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Low- Congestaon Shortcuts s

Scribe: Avi

Part-wise Aggregation

Collection of vertex disjoint S,,..., S,

each G[S;] is connected.

Cohen

Euery vertex v(eSJ‘ holds O(leg n)-bit x; @

and it is regired for every vieS. To learn

the aggregate function of all As for veeS;.

Low-Congestion Shortcuts  (LCS)

G=(v,E) and S,,..,S,, each G [3;] is connected .

A collection of subgrophs 91/: {HM..‘,HI} is an (#4,8) LCS if:

@ Diom (GLS;JVH) < o |

(2) Each edge ee G appears on at most B H; - subgraphs.

Theorem: Given a T-round alg for computing (o) sherteuts for S,,..., Sy,

then one can Solve the partwise aggregation problem in 5(T+€‘:E)-

The Quality of the
Shorteut |

Remark : This alse implies MST in O(T+a+R) rounds

Graph Family

@uoh‘ty of LCS

General Grophs

Planar Graphs

Expander Graphs
Groph with D=0(1)

A= O(0+In)

are= (D)
(iogn’
2

~ HD-2
x+R= 0O (lf) 20'7‘>



Approximate min-cut

cut is a groph partitioning into (S,V\S) <

the value of the cut (S, V\S) is )
5.(9)=] 7 (ulues, veursd)

Mmin-cut is  min SGCS)
Scv

Ollogn) Approximation
Karger's edge sampling: Given groph G=(V,E) with min cut ).

Let GLpJ be the subgraph obtained by sampling each edge €eG indep. w.p.

P= 4021#. Then: w.hp. for SV
A g@[p';(S) € (1x8)8s(8)p
V\S S

Cor: GLpl for p=@(‘i§m) then w.h.p. G [p] is connected.

logn
()@ - on the one hand: @G (fp{) is connected w.hp. for pf@ <_)9_) :
A A

- on the other hand: G (p,] is connected w.p. < T for Pz

V\S
Al govithm
For i=41 to flog nl f”‘éf&‘;’lg‘éﬁsm“"“““
_ . s0.8 zo.
0 (iogn) For j=1 to £= O(log n) S ,o i >
::m.p\i:‘? . %. ] Qap e
perirvents - A
I GJL = G [pJ] for p=2 J
Xd" = i I{€ GJL is COYW\PCted .

2
JrTmax j st 20Xz 0494

Return 2 J*



FOCS 2020: Exact min-cut in 6(D*W). (1+€) approximation with Shortcuts

L for unweignted min-cut : Q(»-D) \’D
Poly (D)

K-sporse certificate
HCG is a K-sparse certificate if :

N VSV, &, ()= min{K, §,(8)5
) EM)| < Kn.

Centralized Construction
Heg, GG
For (=4 to Kk:
F;= MSF in G
He— HUF;
N D
1)
Correctness: 5

Focus on a specific cut (S, V\S)
In every step i: collect at least one cut edge (if exists).
Distributed Implementation
Phase i: edges in F,u-—-UF,, have wejght oo

édges in - G\ U F; bhave weight 4
J=1
Compute MST.

Lemma: Can compute K-certiticate in O (K(D+$)) rounds .

Next steps: -assume X is known.

- provide alg' that works in G (A(D+5n)) rounds.



H\gh Level 1dea of Centralized ConStruction (Matula's)

Cvery mintut in H is a min-cut in G and
vice versa.

- Compute K'-Certlf|cat€ H’QG ‘GOVA l /» IECHI S (1+ $)mn

K'= (1+ 36) A
- Define G' obtained by contracting all edges i G\H.

n_
Case 11 [v(G) |7 7-E

21E@G) 24+ )0
e S s e

+ £
1 5

n

Avg deg in G

= Jnode (possibly super-nade) with degs 2+€) X = defines a cut.

Case 2: | V(@) < ﬁg

= Covtinue recursively.

Distributed Implementation
G\H to be contracted :

Every super-node in G correspands to a comnected comp. of H.

Compute certificate for G

- assign weight of 0 to all edges inside super-node.

Complexity : O (™ (D+ 1)) rounds.
Gaal: (2+9)-approx i O(D+{Y) rounds.

Idea: Use Karger to sparsify the graph. G'= GLp] for p-= =
WSevV, &,(8)€ (19 §4(8)p

= Apply Matua's ag o G in G(D+&") rounds,

Omit assumption on A

PN
Try ?\=(1+E) as a guess Koo 1=4,2,3,....



