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(b) show how to implement this change

h o l 2
2 n - I

# IHm

(c) Explain why changing
h to h '

may speed up colson th m

nf.ee,
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max flow found by the pretlow -push

algorithm .

Show how to un the height

function to
detect a minimum @H - cut

in time
Oln )

htt 1=0 ,
h ( s ) - n so n - 2

vertices to cover the heights in
no vertex
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Xpg - Ups since
h is a height

function during
the algorithm
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-
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Bd63. MKM - algorithm

L :

s
t

y feasible @El - flow in L
which is

not blocking

Vit sit : Ki = ,¥aUji - Yji ,

Bi -- 2-Uij - yij go. -minhaiipil
ijea

i i

Ss
;}Iasi -95 ,

St - Effort - yet g -- mints; b' etat
let i satisfy that g -

-
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(a) show that we can and an additional

g
unit . from i to C- and from sto i
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;
-
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i
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put it to.
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Vqy Vq VH1
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I
.

set y=o
and calculate Si ie En

)

if some S
,
so go

to 6
.

h . Choon is .
t g - Si

3
. Pooh s units from i

hot and pull
9. units from s to i

4
.

Delete all saturated
arcs

while Ij at j
ha , no arc

in or
out dehtcj

5
.

Calculate new Si value,
and g

tf g , >
o ki so

to 2 .

G . If 9=0 or ge
- o then stop

7. While I jest with Sj -
- o
ohhh j

8
.

Go to 5
.



Algorithm
-

I
.

set y=o
and calculate Si ie En

)

if some S
,
so go

to 6
.

h . Choon is .
t g - Si

3
. pooh s units from i

hot and pull
9. units from s to i

4
.

Delete all saturated
arcs

while Ij at j
ha , no arc

in or
out dehtcj

5
.

Calculate new Si value,
and g

tf g , >
o ki so

to 2 .

G . If 9=0 or ge
- o then stop

7. While Ej t sit with Sj -
- o dilehj

8
.

Go to 5
.

⑥ 1 The algorithm , find , a blocking flow
:



Rule : Always push /poll one layer

at a time and fill
an arc if possible :

It

¢ ) show that we can implement
the algorithm

to non in time 062)

•
Oln ) pooh (poll otp

n

Olm ) work
to

' dehli all are ,

a
can keep Si value , updated

in

olnlosn )
Un priority Q .



BIG 3.37 Augmenting along maximum capacity
-

augmenting paths
Goal : prove

that then will be 0 (m logo )

augmentations ,

when U -
mg.# Uij

let x't be a max flow
and ret K - IM

Then Ken U ;
to

let x°=o so x:j=o Vije
A

X
"
can be decomposed

into at moot m path flow,

"¥
.
:÷:÷::*... . ..!



pint (

Panj
'

X

X x
' Eg in - Lm augmentation , along max cap

ausmmhhs path,

Cant Ijetzm) : xd . xd
't!

. . =
+2Mt '

Casey 1 x'
""

I > 1×24

Then I je Ean) such that the caps city of

Pj is at most
I
2M

@ I ⇒ KEK- ki
-' l e k * WHO 'T pay2

I flow in Nl

Lax



Repeat same argument
for

←
max flow
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not maxflow
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before I ight f
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BJG3.38-N-fvolsittiA.to ie )

Definition A pretlow x in N is

maximum if
- by@ I - I# I

when x* is a maximum ⑤
t t - flow is N

@ I let y be a maximum pretlow in N

show that Ix maximum@ttfIowinNs.t
xijsyij Vij

C- A

y can
bedroompond into paths

g.
I.

dxcrko

p
'

-t

00
just keep you paths of type P

'



⑦ How fast can we aonotmotxgneny ?

•
ekumpn y

into path and

cycle flows O( nm )

•
set × to be flow whom

deocampo , this is then path,

above which
an ⑤ fl - path

Pc
,
Pc

.
. - Pa Pae . .

-

- Pp
If 2¥ cut

C
, ,Cz

-
-- Cr



Ahuja 6.33 N - (Vols.tt .A .e⇒iu )
-

X is an every flow if xij-omodzttijc.tt
x is an odd flow if Xi , I modzttijett

@ I claim Uij Io
mod 2 Vrij C- A

I even maximum
flow

let Nz - ( vonsitl.A.to , KEE )

and let y be
maximum flow

in Nyz

Then lyle uz ( sis ) for
some
cut

set Xij=2yij Vij
then Xij is feasible

inn

and 1×1=2191--2 ails ,5) =
also5)

So X is a maxflow and
Xi seven .

all is TRUE



③ I claim Uij =L mod 2 Vij
C- A

⑨
I odd maximum

flow in
N

p u-- I

Lot
a-
3

us , as l
S o-70-b

→
p

every max
flow x has Xsp = 2

so
FALSE
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a-mtl N
" V -Huw ) N

-

a- my ,

N
.

'

#
Uij - I V-ijc.tt

claim

¥aowc - disj . (NIV )
- paths ? ,R , -→ Ph,

✓
There is an Cst ) - flow of value

Kinn

Max # arc - disjoint (NIV) - paths

- maxflxllx I - flown N )

=minlulsi511seS.fe5l-7mishootarcsiuDthatcouerabl@t.N-

I -path ,



no red are

S J

⑤ ) min cut



a

:÷i÷redand blue are

Goat cover all
blue arcs by paths

that may un any
colour and

start anywhere

claim : min # of paths
= max # of town arcs

no two of
which can

belong to the same path

G

i
U= 00

No



⇒
¥

'



No

claim min # paths needed
to cover all

there

arcs in G

=
Min value of ⑤t )

-flow in No

→± , tot



From BIG section 3.9

Minhlxllxisan@ttfIow-max8ls.s
' )

when 8 Csis ) ills .

5) -u Isis )

if H sis ) >o :

s see
-

t¥
-

- - e
-
-

815,5 ) = # blue arc . from
S - > 5

no two of then can belong to the

same path !



True for all digraphs ?

Ne Tf D
•

C- a

•
We need 2 path, to cover

blue arc,

or
Max # Shu arcs when no two

ones belong to the same path is I


