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28 Maximum Bipartite Matching
·

V = edges
·

It = each lef vertex has at most I edge ⑳

Iz = each right vertex has at mostI edge
·
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What is Matroid Intersection?
- Generalization of Bipartite Matching

input : two matroids M .
= (V,21) , Mc = (V,

12)

output : maximum common independent set SelinI2

Why this problem matters ?
① Generalize many problems & Applications extend

numm

Bipartite Matching Packing SpanningTree Arborescences beyond Combinatorial Optimization
·

⑳·· ·
· i

% electrical engineering⑲ 1 ·
·

- -
· network coding
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input : (V , [1), (V,22)
max (5) st. Se[inI2

Matroid Intersection can be solved

in Polynomial time
[Edmonds10

, Aigner-Dowling"71 .
Lawler"15)

1

Matroid is given via an independence oracle

& &Query Answer

IndependenceIs Sel ? T Oracle ·Yes or No

Time Complexity = # of Queries
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input : (V , [1), (V,22)

Time Complexity of
max (5) st. Se[inI2

n := (v)
, r := max Is
St[in]2

Matroid Intersection # of queries
to independence oracle

1970s Edmonds , Lawler , Aigner-Dowling O(nrz)
1986 Cunningham O(nF)
2015 Lee-Sidford-Wong (nz)
2019 Nquen , Chakrabarty-Lee-Sidford-SinglaWong (nv)
2021 Blikstad-v .d.Brand-Mukhopadhyay-Nanongkai (n9/5)
2021 Blikstad (n(34)

* (Blikstad21]:(n) if randomized, (n/) if deterministic
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Today's Focus : Nearly Linear-Time Algo.

TonPolylog(n)) - timeI
* Targeting Approximation Rather than Exact Solution

M

X-approx : SelinI2
st. 1Sl =X - OPT

&
sparse cut : Khandekar-Rao-Vazirani9 , Madryso

R-cut : Quanrud'19
E-ECSS : Chalermsook-Huang-Narongkai -SavanurakSukprasert -Yingchareonthawornchai22

weighted matching : Preis'99
, Vinkemeier-Hougardyo3,

Duan-Pettie14
,
Zhang-Henzinger's
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input : (V , [1), (V,22)
n := (v)

, r := max Is

X-approx: find SE[in12Nearly-Linear Time Algo.
St[in]2

st. Isr↳

for Matroid Intersection

Folklore E - approx .
O (n) queries

Guruganesh-Singla's (E + 104)-approx. O (n) queries

Suru'sRecentalgo .
Eareovanodizedqueries

T

Blikstad-Tu25 (1-3)-approx.
Ts (n) queries



&
.
What about deterministic algo.?



input: (V , [1), (V,22)

St[in]2&
.

What about deterministica?
n := (v)

, r := max Is)

Ig X-approx: find SE[in12

Isr
1)

Only the trivial O(nl-query -

approx. algo , is known.



input: (V , [1), (V,22)

St[in]2&
.

What about deterministica?
n := (v)

, r := max Is)

Ig X-approx: find SE[in12

Isr
1)

Only the trivial O(nl-query -

approx. algo , is known.

Greedy algo.
Sta

for =V do

I if Surgelin]2 thenLStSuSrY

return S



input: (V , [1), (V,22)

St[in]2&
.

What about deterministic a ?
n := (v)

, r := max Is

Igo X-approx: find SE[in12
st. Isr

1)
-

Only the trivial O(nl-query -

approx. algo , is known.

MainThm .

OlE + rlogr)-query (5-3)-approx , algo.
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Datancelayers- Du·D
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for finding augmenting sets of length 4
- M
*

I
-

early, after only 0(1/s) phases↳ --- We canfind almostall
MaM
*
can be decomposed into augmenting paths of lengthy
alternating paths of lengthYand alternatingcycles (2/3-5)-approx,
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Unexpectedly Interesting Aspect of Our Result
Our algorithm can be extended to

aStreaming Algo.
1

Solving the problem with space complexity
smaller than the input size

Andspace
&

& Tomputer
0= [Va

,
Va, . . . .Un]

·

& # of passes = How many times the algo. scans

& the entire input stream
⑨

* In particular, for graph problems, Semi-Streaming Algo .

using O(# of vertices) space are well studied .

A
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input : (V , [1), (V,22)
max (5) st. Se[inI2Streaming Algo· for n := (v)

, r := max Is
St[in]2

Matroid IntersectionI=max(s) ( =2

Semi-streaming algo , for
matching Generalization

Paz-Schwartzman17 - Garg-Jordan-Svensson'21
1 pass, weighted , 11/2-2)-approx· Ja(ri+ ra) space

Bernstein' 20 Huang-Sellier24
& pass , random-order , (2/3-3) - approx· Jald) space

Feigenbaum-Kannan-McGregor
Suri-Zhang'04 This work

1 0 (7/s) passes, (2/3-2)- approx..(v ,+ 1) space
First streaming graph algo , paper
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Conclusion
· Design

a Deterministic (2/3-E) approx · s(n) queries Algo.
for Matroid Intersection

·

Extending this to
a O(1/2) passes (2/3-2)- approx . Semi-Streaming Algo.

/Generalization of FKM204)
-enquestions

* Deterministic (1-2)-approx·a(n) queries Algo .

· poly(1/a) passes (1-3)-approx. Semi-Streaming Algo.


