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Metode pretrage gratova
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Primer 1

* Putanja od zelene celije do crvene

* 8 koraka iz jedne celije

* Koja je najkraca putanjar

* Sta ako imamo 4 moguca

koraka 1z Celjje.
Assumptions about
robot motion
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Primer 1

* Pretrazimo dobijeni gratf.

* Pretpostavljamo da sve 1vice grata mogu

kreirati putanju.

* Resimo problem tako §to nademo

putanju od A do B.
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Pretraga gratova
* Ivice grafa mogu imati pridruzene teZine
* Cena putanje Graph G = (V,&)

* Ima smisla da se razmatraju path P CE

samo pozitivne tezine. Node (V> P)
* Algoritmi sa minimalnom cenom vertex V E V
nikad ne posecuju isti ¢vor dva puta.
* Najpoznatije pretrage:

* Pretraga u Sirinu (BES)

* Pretraga u dubinu (DFS)

* Dijkstra’s Algoritam Edge EEE ~
° A*

Directed graph:  edges have direction
Weighted graph: edges have costs
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Drvo pretrage

* Konstrui§emo ,,drvo* pomocu kojeg vr§imo pretragu.
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Drvo pretrage

* Drvo pretrage:
* Pocetno stanje se uzima kao koren
* Naslednici — skup svih mogucih akcija
* Uglavhom zelimo da 1zbegnemo

konstrukciju kompletnog stabla

Co-funded by the
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Osnove pravolinijske pretrage

* Pochemo od korena (pocetno stanje), sSirimo drvo sve dok ne
dodemo do cilja.

* Prosirivanje nodova znaci dodavanje njthovih naslednika.
* Treba probati da se nade reSenje sa Sto manje prosirivanja.
* Otvoren set — ¢vorovl 1z kojith se mogu vrsiti prosirivanja

* Zatvoren set — svi oni ¢vorovi koje je algoritam posetio

Co-funded by the
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Osnove pravolinijske pretrage

FORWARD _SEARCH

Il Q.Insert(x;) and mark r; as visited

2  while Q not empty do

3 T+ Q.GetFirst()

4 if r € Xg

D return SUCCESS

6 forall u € U(x)

7 ' f(x,u)

8 if 2’ not visited

9 Mark 2’ as visited
10 Q.Insert(z’)

1 else Co-funded by the
12 Resolve duplicate 2/

Erasmus+ Programme

13 return FAILURE of the European Union
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Pretraga po sirint

OV AR CEADRCL]

I I Q. Insert(x;) and mark x; as visited I G
while ( not empty do

)

3 r + Q.GetFirst()

) return SUCCESS

) forall u € U(x)

7 r' — f(z,u)

=~

if ' not visited

-~

9 Mark 2’ as visited D !
10 Q.Insert(x’")

11 else

12 Resolve duplicate o

13 return FAILURE

Open (Q): Closed:
{8} {}

Co-funded by the
Our (BFS) queue will be FIFO: Erasmus+ Programme
+ push (O.Insert) onto the end ;
« pop (O.GetFirst) from the front of the Eu ropean Union
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Pretraga po sirint

FORWARD _SEARCH
I Q.Insert(xr;) and mark z; as visited B G
while (Q not empty do
x + Q.GetFirst()

';l

3

| ifre Xg e |
) return SUCCESS

forall v € Ulx)

'« f(x,u)

! if ' not visited o e e
9 Mark &' as visited D J

()] Q.Insert{x')

0 =]

11 else
12 Resolve duplicate o

13 return FAILURE

Open (Q): Closed:
{A,C,G} {B,A,C,G}

Co-funded by the
Erasmus+ Programme
of the European Union




Innovative Teaching Approaches in development of Software Designed Instrumentation and its
application in real-time systems

Itasdi

Pretraga po sirint

FORWARD . SEARCH
1 (). Insert(r;) and mark z; as visited
l 2 while @ not empty do I G
r + Q.GetFarst()

3
| if r € Xg e |
) return SUCCESS

6 forall u e Ulx) A

'« f(x,u)

7

8 if ' not visited

9 Mark 2’ as visited D J
10 Q. Insert(z')
11 else

12 Res v .|'.|i||11 e 2’ e Q
13 return FAILURE

Open (Q): Closed:
{C,G,D} {B,A,C,G,D}
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Pretraga po sirint

B

G
I
A
e D J
Open (Q): Closed:
{G,D,1} {B,A,C,G,D,l}
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Pretraga po sirint

G
I
A
D J
Open (Q): Closed:
{D,1} {B,A,C,G,D,1}
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Pretraga po sirint

G
|
A
D J
Open (Q): Closed:
{1,3} {8,A,C,G,D,1,)}
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Pretraga po sirint

G
I
A
D J
Open (Q): Closed:
{} {B,A,C,G,D,11}
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Pretraga po sirint

B
G
L c '
At
I D |
Open (Q): Closed:
' {1 {B,A,C,G,D,1,)}

FORWARD SEARCH

1 Q. fnsert(x;) and mark z; as visited

2 while ()} not empty do

B} x +— (.GetFirst()

1 ifre Xg

5 pedwen SULGEDS Final path solution: B>A—>D->)J

i forall v € Uz)

i x4 .J"I..l )

8 if r"\ufﬂkvirir*'*l L Other solutions may exist but have the

o 'Q'f}‘Jrh;’”‘;:,,‘}”““' same number or more transitions Co-funded by the
11 else

12 Resalve i]1||||i|'j|1l' Ed

13 return FAILURE Erasmus+ Programme

of the European Union
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EORWARD.SEARCH

Il  Q.Insert(r;) and mark x; as visited
! while 2 not empty do
r + Q.GetFirst()

«

-

| ifre Xg

5 return SUCCESS

6 forall v e U{x)

7 v« flx.u)

8 if ' not visited

9 Mark z' as visited
10 Q.Insert(z')

11 else

12 Resolve duplicate 2

I3 return FAILURE

Pretraga po dubini

Open (Q): Closed:
{B} {}

Co-funded by the
Erasmus+ Programme
of the European Union

Our (DFS) queue will be LIFO:
* push (O.Insert) onto the front
* pop (O.GetFirst) from the front
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Pretraga po dubini

FORWARD SEARCH

I  Q.dnsert(x;) and mark x; as visited B G
2 while @ not empty do
3 r + Q.GetFirst()

| if r € Xg e |

a2 return SUCCESS A

6 forall u € U{x)

7 '« f(x,u)

8 if ' not visited o e e

9 Mark 2’ as visited D J
1)) (J.llt.sf rt{z’)

11 else

12 Resolve duplicate o/

13 return FAILURE

Open (Q): Closed: Co-funded by the
{A,C,G} {B,A,C,G}

Erasmus+ Programme
of the European Union
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Pretraga po dubini

FORWARD SEARCH

1 Q. Insertlr;) and mark 7, as visited B

P e - G

2  while @ not empty do

3 r + Q.GetFarst()

4 if r € Xg e |
3 return SUCCESS A

§ forall u € Ulx)

7 r' « f(z,u) 0 0 e

S if ' not visited D J
9 Mark ' as visited

) (). Inse rt{z’') e Q

11 else

12 Resolve duplicate &

13 return FAILURE

Open (Q) Co-funded by the

pen : Closed:

{D,C,G) {8,A.C,G,D} Erasmus+ Programme
of the European Union
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Pretraga po dubini

Open (Q): Closed:
{1,J,C,G} {B,A,C,G,D,1,)}
Co-funded by the
Erasmus+ Programme
of the European Union
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Pretraga po dubini

B
G
I
A
D J
Open (Q): Closed:
{,C,G} {8,A,C,G,D,LJ}

0 o Co-funded by the

Erasmus+ Programme
of the European Union
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Pretraga po dubini

"FORWARD SEARCH

1 Q.Insert(x;) and mark z; as visited

2 while (Q not empty do I

3 r + Q.GetFirst() ) C

n ifr€ Xc / A

) return SUCCESS

O forall v & [ (2 )

7 '« flx, u) D ]
8 if ' not visited

9 Mark 2’ as visited

10 Q. Insert(z')

11 else \
12

Resolve duplicate &

13 return FAILURE Open (Q): Closed:

{} {8,A,C,G,D,1J}

Co-funded by the
Erasmus+ Programme
Final path solution: B>A>D->) of the European Union
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Uporedna analiza

BFS DFS

Co-funded by the
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Akc:l]e sa cenom

* Kako resiti slucaj ako odredena putanja ima vecu cenu nego
neka druga?

* Najpopularniji algoritmi Dijkstra’s 1 A*

3 Co-funded by the
Erasmus+ Programme
D 2 ] of the European Union
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Diyjkstra’s algoritam
* Objavljen od strane Edsger Dijsktra 1959.

* Otvara ¢vorove sa najmanjom cenom najblize od korena grafa.

* NajkoriS¢enijt algoritam za resSavanje problema trgovackog
putnika.

Co-funded by the
Erasmus+ Programme
of the European Union
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Diyjkstra’s algoritam

EORWARDSEARCH Bp-. 3
1  Q.Insert(xr;) and mark x; as visited G
2 while Q not empty do 5 5 5 c
3 r + Q.GetFirst() m
; if r € Xg - 2 ¢ 5 |
5 return SUCCESS A —
6 forall u € Ulx) 5 i 3
7 r' «— f(x,u) 3
8 if ' not visited Open (Q): Closed: Y .
9 Mark 2’ as visited {B(0)} {B(0)} D 2 J
1) Q.Insert(x')
11 else
12 Resolve duplicate 2

13 return FAILURE Our Dijkstra queue will be ordered

by cost to arrive:
« push (Q.Insert) by cost Co-funded by the

* pop (0. G_er}r‘frsr) from therfmnt, Erasmus+ Programme
and add it to the closed list of the European Union
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Dijkstra’s algoritam

FORWARD SEARCH
1 Q.Insert(x;) and mark x; as visited 2 3
2  while () not empty do G
3 r + Q.GetFirst() 5
¢ \ 2 2 5
I ifre X, B(0) .
3 return SUCCESS 2 C 5
6 forall u € Ufx) v, A \Gl
7 '« flx,u) 3 2 1 3
8 if ' not visited
9 Mark 2’ as visited C 0(2) D .D 2 J.
1) (2.1”.\‘( ri(x")
11 else
12 Resolve duplicate o’
13 return FAILURE
Open (Q): Closed:
{C(2), {B(0)}
e Co-funded by the
A(5)) Erasmus+ Programme

of the European Union
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Dijkstra’s algoritam

FORWARD SEARCH B .
] Q. Insert(x;) and mark r; as visited | G
2 while © not empty do 5 5 9 c
3 I ¢ (L)(y’rlFlr.all | |
! if r € X e >
5 return SUCCESS A Gl
6 forall u € U{x) 3 2 s 3
7 r' «— f(r.u) \
8 if ' not visited T:} 2 ]
9 Mark o as visited
10) Q. Insert(x’)
11 else
12 Resolve duplicate @
13 return FAILURE
Open (Q): Closed:
{G(3), {B(0), Co-funded by the
A4)} C(2)} Erasmus+ Programme

of the European Union
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Dijkstra’s algoritam

3
FORWARD SEARCH B G
| Q.Insert(z;) and mark r; as visited

2 while Q not empty do > 2 2 5
3 r 4 Q.GetFirst() 5 5\
| if r € X CL~

2

return SUCCESS A 1 3
6 forall u € U(r) 3 2
T ' flr,u) .
~ if 2" not visited T:I' - J
9 Mark o' as visited
10) Q.Insert(x')
11 else
12 Resolve duplicate @

13 return FAILURE

Open (Q): Closed: Co-funded by the
{G(3), {B(0),
) c2)) Erasmus+ Programme

D (4) } of the European Union
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Dijkstra’s algoritam

FORWARD SEARCH B 3
| Q.Insert(x;) and mark r; as visited G
2 while @) not empty do 5 2 32 5
3 ; ¢ (‘) (.u!l' irst() 2 c 5 I
| lf‘ L5 .\(,' A .
D return SUCCESS ) 1 3
O forall u € U(r) 3
T ' flr.u) . *
’ 2
8 if ' not visited D )
9 Mark ' as visited
10) Q.Insert(x’)
11 else
12 Resolve duplicate 2’
]-{ return l'\”.ll\']: Dpen {Q] CIUSEd:
(G (3), {B(0), Co-funded by the
A (4), C(2)} Erasmus+ Programme
D (4), of the European Union

1 (7)}
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Diyjkstra’s algorltam

Y

G(3) o

b 2

@ Open (Q): Closed:
{A(4), {B(0),
D (4), C(2),

L (7)} G(3)}

Co-funded by the
Erasmus+ Programme
of the European Union
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Diyjkstra’s algoritam

Open (Q): Closed:
{D (4), {B(0),
1 (7)} C(2),

G (3),
@ A (4)}
Co-funded by the

Erasmus+ Programme
of the European Union
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Diyjkstra’s algoritam,, .

G
>/ |2 2 5
2 ¢ 5 |
A

% :
bz
@ m Open (Q): Closed:
{15} {B(0),
C(2),
D> sl
A (4),
D(4)}

Co-funded by the
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Diyjkstra’s algoritam

Be. 3
G
> 2 2 5
2 o s N\
A
S \2 ’

57
Open (Q): Closed:
{1(5), {B(0),
J(6)} C(2),
G(3),

A (4), Co-funded by the

D(4)} Erasmus+ Programme
of the European Union
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Diyjkstra’s algoritam

B 3
G
5 2 2 5
2 ¢ 5 |
A
1 3
; 2
.

b 2 !

Open (Q): Closed:

{J(6)} {B(0),
C(2),

GICD> G )
E{T]}: Co-funded by the
| (53 Erasmus+ Programme

of the European Union




Innovative Teaching Approaches in development of Software Designed Instrumentation and its
application in real-time systems

Itasdi

Diyjkstra’s algoritam

/ N

D J
Open (Q): Closed:
{} {B(0),
C(2),
<> s
A (4),
D (4), Co-funded by the
Final path solution: B=>C>D->) L (5), Erasmus+ Programme

with path cost 6 1(6)} of the European Union
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A* heuristicka pretraga
e Heuristika:

* Funkcija koja opisuje koliko smo daleko od cilja

* Uvek se postavlja za odredeni problem
* Menhetn ili Euklidska distanca, ...

 A* funkcija cene: f(n) = g(n) + h(n)

N

Cena puta Cena heuristike
Co-funded by the
Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

Co-funded by the
Erasmus+ Programme
of the European Union




Innovative Teaching Approaches in development of Software Designed Instrumentation and its
application in real-time systems

Itasdi
A* heuristicka pretraga
B 3
G
Open (Q): Closed: > 2 2 5
(80} (8(0)) L 5\
bz T

Our A* queue will be ordered by

cost to arrive + heuristic:

* push (Q.Insert) by A* priority, f(n)

« pop (O.GetFirst) from the front, Co-funded by the
and add it to the closed list Erasmus+ Programme

of the European Union
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A* heuristicka pretraga

Open (Q): Closed:

{C(2+3), {B(0)}
G (3+5), Co-funded by the
A(5+5)}

Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

Open (Q): Closed:
{G(3+5), {B(0),
A(4+5)} C(2)}

Co-funded by the
Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

+5

Open (Q): Closed:
{D(4+2), {B(0),
G (3+5), C(2)}
A (4+5)} Co-funded by the

Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

Open (Q): Closed:
{D (4+2), {B(0),
G (3+5), C(2)}
A (4+5)} Co-funded by the

Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

+5
+1 Open (Q): Closed:
{D(4+2), {B(0),
| (7+1), C(2)}

G (3+5), Co-funded by the

A (4+5) } Erasmus+ Programme

of the European Union
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A* heuristicka pretraga

Open (Q): Closed:

{1 (5+1), {B(0),
G (3+5), C(2),
A (4+5)} D(4)}

Co-funded by the
Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

Open (Q): Closed:
{1 (5+1), {B(0),

G (3+5), C(2),

A (4+5)} D (4) } Co-funded by the

Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

+5

Open (Q): Closed:
{J(6+0), {B(0),
I (5+1), C (2),
G(3+ D (4
A,E4+§;,} @) Co-funded by the

Erasmus+ Programme
of the European Union
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A* heuristicka pretraga

2 3
+5
2 2
@ +5 +2 Open (Q): Closed:
{1 (5+1), {B(0),
1 2 G (3+5), C(2),

A(4+5)} D (4),
dBD+ O~ J(6)} Co-funded by the

Erasmus+ Programme

Final path solution: B>C>D-) of the European Union
with path cost 6
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https://giao.github.io/PathFinding.js/visual/

Breadth-first Dijkstra

Co-funded by the
Erasmus+ Programme
of the European Union
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Thanks!
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