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1. Belmana-Forda metodes apraksts

Ja Dijkstras metode lauj noteikt visisakos marsrutus no
dotas orgrafa G (ar nenegativiem svariem) virsotnes u
lidz visam parejam §1 orgrafa virsotnem, tad
Belmana-Forda (Bellman-Ford) metode lauj noteikt
visisakos marsrutus no dotas orgrafa G (ar patvaligiem
svariem) virsotnes u lidz visam paréjam &1 orgrafa
virsotném pie nosacijuma, ka orgrafam G nav negativa
svara konturu.

Saturs Sakums Beigas <« » Atpakal Aizvert Pilns ekrans



Parnumuresim orgrafa G virsotnes ta, lai uq; = u.
Belmana-Forda metode.
1. Katrai virsotnei v € VG pieskirsim divas iezimes A(v) un 6(v):

AMui) =0, Muj)=00(j=2,...,n);

)

. _ 1, ja veT (ug) vaiv=u,
Yo eVG: 0(v) = { 0, ja v&€TT(u) un v # uy.

2. 1:=1.
3. Katrai virsotnei u; € I'*(u;) izpildam:
3.1. ja Auy) > AMus) + w(ug;us) un j > 4, tad
Alug) = Mui) +wlui;ug), 0(u;) = ui;
3.2. ja A(u;) > AMu) +w(us;uy) un j < i, tad
M) = Aui) + wlus ug), 0(u;) =wi, i =j—1,
un parejam pie 4. punkta;

3.3. ja Au;) < AMui) + w(us;uj), tad iezimes A(u;) un O(u;)
nemainam.
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4. i :=1i+ 1. Jai < n, tad parejam pie 3. punkta. Ja i = n, tad
parejam pie 5. punkta.

5. AMu;) = plugsug) (i = 1,2,...,n). lezimes O(u;) lauj noteikt
visisakos (u1;u;)-marsrutus:

s 00(0(us))), 00(us)), 0(u;), .
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2. Piemers

Atradisim visisakos marsrutus no virsotnes 1 lidz visam paréjam 1. zim. attelota
orgrafa (G;w) virsotném, lietojot Belmana-Forda metodi.
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1. zim.
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Orgrafa G izejosas pusapkartnes:

0. solis.

(1 217

(2 8

INE 6

T4 3|6

(5 4 |7

Tt (6 3151] 9

(7 1]5] 8

T8 1|16 |10

T+ [[2 ]3] 8

rtao [[s56] 7

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0 | oco | oo | oo | o0 |00 |00 | 00| 00| 00
0(v) 1 1 0 0 0 0 1 0 0 0
Saturs Sakums Beigas <« » Atpakal Aizvert Pilns ekrans



1. solis. T'T(1) = {2;7}.

A2)=00>28=0+28=A(1)+w(1;2) =  A(2) =28
Ta ka A(2) > A(1) + w(1;2) un 2 > 1, tad apskatam nakamo pusapkartnes
't (2) virsotni 7.

A7) =00>23=0+23=A(1)+w(l;7) = A7) =23

Ta ka A(7) > A1) + w(1;7), 7 > 1 un visas virsotnes no 't (1) jau ir
aplukotas, tad parejam uz virsotni 2.

Virsotnev || 1 | 2 3 4 5 6 7 8 9 | 10
A(v) 0|28 | oo | oo |00 |00 |23 |00 | co| o0
9(v) 1] 100001 |0]0]o0
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2. solis.

r+(2) = {8}.

A(8) =00 > 36 =28+8=A(2) +w(2;8)

Ta ka A(8) > A(2) + w(2;8), 8 > 2 un visas virsotnes no I'*(2) jau ir

aplukotas, tad parejam uz virsotni 3.

=

A(8) = 36

Virsotne v 1 2 3 4 5 6 7 8 9 10

A(v) 0|28 | oo | oo |00 | o0 |23 ]36] c0 | o0

0(v) 1 1 0 0 0 0 1 2 0 0
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3. solis. T'T(3) = {6}.
A(6) = 00 ¥ 00 =00+ 8 = A(3) + w(3;6) = A(6) = 0

Ta ka A(6) # A(3) + w(3;6) un visas virsotnes no I't'(3) jau ir apliikotas,
tad parejam uz virsotni 4. Iezimes A(u) un 6(u) $aja soll nemainas.
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4. solis. T1(4) = {3;6}.

A(3) =00 ¥ 0o =00+ 17 = A(4) + w(4;3) = A(3) = o0
Ta ka A(3) ¥ A(4) + w(4;3), tad apskatam nakamo pusapkartnes I't(4)
virsotni 6.

A(6) =00 ¥ 0o =00+ 8= A(4) +w(4;6) = A(6) = o0

Ta ka A(6) ¥ A(4) + w(4;6) un visas virsotnes no ' (4) jau ir apliikotas,
tad parejam uz virsotni 5. Iezimes A(u) un 6(u) $aja soll nemainas.
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5. solis. TF(5) = {4;7}.

A(4) =00 ¥ 00 =00+ 23 = A(5) + w(5;4) = A(4) = o0
Ta ka A(4) # A(5) + w(5;4), tad apskatam nakamo pusapkartnes I'tT(5)
virsotni 7.

A7) =00 $ oo =00+416 = A(5) + w(5;7) = A7) = o0

Ta ka A(7) # A(5) + w(5;7) un visas virsotnes no I'*'(5) jau ir aplikotas,
tad parejam uz virsotni 6. Iezimes A(u) un 6(u) Saja soll nemainas.
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6. solis. T1(6) = {3;5;9}.

A(3) =00 ¥ 00 =00+ 34 = A(6) + w(6;3) = A(3) = o0
Ta ka A(3) ¥ A(6) + w(6;3), tad apskatam nakamo pusapkartnes I'tT(6)
virsotni 5.

A(B) =00 ¥ 00 =00+ 10 = A(6) + w(6;5) = A(B) = o0
Ta ka A(5) # A(6) + w(6;5), tad apskatam nakamo pusapkartnes I't(6)
virsotni 9.

A(9) = 00 # 00 =00+ 10 = A(6) + w(6;9) = A(9) =0

Ta ka A(9) # A(6) + w(6;9) un visas virsotnes no I'*(6) jau ir aplikotas,
tad parejam uz virsotni 7. Iezimes A(u) un 6(u) Saja soll nemainas.
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7. solis.

14
r+(7) = {1;5;8}.

A1) =0 % 75=23+52= A7) +w(7;1) =  A1)=0

Ta ka A(1) ¥ A(7) + w(7;1), tad apskatam nakamo pusapkartnes I'T(7)
virsotni 5.

AB) =00 >46=23+23= A7) +w(T;5) =  A(5) =46

Ta ka \(5) > A7) + w(7;5) un tad parejam uz virsotni 5!

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 | oo | oo |46 | 00| 23] 36| co | 00
0(v) I 1]0]0 |7 ]0]1]2]0]o0
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8. solis. I'T(5) = {4;7}.

A(4) = 00 > 69 = 46 + 23 = A(5) + w(5;4) =  A4)=69

Ta ka \(4) > A(5) + w(5;4) un tad parejam uz virsotni 4!

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 | oo |69 |46 | oo | 23| 36 | oo | oo
0(v) 1 1 0 5 7 0 1 2 0 0
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9. solis. I'T(4) = {3;6}.

A(3) = 0o > 86 = 69 + 17 = A(4) + w(4; 3) =  A(3)=86

Ta ka \(3) > A(4) + w(4;3) un tad parejam uz virsotni 3!

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0| 28 | 86 | 69 | 46 | co | 23 | 36 | oo | o©
0(v) 1 1 4 5 7 0 1 2 0 0
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10. solis. T'T(3) = {6}.

A(6) = 00 > 94 = 86 + 8 = A(3) + w(3;6) =  A6)=94

Ta ka A(6) > A(3) + w(3;6), 6 > 3 un visas virsotnes no I'*(3) jau ir
aplukotas, tad parejam uz virsotni 4.
Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 | 8 | 69 | 46 | 94 | 23 | 36 | co | ™©
0(v) 1 1 4 5 7 3 1 2 0 0
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11. solis. Tt (4) = {3;6}.

A(3) = 86 % 86 = 69 + 17 = A(4) + w(4; 3) =  A(3)=86

Ta ka A(3) ¥ A(4) + w(4;3), tad apskatam nakamo pusapkartnes I't(4)

virsotni 6.

A(6) = 94 > 77 = 69 + 8 = A(4) + w(4;6) =  A6)=TT

Ta ka A(6) > A(4) + w(4;6), 6 > 4 un visas virsotnes no I't(4) jau ir
aplukotas, tad parejam uz virsotni 5.
Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 |8 | 69 | 46 | 77 | 23 | 36 | oo | o©
0(v) 1 1 4 5 7 4 1 2 0 0
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12. solis. T'T(5) = {4;7}.

A(4) =69 % 69 =46 + 23 = A(5) + w(5;4)  =>  A(4) =69
Ta ka A(4) # A(5) + w(5;4), tad apskatam nakamo pusapkartnes I'tT(5)
virsotni 7.

A7) =23 #62=46+16 = A(5) +w(5;7) = A7) =23

Ta ka A(7) # A(5) + w(5;7) un visas virsotnes no I'*'(5) jau ir aplikotas,
tad parejam uz virsotni 6. Iezimes A(u) un 6(u) Saja soll nemainas.
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13. solis. T1(6) = {3;5;9}.

AM3) =86 %111 =TT+34=A(6) +w(6;3) =  A(3) =86

Ta ka A(3) ¥ A(6) + w(6;3), tad apskatam nakamo pusapkartnes I'tT(6)

virsotni 5.

A(B) =46 # 87 =TT+ 10 = A(6) + w(6;5) =  A(5) =46

Ta ka A(5) # A(6) + w(6;5), tad apskatam nakamo pusapkartnes I't(6)
virsotni 9.

M9) =00 > 106 = 77+ 29 = A(6) + w(6;9) =  A(9) = 106

Ta ka A(9) > A(6) + w(6;9), 9 > 6 un visas virsotnes no I't(6) jau ir
aplukotas, tad parejam uz virsotni 7.
Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 |8 |69 | 46 | 77 | 23 | 36 | 106 | oo
9(v) 1145 74126 o0
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14. solis. T (7) = {1;5;8}.

A1) =0 %75 =23+ 52 = A(7) + w(7; 1) =  A1)=0
Ta ka A(1) ¥ A(7) + w(7;1), tad apskatam nakamo pusapkartnes I'T(7)
virsotni 5.

A(5) =46 # 46 =234 23 = A\(7) + w(7;5) = A(5) =46
Ta ka A(5) # A(7) + w(7;5), tad apskatam nakamo pusapkartnes I't(7)
virsotni 8.

AB) =36 #47=23+24= A7) +w(7;8) =  A(8) =36

Ta ka A(8) # A(7) + w(7;8) un visas virsotnes no I'*(7) jau ir aplikotas,
tad parejam uz virsotni 8. Iezimes A(u) un 6(u) Saja soll nemainas.

Saturs Sakums Beigas <« » Atpakal Aizvert Pilns ekrans



22

15. solis. 't (8) = {1;6;10}.

A(1) =0 % 68 =36+ 32 = A(8) +w(8; 1) =  A1)=0

Ta ka A(1) % A(8) + w(8;1), tad apskatam nakamo pusapkartnes I'*T(8)

virsotni 6.

A(6) = 77 > 42 = 36 4 6 = A(8) + w(8; 6) =  A(6) =42

Ta ka A(6) > A(8) + w(8;6) un tad parejam uz virsotni 6!

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 |8 | 69 | 46 | 42 | 23 | 36 | 106 | oo
0(v) 1 1 4 5 7 8 1 2 6 0
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16. solis. T1(6) = {3;5;9}.

A(3) = 86 > 76 = 42 + 34 = A(6) + w(6;3) =  A3)=76

Ta ka \(3) > A(6) +w(6;3) un tad parejam uz virsotni 3!

Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 | 76 | 69 | 46 | 42 | 23 | 36 | 106 | oo
0(v) 1 1 6 5 7 8 1 2 6 0
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17. solis. T (3) = {6}.
A(6) =42 % 84 =76+ 8 = A\(3) + w(3;6) = A(6) = 42

Ta ka A(6) # A(3) + w(3;6) un visas virsotnes no I't'(3) jau ir apliikotas,
tad parejam uz virsotni 4. Iezimes A(u) un 6(u) $aja soll nemainas.
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18. solis. T'H(4) = {3;6}.

A3) =76 #86=69+17 = A\4) + w(4;3) =  A(3) =76
Ta ka A(3) ¥ A(4) + w(4;3), tad apskatam nakamo pusapkartnes I't(4)
virsotni 6.

A6) =42 # 77T =69+8 = A4) + w(4;6) =  A(6) =42

Ta ka A(6) ¥ A(4) + w(4;6) un visas virsotnes no ' (4) jau ir apliikotas,
tad parejam uz virsotni 5. Iezimes A(u) un 6(u) $aja soll nemainas.
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19. solis. T'T(5) = {4;7}.

A(4) =69 % 69 =46 + 23 = A(5) + w(5;4)  =>  A(4) =69
Ta ka A(4) # A(5) + w(5;4), tad apskatam nakamo pusapkartnes I'tT(5)
virsotni 7.

A7) =23 #63=46+17=A5) +w(57) = A7) =23

Ta ka A(7) # A(5) + w(5;7) un visas virsotnes no I'*'(5) jau ir aplikotas,
tad parejam uz virsotni 6. Iezimes A(u) un 6(u) Saja soll nemainas.
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20. solis. T1(6) = {3;5;9}.

AB)=T6#76=42+34=\6) +w(6;3) = A(3) =76
Ta ka A(3) ¥ A(6) + w(6;3), tad apskatam nakamo pusapkartnes I'tT(6)
virsotni 5.

A(B5) =46 ¥ 52 =42+ 10 = A(6) + w(6;5) e A(B) =46
Ta ka A(5) # A(6) + w(6;5), tad apskatam nakamo pusapkartnes I't(6)
virsotni 9.

A9) =106 > 71 = 42+ 29 = A\(6) + w(6;9) =  A(9) =71

Ta ka A(9) > A(6) + w(6;9), 9 > 6 un visas virsotnes no I't(6) jau ir
aplukotas, tad parejam uz virsotni 7.

Virsotnev [ 1 | 2 | 3 [ 4 | 5 ] 6 | 7 | 8 | 9 | 10
X(v) 028 | 76| 69 | 46 | 42 | 23 | 36 | 71 | oo
0(v) 111|657 |8 1] 260
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21. solis. T1(7) = {1;5;8}.

A1) =0 %75 =23+ 52 = A(7) + w(7; 1) =  A1)=0
Ta ka A(1) ¥ A(7) + w(7;1), tad apskatam nakamo pusapkartnes I'T(7)
virsotni 5.

A(5) =46 # 46 =234 23 = A\(7) + w(7;5) = A(5) =46
Ta ka A(5) # A(7) + w(7;5), tad apskatam nakamo pusapkartnes I't(7)
virsotni 8.

AB) =36 #47=23+24= A7) +w(7;8) =  A(8) =36

Ta ka A(8) # A(7) + w(7;8) un visas virsotnes no I'*(7) jau ir aplikotas,
tad parejam uz virsotni 8. Iezimes A(u) un 6(u) Saja soll nemainas.
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22. solis. T't(8) = {1;6;10}.

A(1) =0 % 68 =36+ 32 = A(8) +w(8; 1) =  A1)=0

Ta ka A(1) % A(8) + w(8;1), tad apskatam nakamo pusapkartnes I'*T(8)

virsotni 6.

A(6) = 42 # 42 = 36 + 6 = A(8) + w(8;6) =  A(6) =42

Ta ka A(6) # A(8) + w(8;6), tad apskatam nakamo pusapkartnes I't(8)
virsotni 10.

A(10) = 00 > 55 =364 19 = A(8) + w(8;10) =  A(10) =55

Ta ka A(10) > A(8) + w(8;10), 10 > 8 un visas virsotnes no I'*(8) jau ir
apliikotas, tad parejam uz virsotni 9.
Virsotne v 1 2 3 4 5 6 7 8 9 10
A(v) 0|28 |76 |69 |46 | 42 | 23 | 36 | 71
9(v) 1] 1165 7|8 |1]2]6

ot
[S8

oo
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23. solis. T1(9) = {2;3;8}.

A2) =28 87T =T1+16 = A(9) +w(9;2) =  A(2)=28
Ta ka A(2) # A(9) + w(9;2), tad apskatam nakamo pusapkartnes I'T(9)
virsotni 3.

AB)=T6#82=T1+11=A(9) +w(9;3) = A(B3) =76
Ta ka A(3) # A(9) + w(9;3), tad apskatam nakamo pusapkartnes I't(9)
virsotni 8.

AB) =36 %89 =71+ 18 = A(9) + w(9;8) =  A(8) =36

Ta ka A(8) # A(9) + w(9;8) un visas virsotnes no I'*'(9) jau ir aplikotas,
tad parejam uz virsotni 10. Iezimes A(u) un 6(u) Saja soll nemainas.
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24. solis. T1(10) = {5;6;7}.

A(5) =46 # 60 = 55+ 5 = AN(10) + w(10;5) =  A(5) = 46
Ta ka A(5) # A(10) +w(10;5), tad apskatam nakamo pusapkartnes 't (10)
virsotni 6.

A(6) = 42 % 60 = 55+ 5 = A(10) + w(10;6) =  A(6) = 42
Ta ka A\(6) % A(10) +w(10;6), tad apskatam nakamo pusapkartnes 't (10)
virsotni 7.

A7) =23 #64=55+9=A(10) +w(10;7) =  A(7) =23
Ta ka A7) # A(10) + w(10;7) un visas virsotnes no I't(10) jau ir

aplakotas, tad Belmana-Forda metodes darbu beidzam! Iezimes \(u)
un O(u) Saja soll nemainas.
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3. Piezimes

3.1. piezime. Tadgjadi, pielietojot Belmana-Forda metodi orgrafam G, ta
virsotnes ieguva Sadas iezimes:

Virsotne v 1 2 3 4 5 6 7 8 9 10

O 028 | 76 | 69 | 46 | 42 | 23 | 36 | 71 | 55
6v) ||1] 16| 5| 7 8| 1] 2]6]38

Redzam, ka iezimes A(u)
028 76 69 46 42 23 36 71 55
sakrit ar orgrafa G attalumu matricas

0 28 76 69 46 42 23 36 71 55
40 0 48 47 24 14 36 8 43 27
86 53 0 41 18 8 34 55 37 T4
86 53 17 0 18 8 34 55 37 T4
Q) = 68 76 40 23 0 31 16 40 60 59
P - 78 45 34 33 10 0 26 47 29 66
52 75 63 46 23 30 0 24 59 43
32 51 40 39 16 6 28 0 35 19
50 16 11 52 29 19 45 18 0 37
61 50 39 28 5 5 9 33 34 O

pirmo rindinu,
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bet iezimes 6(u)
1165781268

ar matricas

~1 00 00 N1~ =1~ = 00—
© O © O © WO WO N~
OO R WSO
CUOT UL T Ot Ot s 1Ot Ut
SooNouo oo
= w0000 O i W 0000
SagS~Nouaoag—
~ 0 00~ © ~J© O NN
DO OO
= 00 00 00 00 00 00 0 0O %O

pirmo rindinu. Matricas p(G) un PO tika iegiitas, pielietojot Floida metodi 1. zim.

attelotajam orgrafam ar nenegativiem svariem.
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3.2. piezime. Ja kada virsotne w; ir sasniedzama no virsotnes uq,
tad Belmana-Forda metode lauj atrast visisako marsrutu no virsotnes
uy Iidz virsotnei u;. Ka noteikt, vai virsotne u; ir sasniedzama
no virsotnes u; 2 Atbilde uz $o jautajumu ir sada:
e ja virsotne w; ir ieguvusi iezimi A(u;) = oo, tad virsotne u; nav
sasniedzama no virsotnes u1;
e ja virsotne u; ir ieguvusi iezimi A(u;) # oo, tad virsotne wu; @r
sasniedzama no virsotnes uj.
Misu piemeéra visas virsotnes ir ieguvusas iezimes A(u;) # 00, tapéc
visas orgrafa virsotnes ir sasniedzamas no virsotnes u = 1.
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3.3. piezime. Ja no virsotnes uy ir sasniedzamas visas parejas or-
grafa G wvirsotnes, tad, lietojot iezimes 0(v), var konstruet orgrafa
(G;w) visisako marsrutu no virsotnes w = w; orientétu parcialkoku
7.

Miusu piemera virsotnes u ieguva Sadas patstavigas iezimes:
Virsotnewv |1 |23 (4|5 |6|7]|8]9]10

2 O
lezime O(v) | 1 | 1|65 |7 [8]1]2]6]| 8

Parcialkoka T3 loki un to svari:
Loki | (1;2) | (6;3) | (54) | (75) [ (8:6) | (1;7) | (258) | (6;9) | (8;10)
Svari 28 34 23 23 6 23 8 29 19
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2. zim. Parcialkoks T7.
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Ta ka
0(3) =6, 0(6) =8, 6(8) =2, 0(2) =1,
tad visisakais (1; 3)-marsruts ir
1,2,8,6,3

ar garumu

A(3) =p(1;3) =28+ 8+ 6 + 34 = 76.
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