Maxflow and Mincut

Question 1

(A)------ Y EICR N (CyEemm— 2V RE— (o E— 8/8------ >(D)----n=- 9/9------ >(E)
A\ | /" 2A\ |
[\ [ /| /1N |
|\ | /| A I
[\ | /| /1N
| \ [ / [ / | \ |
| \ [ / [ / | \
| \ | / [ / | \ |
| \ | / | / | \ |
| \ [ / | / | \

3/5 8/12 11/11 8/9 8/12 8/17 1/13 8/22 9/11
| \ | / | / | \ |
| \ | / | / | \ |
| \ | / | / | \ |
| \ | / | / | \ |
| A B |/ | A
| AN |7/ | o
| A |/ | \
| N |/ | \ |
v VvV |/ | vV
() BffBoccoos NG 30/30----- S(H)==== =~ 14/14----- Ty 18)Bemass >(3)

Starting from the given flow (of value 30), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGCHD J
augmenting path: A->G->C->H->D->J
bottleneck capacity: 4

value of flow: 34

Here is the final flow network:

edge flow / capacity

A->B 19 / 19
A->F 3/ 5
A->G 12 / 12
B->C 8 / 8
B->G 11 / 11
C->D 8 /

C->G /

D->E 9 /

D->3J 12 / 22
E=>3 9 / 11
F->G / 3
G->H 30 / 30
H->C 4 / 12
H->D 12 / 17
H->T 14 / 14
I->D 1 / 13
I->3 13 / 13



Here is a graphical representation of the final flow network:

(A)------ 19/19----- >(B)------- 8/8------ >(C)------- 8/8------ >(D)------- 9/9------ >(E)
N I /" AN\ I
I\ | /1 /1N I
I\ | /| VA I
[\ | /| /1N |
| \ | / [ / | \ |
| \ | / [ / | \ |
| \ [ / [ / | \ |
I \ | / | / | \ I
| \ [ / | / | \ |
3/5 12/12 11/11 4/9 4/12 12/17 1/13 12/22 9/11
I \ | / | / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I A [ 7/ I o
I A (i I o
I N |7/ I \

I \ Y |/ I \
v VvV [/ | vV

(B)=soonms 3/3------ S(@)omomoc 30/30----- S ooomos Y A (@Y ooomos IB/Boocms >(3)



Question 2

(A)------ 38/46----- >(B)------ 36/36----- >(C)------ 34/34----- >(D)------- 6/13----- >(E)
I\ 2\ [~ I\ I
I\ [\ [\ I\ I
[\ [\ [\ [\ I
[ [\ [\ [N I
| \ | \ [\ I \ I
I \ | \ | \ I \ I
I \ | \ | \ I \ I
| \ | \ | \ | \ I
| \ | \ | \ I \ I
5/5 7/13 6/6 8/19 9/9 7/14 8/13 20/35 6/6
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I AU AN v A
I o A | o
I v v v v
I \ \ \ | \ |
v v| vV \v vV
(F)------- 5/9------ >(G)------- 6/6------ >(H)------ 23/23----- >(I)------ 24/24----- >(3)

Starting from the given flow (of value 50), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: ABHCIDJ

augmenting path: A->B->H->C->I->D->J
bottleneck capacity: 7
value of flow: 57

Here is the final flow network:

edge flow / capacity

B->C 36
B->H 15
C->D 34

D->3J 27

H->I 23 23
14

24
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v
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w

I->] 24



Here is a graphical representation of the final flow network:
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Question 3

(A)-----=- o)/ e N (CyEemm— O/ CRue—— (o E— 2/2------ >(D)----n=- 7/7------ >(E)
A\ n A Vi |
I\ | /| /1A I
|\ | /| /1A I
[\ [ /| /1N
| \ | / | / | \ |
| \ | / [ / | \
| \ | / [ / | \ |
| \ | / | / | \ |
| \ [ / | / | \

18/22 1/1 0/7 5/9 3/3 0/9 8/13 3/3 7/7
| \ | / | / | \ |
| \ | / | / | \ |
| \ | / | / | \
| \ | / | / | \
| A B |/ | A
| A |7/ | o
| A |/ | \
| \ |/ |/ | \ |
v v/ vV | vV
(F)---n-- 18/18----- >(G)------ 14/20----- >(H) === --- 17 fPPccsss NG P— 9/24----- >(3)

Starting from the given flow (of value 19), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: ABCGHTIJ
augmenting path: A->B->C->G->H->I->]
bottleneck capacity: 5

value of flow: 24

Here is the final flow network:

edge flow / capacity

A->B 5 / 8
A->F 18 / 22
A->G 1/ 1
B->C 5 / 5
C->D 2/ 2
C->H 3/ 3
D->E 7 / 7
D->H o / 9
D->J 3/ 3
E=>3 7 / 7
F->G 18 / 18
G->B o / 7
G->C /

G->H 19 / 20
H->I 22/ 22
I->D 8 / 13
I->J 14 / 24



Here is a graphical representation of the final flow network:

(@)=ccssccs 5/8------ () - 5/5------ H(E)=mmaeces Py (D) — 7/7-
I\ 2 A Vo
[\ | /| /1N
[\ I /| /1 o\
[\ | /| /1N
[\ | /| /1
I \ | / | / | \
I \ I / | / | \
I \ | / | / | \
I \ | / | / | \
18/22 1/1 /7 /9 3/3 0/9 8/13 3/3
I \ | / | / I \
I \ | / | / | \
| \ | / | / I
| \ | / | / I
I A 7/ I
| o/ |/ I
I N\ | 7/ |
| \ |/ | / I
v v|/ vV |

Vv

>(3J)



Question 4

(A)-----=- oY/ REn. S (Cymeem— 6/6------ (o E— 5/5------ >(D)----n=- 0/14----->(E)
[\ ~ /" AN\ |
I\ | /| /1A I
|\ | /| /1A I
[\ [ /| /1N
| \ | / [ / | \ |
| \ | / [ / | \
| \ | / [ / | \ |
| \ | / | / | \ |
| \ [ / | / | \

6/6 15/28 0/12 6/8 5/14 7/7 0/9 12/14 0/14
| \ | / | / | \ |
| \ | / | / | \ |
| \ | / | / | \
| \ | / | / | \
| A B |/ | A
| A |7/ | o
| A |/ | \
| \ |/ |/ | \ |
v v|v |/ v vV
(F)-mmnmn- Bflflecosc >(G)------ i) >(H) === --- 15/20----- NG Pr— 18/ ccocs >(3)

Starting from the given flow (of value 27), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGCHTI J
augmenting path: A->G->C->H->I->]
bottleneck capacity: 5

value of flow: 32

Here is the final flow network:

edge flow / capacity

A->B /

A->F 6 / 6
A->G 20 / 28
B->C 6 / 6
C->D 5 /

C->G 1/

D->E e / 14
D->I o / 9
D->3J 12 / 14
E=>3 e / 14
F->G / 11
G->B / 12
G->H 27 /| 27
H->C / 14
H->D / 7
H->I 20 / 20
I->3 20 / 24



Here is a graphical representation of the final flow network:

(A)------- 6/8------ >(B)------- 6/6------ >(C)------- 5/5------ >(D)------- 0/14----- >(E)
[\ ~ /" AN\ |
I\ | /1 /1N I
I\ | /| VA I
[\ | /| /1N |
| \ | / [ / | \ |
| \ | / [ / | \ |
| \ [ / [ / | \ |
I \ | / | / | \ I
| \ [ / | / | \ |
6/6 20/28 0/12 1/8 0/14 7/7 0/9 12/14 0/14
I \ | / | / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I \ I / I / I \

I A [ 7/ I o
I A (i I o
I N |7/ I \

I \ Y |/ I \ |
v v|v [/ v Vv

(B)=soonms 6/11----- S(@)omomoc 27/27----- S ooomos 20/20----- (@Y ooomos 20/24----- >(3)



Question 5

() 12fiBecaos NG 12/12----- (@) 3/16----- (D) m— 7/19----- >(E)
[\ ~ /" AN\ |
I\ | /| /1A I
|\ | /| /1A I
[\ [ /| /1N
| \ | / [ / | \ |
| \ | / [ / | \
| \ | / [ / | \ |
| \ | / | / | \ |
| \ [ / | / | \

2/14 31/31 0/14 9/10 0/11 34/34 2/8 28/28 7/20
| \ | / | / | \ |
| \ | / | / | \ |
| \ | / | / | \
| \ | / | / | \
| A B |/ | A
| A |7/ | o
| A |/ | \
| \ |/ |/ | \ |
v v|v |/ v vV

(F)-mmnmn- AfiGecosc >(G)------ 42/42----- N () P—— Yk NG Pr— 10/10----- >(3)

Starting from the given flow (of value 45), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AF GCDE J
augmenting path: A->F->G->C->D->E->]
bottleneck capacity: 9

value of flow: 54

Here is the final flow network:

edge flow / capacity

A->B 12 / 13
A->F 11 / 14
A->G 31 / 31
B->C 12 / 12
C->D 12 / 16
C->G e / 10
D->E 16 / 19
D->I 2/ 8
D->3J 28 / 28
E->J 16 / 20
F->G 11 / 13
G->B e / 14
G->H 42 / 42
H->C e / 11
H->D 34 / 34
H->I 8 / 11
I->] 10 / 1o



Here is a graphical representation of the final flow network:

(A)------ 12/13----- >(B)------ 12/12----- >(C)------ 12/16----- >(D)------ 16/19----- >(E)
I\ 2 Ve A\ I
I\ | /| / 1\ I
[\ | /| /N I
[\ I /| /1N I
[\ I /] /1N I
I \ I / | / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I \ | / I / | \ |
11/14 31/31 0/14 o/10 0/11 34/34 2/8 28/28 16/20

I \ I / I / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I \ I / I / I \

I A [/ I A
I L |/ I v
I N\ | 7/ I \

I N |/ I \ |
v v|v |/ v vV

(B)=ooo- 11/13----- S(@)om=coe 42/42----- S =ommoos Bfliloocoe (@Y ooomos 10/10----- >(3)



Question 6

() 26/26----- NG 16/25----- (@) 27/27----- (D) m— §fFommass >(E)
[\ [ /™ [\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

6/6 15/35 10/10 0/5 11/11 0/8 12/13 9/27 6/6
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| A | A o
| A | v \
| N/ | \ | \ |
v VvV | \v vV

(F)-mmnmn- 6/14----- >(G)------ B0V - >(H) === --- 20/31----- NG Pr— P Pccmcs >(3)

Starting from the given flow (of value 47), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGB CHID]J
augmenting path: A->G->B->C->H->I->D->J
bottleneck capacity: 9

value of flow: 56

Here is the final flow network:

edge flow / capacity

A->B 26 / 26
A->F 6 / 6
A->G 24 / 35
B->C 25 / 25
B->G 1 / 1o
C->D 27 [/ 27
C->G /

D->E / 7
D->I / 13
D->3J 18 / 27
E->J / 6
F->G / 14
G->H 31 / 31
H->C 2 / 11
H->I 29 / 31
I->C o / 8
I->3 32/ 32



Here is a graphical representation of the final flow network:
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Question 7

(A)------ 21/21----- >(B)------- 8/22----- >(C)------ 21/21----- >(D)------- 5/9------ >(E)
I\ |= 22 A I
I\ [\ [\ I\ I
[\ [\ [\ [\ I
[ [\ [\ [ I
| \ | \ [\ I \ I
I \ | \ | \ I \ I
I \ | \ | \ I \ I
| \ | \ I \ I \ I
| \ | \ | \ I \ I
5/13 10/27 13/13 0/6 13/14 0/9 8/8 24/24 5/5
I \ I \ I \ I \ I
I \ | \ | \ | \ |
I \ I \ I \ I \ I
I \ | \ I \ | \ |
I AN AU v v
I o v o v
I v v v v
I \ \ \ | \ |
v vV \| \| Vv
(F)------- 5/5------ >(G)------ 28/28----- >(H)------ 15/26----- >(I)------- 7/17----- >(3)

Starting from the given flow (of value 36), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGB CHTIJ
augmenting path: A->G->B->C->H->I->]
bottleneck capacity: 10

value of flow: 46

Here is the final flow network:

edge flow / capacity

A->B 21 / 21
A->F 5 / 13
A->G 20 / 27
B->C 18 / 22
B->G 3 / 13
C->D 21/ 21
D->E 5 / 9
D->J 24/ 24
E->J /

F->G 5 / 5
G->H 28 / 28
H->B o / 6
H->C / 14
H->I 25 / 26
I->C /

I->D /

I->] 17 / 17



Here is a graphical representation of the final flow network:
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Question 8

(A)-----=- 2/ RE— N (CyEemm— 0/10----- (o E— 8/8------ >(D)----n=- 1/6------ >(E)
[\ [ /1n “\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

13/14 9/31 8/9 /7 0/14 8/11 5/5 12/12 1/9
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| A | A o
| A | v \
| N/ | \ | \ |
v VvV v \| vV

(F)---n-- 18/lgecosc >(G)------ 30/33----- >(H) === --- 30/30----- NG Pr— 17/Hlccscs >(3)

Starting from the given flow (of value 30), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGB C I J
augmenting path: A->G->B->C->I->]
bottleneck capacity: 8

value of flow: 38

Here is the final flow network:

edge flow / capacity

A->B 8 / 8
A->F 13 / 14
A->G 17 / 31
B->C 8 / 10
B->G o /

C->D 8 /

C->G o /

C->H e / 14
D->E 1 / 6
D->3J 12 / 12
E->J 1 / 9
F->G 13 / 13
G->H 30/ 33
H->T 30 / 30
I->C e / 11
I->D / 5
I->3 25 / 31



Here is a graphical representation of the final flow network:
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Question 9

(A)------ 10/18----- >(B)------ 11/18----- >(C)------- 9/9------ >(D)------- 7/9------ >(E)
I\ B 2 I\ I
I\ [\ [\ I\ I
[\ [\ [\ [\ I
[ [\ [\ [N I
| \ | \ [\ I \ I
I \ | \ | \ I \ I
I \ | \ | \ I \ I
| \ | \ | \ | \ I
| \ | \ | \ I \ I
3/3 21/21 1/6 /7 10/10 12/12 0/11 2/11 7/7
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I AU AN v A
I o A | o
I v v v v
I \ \ \ | \ |
v v| \| Vv vV
(F)------- 3/3------ >(G)------ 23/23----- >(H)------ 13/26----- >(I)------ 25/32----- >(3)

Starting from the given flow (of value 34), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: ABCHTI J
augmenting path: A->B->C->H->I->]
bottleneck capacity: 7

value of flow: 41

Here is the final flow network:

edge flow / capacity

A->B 17 / 18
A->F 3/ 3
A->G 21/ 21
B->C 18 / 18
C->D 9 / 9
C->I 12 / 12
D->E 7 / 9
D->I e / 11
D->3J 2 / 11
E=>3 7 /

F->G 3/

G->B 1 / 6
G->H 23 / 23
H->B o / 7
H->C / 10
H->I 20 / 26
I->3 32/ 32



Here is a graphical representation of the final flow network:

(A)------ 17/18----- >(B)------ 18/18----- >(C)------- 9/9------ >(D)-------
I\ 2 2\ I\

I\ [\ [\ [\
[\ [\ [\ [\
(AN A [\ [
(A [\ [\ [\
I \ | \ | \ | \
I \ I \ | \ | \
I \ | \ | \ | \
| \ | \ | \ I

3/3 21/21 1/6 /7 3/10 12/12 0/11

I \ | \ | \ |

I \ | \ | \ I

| \ [ \ | \ |

| \ [ \ | \ |

I o o v

| | A ]

| \ \ \

I \ | \ \ |

v v| \| v

\
213

Vv

>(3J)



Question 10

(A)------ 30/30----- NG 21/30----- (@) 24/29----- (D) - 14/14----- >(E)
[\ [\ ~ VAR |
[\ [\ | /1N |
I\ [\ | /1N |
[\ [\ [ /1N |
| \ | \ | / | \ |
| \ | \ | / | \ |
I \ | \ | / I \ I
| \ | \ | / | \ |
I \ | \ | / | \ I

12/14 0/17 5/9 4/4 3/5 0/7 0/12 10/30 14/14
| \ [ \ [ / | \ |
| \ [ \ | / | \ |
| \ [ \ [ / | \ |
| \ | \ [ / | \
| \ [ \ [ / | \ |
| | N | A
| \ | N/ | \
| \ | N/ | \
v vV v|v v vV
() 12Becosc >(G)------ i7) 7 - >(H) === --- 18/18----- NG Pr— 18/18----- >(3)

Starting from the given flow (of value 42), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGB CD J
augmenting path: A->G->B->C->D->J
bottleneck capacity: 5

value of flow: 47

Here is the final flow network:

edge flow / capacity

A->B 30 / 30
A->F 12 / 14
A->G 5 / 17
B->C 26 / 30
B->G o / 9
B->H / 4
C->D 29 / 29
D->E 14 / 14
D->H / 7
D->I / 12
D->3J 15 / 30
E->J 14 / 14
F->G 12 / 12
G->H 17 / 17
H->C 3/ 5
H->I 18 / 18
I->3 18 / 18



Here is a graphical representation of the final flow network:

() — 30/30----- () 26/30----- (G 29/29----- (D) R 14/14----- >(E)
[\ [\ » VAR |
[\ [\ | /1N |
[\ [\ | /N |
(AN [\ | /1N |
| \ | \ | / | \ |
| \ | \ | / | \ |
| \ | \ | / | \ |
I \ | \ | / | \ I
I \ | \ | / | \ I

12/14 5/17 0/9 4/4 3/5 /7 0/12 15/30 14/14

| \ [ \ | / | \ |
| \ [ \ [ / | \ |
| \ [ \ [ / | \ |
| \ [ \ [ / | \

| \ [ \ | / | \ |
| O AN | ]
| \ | N/ | \
| \ | N/ | \ |
v vV Vv v vV

(B)=ooo- 12/12----- S(@)omomoc 17/17----- S ooomos 1B fBoooos (@Y ooomos IB/APoooas >(3)



Question 11

(A)------ 23/24----- >(B)------ 23/23----- >(C)------ 25/25----- >(D)------- 3/3------ >(E)
I\ AR 2 2\ I
[\ [\ | /1A I
[\ I\ | VA I
[\ I\ I /N I
[ [ | /A A I
I \ | \ | / I \ I
I \ I \ I / I \ I
I \ I \ I / I \ I
I \ I \ I / I \ I
17/18 5/15 /7 /5 2/10 13/13 12/12 23/32 3/5
I \ | \ I / | \ |
I \ | \ | / | \ |
I \ | \ I / | \ |
I \ | \ I / | \ |
I v A | v
I | AN | \
I \ \ | | v
I \ \ |/ | \ |
v v| \|/ v Vv
(F)------ 17/17----- >(G)------ 22/33----- >(H)------- 7/22----- >(I)------ 19/19----- >(3)

Starting from the given flow (of value 45), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGH ID J
augmenting path: A->G->H->I->D->J
bottleneck capacity: 9

value of flow: 54

Here is the final flow network:

edge flow / capacity

A->B 23 / 24
A->F 17 / 18
A->G 14 / 15
B->C 23 / 23
C->D 25 / 25
D->E / 3
D->I / 12
D->3J 32/ 32
E->J 3/ 5
E=>G 17 / 17
G->B o / 7
G->H 31 / 33
H->B o / 5
H->C / 10
H->D 13 / 13
H->I 16 / 22
I->3 19 / 19



Here is a graphical representation of the final flow network:

(A)------ 23/24----- >(B)------ 23/23----- >(C)------ 25/25----- >(D)------- 3/3------ >(E)
I\ AR 2 2\ I
[\ [\ | /1A I
[\ |\ I /1A I
(AN I\ | /N I
[ [ | /A A I
I \ | \ | / I \ I
I \ I \ I / I \ I
I \ | \ | / I \ I
I \ | \ | / I \ I
17/18 14/15 /7 /5 2/10 13/13 3/12 32/32 3/5
I \ | \ | / | \ |
I \ | \ I / | \ |
I \ | \ I / | \ |
I \ | \ I / | \ |
I v A | v
I v A | v
I \ \ | | v
I \ \ |/ | \ |
v v| \|/ v vV

(B)=ooo- 17/17----- S(@)omomoc 31/33----- S ooomos Hl6Y2 (@Y ooomos 1A oomms >(3)



Question 12

() 30/30----- NG 25/32----- (@) 25/33----- (D) m— DfPecmass >(E)
A\ | /™ "\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

9/10 12/27 5/6 0/5 0/13 0/7 5/8 23/23 7/7
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| AN | A o
| A | v \
| N/ | \ | \ |
v VvV | \| vV

(F)-mmnmn- 9/9------ >(G)------ 26/26----- >(H) === --- 26/27----- NG Pr— 21/26----- >(3)

Starting from the given flow (of value 51), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGB CD I J
augmenting path: A->G->B->C->D->I->]
bottleneck capacity: 5

value of flow: 56

Here is the final flow network:

edge flow / capacity

A->B 30 / 30
A->F 9 / 10
A->G 17 / 27
B->C 39/ 32
B->G o / 6
C->D 30/ 33
C->G /

D->E / 9
D->3J 23 / 23
E->J /

F->G /

G->H 26 / 26
H->C e / 13
H->T 26 [/ 27
I->C /

I->D /

I->3 26 / 26



Here is a graphical representation of the final flow network:

(A)------ 30/30-----
I\
[\
[\
[\
I \
I \
I \
I \
I \
9/10 17/27
I \
I \
I \
I \
I \
I \
I \
I
\"
() 9/9------

Vv

>(3J)



Question 13

() 26/30----- NG 26/26----- (@) 11/18----- (D) m— 8/8------ >(E)
A\ n 7™ "\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

5/7 0/10 0/7 5/10 0/10 10/10 /7 3/16 8/12
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| A | A o
| A | v \
| N/ | \ | \ |
v v|v | v| vV

(F)-mmnmn- /R >(G)------ 10/10---- - >(H) === --- 10/12----- NG Pr— 20/20----- >(3)

Starting from the given flow (of value 31), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGCD J
augmenting path: A->G->C->D->J
bottleneck capacity: 5

value of flow: 36

Here is the final flow network:

edge flow / capacity

A->B 26 / 30
A->F / 7
A->G 5 / 1o
B->C 26 / 26
C->D 16 / 18
C->G e / 1o
C->T 10 / 10
D->E 8 / 8
D->3J 8 / 16
E=>3 8 / 12
F->G 5 /

G->B o / 7
G->H 1e / 1o
H->C e / 10
H->I 1 / 12
I->D o / 7
I->3 20 / 20



Here is a graphical representation of the final flow network:

() — 26/30----- () 26/26----- (G 16/18----- (D) R 8/8------ >(E)
A\ n 7™ "\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \
| \ [ / | \ | \ |

5/7 5/10 /7 0/10 o/1e 10/10 /7 8/16 8/12
I \ | / | \ I \ I
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
I A B | v v
| A | v \
| A | v \
| N | \ | \ |
v v|v | v vV

(B)=soonms 5/5------ S(@)omomoc 10/10----- S ooomos 1R (@Y ooomos 20/20----- >(3)



Question 14

() 9/18----- S(Ef)oooccos 9/14----- (@) 16/16----- (D) m— Bffemcans >(E)
A\ n ~n A\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

12/12 17/17 0/12 13/13 6/6 0/10 9/9 2/18 5/5
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| A | A o
| A | v \
| N/ | \ | \ |

v v/ v \v vV

(F)---n-- 12/16----- >(G)------ 16/30----- >(H) === --- 22/29----- NG Pr— B0V (- >(3)

Starting from the given flow (of value 38), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: ABCGHTID]J
augmenting path: A->B->C->G->H->I->D->J
bottleneck capacity: 5

value of flow: 43

Here is the final flow network:

edge flow / capacity

A->B 14 / 18
A->F 12 / 12
A->G 17 / 17
B->C 14 / 14
C->D 16 / 16
C->H 6 / 6
D->E 5 /

D->I 4 /

D->3J 7 / 18
E=>3 5 / 5
F->G 12 / 16
G->B e / 12
G->C / 13
G->H 21 / 30
H->I 27 / 29
I->C e / 1o
I->3 31 / 31



Here is a graphical representation of the final flow network:

\
\
\

12/12

17/17
\
\
\
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2

/
/
8/13
/
/
/

/|

\

Vv

>(3J)



Question 15

(A)------ 35/35----- >(B)------ 28/28----- >(C)------- 9/16----- >(D)------- 5/7------ >(E)
I\ 2\ I\ I\ I
I\ [\ [\ I\ I
[\ [\ [\ [\ I
[ [\ [\ [N I
| \ | \ [\ I \ I
I \ | \ | \ I \ I
I \ | \ | \ I \ I
| \ | \ | \ | \ I
| \ | \ | \ I \ I
4/4 21/30 9/9 16/16 7/7 12/12 0/12 4/16 5/5
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I \ I \ | \ | \ I
I \ | \ | \ | \ |
I AU AN v A
I o v | o
I v v v v
I \ \ \ | \ |
v v| vV Vv vV
(F)------- 4/4------ >(G)------ 16/27----- >(H)------ 39/39----- >(I)------ 51/51----- >(3)

Starting from the given flow (of value 60), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGH CD J

augmenting path: A->G->H->C->D->J
bottleneck capacity: 7
value of flow: 67

Here is the final flow network:

edge flow / capacity

G->H 23
H->I 39
I->] 51

27
39
51

O
1
v
m
N T T N N
~N



Here is a graphical representation of the final flow network:
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\
\
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\
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\
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Vv

11/16

Vv

>(3J)



Question 16

(A)------- 6/6------ >(B)------- 3/7-~---~ >(C)-=~---- 3/3-~=--- >(D) ===~~~ 5/10----- >(E)
I\ & 2 2 I
[\ [\ | /1A I
[\ I\ | VA I
[\ I\ I /N I
[ [ | /A A I
I \ | \ | / I \ I
I \ I \ I / I \ I
I \ I \ I / I \ I
I \ I \ I / I \ I

16/18 3/11 6/9 3/14 0/13 8/8 0/8 6/6 5/5
I \ | \ I / | \ |
I \ | \ | / | \ |
I \ | \ I / | \ |
I \ | \ I / | \ |
I v A | v
I | AN | \
I \ \ | | v
I \ \ |/ | \ |
v vV \|/ | Vv
(F)------ 16/16----- >(G)------ 25/25----- >(H)------ 14/26----- >(I)------ 14/27----- >(3)

Starting from the given flow (of value 25), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGBH I J
augmenting path: A->G->B->H->I->]
bottleneck capacity: 3

value of flow: 28

Here is the final flow network:

edge flow / capacity

A->B 6 / 6
A->F 16 / 18
A->G 6 / 11
B->C 3/

B->G 3/

C->D 3/

D->E 5 / 1o
D->3J 6 / 6
E->J 5 /

E=>G 16 / 16
G->H 25 / 25
H->B / 14
H->C / 13
H->D / 8
H->T 17 / 26
I->D o / 8
I->3 17 / 27



Here is a graphical representation of the final flow network:

16/18

\A%

\
0/14
\
\
\

Vv

>(3J)



Question 17

() 16/16----- NG 16/16----- (@) 21/30----- (D) m— Dffemmass >(E)
A\ n A N\ |
[\ | /1A [\ I
[\ [ /1N [\ |
[\ [ /1N [\ |
| \ [ / | \ | \ |
| \ [ / | \ | \
| \ [ / | \ | \ |
| \ [ / [ \ | \
| \ [ / | \ | \ |

6/6 14/31 0/11 14/14 9/12 0/13 5/5 19/28 7/8
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \ |
| \ | / | \ | \
| AU B | A A
| A | A o
| A | v \
| N/ | \ | \ |
v v/ v \| vV

(F)-mmnmn- Bflflecosc >(G)-mmmmm- 6/18----- >(H) === --- 18/iBccsss NG Pr— 10/10----- >(3)

Starting from the given flow (of value 36), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AGH CD J
augmenting path: A->G->H->C->D->J
bottleneck capacity: 9

value of flow: 45

Here is the final flow network:

edge flow / capacity

A->B 16 / 16
A->F 6 / 6
A->G 23 / 31
B->C 16 / 16
C->D 30 / 30
C->H / 12
D->E / 7
D->3J 28 / 28
E->J / 8
E=>G / 11
G->B / 11
G->C 14 / 14
G->H 15 / 18
H->T 15 / 15
I->C e / 13
I->D / 5
I->3 10 / 10



Here is a graphical representation of the final flow network:

(A)------ 16/16----- >(B)------ 16/16----- >(C)------ 30/30----- >(D)------- 7/7------ >(E)
I\ 2 wa A |
[\ | VAN [\ I
I\ | /1A I\ |
[ | /N [ I
[ | /2 [\ I
| \ | / | \ | \ I
| \ | / | \ | \ |
| \ | / | \ | \ I
| \ | / | \ | \ I
6/6 23/31 0/11 14/14 0/12 0/13 5/5 28/28 7/8
I \ | / | \ I \ I
| \ [ / [ \ | \ |
I \ | / | \ | \ |
| \ [ / [ \ | \ |
I A | v A
| A | v v
| N | v v
I \ |/ | \ | \ |
v v/ v \| vV

(B)=soonms 6/11----- S(@)omomoc 15/18----- S omomos 15/Boooos (@Y ooomos 10/10----- >(3)



Question 18

(A)-=-=--- 3/13----- >(B) ===~ 17/17----- >(C)-~---- 23/23----- >(D) ===~~~ 5/13-~--- >(E)
A\ AN n /™M I
[\ [\ | /1A I
I\ [\ | A I
(AN [\ I /1N

I \ | \ | / I \ I
I \ | \ | / I \ I
I \ | \ | / I \ I
I \ I \ I / I \ I
I \ | \ | / | \ I
6/9 17/17 14/14 0/12 6/10 3/11 0/6 15/23 5/5
I \ [ \ [ / | \ |
I \ [ \ I / | \ |
I \ [ \ [ / | \

I \ [ \ I / | \

I \ [ \ I / | \ |
I A A | o
I \ | N\ | \
I \ | N/ | \ |
v v| \|v | vV
(F)------- 6/6------ >(G)------- 9/20----- >(H)------- 6/6------ >(I)------- 6/6------ >(3)

Starting from the given flow (of value 26), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AB GHD J
augmenting path: A->B->G->H->D->J
bottleneck capacity: 3

value of flow: 29

Here is the final flow network:

edge flow / capacity

A->B / 13
A->F / 9
A->G 17 / 17
B->C 17 / 17
C->D 23 / 23
D->E / 13
D->H e / 11
D->3J 18 / 23
E->J /

E=>G 6 / 6
G->B 11 / 14
G->H 12 / 20
H->B e / 12
H->C 6 / 10
H->T 6 /

I->D o /

I->3 6 /



Here is a graphical representation of the final flow network:
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\

17/17

AN

\
\
\
\
\
\

11/14

/12
\
\
\

>(C)------ 23/23-----
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I /
| /
| /
| /

I /

| /

| /
6/10 0/11

| /

I /

I /

I /

| 7/

|/

| 7/

\ |/

\ v

>(H)------- 6/6------



Question 19

(YR 9/9------ (B ommcos 11/19----- S{E)ommomos BfBomsoms S(Bf ccmoaoe BfBocmoos >(E)
[\ ~ /" AN\ |
I\ | /| /1N I
|\ | /| /1N I
[\ [ /| /1N |
| \ | / [ / | \ |
| \ | / [ / | \
| \ | / [ / | \ |
| \ I / I / I \ I
| \ [ / | / | \

6/15 26/26 2/10 9/9 6/9 31/31 0/13 34/42 5/5
I \ I / I / I \ |
I \ | / | / I \ I
| \ I / I / I \
| \ I / I / I \

I A |/ I A
I A |7/ I o
I N |7/ I \
I \ Y |/ I \ |
v v|v |/ v vV
(F)------- 6/15----- >(G)------ 39/39----- S(H)------- 2/9------ >(I)------- 2/10----- >(3)

Starting from the given flow (of value 41), give the sequence of vertices in the
next (and final) augmenting path discovered by the Ford-Fulkerson algorithm.



Question Explanation

The correct answer is: AF GCHTIJ
augmenting path: A->F->G->C->H->I->]
bottleneck capacity: 6

value of flow: 47

Here is the final flow network:

edge flow / capacity

A->B 9 / 9
A->F 12 / 15
A->G 26 / 26
B->C 11 / 11
C->D 8 /

C->G /

D->E /

D->I e / 13
D->3J 34/ 42
E=>3 5 / 5
F->G 12 / 15
G->B 2 / 1o
G->H 39 / 39
H->C o / 9
H->D 31 / 31
H->I / 9
I->3 / 10



Here is a graphical representation of the final flow network:

(A)------- 9/9------ >(B)------ 11/11----- >(C)------- 8/8------ >(D)------- 5/8------ >(E)
[\ ~ /" AN\ |
I\ | /1 /1N I
I\ | /| VA I
[\ | /| /1N |
| \ | / [ / | \ |
| \ | / [ / | \ |
| \ [ / [ / | \ |
I \ | / | / | \ I
| \ [ / | / | \ |

12/15 26/26 2/10 3/9 0/9 31/31 0/13 34/42 5/5
I \ | / | / I \ I
I \ I / I / I \ I
I \ I / I / I \ I
I \ I / I / I \
I A B [ 7/ I o
I A (i I o
I N |7/ I \
I \ Y |/ I \ |
v v|v [/ v Vv

(B)=ooo- 12/15----- S(@)omomoc 39/39----- S =ommoos BfDococos H(E)oommooe BYfiDoooe >(3)



