Ford-Fulkerson Algorithm for
Maximum Flow

1. Assign an initial flow fj; (for instance, fj; =0) for
all edges
2. Find all augmenting paths.
For path=1 to number of augmenting paths
3. Select an augmenting path
(Select all forward edges first)
4. Calculate the minimum additional flow to that
path.
5. Add the founded additional flow to that path.
End
Example: Find the maximum flow from s to t in the
following graph.

Solution
1) Set Initial flows

f1o=fs=t36=f35=114=f45=15,=f5c=0,
C12=20, Cp=11, C36=13, C35=5, C14=10, C45=7,

Csx=4, Cs6=3,

2) Augmenting Paths.

P1: 1-2-3-6 P2: 1-2-3-5-6
P3: 1-2-5-6 P4: 1-2-5-3-6
P5: 1-4-5-6 P6: 1-4-5-3-6
P7: 1-4-5-2-3-6

Note:P1,P2,P5,P7 have all forward edges
P3,P4,P6 have forward and backward edges
CYCLE1
3) Select P1:  1-2-3-6
4) A12= Clz—f12=20—O=20
A3 =Crp3—1fH3=11—0=11
A 36 — C36— f36 =13—0=13
Minimum additional flow:
At =Min(A12, A23, A36 ): M1n(20,1 1,13 ):l 1.
Add this flow to path P1.
5) f12: f12+ At, f23: f23+ At, f36: f36+ At
fi,=0+11=11, f£3=0+11=11, f3:=0+11=11

CYCLE 2
3) Select P2:

1-2-3-5-6

A)  App=Cpp—1,=20—11=9
A3 =Coz—13=11—11=0
A35 = C35— f35 =5—0=5
A56 = C56— f56 =3—0=3

At =Min(A12, A23’ A35,A56 ): Min(9,0,5,3 ):0
At =0 No addition
CYCLE 3
3) P5: 1-4-5-6
4) A14= C14—f14= 10—0=10
Ays = Cys—f45=T7—0=7
A56 = C56— f56 =3 —0=3
At =Min(A4, AssAs¢ )= Min(10,7,3)=3
At =3
5) fis= fi4t At,
f]4=0+3=3,

fys= fust At, fs6= fs6+ At
f45=0+3=3, f56=0+3=3

CYCLE4
3) P7: 1-4-5-2-3-6
4) A14= C14— f14 =10—3=7
Ays = Cys—f45=7—3=4
Asy = Csp—f5p =4 —0=4
A3 =Co3—13=11—11=0
A3 =C36—f36=13 —11=2
At =Min(7,4,4,0,3 =0
At =0 No addition

Example: Find the maximum flow from s to t in the

following graph.



Solution
Initial flows are given

C12:20, C23:1 1, C36:13, C35:5, C14:10, C45:7,
Csy=4, Cs6=3,

f1,=5, £3=8, £36=6, f35=2, f14=4, f45=4, {5,=3, f56=3,
2) Augmenting Paths.

P1:1-2-3-6 P2: 1-2-3-5-6
P3: 1-2-5-6 P4: 1-2-5-3-6
P5: 1-4-5-6 P6: 1-4-5-3-6
P7: 1-4-5-2-3-6

Note:P1,P2,P5,P7 have all forward edges
P3,P4,P6 have forward and backward edges
CYCLE1
3) Select P1:  1-2-3-6
4)  Ap=Cjp—fp,=20—5=8
Ay3=Co3—1fH3=11—8=3
A 36 — C36— f36 =13 —6-=5
Minimum additional flow:
At =Min(8,3,5)=3.

CYCLE 2
Select P2: 1-2-3-6
At =0 No addition (A;=11-11=0)
CYCLE 3
Select P5:  1-4-5-6 (As¢=3 -3=0)
At =0 No addition
CYCLE4
Select P7:  1-4-5-2-3-6 (Ax;=11-11=0)
At =0 No addition
CYCLES
Select P3:  1-2-5-6
At=0 No addition (As¢=3 -3=0)
CYCLE®6
Select P4: 1-2-5-3-6
A12= C]Q— f12 =20—8=12

Ays=1,5=3 (Backward edge!!!!)
A s3=153=2 (Backward edge!!!!)
A36= C36— f36 =13—11=2
Minimum additional flow:
At= MiH(Alz’ Azs’ A53, A3(,): Mll’l(12,3,2,2):2
Add 2 to the path P4

Note: fi, =fj, + At =8+2=10
fr5 =fhs— At = 3-2=1
f53 =f53— At =2-2=0

f36 =f36 + At =9+2=11

CYCLE7

Select P6:  1-4-5-3-6
At=0 No addition (As3=0)

Cut Set A. C,+C14=20+10=30 f1,+H4=10+4=14
Cut Set B. Cx;3+Ci4=11+10=21 f3-f5+f14=14
Cut Set C. CytCys=11+7=18 fr3-f5,+45=14
Cut Set D. Cs34tCs3z +Cy5=13+5+7=25
fi6Hfs3-f5, +45=14
Cut Set E. CxitCse=11+3 =14 £,3-Cz5+f55=14
Cut Set F. C3tCs6=13+3 =16 f35+Css=11+3=14
Min(30,21,18,25,14,16)=14.
Possible Max flow=14
Current flow=14 (Maximum flow is obtained)




