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>

Ot avtixelevootpageic YAMOOES TEOYPAUUUATIONOU
OLEUXOAUVOLY OTNY XAADTERY OPYAVWOT, TOU XWOLIXA.

Y1n C++ unopolyue vo oyedtdCouue PE AVTIXEWEVOCTRUPT
TEOTO ATOBOTIXES EQUPUOYES.

['o var ypddhoupe x@dixa C++ mou emAVEL EVAL GUYXEXPLLEVO
TEORBANUA, YEELAETO TPONYOUUEVWS VoL OUUE TPOGEXTIXA TNV
neptypopr) Tou mEoBAfuaToC autol. Oo mEENEL Vo BlaxpivouuEe
TIC OVTIOTNTES TOU UTAPYOUV OTO TEOBANUA, TIC BLOTNTEC TOUG
xat T Yetald toug oyeoelg. Oa oxeprovpe eniong Toug
alyopliuoug entAuong Tou TEofBAfuaTOC.



Y0otnua Katdpetione C2eohoyiou Hpoypduuotoc

> YAUEQA, TU UEYAAN TPOPAAUATA YEOVOTPOYLUUUATIOUOU
emthbovtar ye tn Borlelo untohoyiot). Tétota mpofhfpata
elvon T.y. ot BAEDIEC TOU TPOOWTLXOU WL AEQOTOPLXNG
eToupelag, 0 xaloploUOS NUEPOUNVIOY YLOL TIC ETAYYEALATINES
OUVAVTACELS, TO WPEOAGYLO TPOYPURUI EVOC EXTOUOEVTIXOU
10pYUATOC X.d.

> O BEATIOTOC YPOVOTROYPUUUATIOWOC XL 1) ATOBOTLXY
XATEPTION WPOAOYIWV TPOYpauudTwy elvar €va TpdBinua (xat)
¢ Teyvnthc Nonuoolhvng.

> Extéc and egappoyéc mov emhdouy t€Told TpoAfuata,
Eyouy avantuyVel xou apxeTéc, eumoptnéc xupiwe, PiBhiodrixeg
enthuong.

[eovypapy| Tou TeoAfuaToC

[o apy?), Yo aoyohnbolue pe pla amAry exdoy ) ToU TEOBAAUATOC
XATAPTIONG WEOAOYIOU TEOYEIUUATOS:

‘Eotw 6t pag €xet avatedel 1 dnuovpyia Tou wpoloyiou
TEOYPAUMaTOS Yo €va yuuvdoto. To mpdypouua agpopd pévo pla
nuépa Tne efdopddas. I'vwpiCoupe moteg tdelg —H xahlTepa oL
TURUOTO UTEEYOLVY 0To oy oAelo autd. Xe xdlde Taln diddoxovTaL
ouyxexpéva podfuato and évayv/ula diddoxovta/ovoa To
xadéva. Kade udidnpa drapxel plo opa.



[eprypag?| Tou TpoAAuaToc: Ly oA

> H nopoandve neptypagy| etvon oyetixd caprc. 201600 dev
AVOPEQOVTAL OE AUTAY XATOLEC TEOPIVELS TUPAUETPOL TOU
Tpaypatixod xéouou mou Yo mpénet vo AnpYouy unoln xotd
1) LOVTEAOTIOIMGT) TOU TEOPBAAUATOC.

> ILy. évac xadnynthc dev unopet va Bploxeton Tautdypova o€
ovo aidovoec.

> Axdua, oe plo Td&n dev unopolv va yivovtow Tautdypova 800
OLatPopETIXA o) uaTa!

Avadpouindc arydorduoc enthuong oe Peudoxoixa

SCHEDULE(/, nlesson)
if ¢/ == nlesson
return true // emtuylo

for h = 0 to nhours — 1 {
if o xodnynTAc xan 1 aldovoa Tou wodfuatog
etvon dradéatpa Ty dpa h {
Aéopeuoe tov xodnynth xat Tny afdouvoa yio Ty h.
Hpoypapudtioe 1o £ va yiveton tny h.
if SCHEDULE(? + 1, nlesson) == true
return true
Axbpwoe v avdideorn tne b yio o L.
AxOpwoe 11 déoyevon xodny Nt xat aldoucac.

}
}

return false // amotuyia ebpeonc wpac yia to udinuo £



Anhoc Aadirootinoc Hpoypaupatiopoc

4 I 7 AN
> Y11 cuvEyela TopouCIAETAUL TO UPYELD XDODIXA
only_main.cpp, T0 onolo xdlde dAho Tapd T0 dPOPO TN
AV TIXELLEVOOTRAPOUS LOVTEAOTIOMONG axoAoveL.

/7 4 4 4 4 . 4
> Diveton amomelpa var «oToluwyT00vy uéoa oc pia main() oheg
Ol OVTOTNTESC TOU TPOBAAUTOC.

> O xodixag autdg Yo unopoloe xdhAMoTo Vo Yoapel xat Ye

amhy| C.

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_unavaill[] [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_unavaill[] [nhours] = { {false, false, falsel},
{false, false, false} };

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

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};

// 1f 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_profl[],

int course_hour[], int curr_course, int ncourse,
bool room_unavail[] [nhours], bool prof_unavail[] [nhours])

// "Renaming" (for better readability)
int 1 = curr_course;

// Check if all the courses have been scheduled
if (1 == ncourse)
return true;

for (int h=0; h<nhours; ++h) {
if ( 'room_unavail[course_room[1]] [h]
&& 'prof_unavail[course_prof[1]][h] ) {

// Assign resources and hour
room_unavail [course_room[1]] [h]
prof_unavail [course_prof [1]] [h]
course_hour[1l] = h;

true;
true;

only main.cpp (5/6)

// Continue with scheduling the next course

if (solve_rec_body(course_room,course_prof,course_hour,
1+1,ncourse,room_unavail,,prof_unavail) == true)
return true;

// Free resources
room_unavail [course_room[1]] [h]
prof_unavail [course_prof [1]] [h]
course_hour[1l] = EMPTY;

false;
false;

// Couldn’t find an hour, for course ‘1’
return false;



only main.cpp (6/6)

inline bool

solve_rec (int course_room[], int course_prof[], int course_hour[],
int ncourse, bool room_unavaill[] [nhours],
bool prof_unavaill[] [nhours])

return solve_rec_body(course_room,course_prof,course_hour,
0,ncourse,room_unavail,prof_unavail) ;
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only main.cpp: Anoteréopata

% g++ -o only_main only_main.cpp
% ./only_main
Found a solution

h

> o anhdtnta, 10 only main. cpp OEV EXTUTWVEL TO WPEOAGYLO
TEOY AU AVUPEREL LOVO oV UTIAPYEL Xdmota AOaT 6T
TEOBAT UL,

> Ilopatnpolue 6Tt yweic T ypron xAdocwy dev etvon Eexddopo
T0 TOLES efval TEAMXE ot ovToTNTES TOu MEOBA\UaTog. Trdpyet
wlol <LloOTEDWOTY TWV DEBOUEVLY, APoU 1) AVATUPICTACT, TOUG
TEPLOTEEPETAL YUPw amd Toug alyoplluoug puévo.

14



Avtixewevootpagric Movtelonoinon (1/2)

> ['a Vo TpoyWEHCOUUE OTNY AVTIXELEVOCTRUP
woviehonolnom, Yo mpEnel Vo EVTOTIGOVPE TIG OVTOTNTES TOU
TEOPBMRATOC, X ot TIC HETAL) TOUC OYEOCELS.

> ‘Ocov agopd t0 TeéPinud pac, Yo dnutoupynooupe i xAdom
yio o patnuara, pio yio Toug kaOnyntés xan G ula yia Tig
tdée.

> Kade pddnuo nepiéyer avagopd (reference) otov/otny
xod Ny NTH/TeLo TOU TO BIBGoXEL XU GTNY TAEY oTNY onola Vo
vivet.

15

Avtieevootpaghc Movtehonoinon (2/2)

> TOV YPOVOTPOYPUUUATIONO, €vag mdpog (resource) eivon x4t
10 omolo avd méou Ypovix) oTiyur unopel va avatedel o€ o
mohU ula dpaoTneLOTATA.

> Evoc xadnyntrc unopel va Yewpniel ot eivai-évag (is-a)
nopog: xodeula Wpa UTOPEL VoL BIBAoXEL £V UOVO UdU UL,
‘Ouota, ot wla affovoa uropel va hauBdver yopa €va 1o ToA)
udinua Ty dpa, ondte xou 1) aldouoa xAnpovouel Tig
OLOTNTESC EVOC TOPOU

CResource

is-a is-a

(CClassroom) (CProfessor)

> ‘Ocov agopd Tov akyoptduo enihuong, unopolue va
VAOTIOLACOVPE 000 eEVAARAXTIXEG TEYVIXES avalhTNoNG:
a) pe avadpopn (éupeon yeron otolfoc) xat
B) ue epgpavi ypron otoifoc.

16
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timetable.h (1/8)

#ifndef TIMETABLE_H
#define TIMETABLE_H

#include <string>
#include <jiostream>

namespace timetable {

class CResource {
private:
bool x*slot;
int nhours;
// slot[h]==true means that the resource is unavailable at
//  hour ‘h’. The length of the array ‘slot’ is ‘nhours’.

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;
// 1initially 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] );
}
}s

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; 1}

};



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; }

};

21

timetable.h (6/8)

class CCourse A
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);

29



timetable.h (7/8)

CClassroom& get_class (void) const
{ return classroom; }

CProfessor& get_prof (void) const
{ return professor; 1}

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;
}
+

23

timetable.h (8/8)

void cancel_schedule (void)

{
classroom.release (hour_scheduled) ;
professor.release (hour_scheduled) ;
hour_scheduled = EMPTY;
}
+s
bool

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

void

print_timetable (CCourse course[], int ncourse,
CClassroom room[], int nroom, int nhours);

} // end namespace

#endif // TIMETABLE_H

24
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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
int CProfessor::count

o
O O

timetable.cpp (2/6)

// Overloaded operators for printing
ostream& timetable::operator <<

(ostream& os, const CClassroom& room)
{

0s <KL 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;

}



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& ¢ = coursel[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

27

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>

IR
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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 coursel], int ncourse,
CClassroom& room, int hour)

{
for (int c=0; c<ncourse; ++c) {
if (courselc].get_class().get_id() == room.get_id()
&& coursel[c].get_hour() == hour)
return c;
}
return -1;
}
inline void print_bar (int columns)
{
for (int i=0; i<columns; ++i)
cout << "+-——-mm—————e "5
cout << "+\n";
}

// end namespace

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) A
c = search_course(course,ncourse,room[r],h);
cout << "| ";
cout << setiosflags(ios::left) << setw(10) << course[c] << " ";
}
cout << "[\n";
}

print_bar (nroom) ;



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) I};
CProfessor profl[] = {
CProfessor("Einstein", nhours),
CProfessor("Godel", nhours) ,

CProfessor ("Eco", nhours) I};
CCourse coursel[] = {

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]) };

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";
//%



Anotehéopata

33

ag

% g+t+ —o timetable timetable.cpp main.cpp
% ./timetable

First case, with 6 courses:

Found a solution

Fommm e +

c1 | C2 I
Fommmmmmm e +
| Physics | Philosophy |
| Maths | Physics |
| Philosophy | Maths I
e Fommm +

Enupeiovon: Av petayAottiotel 0 x®Odxac oTa unyavinate Sun tou Tuhuatoc ye
NV TPoXAYOPIOUEVY] EXBOGY TOL g++, TaL ATOTEAEGUATA Vol ELPAVIOTOVY XAVOVIXA,
AAAG Ywelc oToiyion. AV XENOLLOTOMAGOVIE TNV TO XovolpYLla €XB00T Tou g++, dev
Yo undpyel autd To TEOBANUA. To wévo mou ypetdletar yio va yivel autd, elvar va
TPECOLYE, TPV TIC EVIOAES TOU TOPATAV® TAAGIOL, TNV EVIOAT,

alias gt++ ’/usr/sfw/bin/g++’

Avalhtnon Adone e otolBo

> Av avti tng ouvdptnone solve_rec() (avalhitnon pe

avadpour)), yenotponoticovye v solve with _stack()
(avalftnon pe egpovy) yerorn otolBac) Tou solve_stack.h,
VYo ndpoupe to (Bl axpLBdc AnoTEAETUITA.

> ECdAlov, ot 800 auTéc oLUVIRTAOELC VAOTOIODY TOV (Do

alyoptduo, mou Aéyeton avalntnor Avong ue omotoopdunon
(backtracking).



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

35

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;

2R



solve stack.cpp (2/3)

int ¢=0, h=0;
while (c < ncourse) A{
while (h < nhours) <{
if (courselc].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 (¢ == 0)

return false;

37

solve stack.cpp (3/3)

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

——c;

courselc] .cancel_schedule();

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

stack_choices.popQ) ;

}

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

}

233



TAhomownoelc otollBoc

‘Eyoupe tpetc evahhaxTixéc VAOTOIROEL TOU TUTOU DEOOUEVWY
otolfo:

1. Yto apyeia my_stack.h xou my_stack.cpp vAonote{tar pio
anh otolfa axepainyv (xAdon my_stack).

2. Y10 opyelo my_stack_templ.h vionoteiton plo template
oto{fo (xAdon my_stack_templ), dnhadr wa otoifa tne
OTOlC O TUTOG TWY OTOLYEIWY UTOPEL VO EIVOL O OTOIOCONTOTE
— onote umopel va elvar plo otolBo axepaiwy, 1 wo otolBa
oupPolooelpwy, 1 wa otoifa oTolBdy %.0.x%.

3. Téhoc undpyer 1 €ton hoon tne STL (xhdon stack tou
op@VUPoL apyelou emxepahidoc e tpdTLTNG BB NC).

39

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) { }

40



my _stack.h (2/2)

"my_stack (void)

{
while (stack != 0)
pop QO ;
}
int top (void) const
{
return stack->thedata;
}

void pop (void);

void push (int newdata);

};

#endif // MY_STACK_H

41

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;

49



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) { }

43

my_stack templ.h (2/3)

“my_stack_templ (void)
{
while (stack != 0)

pop QO ;

TemplType& top (void)
{

return stack->thedata;

void pop (void);

void push (TemplType& newdata);

a4



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

45

Thonooeig otolBac: Xyohw (1/2)

» To ocopa plac template cuvdptnone urnopel va oplodel xou o€
eva apyelo emixeaidac. O Adyog elvan 6TL 0 YETAYAWTTIOTHC
yeetaleton va Yvwpilet oyt povo tn 0fhwor), ahAd xor Tov
OPLOUO UIUG TETOLUS CUVAPTNOTNG, YL Vo PTIdY VEL xd¥E Qopd
OLAUPOPETIXEC KEXDOOEISY NG (0E YAWOOH Unyovhc), avdhoya
UE Tov TOTO DEDOUEVWY Yid TOV OTolo XohElTL.

> Mnopotue va opilouye dopéc (m.y. v struct stacknode)
—aXOPA X0 AANES HASOEIG— EVTOC EVOC 0PLOUOU WG XAAOTNG.
Avutd yivetan yia Ty xohbTERT 0pYdVWOT TOU XWOLXA, ONADT)
yio vo dnh@vetan xou var opileton xadeti 0To eninedo mou
yeetdletan xou yiar vor unyv umdpyet (aypelaotn) xodohxn
Teoofacn oTNY omoladHToTE ONAWOT).

416
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Thonothoelc otolfBac: Xyoha (2/2)

> Avtideta and v my_stack: :top(), 1
my_stack_templ: :top() emotpépel avapopd (reference) oto
avtixefuevo mou Bploxeton oty xopuyt g otolBag. O Adyog
mou yiveton autd elvon yior var unv xaAeiton o copy-constructor
T0U TOTOV BEBOUEVWY oL TEpLEYETL oTn oTolBa. T TNy
xhdon my_stack dev umdpyetl avtiotoryo mpoBAnua, ol
Yvopiloupe ex TV TEOTépwY 6Tt 0 TOTOC DEDOUEVWY TOU
neptéyetal o€ authyv T otoifa elvon axépatos (int). H
avdieor evog axcpalou oe Evay dAho elval Tpopavme pio
Ted&r mou dev xooTIlEL.

Néa neptypapn tpofAAuatog (e neptoobtepa {nrodueva)

e autd to onuelo, Vo xdvouue ahhayéc xo Tpoc¥ixeEC oTOV
xWOa Tou €yl RO mapoustaciel, €10t OoTE —PETACY TV GAADY—
vor xohupioly xon tar e€he {nrolueva

> Katdption wpohoylou mpoypduuatog yia €fooudoa.

> ‘Eva padnua topa Yo uropel va anoteAelton and TohAEC
napaddoelc. AVo TopadOcES TOU BIoU Pa)AUATOS BEY
uropolVv va yivovtar tnyv (dia nuépa.

> Kdlde mapddoom €yet cuyxexpluévr SLdpxeld O WEES.

> Amoubvwon Ty ovioTHTOY eXEVEY Tou agopoly xadupd To
AAYOPLIUIXG XOUUATL TNS XATAPTIONS wEOAOY{oU
npoypduuatog. Iapoxdtw Yo dodue nog Yo aviiyetwricovye
aUTO T0 {NTOVUEVO, AVAPOPLXS UE TNV XAJCT Yio TOUG
xodnyntéc/prec.



Anopdvemon xhdoewy wpohoylou tpoyedupatoc (1/2)

» H xhdon CProfessor avahietar oe CProfessor xat
CProfessorSched.

> Y11 CProfessorSched meptéyovtal ta yvwplopata exciva
evoc xadnynt?h, mou ypeewdleton va E€pel €va oloTnua
XATAPTIONG WEOAOYIOU TPOYEIUUATOS OTIWE TO YUQAXTNPLOTIXO
MaxHoursPerDay, nou eivon ot wpeg avd nuépa mou uropel To
Toh) var xdver udinpa évac xadnyntic.t

> And tnv dhArn, otn CProfessor (1 onolo xAnpovopel ta
Yopaxtnplotxd tnc CProfessorSched) meptéyovtal
Yvoplopata evog xadnynty Onwe To 6voud Tou, Tou dEV Elvau
anapaltnTo va Tl E€pEt Evag ahydpLIoC XUTAPTIONG
wpoloyiou TpoypdupATOC.

TL.y. otn main() nou axoloudel opiletan 6Tt o Einstein unopet vo d1ddEet

T0 TOAD 2 Opec/Nuépa, Aoyw m.y. oLpBaonc.
49

Anoudvwon xAdoeny wpohoylou Teoyedupatog (2/2)

> Agol avahboaye Ty apyixh xAdor), oc CProfessor xo
CProfessorSched, yivetal TMpA VA TEOYWEAUE OE AANAYES
oTny vhonoinorn tne CProfessorSched, ywpelc va pog
EVOLUPEREL 1) «<EOWTEPIXTY uhomolnor e CProfessor xo
avtioTpopa.

Kot ot unéhoineg ovtdtntes Tou TPOoPAARATOC avTHETOTICOVToL Ue
AVIAOYO TEOTO.

50
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59

YYECELC UETAUCY TV XAACEWY

Téhoc, xde pdinua (CCourseSched) mepilauPdrer (has) évay
OUYUEXPWEVO optiud TapadOCEWY.

Or oyéoeic xhnpovopuxdtntac xat obvleong YeTtald TV XAJoEWY
POLVOVTOL OTO TUEAXATL OY AU, 1TO TAUICIO UE T1) OLUXEXOUUEVT
YEURUH EVIACOOOVTAL Ol XAAOELS IOV dPOopOoLY JUECA TO OLCTNUA
XATEPTIONS WPOLOY{OU TPoYEduUaTOS (Ahyoprdmixd wépog).

is-a is-a is-a

(CClassroom) (CProfessor) (CCourse)

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 x*x*slot;
// slot[d] [h]==true means that the resource is unavailable on
// day ‘d’ and hour ‘h’.



timetableV2.h (2/16)

public:
CResource (void)
{
int d, h;

slot = new boolx*[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;
}

+s;
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timetableV2.h (5/16)

class CClassroomSched : public CResource {
private:

public:

CClassroomSched (void) { }
};

5A



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);
}
+s;
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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; }

FER



timetableV2.h (8/16)

int get_day (void) const
{ return day_scheduled; }

int get_hour (void) const
{ return hour_scheduled; 1}

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 1=0; 1<nLecture; ++1) {
Lecture[l] = new CLectureSched(cl_init,pr_init,
duration[1]);
+
}
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timetableV2.h (11/16)

~“CCourseSched (void)
{
for (int 1=0; 1<nLecture; ++1)
delete Lecture[l];
delete [] Lecture;
}

int get_nLecture (void) const
{ return nlecture; }

const CLectureSched&
getLecture (int LectIndex) const
{ return *Lecture[LectIndex]; 1}

bool schedule (int lectIndex, int day, int hour)
{
for (int 1=0; 1l<nLecture; ++1) {
if (1!=lectIndex && Lecture[l]->get_day()==day)
return false;

}

return Lecture[lectIndex]->schedule(day,hour);

62 }



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; }

};

A4



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; 1}

};

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

I
o

AR



timetableV2.cpp (2/8)

// QOverloaded 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 == coursel[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 = *coursel[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) A
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 ¢, 1;
for (c=0; c<ncourse; ++c) A
for (1=0; 1 < courselc]->get_nLecture(); ++1) <
if (coursel[c]l->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;

o }



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 <€ "—————————— +\1’l" ;
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) ;

A



timetableV2.cpp (8/8)

// PRINT COURSE
for (h=0; h<nhours; ++h) {
for (r=0; r<nroom; ++r) A
¢ = search_course(course,ncourse,room[r],d,h);
cout << "| ";
cout << setiosflags(ios::left) << setw(10);
if (c == -1)
cout << "";
else
cout << xcourselc];
cout << " ";
}
cout << "|\n";
+
print_bar (nroom) ;
}
}

75

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 *coursel[6];

'S
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mainV2.cpp (2/2)

}

dur [0]=2;
course [0]
dur [0]=2;
course[1]
dur [0]=3;
course[2]
dur [0]=2;
course [3]
dur [0]=2;
course [4]
dur [0]=2;
course[5]

if (solve_

dur[1]=2;
= new CCourse("Physics", "P1",room[0],prof[0],dur,2);

= new CCourse("Physics", "P1",room[1],prof[0],dur,1);
dur[1]=2;

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

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

rec(course,B) == true) A

cout << "Found a solution\n";
print_timetable(course, 6, room, 2);

} else {

cout << "Couldn’t find a solution\n";

}

Anoteréopata (1/2)

% g+t+ -o timetableV2 timetableV2.cpp mainV2.cpp
% ./timetableV2
Found a solution

| Physics
| Physics
| Maths
| Maths

|
|
+————T—+
|
|
|
|
|
|
|
|
|
|
|
+

Maths |
Philosophy |
Philosophy |
____________ +




Anoteréopata (2/2)

e it L +
| DAY 2 I
e e +
| C1 | C2 |
et o m o +
| Physics | Maths |
| Physics | Maths |
| Philosophy | I
| Philosophy | I
o m o o m o +
e L +
| DAY 3 I
e e +
| C1 | C2 |
e e +
| Maths | Physics |
| Maths | Physics |
| Maths | Philosophy |
| | Philosophy |
o mmmm o e +
YA
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Fuyaptotieg

> oty xo Ilaune KapdAn yo tn Borpdeid tne otn dnutovpyio
XL 0PYAVWOT AUTAS TN TOPOUGLICTS.

> otov xo llavayicytn Yraparonovdo xar otov Kupidko
ZepPovodkn. O epyaclec TOUC TAVW OTNY XATAOTION
wpoloYlwV TpoypapudTwy anotéhecay To UTOBadpo TNg
TTUYLX NS Wou epyaciog, mdvew otnyv onola Paciotnxe auth 7
ToEOUGLUoT).

> xou otov Ntépavo Yrapdtn Yo TOV X@OLXA VAOTOIMONG WLAS
otoifac mou elye yeddet oe C xat tov omolo daveloTnxa.
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