; h<nhours; ++h)

HoursPerDay += !CResource::is_free(day,h);

if (HoursPerDay + dur > MaxHoursPerDay)

return false;

}

return CResource::is_free(day,hour,dur);

}

};
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timetableV2.h (7/16)

class CLectureSched {

private:

CClassroomSched& classroom;

CProfessorSched& professor;

int duration;

int day_scheduled;

int hour_scheduled;

static const int EMPTY = -1;

// hour_scheduled==EMPTY means that

// the course has not been scheduled.

public:

CLectureSched (CClassroomSched& cl_init, CProfessorSched& pr_init,

int duration_init)

: classroom(cl_init), professor(pr_init),

duration(duration_init),

day_scheduled(EMPTY), hour_scheduled(EMPTY) { }

int get_duration (void) const

{ return duration; }
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timetableV2.h (8/16)

int get_day (void) const

{ return day_scheduled; }

int get_hour (void) const

{ return hour_scheduled; }

bool schedule (int day, int hour)

{

if (classroom.is_free(day,hour,duration)

&& professor.is_free(day,hour,duration)) {

classroom.reserve(day,hour,duration);

professor.reserve(day,hour,duration);

day_scheduled = day;

hour_scheduled = hour;

return true;

} else {

return false;

}

}
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timetableV2.h (9/16)

void cancel_schedule (void)

{

classroom.release(day_scheduled,hour_scheduled,duration);

professor.release(day_scheduled,hour_scheduled,duration);

day_scheduled = EMPTY;

hour_scheduled = EMPTY;

}

};
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timetableV2.h (10/16)

class CCourseSched {

private:

CLectureSched **Lecture;

int nLecture;

public:

CCourseSched (CClassroomSched& cl_init, CProfessorSched& pr_init,

int duration[], int nLecture_init)

: nLecture(nLecture_init)

{

Lecture = new CLectureSched*[nLecture];

for (int l=0; l<nLecture; ++l) {

Lecture[l] = new CLectureSched(cl_init,pr_init,

duration[l]);

}

}
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timetableV2.h (11/16)

~CCourseSched (void)

{

for (int l=0; l<nLecture; ++l)

delete Lecture[l];

delete [] Lecture;

}

int get_nLecture (void) const

{ return nLecture; }

const CLectureSched&

getLecture (int LectIndex) const

{ return *Lecture[LectIndex]; }

bool schedule (int lectIndex, int day, int hour)

{

for (int l=0; l<nLecture; ++l) {

if (l!=lectIndex && Lecture[l]->get_day()==day)

return false;

}

return Lecture[lectIndex]->schedule(day,hour);
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timetableV2.h (12/16)

void cancel_schedule (int LectIndex)

{

Lecture[LectIndex]->cancel_schedule();

}

};
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timetableV2.h (13/16)

// The following classes inherit the behaviour of the

// corresponding *Sched classes

class CClassroom : public CClassroomSched {

private:

const int id;

static int count;

std::string name;

public:

CClassroom (std::string name_init)

: id(++count), name(name_init) { }

friend std::ostream&

operator << (std::ostream& os, const CClassroom& room);

int get_id (void) const

{ return id; }

};
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timetableV2.h (14/16)

class CProfessor : public CProfessorSched {

private:

const int id;

static int count;

std::string name;

public:

CProfessor (std::string name_init, int MaxHoursPerDay_init=0)

: CProfessorSched(MaxHoursPerDay_init), id(++count),

name(name_init) { }

friend std::ostream&

operator << (std::ostream& os, const CProfessor& prof);

int get_id (void) const

{ return id; }

};
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timetableV2.h (15/16)

class CCourse : public CCourseSched {

private:

std::string name;

std::string code;

CClassroom& classroom;

CProfessor& professor;

public:

CCourse (std::string name_init, std::string code_init,

CClassroom& cl_init, CProfessor& pr_init,

int duration[], int nLecture_init)

: CCourseSched (cl_init,pr_init, duration, nLecture_init),

name(name_init), code(code_init),

classroom(cl_init), professor(pr_init) { }

friend std::ostream&

operator << (std::ostream& os, const CCourse& les);

CClassroom& get_class (void) const

{ return classroom; }
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timetableV2.h (16/16)

CProfessor& get_prof (void) const

{ return professor; }

};

bool

solve_rec (CCourse **course, int ncourse);

void

print_timetable (CCourse **course, int ncourse,

CClassroom *room, int nroom);

} // end namespace

#endif // TIMETABLEV2_H
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timetableV2.cpp (1/8)

#include "timetableV2.h"

using namespace timetable;

using namespace std;

// Initializations of the counters of the instances

// of the classes

int CClassroom::count = 0;

int CProfessor::count = 0;
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timetableV2.cpp (2/8)

// Overloaded operators for printing

ostream& timetable::operator <<

(ostream& os, const CClassroom& room)

{

os << room.name;

return os;

}

ostream& timetable::operator <<

(ostream& os, const CProfessor& prof)

{

os << prof.name;

return os;

}

ostream& timetable::operator <<

(ostream& os, const CCourse& c)

{

os << c.name;

return os;

}
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timetableV2.cpp (3/8)

namespace {

bool

solve_rec_body (CCourse **course, int ncourse,

int curr_course, int curr_lect)

{

if (curr_lect == course[curr_course]->get_nLecture()) {

++curr_course; // every lecture has been scheduled, so...

curr_lect = 0; // we continue to the next course

}

if (curr_course == ncourse)

return true; // success: every course has been scheduled

// variable renaming (for readability)

CCourse& c = *course[curr_course];
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timetableV2.cpp (4/8)

int d, h;

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

for (h=0; h<nhours; ++h) {

if (c.schedule(curr_lect,d,h) == true) {

if (solve_rec_body(course,ncourse,

curr_course,curr_lect+1) == true)

return true;

c.cancel_schedule(curr_lect);

}

}

}

return false; // failed to find an appropriate hour

}

} // end namespace

// Recursive search for a solution (timetable)

bool

timetable::solve_rec (CCourse **course, int ncourse)

{

return solve_rec_body(course,ncourse,0,0);

}
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timetableV2.cpp (5/8)

#include <iostream>

#include <iomanip>

namespace {

// Serial search for the course scheduled to take place

// in room ‘room’ on (day,hour)

int search_course (CCourse **course, int ncourse,

CClassroom& room, int day, int hour)

{

int c, l;

for (c=0; c<ncourse; ++c) {

for (l=0; l < course[c]->get_nLecture(); ++l) {

if (course[c]->get_class().get_id() == room.get_id()

&& course[c]->getLecture(l).get_day() == day

&& course[c]->getLecture(l).get_hour() <= hour

&& hour < course[c]->getLecture(l).get_hour()

+ course[c]->getLecture(l).get_duration())

return c;

}

}

return -1;
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timetableV2.cpp (6/8)

inline void

print_bar (int columns)

{

for (int i=0; i<columns; ++i)

cout << "+------------";

cout << "+\n";

}

} // end namespace

void

timetable::print_timetable (CCourse **course, int ncourse,

CClassroom *room, int nroom)

{

int i, d, h, r, c;
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timetableV2.cpp (7/8)

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

// PRINT DAY

cout << "\n\n+";

for (i=0; i<nroom-1; ++i)

cout << "-------------";

cout << "------------+\n";

cout << "| " << "DAY "

<< setiosflags(ios::left) << setw(nroom*13-7) << d+1

<< " |\n";

print_bar(nroom);

// PRINT ROOM

for (r=0; r<nroom; ++r) {

cout << "| ";

cout << setiosflags(ios::left) << setw(10) << room[r] << " ";

}

cout << "|\n";

print_bar(nroom);
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timetableV2.cpp (8/8)

// PRINT COURSE

for (h=0; h<nhours; ++h) {

for (r=0; r<nroom; ++r) {

c = search_course(course,ncourse,room[r],d,h);

cout << "| ";

cout << setiosflags(ios::left) << setw(10);

if (c == -1)

cout << "";

else

cout << *course[c];

cout << " ";

}

cout << "|\n";

}

print_bar(nroom);

}

}
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mainV2.cpp (1/2)

#include "timetableV2.h"

using namespace timetable;

#include <iostream>

using namespace std;

int timetable::ndays = 3; // days of the timetable

int timetable::nhours = 4; // hours of the timetable

int main (void)

{

CClassroom room[] = {

CClassroom("C1"),

CClassroom("C2") };

CProfessor prof[] = {

CProfessor("Einstein", 2),

CProfessor("Godel"),

CProfessor("Eco") };

int *dur = new int[ndays];

CCourse *course[6];
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mainV2.cpp (2/2)

dur[0]=2; dur[1]=2;

course[0] = new CCourse("Physics", "P1",room[0],prof[0],dur,2);

dur[0]=2;

course[1] = new CCourse("Physics", "P1",room[1],prof[0],dur,1);

dur[0]=3; dur[1]=2;

course[2] = new CCourse("Maths", "P2",room[0],prof[1],dur,2);

dur[0]=2; dur[1]=2;

course[3] = new CCourse("Maths", "P2",room[1],prof[1],dur,2);

dur[0]=2;

course[4] = new CCourse("Philosophy","T1",room[0],prof[2],dur,1);

dur[0]=2; dur[1]=2;

course[5] = new CCourse("Philosophy","T1",room[1],prof[2],dur,2);

if (solve_rec(course,6) == true) {

cout << "Found a solution\n";

print_timetable(course, 6, room, 2);

} else {

cout << "Couldn’t find a solution\n";

}

}
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Apotelèsmata (1/2)

% g++ -o timetableV2 timetableV2.cpp mainV2.cpp

% ./timetableV2

Found a solution

+-------------------------+

| DAY 1 |

+------------+------------+

| C1 | C2 |

+------------+------------+

| Physics | Maths |

| Physics | Maths |

| Maths | Philosophy |

| Maths | Philosophy |

+------------+------------+
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Apotelèsmata (2/2)

+-------------------------+

| DAY 2 |

+------------+------------+

| C1 | C2 |

+------------+------------+

| Physics | Maths |

| Physics | Maths |

| Philosophy | |

| Philosophy | |

+------------+------------+

+-------------------------+

| DAY 3 |

+------------+------------+

| C1 | C2 |

+------------+------------+

| Maths | Physics |

| Maths | Physics |

| Maths | Philosophy |

| | Philosophy |

+------------+------------+

%

79

EuqaristÐec

I sthn ka Izamp¸ Kar�lh gia th bo jei� thc sth dhmiourgÐa
kai org�nwsh aut c thc parousÐashc.

I ston ko Panagi¸th Stamatìpoulo kai ston Kuri�ko

Zerboud�kh. Oi ergasÐec touc p�nw sthn kat�rtish
wrologÐwn programm�twn apotèlesan to upìbajro thc
ptuqiak c mou ergasÐac, p�nw sthn opoÐa basÐsthke aut  h
parousÐash.

I kai ston Stèfano Stam�th gia ton k¸dika ulopoÐhshc miac
stoÐbac pou eÐqe gr�yei se C kai ton opoÐo daneÐsthka.
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