
Sorrachai Yingchareonthawornchai

Approximating k-Edge Connected 
Spanning Subgraph via a Fast LP Solver

1 Dec 2023

Simons Institute, UC Berkeley —> Hebrew University of Jerusalem

Joint work with 

Parinya Chalermsook, Aalto University

Chien-Chung Huang, ENS Ulm


Danupon Nanongkai, MPI 

Thatchaphol Saranurak, University of Michigan


Pattara Sukprasert, Northwestern University



kECSS problem 

• A graph is k-edge-connected if it remains connected after removing k-1 edges


• Input: An undirected graph                    and a cost function c on edges 
Output: A  min-cost k-edge-connected spanning subgraph  


• Example: k = 1 is easy (why?) 

 

H = (V, E′￼), E′￼⊆ E

mincut ≥ k

G = (V, E) (n := |V | , m := |E | )



kECSS problem 

• A graph is k-edge-connected if it remains connected after removing k-1 edges


• Input: An undirected graph                    and a cost function c on edges 
Output: A  min-cost k-edge-connected spanning subgraph  


• Example: k = 1 is easy (why?) 


• APX-hard for k > 1 even on bounded degree graphs and binary cost function [Pritchard’10]


• Best known approximation is 2 [Khuller and Vishkin, STOC’92]


• A special case of survivable network design problem (SNDP) [Jain’01]   

 

G = (V, E)
H = (V, E′￼), E′￼⊆ E

mincut ≥ k
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For all cut C, 

kECSS LP:  

-  time [Fleischer’04]

How fast can we solve the kECSS LP? 

Fast LP Solvers
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For all cut C, 

kECSM LP:  

kECSM LP can be solved in  

Theorem: [Chekuri, Quanrad, FOCS’17] 

A similar LP (kECSM) can be solved fast! 

  But cannot handle the box-constraint
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Õ(
mn
ε2

)

Õ(
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kECSS LP:  

Theorem: 
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How fast can we solve the kECSS LP? 
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xe ≥ k

x ≥ 0

For all cut C, 

kECSM LP:  

kECSM LP can be solved in  

Theorem: [Chekuri, Quanrad, FOCS’17] 

(This work)

A similar LP (kECSM) can be solved fast! 

  But cannot handle the box-constraint

Fast LP Solvers

Extend the techniques from [CQ, FOCS’17]  
to solve the kECSS LP
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Applications of the kECSS LP solver
• We can estimate the optimal integral solution within 

(since the integrality gap of the kECSS LP is 2 [KV’94]) 

(2 + ϵ) factor

• Approach:  
(1) Solve kECSS LP 
(2) Sparsify the LP solution by using the graph compression theorem from [Benzcur Karger’15]  
(3) run [Khuller Vishkin’94] algorithm on the support of the sparsified graph

•             Integral solution to kECSS in time  Õ(
m
ε2

+ n1.5k2ε−2)(2 + ϵ)

Õ(m′￼ n) = Õ(k2n1.5ϵ−2)

mϵ−2 m′￼= Õ(k2nϵ−2)



Preliminaries: MWU framework
Covering LP: MinRow Problem:  given min cTx

Ax ≥ 1⃗

Aij ≥ 0

A x ≥

1
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ci ≥ 0

MinRow(A, wt) := arg min
row i

⟨Ai, wt⟩

wt ∈ Rm
≥0
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Theorem: MWU (width-independent)   

We can obtain            -approx solution to the covering LP 

by solving a sequence of Minrow problems for                      iterations 
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(Workshop on Dynamic graphs and Algorithm Design)  
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• To apply MWU algorithm, need a pure covering LP

• To get rid of the box-constraints, add extra inequalities
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row i

⟨Ai, wt⟩

aka, knapsack cover inequality [CFLP’00]
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For each <latexit sha1_base64="biOG4Y8j9yOGgoDCqWrmlwv7amU=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIHkLYlaAiHgKB4DGCeUCyhNlJbzJk9uHMrBA28eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt7G0vLK6tp7ZyG5ube/smnv7dRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8MdlCd+4wGEZGFwp4YROD7pBcxjlCgtdczDCm7L2JWg4B6X83hUGeFrPMjjjpmzCtYUeJHYKcmhFNWO+dXuhjT2IVCUEylbthUpJyFCMcphnG3HEiJCB6QHLU0D4oN0kukHY3yilS72QqErUHiq/p5IiC/l0Hd1p09UX857E/E/rxUr79JJWBDFCgI6W+TFHKsQT+LAXSaAKj7UhFDB9K2Y9okgVOnQsjoEe/7lRVI/K9jnheJtMVe6SuPIoCN0jE6RjS5QCd2gKqohih7RM3pFb8aT8WK8Gx+z1iUjnTlAf2B8/gBrPpTq</latexit>

F ✓ C, |F | < k,

free-edge set

min ∑
e∈E

cexekECSS Pure:  

x ≥ 0

aka, knapsack cover inequality [CFLP’00]

<latexit sha1_base64="AY43+XVqUInLw9SJdbKTrRMJD+I="></latexit> X

e2C\F

xe/(k � |F |) � 1

min cTx
Akcx ≥ 1⃗

kECSS Pure:  

=

x ≥ 0

• Fact: These two LPs are equivalent 

where         is a (cut,free-edge)-matrix of G Akc

MinRow(Akc, wt) = ?



For each <latexit sha1_base64="biOG4Y8j9yOGgoDCqWrmlwv7amU=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIHkLYlaAiHgKB4DGCeUCyhNlJbzJk9uHMrBA28eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt7G0vLK6tp7ZyG5ube/smnv7dRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8MdlCd+4wGEZGFwp4YROD7pBcxjlCgtdczDCm7L2JWg4B6X83hUGeFrPMjjjpmzCtYUeJHYKcmhFNWO+dXuhjT2IVCUEylbthUpJyFCMcphnG3HEiJCB6QHLU0D4oN0kukHY3yilS72QqErUHiq/p5IiC/l0Hd1p09UX857E/E/rxUr79JJWBDFCgI6W+TFHKsQT+LAXSaAKj7UhFDB9K2Y9okgVOnQsjoEe/7lRVI/K9jnheJtMVe6SuPIoCN0jE6RjS5QCd2gKqohih7RM3pFb8aT8WK8Gx+z1iUjnTlAf2B8/gBrPpTq</latexit>

F ✓ C, |F | < k,

free-edge set

min ∑
e∈E

cexekECSS Pure:  

x ≥ 0

<latexit sha1_base64="AY43+XVqUInLw9SJdbKTrRMJD+I="></latexit> X

e2C\F

xe/(k � |F |) � 1

min cTx
Akcx ≥ 1⃗

kECSS Pure:  

=

x ≥ 0

• Fact: These two LPs are equivalent 

where         is a (cut,free-edge)-matrix of G Akc

MinRow(Akc, wt) = ?



For each <latexit sha1_base64="biOG4Y8j9yOGgoDCqWrmlwv7amU=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIHkLYlaAiHgKB4DGCeUCyhNlJbzJk9uHMrBA28eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt7G0vLK6tp7ZyG5ube/smnv7dRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8MdlCd+4wGEZGFwp4YROD7pBcxjlCgtdczDCm7L2JWg4B6X83hUGeFrPMjjjpmzCtYUeJHYKcmhFNWO+dXuhjT2IVCUEylbthUpJyFCMcphnG3HEiJCB6QHLU0D4oN0kukHY3yilS72QqErUHiq/p5IiC/l0Hd1p09UX857E/E/rxUr79JJWBDFCgI6W+TFHKsQT+LAXSaAKj7UhFDB9K2Y9okgVOnQsjoEe/7lRVI/K9jnheJtMVe6SuPIoCN0jE6RjS5QCd2gKqohih7RM3pFb8aT8WK8Gx+z1iUjnTlAf2B8/gBrPpTq</latexit>

F ✓ C, |F | < k,

free-edge set

min ∑
e∈E

cexekECSS Pure:  

x ≥ 0

<latexit sha1_base64="AY43+XVqUInLw9SJdbKTrRMJD+I="></latexit> X

e2C\F

xe/(k � |F |) � 1 min cTx
Akcx ≥ 1⃗

kECSS Pure:  

=

x ≥ 0

• Fact: These two LPs are equivalent 

where         is a (cut,free-edge)-matrix of G Akc

MinRow(Akc, wt) = ?

w(S) := ∑
e∈S

w(e)• where



For each cut C: 
<latexit sha1_base64="eFRRGLvPApVfwDvz/qfReZ8Vv/A=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIrkoiRcVVoRuXFewF2hAm05N26GQSZyZiCQU3voobF4q49SXc+TZO2yy09YeBj/+cw5nzBwlnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRWnkkKDxjyW7YAo4ExAQzPNoZ1IIFHAoRUMa5N66x6kYrG41aMEvIj0BQsZJdpYvn3YVWnkZ4C7TODaGD/4Bvtwh4fYt0tO2ZkKL4KbQwnlqvv2V7cX0zQCoSknSnVcJ9FeRqRmlMO42E0VJIQOSR86BgWJQHnZ9IYxPjFOD4exNE9oPHV/T2QkUmoUBaYzInqg5msT879aJ9XhpZcxkaQaBJ0tClOOdYwngeAek0A1HxkgVDLzV0wHRBKqTWxFE4I7f/IiNM/K7nm5clMpVa/yOAroCB2jU+SiC1RF16iOGoiiR/SMXtGb9WS9WO/Wx6x1ycpnDtAfWZ8/NbeWkw==</latexit>X

e2C

xe � k

For each
<latexit sha1_base64="+za+oYwtfAq3VwnG1hUd74CHSgo="></latexit> X

e2C\F

xe � k � |F |
<latexit sha1_base64="biOG4Y8j9yOGgoDCqWrmlwv7amU=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIHkLYlaAiHgKB4DGCeUCyhNlJbzJk9uHMrBA28eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt7G0vLK6tp7ZyG5ube/smnv7dRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8MdlCd+4wGEZGFwp4YROD7pBcxjlCgtdczDCm7L2JWg4B6X83hUGeFrPMjjjpmzCtYUeJHYKcmhFNWO+dXuhjT2IVCUEylbthUpJyFCMcphnG3HEiJCB6QHLU0D4oN0kukHY3yilS72QqErUHiq/p5IiC/l0Hd1p09UX857E/E/rxUr79JJWBDFCgI6W+TFHKsQT+LAXSaAKj7UhFDB9K2Y9okgVOnQsjoEe/7lRVI/K9jnheJtMVe6SuPIoCN0jE6RjS5QCd2gKqohih7RM3pFb8aT8WK8Gx+z1iUjnTlAf2B8/gBrPpTq</latexit>

F ✓ C, |F | < k,

free-edge set

min ∑
e∈E

cexekECSS Pure:  

x ≥ 0

MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |

A′￼x ≥ 1⃗

kECSS Pure:  

=

x ≥ 0
• Fact: These two LPs are equivalent 

where         is a (cut,free-edge)-matrix of G A′￼

obtained by adding above inequalities 

•MinRow(A’,w) = ?

min cTx

MinRow(A, w) := min
C

w(C)

• Upshot: removing the box constraint makes the MinRow problem more complex

Mincut    

The Normalized 
Free Cut    



MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |

The Normalized 
Mincut Problem  



The Normalized 
Mincut Problem  

“Free” up to k-1 edges 

The more free, 

the less normalizing factor

MinRow(Akc, w) := min{
λ0

k
,

λ1

k − 1
, …,

λk−1

1
}

λi = min
C,F⊆C,|F|=i

w(C∖F) = Mincut with i edges being free Let

MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |

Brute-force? 



The Normalized 
Mincut Problem  

“Free” up to k-1 edges 

The more free, 

the less normalizing factor

λi = min
C,F⊆C,|F|=i

w(C∖F) = Mincut with i edges being free Let

λi =   connectivity interdiction problem  Fact: Computing 
 [Zenklusen14] O(mn4)in time

Thus: O(kmn4) = O(m2n4) TimeMinRow(Akc, w) in

Fast Algorithm ?

Fastest known

Furthermore, we need dynamic algorithm for maintaining MinRow problems 

MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |

MinRow(Akc, w) := min{
λ0

k
,

λ1

k − 1
, …,

λk−1

1
}

(Based on cut enumeration)



The Normalized 
Mincut Problem  

Thus: O(kmn4) = O(m2n4) TimeMinRow(Akc, w) in Fastest known

MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |



Main Technical 

Results Theorem: (Static MinRow) 

(Dynamic MinRow) Theorem: 

MinRow(Akc, w) can be approximated  in  Õ(mϵ−1) time

MinRow(Akc, w) can be dynamically maintained    
Õ(mϵ−2) total timeunder the weight w increases by MWU in 

Reduction to the dynamic mincut algorithm of [Chekuri, Quanrad, FOCS’17]

Reduction to the mincut problem

The Normalized 
Mincut Problem  

Thus: O(kmn4) = O(m2n4) TimeMinRow(Akc, w) in Fastest known

MinRow(Akc, w) := min
row(C,F)

< Akc
(C,F), w > = min

C,F⊆C,|F|<k

w(C∖F)
k − |F |



• Lemma 1: Let C be the minimum cut wrt.        . Then, there exists a set 

of free edges                              such that  

Static Reduction
<latexit sha1_base64="moll7Ugz6+bdWKZcklPyt95/jM8=">AAACFHicbVBNSwMxFMz6bf2qevQSLIKilF0RFUGoePEiVrFW6NaSTbNtaDa7JG+tZdkf4cW/4sWDIl49ePPfmNY9qHUgMMy8x8uMFwmuwbY/rZHRsfGJyanp3Mzs3PxCfnHpSoexoqxCQxGqa49oJrhkFeAg2HWkGAk8wape57jvV2+Z0jyUl9CLWD0gLcl9TgkYqZHfdAMCbe0nZ+XLFB9i7AK7A02TUy4vwm66fnSTdGi61d3AuJEv2EV7ADxMnIwUUIZyI//hNkMaB0wCFUTrmmNHUE+IAk4FS3NurFlEaIe0WM1QSQKm68kgVIrXjNLEfqjMk4AH6s+NhARa9wLPTA4i/PX64n9eLQZ/v55wGcXAJP0+5McCQ4j7DeEmV4yC6BlCqOLmr5i2iSIUTI85U4LzN/IwudouOrvFnfOdQukgq2MKraBVtI4ctIdK6ASVUQVRdI8e0TN6sR6sJ+vVevseHbGynWX0C9b7Fz0DnaU=</latexit>

OPT = MinRow(Akc, w)• Denote

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}

• Let 
<latexit sha1_base64="Vu12Fl42C4GsKSrykXdoo+IlfpY=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRolIQCm7cWaEv6Awlk2ba0EwyJBmhDN278VfcuFDErT/gzr8xnXahrQcuHM65l3vvCWJGlXacb2tldW19YzO3ld/e2d3btw8OW0okEpMmFkzIToAUYZSTpqaakU4sCYoCRtrB6Gbqtx+IVFTwhh7HxI/QgNOQYqSN1LMLnhwKWL2GJffMI7GiTPBT6EVID1WY3tUbE9izi07ZyQCXiTsnRTBHvWd/eX2Bk4hwjRlSqus6sfZTJDXFjEzyXqJIjPAIDUjXUI4iovw0+2UCT4zSh6GQpriGmfp7IkWRUuMoMJ3ZkYveVPzP6yY6vPJTyuNEE45ni8KEQS3gNBjYp5JgzcaGICypuRXiIZIIaxNf3oTgLr68TFrnZfeiXLmvFGvVeRw5cAwKoARccAlq4BbUQRNg8AiewSt4s56sF+vd+pi1rljzmSPwB9bnD3FCmWk=</latexit>

⇢ := (1 + ✏)OPT

• Truncated Weight: 

<latexit sha1_base64="2JBlqi6cowA6a5a6oQ3m/9Js8Lk="></latexit>

= min
C,F✓C,|F |<k

w(C \ F )

k � |F |

• Theorem 2 [Karger, Li]: minimum cut can be solved in nearly-linear time 

Algorithm:  
1. Let C* be the minimum cut wrt.

2. Find F* of size less than k that minimizes

3. Return (C*,F*)

<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢ <latexit sha1_base64="PLrRr8SK8c9HpI1PbZLg7EKiMl0=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARa8EyI0XFVaEgLivYC3TakkkzbWgmMyQZpUznEdz4Km5cKOLWpTvfxvSy0NYfAh//OYeT87sho1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMIoFJFQcsEA0XScIoJ1VFFSONUBDku4zU3UF5XK/fEyFpwO/UMCQtH/U49ShGSlsd89jxBMLxQ67czkNHEuVTHkl43c6fJPEAnsKRxlECO2bWKlgTwUWwZ5AFM1U65pfTDXDkE64wQ1I2bStUrRgJRTEjScaJJAkRHqAeaWrkyCeyFU8OSuCRdrrQC4R+XMGJ+3siRr6UQ9/VnT5SfTlfG5v/1ZqR8i5bMeVhpAjH00VexKAK4Dgd2KWCYMWGGhAWVP8V4j7SCSmdYUaHYM+fvAi1s4J9XijeFrOlq1kcaXAADkEO2OAClMANqIAqwOARPINX8GY8GS/Gu/ExbU0Zs5l98EfG5w8M05tN</latexit>

w(C⇤ \ F ⇤)

k � |F ⇤|

• Input: a weighted graph G = (V,E,w)

• Output:             -normalized min-cut in nearly linear time  

<latexit sha1_base64="pdRkMXlINgh1IFjTK+3xeddbuIg=">AAAB83icbVBNSwMxEJ2tX7V+VT16WSxCRSi7UtRj0YvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMiySj2njet1NYW9/Y3Cpul3Z29/YPyodHbS1ShUkLCyZUN0KaMMpJy1DDSFcqgpKIkU40vpv5nSeiNBX80UwkCRM05DSmGBkrBVX/IiBSUyb4eb9c8WreHO4q8XNSgRzNfvkrGAicJoQbzJDWPd+TJsyQMhQzMi0FqSYS4TEakp6lHCVEh9n85ql7ZpWBGwtlixt3rv6eyFCi9SSJbGeCzEgvezPxP6+XmvgmzCiXqSEcLxbFKXONcGcBuAOqCDZsYgnCitpbXTxCCmFjYyrZEPzll1dJ+7LmX9XqD/VK4zaPowgncApV8OEaGnAPTWgBBgnP8ApvTuq8OO/Ox6K14OQzx/AHzucP8lGQ/g==</latexit>

(1 + ✏)



• Lemma 1: Let C be the minimum cut wrt.        . Then, there exists a set 

of free edges                                 such that  

Static Reduction
• Input: a weighted graph G = (V,E,w)

• Output:             -normalized min-cut in nearly linear time  

<latexit sha1_base64="moll7Ugz6+bdWKZcklPyt95/jM8=">AAACFHicbVBNSwMxFMz6bf2qevQSLIKilF0RFUGoePEiVrFW6NaSTbNtaDa7JG+tZdkf4cW/4sWDIl49ePPfmNY9qHUgMMy8x8uMFwmuwbY/rZHRsfGJyanp3Mzs3PxCfnHpSoexoqxCQxGqa49oJrhkFeAg2HWkGAk8wape57jvV2+Z0jyUl9CLWD0gLcl9TgkYqZHfdAMCbe0nZ+XLFB9i7AK7A02TUy4vwm66fnSTdGi61d3AuJEv2EV7ADxMnIwUUIZyI//hNkMaB0wCFUTrmmNHUE+IAk4FS3NurFlEaIe0WM1QSQKm68kgVIrXjNLEfqjMk4AH6s+NhARa9wLPTA4i/PX64n9eLQZ/v55wGcXAJP0+5McCQ4j7DeEmV4yC6BlCqOLmr5i2iSIUTI85U4LzN/IwudouOrvFnfOdQukgq2MKraBVtI4ctIdK6ASVUQVRdI8e0TN6sR6sJ+vVevseHbGynWX0C9b7Fz0DnaU=</latexit>

OPT = MinRow(Akc, w)• Denote

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}

• Let 
<latexit sha1_base64="Vu12Fl42C4GsKSrykXdoo+IlfpY=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRolIQCm7cWaEv6Awlk2ba0EwyJBmhDN278VfcuFDErT/gzr8xnXahrQcuHM65l3vvCWJGlXacb2tldW19YzO3ld/e2d3btw8OW0okEpMmFkzIToAUYZSTpqaakU4sCYoCRtrB6Gbqtx+IVFTwhh7HxI/QgNOQYqSN1LMLnhwKWL2GJffMI7GiTPBT6EVID1WY3tUbE9izi07ZyQCXiTsnRTBHvWd/eX2Bk4hwjRlSqus6sfZTJDXFjEzyXqJIjPAIDUjXUI4iovw0+2UCT4zSh6GQpriGmfp7IkWRUuMoMJ3ZkYveVPzP6yY6vPJTyuNEE45ni8KEQS3gNBjYp5JgzcaGICypuRXiIZIIaxNf3oTgLr68TFrnZfeiXLmvFGvVeRw5cAwKoARccAlq4BbUQRNg8AiewSt4s56sF+vd+pi1rljzmSPwB9bnD3FCmWk=</latexit>

⇢ := (1 + ✏)OPT

• Truncated Weight: 

<latexit sha1_base64="2JBlqi6cowA6a5a6oQ3m/9Js8Lk="></latexit>

= min
C,F✓C,|F |<k

w(C \ F )

k � |F |

• Theorem 2 [Karger, STOC’96]: minimum cut can be solved in nearly-linear time 

Algorithm:  
1. Let C* be the minimum cut wrt.

2. Find F* of size less than k that minimizes

3. Return (C*,F*)

<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢ <latexit sha1_base64="PLrRr8SK8c9HpI1PbZLg7EKiMl0=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARa8EyI0XFVaEgLivYC3TakkkzbWgmMyQZpUznEdz4Km5cKOLWpTvfxvSy0NYfAh//OYeT87sho1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMIoFJFQcsEA0XScIoJ1VFFSONUBDku4zU3UF5XK/fEyFpwO/UMCQtH/U49ShGSlsd89jxBMLxQ67czkNHEuVTHkl43c6fJPEAnsKRxlECO2bWKlgTwUWwZ5AFM1U65pfTDXDkE64wQ1I2bStUrRgJRTEjScaJJAkRHqAeaWrkyCeyFU8OSuCRdrrQC4R+XMGJ+3siRr6UQ9/VnT5SfTlfG5v/1ZqR8i5bMeVhpAjH00VexKAK4Dgd2KWCYMWGGhAWVP8V4j7SCSmdYUaHYM+fvAi1s4J9XijeFrOlq1kcaXAADkEO2OAClMANqIAqwOARPINX8GY8GS/Gu/ExbU0Zs5l98EfG5w8M05tN</latexit>

w(C⇤ \ F ⇤)

k � |F ⇤|

<latexit sha1_base64="pdRkMXlINgh1IFjTK+3xeddbuIg=">AAAB83icbVBNSwMxEJ2tX7V+VT16WSxCRSi7UtRj0YvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMiySj2njet1NYW9/Y3Cpul3Z29/YPyodHbS1ShUkLCyZUN0KaMMpJy1DDSFcqgpKIkU40vpv5nSeiNBX80UwkCRM05DSmGBkrBVX/IiBSUyb4eb9c8WreHO4q8XNSgRzNfvkrGAicJoQbzJDWPd+TJsyQMhQzMi0FqSYS4TEakp6lHCVEh9n85ql7ZpWBGwtlixt3rv6eyFCi9SSJbGeCzEgvezPxP6+XmvgmzCiXqSEcLxbFKXONcGcBuAOqCDZsYgnCitpbXTxCCmFjYyrZEPzll1dJ+7LmX9XqD/VK4zaPowgncApV8OEaGnAPTWgBBgnP8ApvTuq8OO/Ox6K14OQzx/AHzucP8lGQ/g==</latexit>

(1 + ✏)



• Lemma 1: Let C be the minimum cut wrt.        . Then, there exists a set 

of free edges                                 such that  

Static Reduction
• Input: a weighted graph G = (V,E,w)

• Output:             -normalized min-cut in nearly linear time  

<latexit sha1_base64="moll7Ugz6+bdWKZcklPyt95/jM8=">AAACFHicbVBNSwMxFMz6bf2qevQSLIKilF0RFUGoePEiVrFW6NaSTbNtaDa7JG+tZdkf4cW/4sWDIl49ePPfmNY9qHUgMMy8x8uMFwmuwbY/rZHRsfGJyanp3Mzs3PxCfnHpSoexoqxCQxGqa49oJrhkFeAg2HWkGAk8wape57jvV2+Z0jyUl9CLWD0gLcl9TgkYqZHfdAMCbe0nZ+XLFB9i7AK7A02TUy4vwm66fnSTdGi61d3AuJEv2EV7ADxMnIwUUIZyI//hNkMaB0wCFUTrmmNHUE+IAk4FS3NurFlEaIe0WM1QSQKm68kgVIrXjNLEfqjMk4AH6s+NhARa9wLPTA4i/PX64n9eLQZ/v55wGcXAJP0+5McCQ4j7DeEmV4yC6BlCqOLmr5i2iSIUTI85U4LzN/IwudouOrvFnfOdQukgq2MKraBVtI4ctIdK6ASVUQVRdI8e0TN6sR6sJ+vVevseHbGynWX0C9b7Fz0DnaU=</latexit>

OPT = MinRow(Akc, w)• Denote

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}

• Let 
<latexit sha1_base64="Vu12Fl42C4GsKSrykXdoo+IlfpY=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRolIQCm7cWaEv6Awlk2ba0EwyJBmhDN278VfcuFDErT/gzr8xnXahrQcuHM65l3vvCWJGlXacb2tldW19YzO3ld/e2d3btw8OW0okEpMmFkzIToAUYZSTpqaakU4sCYoCRtrB6Gbqtx+IVFTwhh7HxI/QgNOQYqSN1LMLnhwKWL2GJffMI7GiTPBT6EVID1WY3tUbE9izi07ZyQCXiTsnRTBHvWd/eX2Bk4hwjRlSqus6sfZTJDXFjEzyXqJIjPAIDUjXUI4iovw0+2UCT4zSh6GQpriGmfp7IkWRUuMoMJ3ZkYveVPzP6yY6vPJTyuNEE45ni8KEQS3gNBjYp5JgzcaGICypuRXiIZIIaxNf3oTgLr68TFrnZfeiXLmvFGvVeRw5cAwKoARccAlq4BbUQRNg8AiewSt4s56sF+vd+pi1rljzmSPwB9bnD3FCmWk=</latexit>

⇢ := (1 + ✏)OPT

• Truncated Weight: 

<latexit sha1_base64="2JBlqi6cowA6a5a6oQ3m/9Js8Lk="></latexit>

= min
C,F✓C,|F |<k

w(C \ F )

k � |F |

Algorithm:  
1. Let C* be the minimum cut wrt.

2. Find F* of size less than k that minimizes

3. Return (C*,F*)

<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢ <latexit sha1_base64="PLrRr8SK8c9HpI1PbZLg7EKiMl0=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARa8EyI0XFVaEgLivYC3TakkkzbWgmMyQZpUznEdz4Km5cKOLWpTvfxvSy0NYfAh//OYeT87sho1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMIoFJFQcsEA0XScIoJ1VFFSONUBDku4zU3UF5XK/fEyFpwO/UMCQtH/U49ShGSlsd89jxBMLxQ67czkNHEuVTHkl43c6fJPEAnsKRxlECO2bWKlgTwUWwZ5AFM1U65pfTDXDkE64wQ1I2bStUrRgJRTEjScaJJAkRHqAeaWrkyCeyFU8OSuCRdrrQC4R+XMGJ+3siRr6UQ9/VnT5SfTlfG5v/1ZqR8i5bMeVhpAjH00VexKAK4Dgd2KWCYMWGGhAWVP8V4j7SCSmdYUaHYM+fvAi1s4J9XijeFrOlq1kcaXAADkEO2OAClMANqIAqwOARPINX8GY8GS/Gu/ExbU0Zs5l98EfG5w8M05tN</latexit>

w(C⇤ \ F ⇤)

k � |F ⇤|

<latexit sha1_base64="pdRkMXlINgh1IFjTK+3xeddbuIg=">AAAB83icbVBNSwMxEJ2tX7V+VT16WSxCRSi7UtRj0YvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMiySj2njet1NYW9/Y3Cpul3Z29/YPyodHbS1ShUkLCyZUN0KaMMpJy1DDSFcqgpKIkU40vpv5nSeiNBX80UwkCRM05DSmGBkrBVX/IiBSUyb4eb9c8WreHO4q8XNSgRzNfvkrGAicJoQbzJDWPd+TJsyQMhQzMi0FqSYS4TEakp6lHCVEh9n85ql7ZpWBGwtlixt3rv6eyFCi9SSJbGeCzEgvezPxP6+XmvgmzCiXqSEcLxbFKXONcGcBuAOqCDZsYgnCitpbXTxCCmFjYyrZEPzll1dJ+7LmX9XqD/VK4zaPowgncApV8OEaGnAPTWgBBgnP8ApvTuq8OO/Ox6K14OQzx/AHzucP8lGQ/g==</latexit>

(1 + ✏)

• Theorem 2 [Karger, STOC’96]: minimum cut can be solved in nearly-linear time 



• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢

• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,                                      then, there exists a set 

<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k
<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 



• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 2:     

<latexit sha1_base64="4OWMW1b4YC48FsPxp7CXKDtdaZ8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KOjCnRX6gs5QMmmmDc0kQ5JRytB/cOOvuHGhiFs37vwb02kXWj1w4XDOvdx7jx8xqrRtf1mZhcWl5ZXsam5tfWNzK7+901Qilpg0sGBCtn2kCKOcNDTVjLQjSVDoM9Lyh5cTv3VHpKKC1/UoIl6I+pwGFCNtpG7+8L6buHIgxsWrEryARefIJZGiTPASHEI3RHqgguSmVh/Dbr5gl+0U8C9xZqQAZqh1859uT+A4JFxjhpTqOHakvQRJTTEj45wbKxIhPER90jGUo5AoL0l/GsMDo/RgIKQprmGq/pxIUKjUKPRNZ3rkvDcR//M6sQ7OvITyKNaE4+miIGZQCzgJCPaoJFizkSEIS2puhXiAJMLaxJgzITjzL/8lzeOyc1Ku3FYK1fNZHFmwB/ZBETjgFFTBNaiBBsDgATyBF/BqPVrP1pv1Pm3NWLOZXfAL1sc3HYOcbA==</latexit>

w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="x4fWEIrZpcKZLQrtL3jLkNNh4HI="></latexit>

Let (D,F ✓ D) be the minimum normalized cut

<latexit sha1_base64="vmaAe/qLFjFJWXje7uIbPfoHB28=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwIGFXgoqngBePEfKCZAmzk04yZPbBTK8a1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXH0uh0XG+rZXVtfWNzdxWfntnd2/fLhw0dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x/dTP3mPSgtorCG4xi8gA1C0RecoZG6dqGD8IhpbQgK+pGCs0nXLjolZwa6TNyMFEmGatf+6vQingQQIpdM67brxOilTKHgEib5TqIhZnzEBtA2NGQBaC+dnT6hJ0bpUbPZVIh0pv6eSFmg9TjwTWfAcKgXvan4n9dOsH/lpSKME4SQzxf1E0kxotMcaE8o4CjHhjCuhLmV8iFTjKNJK29CcBdfXiaN85J7USrflYuV6yyOHDkix+SUuOSSVMgtqZI64eSBPJNX8mY9WS/Wu/Uxb12xsplD8gfW5w+qZpQ/</latexit>

Therefore,

<latexit sha1_base64="GOUyzFnJ43DgECBfhcgQi2z8R0U="></latexit>

w⇢(C
⇤)  w⇢(D) < (1 + ✏)kOPT

<latexit sha1_base64="baJNXAMlVHFXimNz4iXDLDE7toY="></latexit>

w⇢(D \ F )  w(D \ F )
def
= (k � |F |)OPT < (1 + ✏)(k � |F |)OPT

<latexit sha1_base64="c8NG9TOLPuNFIQdsxt/yZOciR7w="></latexit>

w⇢(F )  ⇢|F | = (1 + ✏)|F |OPT

<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="z4xJfn26euAcf/ylFvsaZiWN91M=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUoiRUUQCm5cVrAPaEKYTCft0MkkzEwsJXTvxl9x40IRt/6AO//GSZuFth64cOace5l7jx8zKpVlfRuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH91kfueBCEkjfq8mMXFDNOA0oBgpLXlmeeyljhhG0yo5gdfQCSmHTgrH+nkKM8OZembFqlkzwGVi56QCcjQ988vpRzgJCVeYISl7thUrN0VCUczItOQkksQIj9CA9DTlKCTSTWe3TOGxVvowiIQuruBM/T2RolDKSejrzhCpoVz0MvE/r5eo4NJNKY8TRTiefxQkDKoIZsHAPhUEKzbRBGFB9a4QD5FAWOn4SjoEe/HkZdI+q9nntfpdvdK4yuMogiNQBlVggwvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH1xtmVQ=</latexit>

w⇢(e) = min{w(e), ⇢}• Recall 

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>

|F |⇢ = |F |(1 + ✏)OPT

<latexit sha1_base64="svElGuSr/AtDqQbUK9VK8/4XK8g=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWocxIUXFVcOPOCn1Bp5RMeqcNzWTGJKOUoR/gxl9x40IRt36AO//GdNqFth4IHM45l9x7vIgzpW3721paXlldW89sZDe3tnd2c3v7DRXGkkKdhjyULY8o4ExAXTPNoRVJIIHHoekNryZ+8x6kYqGo6VEEnYD0BfMZJdpI3Vz+oQBF7PbhDhecExcixXgoim5A9ED5yU21NsYmZZfsFHiRODOSRzNUu7kvtxfSOAChKSdKtR070p2ESM0oh3HWjRVEhA5JH9qGChKA6iTpMWN8bJQe9kNpntA4VX9PJCRQahR4JpkuOe9NxP+8dqz9i07CRBRrEHT6kR9zrEM8aQb3mASq+cgQQiUzu2I6IJJQbfrLmhKc+ZMXSeO05JyVyrflfOVyVkcGHaIjVEAOOkcVdI2qqI4oekTP6BW9WU/Wi/VufUyjS9Zs5gD9gfX5A3P8mf0=</latexit>

w(e) � (1 + ✏)OPT

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>

|F |⇢ = |F |(1 + ✏)OPT

<latexit sha1_base64="svElGuSr/AtDqQbUK9VK8/4XK8g=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWocxIUXFVcOPOCn1Bp5RMeqcNzWTGJKOUoR/gxl9x40IRt36AO//GdNqFth4IHM45l9x7vIgzpW3721paXlldW89sZDe3tnd2c3v7DRXGkkKdhjyULY8o4ExAXTPNoRVJIIHHoekNryZ+8x6kYqGo6VEEnYD0BfMZJdpI3Vz+oQBF7PbhDhecExcixXgoim5A9ED5yU21NsYmZZfsFHiRODOSRzNUu7kvtxfSOAChKSdKtR070p2ESM0oh3HWjRVEhA5JH9qGChKA6iTpMWN8bJQe9kNpntA4VX9PJCRQahR4JpkuOe9NxP+8dqz9i07CRBRrEHT6kR9zrEM8aQb3mASq+cgQQiUzu2I6IJJQbfrLmhKc+ZMXSeO05JyVyrflfOVyVkcGHaIjVEAOOkcVdI2qqI4oekTP6BW9WU/Wi/VufUyjS9Zs5gD9gfX5A3P8mf0=</latexit>

w(e) � (1 + ✏)OPT

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>

|F |⇢ = |F |(1 + ✏)OPT

<latexit sha1_base64="svElGuSr/AtDqQbUK9VK8/4XK8g=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWocxIUXFVcOPOCn1Bp5RMeqcNzWTGJKOUoR/gxl9x40IRt36AO//GdNqFth4IHM45l9x7vIgzpW3721paXlldW89sZDe3tnd2c3v7DRXGkkKdhjyULY8o4ExAXTPNoRVJIIHHoekNryZ+8x6kYqGo6VEEnYD0BfMZJdpI3Vz+oQBF7PbhDhecExcixXgoim5A9ED5yU21NsYmZZfsFHiRODOSRzNUu7kvtxfSOAChKSdKtR070p2ESM0oh3HWjRVEhA5JH9qGChKA6iTpMWN8bJQe9kNpntA4VX9PJCRQahR4JpkuOe9NxP+8dqz9i07CRBRrEHT6kR9zrEM8aQb3mASq+cgQQiUzu2I6IJJQbfrLmhKc+ZMXSeO05JyVyrflfOVyVkcGHaIjVEAOOkcVdI2qqI4oekTP6BW9WU/Wi/VufUyjS9Zs5gD9gfX5A3P8mf0=</latexit>

w(e) � (1 + ✏)OPT

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>

|F |⇢ = |F |(1 + ✏)OPT

<latexit sha1_base64="svElGuSr/AtDqQbUK9VK8/4XK8g=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWocxIUXFVcOPOCn1Bp5RMeqcNzWTGJKOUoR/gxl9x40IRt36AO//GdNqFth4IHM45l9x7vIgzpW3721paXlldW89sZDe3tnd2c3v7DRXGkkKdhjyULY8o4ExAXTPNoRVJIIHHoekNryZ+8x6kYqGo6VEEnYD0BfMZJdpI3Vz+oQBF7PbhDhecExcixXgoim5A9ED5yU21NsYmZZfsFHiRODOSRzNUu7kvtxfSOAChKSdKtR070p2ESM0oh3HWjRVEhA5JH9qGChKA6iTpMWN8bJQe9kNpntA4VX9PJCRQahR4JpkuOe9NxP+8dqz9i07CRBRrEHT6kR9zrEM8aQb3mASq+cgQQiUzu2I6IJJQbfrLmhKc+ZMXSeO05JyVyrflfOVyVkcGHaIjVEAOOkcVdI2qqI4oekTP6BW9WU/Wi/VufUyjS9Zs5gD9gfX5A3P8mf0=</latexit>

w(e) � (1 + ✏)OPT

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>

|F |⇢ = |F |(1 + ✏)OPT

<latexit sha1_base64="svElGuSr/AtDqQbUK9VK8/4XK8g=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWocxIUXFVcOPOCn1Bp5RMeqcNzWTGJKOUoR/gxl9x40IRt36AO//GdNqFth4IHM45l9x7vIgzpW3721paXlldW89sZDe3tnd2c3v7DRXGkkKdhjyULY8o4ExAXTPNoRVJIIHHoekNryZ+8x6kYqGo6VEEnYD0BfMZJdpI3Vz+oQBF7PbhDhecExcixXgoim5A9ED5yU21NsYmZZfsFHiRODOSRzNUu7kvtxfSOAChKSdKtR070p2ESM0oh3HWjRVEhA5JH9qGChKA6iTpMWN8bJQe9kNpntA4VX9PJCRQahR4JpkuOe9NxP+8dqz9i07CRBRrEHT6kR9zrEM8aQb3mASq+cgQQiUzu2I6IJJQbfrLmhKc+ZMXSeO05JyVyrflfOVyVkcGHaIjVEAOOkcVdI2qqI4oekTP6BW9WU/Wi/VufUyjS9Zs5gD9gfX5A3P8mf0=</latexit>

w(e) � (1 + ✏)OPT

• Lemma 1: Let C* be the minimum cut wrt.        . Then, there exists a set 

of free edges                                  such that  

<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 




• Proof:     

• Claim 1: 
<latexit sha1_base64="GHvdhKkygjGgg5K1DPqhk6zpYvQ="></latexit>

If w⇢(C) < k(1 + ✏)OPT,
<latexit sha1_base64="vLuBBtupmUQUHeZHRVsaqduv/3w="></latexit>

w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="9CvnlsMIQG+uk5TJ+QdR8TfyOYM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkUlTEQ6FQPFawH9CGstlO2qWbTdzdCKXtwb/ixYMiXv0b3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7NRUlkkKVRjySDZ8o4ExAVTPNoRFLIKHPoe73SxO//ghSsUjc60EMXki6ggWMEm2ktn1Yxi2V+Ao0PODSGR6VR/gG99t2zsk7U+BF4qYkh1JU2vZXqxPRJAShKSdKNV0n1t6QSM0oh3G2lSiICe2TLjQNFSQE5Q2n94/xiVE6OIikKaHxVP09MSShUoPQN50h0T01703E/7xmooMrb8hEnGgQdLYoSDjWEZ6EgTtMAtV8YAihkplbMe0RSag2kWVNCO78y4ukdp53L/KFu0KueJ3GkUFH6BidIhddoiK6RRVURRSN0DN6RW/Wk/VivVsfs9YlK505QH9gff4An3OUig==</latexit>

F ✓ C, |F | < k such that 


• Claim 2: 

<latexit sha1_base64="U9zjdg/XHOlv97idN4VdZjEBI1Y="></latexit>

w(C⇤ \ F )

k � |F |  (1 + ✏)OPT

<latexit sha1_base64="ljP1TJwcfGFzoTiU2olbqfgxjGU=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0CmVGioq4KHTjzgp9QaeWTJppQzPJkGSUMvQb3Pgrblwo4taVO//GdNqFth64cDjnXu69xwsZVdq2v63U0vLK6lp6PbOxubW9k93daygRSUzqWDAhWx5ShFFO6ppqRlqhJCjwGGl6w8rEb94TqajgNT0KSSdAfU59ipE2UjdbeOjGrhyIcb5yd1yAV3CYd05cEirKBC+4AdID5cc31dq4m83ZRTsBXCTOjOTADNVu9svtCRwFhGvMkFJtxw51J0ZSU8zIOONGioQID1GftA3lKCCqEycvjeGRUXrQF9IU1zBRf0/EKFBqFHimM7lx3puI/3ntSPsXnZjyMNKE4+kiP2JQCzjJB/aoJFizkSEIS2puhXiAJMLapJgxITjzLy+SxmnROSuWbku58uUsjjQ4AIcgDxxwDsrgGlRBHWDwCJ7BK3iznqwX6936mLamrNnMPvgD6/MHKP2ciQ==</latexit>

w⇢(C
⇤) < k(1 + ✏)OPT

(for any cut C)

• Proof of Claim 1:     
<latexit sha1_base64="qF1ez0Bjx0MzzkuDeBpotXQ/Mas=">AAACH3icbVDLSgMxFM34tr6qLt1cLIKrMiOi4qpQEBcuFKwttKVk0jttMJMZkjtiGfonbvwVNy4UEXf+jelj4etA4OScc0nuCVMlLfn+pzczOze/sLi0XFhZXVvfKG5u3dgkMwJrIlGJaYTcopIaayRJYSM1yONQYT28rY78+h0aKxN9TYMU2zHvaRlJwclJneJRi/Ce8gskGMIZTG4QIlAfwTo1iaCP/G4A2O2hBaldDqqdYskv+2PAXxJMSYlNcdkpfrS6ichi1CQUt7YZ+Cm1c25ICoXDQiuzmHJxy3vYdFTzGG07H+83hD2ndCFKjDuaYKx+n8h5bO0gDl0y5tS3v72R+J/XzCg6aedSpxmhFpOHokwBJTAqC7rSoCA1cIQLI91fQfS54YJcpQVXQvB75b/k5qAcHJUPrw5LldNpHUtsh+2yfRawY1Zh5+yS1ZhgD+yJvbBX79F79t6890l0xpvObLMf8D6/AKG3oW0=</latexit>

Let F be the set of heavy edges in C

<latexit sha1_base64="V4vlRFY1qmxv7Z1UByb6jUa0ga8="></latexit>

So, |F | < k (o.w. w⇢(C) � (1 + ✏)kOPT)

<latexit sha1_base64="0P5jqp0CJ54M016R7GbW1zYTwMQ=">AAACLXicfVDLSgMxFM34rPU16tJNsAjtwjIjRUUQCpXisoJ9QFtKJs20oZlkSDKWMu0PufFXRHBREbf+huljoa144MLJOfeSe48XMqq044ytldW19Y3NxFZye2d3b98+OKwoEUlMylgwIWseUoRRTsqaakZqoSQo8Biper3CxK8+Eqmo4A96EJJmgDqc+hQjbaSWfdtPF2BDER1QHilYzMAb2G/FDdkVo/+cDDyDw+IQTp6wZaecrDMFXCbunKTAHKWW/dpoCxwFhGvMkFJ11wl1M0ZSU8zIKNmIFAkR7qEOqRvKUUBUM55eO4KnRmlDX0hTXMOp+nMiRoFSg8AznQHSXbXoTcS/vHqk/atmTHkYacLx7CM/YlALOIkOtqkkWLOBIQhLanaFuIskwtoEnDQhuIsnL5PKeda9yObuc6n89TyOBDgGJyANXHAJ8uAOlEAZYPAEXsAYvFvP1pv1YX3OWles+cwR+AXr6xtAa6Wr</latexit>

w(C \ F ) = w⇢(C \ F ) = w⇢(C)� |F |⇢
<latexit sha1_base64="Y0X6t+dOTGEliAmdZAB67iRRMiU=">AAACEXicbVBNS8NAEN34WetX1aOXxSJUxJJIUfFUEMSbFVorNKFstpN26WYTdzdCSfsXvPhXvHhQxKs3b/4bt2kPfj0YeLw3w8w8P+ZMadv+tGZm5+YXFnNL+eWV1bX1wsbmtYoSSaFBIx7JG58o4ExAQzPN4SaWQEKfQ9Pvn4395h1IxSJR14MYvJB0BQsYJdpI7ULJ5XCLS/0DPDwf7uGSs+9CrBiPxB52Q6J7Kkgva/URbheKdtnOgP8SZ0qKaIpau/DhdiKahCA05USplmPH2kuJ1IxyGOXdREFMaJ90oWWoICEoL80+GuFdo3RwEElTQuNM/T6RklCpQeibzuzI395Y/M9rJTo48VIm4kSDoJNFQcKxjvA4HtxhEqjmA0MIlczcimmPSEK1CTFvQnB+v/yXXB+WnaNy5apSrJ5O48ihbbSDSshBx6iKLlANNRBF9+gRPaMX68F6sl6tt0nrjDWd2UI/YL1/AUeem24=</latexit>

 (k � |F |)(1 + ✏)OPT
<latexit sha1_base64="39uFMwTNXek8r8WUEah1zmLtAhY="></latexit>

Therefore,
w(C \ F )

k � |F |  (1 + ✏)OPT
<latexit sha1_base64="XB1u28BN2RhUOMAWl8wMem6mWt8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHgKqOAxQfOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqN5+4NiJWjzhKuB/RvhKhYBSt9FC7u+0WS27ZnYEsEy8jJchQ7Ra/Or2YpRFXyCQ1pu25CfpjqlEwySeFTmp4QtmQ9nnbUkUjbvzx7NQJObFKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzL9m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukcVb2LsrntfNS5TqLIw9HcAyn4MElVOAeqlAHBn14hld4c6Tz4rw7H/PWnJPNHMIfOJ8/xgeNcw==</latexit>

QED

<latexit sha1_base64="2xDigEIATXEhcaZUMvxhIM/SSAE=">AAACFHicbVDJSgNBEO1xN25Rj14agxARwowEFU8BL96MkEXIhKGnU2Oa9HSP3T1KGOYjvPgrXjwo4tWDN//GznJwe1DweK+Kqnphwpk2rvvpzMzOzS8sLi0XVlbX1jeKm1stLVNFoUkll+oqJBo4E9A0zHC4ShSQOOTQDgdnI799C0ozKRpmmEA3JteCRYwSY6WgeHAXZL7qy7x8to99Djd4UPYOfEg041JYKSamr6Psot7Ig2LJrbhj4L/Em5ISmqIeFD/8nqRpDMJQTrTueG5iuhlRhlEOecFPNSSEDsg1dCwVJAbdzcZP5XjPKj0cSWVLGDxWv09kJNZ6GIe2c3zjb28k/ud1UhOddDMmktSAoJNFUcqxkXiUEO4xBdTwoSWEKmZvxbRPFKHG5liwIXi/X/5LWocV76hSvayWaqfTOJbQDtpFZeShY1RD56iOmoiie/SIntGL8+A8Oa/O26R1xpnObKMfcN6/ABW2nZc=</latexit>

w⇢(C)  k(1 + ✏)OPT

<latexit sha1_base64="4vEpEYRjAKHsJA1j6lnUi9dXlWw=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMSFERhIIg7qzQG3SGkkkzbWgmGZKMUKZ9Aze+ihsXirh16863MZ12odUfAh//OYec8/sRo0rb9peVWVhcWl7JrubW1jc2t/LbOw0lYolJHQsmZMtHijDKSV1TzUgrkgSFPiNNf3A1qTfviVRU8JoeRsQLUY/TgGKkjdXJH46uR67sC3gJDRWdY5dEijLBj9wQ6b4KkttqbQw7+YJdslPBv+DMoABmqnbyn25X4DgkXGOGlGo7dqS9BElNMSPjnBsrEiE8QD3SNshRSJSXpPeM4YFxujAQ0jyuYer+nEhQqNQw9E1nuuR8bWL+V2vHOjj3EsqjWBOOpx8FMYNawEk4sEslwZoNDSAsqdkV4j6SCGsTYc6E4Myf/BcaJyXntFS+KxcqF7M4smAP7IMicMAZqIAbUAV1gMEDeAIv4NV6tJ6tN+t92pqxZjO74Jesj2+Frpuz</latexit>
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<latexit sha1_base64="GhECCXKczNFJZRWgbG5wZ3DUV4I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqePFYwX5Au5Rsmm1Ds8maZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqZ+65Fpw5W8t+OEBTEZSB5xSqyT2k+9rKuHatIrV7yqNwNeJn5OKpCj3it/dfuKpjGTlgpiTMf3EhtkRFtOBZuUuqlhCaEjMmAdRyWJmQmy2b0TfOKUPo6UdiUtnqm/JzISGzOOQ9cZEzs0i95U/M/rpDa6CjIuk9QySeeLolRgq/D0edznmlErxo4Qqrm7FdMh0YRaF1HJheAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEHAM7zCG3pAL+gdfcxbCyifOYQ/QJ8/edKQPg==</latexit>w⇢
<latexit sha1_base64="eIABAREGbh8po9S104iTZfNi1K0=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBEJGwK0FFPAQCwWME84BkDbOT3mTI7MOZWSEk8eKvePGgiFf/wpt/4yTZgyYWNBRV3XR3uRFnUlnWt5FaWFxaXkmvZtbWNza3zO2dqgxjQaFCQx6KukskcBZARTHFoR4JIL7Loeb2imO/9gBCsjC4Vf0IHJ90AuYxSpSWWuZeCTdl7EpQcI+Ld8cneFga4ivca5lZK2dNgOeJnZAsSlBumV/NdkhjHwJFOZGyYVuRcgZEKEY5jDLNWEJEaI90oKFpQHyQzmDywQgfaqWNvVDoChSeqL8nBsSXsu+7utMnqitnvbH4n9eIlXfhDFgQxQoCOl3kxRyrEI/jwG0mgCre14RQwfStmHaJIFTp0DI6BHv25XlSPc3ZZ7n8TT5buEziSKN9dICOkI3OUQFdozKqIIoe0TN6RW/Gk/FivBsf09aUkczsoj8wPn8AxkaVJg==</latexit>

F ✓ C⇤, |F | < k

                                      then, there exists a set 
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(Dynamic MinRow) Theorem: 
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Therefore:  ∑
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(Dynamic MinRow) Theorem: 
MinRow(Akc, w) can be dynamically maintained    

Õ(m) total timeunder the weight w increases by MWU in 

During an epoch,

For simplicity,  |C | = Õ(1)assume #of edges is bounded 

(we use the data structure from [CQ’17]  to handle the general case)
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Issue 2: Given C, how to identify its best free set quickly?

Answer: Thresholding automatically hints the free set!
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Open Problems

• Theory of Fast Approximation Algorithms

• Fast rounding algorithms? Nearly linear time for 2ECSS? 

• Fast LP Solvers for a broader class e.g., SNDP? 

• Can we solve LP with high-accuracy in nearly linear time?


• Iterative rounding algorithm needs high-accuracy solvers


