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Minimum cut

Input weighted undirected graph

Goal Find minimum weight cut
where a CUI is a set of edges whose
removal disconnects the graph







Minimum K Cat K 2,34

Input weighted undirected graph

3 cut

Goal Find minimum weight k 1
where ak is a set of edges whose
removal disconnects the graph into

at least k connected components



Minimum 3 cut



Minimum 3 cut



Min cut

Min cat is poly time solvable

min of min s T cut over all sit
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Min cat is poly time solvable

min of min 5T cut overall 1

Running time n MFCm.nl

MFCm b time for Max Stow on

m edges in vertices
MF min Deterministic strongPoly
Ocmn Orlin

8 mn43 Eggers

07mF Thedford

mh17 Madry



Better than n max flow

Nagamochi and Ibaraki
mm

Hao and Orlin

Karger random contract 8 mn7
parallel

Karger and Stein 8th

Karger threepacking 8cm

randomized

2h dollar question
8cm deterministic min cut

Recent breakthrough
Kawarabayashi

m deterministic Thorup
for unweighted



K cut kZ3

max flow is not enough

hard



Goldschmidt and Hochbaum 1994

k cut is NP Hard when
K is part of the input

i e NP Hard for polycm n k time

nock exact algo possible

best exponential dependence
k is an active research problem



Approximating k out

Saran Vazirani 1995

2 APX in polycmink

Two different algos



Algo 1 Build Gnomoryette tree

take k lightest cuts

Gomory Hu tree encodes all 5T min cut
values in an auxiliary tree
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Algo 2 Recursive min cuts

while k connected components
find min cat in each component
add smallest cut



Running times

Gomory His tree takes n MFCm.nl time

Recursive min cuts takes k.cmin cut

mk randomized time

8cm nk deterministic

Better deterministic algo
mn Nagamochi Kamidoi 2007



Is 2 the right APX

Probably Manurangsi 2017

ETH Hard to do better than 2



Min cat vs 2 APX k cut

min cut 2 APX k cut

Deterministic 8cm Cmn

Randomized 8cm OTmk

Q1 deterministic 2 APX k cut as

fast as randomized
Q2 2 APX k cut as fast as

mini cut 8cm randomized



Our Results

Lte APX min k cut in

0 mlog3Cn e2 deterministic time

HE O



Min cat vs 2 APX k cut

Min cat
2 APX Lte Apx
k cut K cut

Deterministic 8cm Cmn
ofmtogc.nl

Randomized 8cm 8Cmk

Q1 deterministic 2 APX k cut as

fast as randomized really
Q2 2 APX k cut as fast as

close

mini cut 8cm randomized
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Breaking down Gte APX in 81m15

lte APX to the LP in 07m15 time

Round the LP losing factor 2 in 8cm

Goemans Williams on primal dual



K cut LP edge costs Ce o

min Ecexe over x F IR
EEE

spanningsit eeEtXeZk I t trees 1

OEXeel Hedges e



K cut LP for k 2 min cut

min
e
CeXe over x F IR

s't eeEyXeZ h1 y spanningtrees T

OEXeEAr Hedges e

Pure covering LP



Dual of min cut LP

max Yt over y SPffeneing R

A e
YT Ece Hedges e

YTZO V spanning
trees 1

pure packing LP

HD APX in 8cm15 deterministic
Chekuri Q



K cut LP

min
e
CeXe over x F IR

sit
e
XeZk I y spanningtrees 1

OExeel Hedges e
a



Dual of k cut LP

Max K 1 TEXT e
2e

over ey E cette Hedges e

YT 20 A span trees T

220 f edges e

difficult to handle



K cut LP

min
e
CeXe over x F IR

spanningsit eeEtXeZk I t trees 1

OEXeel Hedges e

extra packing constraints



Knapsack Covering Constraints ECFLP

Given covering integer program CIP

w multiplicity constraints

e.g
Min CjXj over XELT
St Ax Z 6 where AEREO

CERTO
O E X E I BERIO

F SE In write down the residual LP
after maxing out all Xj WI JES

S
Mu

se a se

O 6

ftp fffffxz A's
O 0
0

Then one can drop multiplicity constraints



Applying KC inequalities to k cut

ee
XeZ K I V spanning Trees T

H SEE tf spanning
Isnt t Exe 2K 1 trees T

EETIS

I equivalent to

Exez K t Cn I IFI f forests'tee't
IFI Cn K



K cut LP w KC inequalities

min
e
CeXe over x E 7113

sit EXEZIFI Ch K V forests F
ee't

OEXeamt Hedges e

Pure covering LP



Dual Lp

Max th n k yF over y forests 7113
F

sit EeyF Ece Hedges e

YF 20 it forests F

packing forests into graph w

profits per forest depending on IFI



We now apply MWU to pack forests

similar to packing trees but trickier

Tree packings reduce to dynamic M5

Good data structures known for it

Here we need to maintain

max IFtCh
forests F E we

eEF

over dynamically increasing edge weights
we

second technical issue updating
edge weights along forests of varying
size

w some effort we make it work





Min cat vs 2 APX k cut

Min cat
2 APX Lte Apx
k cut K cut

Deterministic 8cm Cmn
o mlog

Randomized 8cm 8Cmk

Q1 deterministic 2 APX k cut as very
fast as randomized very

2 very
Q2 2 APX k cut as fast as

very

mini cut 8cm randomized near'T

Question
Can we get 2 APX k cut

in nearly linear time

Randomized Deterministic



Thank you


