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Hypergraphs AT
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® Generalization of graphs
= hyperedges connect > 2 nodes

® Graphs = dyadic (2-ary) relationships
® Hypergraphs = (d-ary) relationships

® Hypergraph H=(V, E, ¢, w)
® Vertexset V ={1,....n}
® Edgeset EC P (V)\ 0
® Node weights ¢ : V — R>4
® Edge weights w : E — R>¢
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® Graphs = dyadic (2-ary) relationships
® Hypergraphs = (d-ary) relationships

® Hypergraph H=(V, E, ¢, w)
® Vertexset V ={1,....n}
® Edgeset EC P (V)\ 0
® Node weights ¢ : V — R>4
® Edge weights w : E — R>¢

m|P|= ZeeE‘e’ = ZvEV d(v)
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Hypergraph Partitioning Problem QAT
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Partition hypergraph H = (V, E, ¢, w) into k disjoint blocks
IT={V,..., Vk} such that:

® blocks V; are roughly equal-sized:

c(Vi) < (1+¢) [22]
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IT={V,..., Vk} such that:

imbalance
parameter

® blocks V; are roughly equal-sized:
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imbalance
parameter

® blocks V; are roughly equal-sized:

c(V) < (1 +¢) [22]

® connectivity objective is minimized:

ZeecutO\_ 1) w(e)

\

connectivity:
# blocks connected by net e
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IT={V,..., Vk} such that:

imbalance
parameter

® blocks V; are roughly equal-sized:

c(V) < (1 +¢) [22]

® connectivity objective is minimized:

ZeecutO\_” w(e) =6

\

connectivity:
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Applications A\‘(IT

stitute of Technology

VLSI Design Scientific Computing
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\V /T Application

Domain
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Hypergraph
Model
facilitate Goal minimize
floorplanning & placement communication
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The Multilevel Framework

iInput hypergraph

|n_|t_|al _
partitioning
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Taxonomy of Hypergraph Partitioning Tools A\‘(IT
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" Recursive Bisection ) ( Direct k-way )
"MLPart ) 1998
‘PaToH || hMetis-R VLSI hMetis-K 1999
Sparse
Matrices ~
&Mondriaan) 2005
Zoltan parallel ) 2006

Parkway) 2008
(UMPa  multi-objective]| 2013
(KaHyPar-R n-LeveI) 2016
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Why look at direct k-way partitioning?
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Direct k-way

Recursive Bisection

restricted solution space

5 1 O 65 L o
o O
o o

p——

U
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iImni o

O

e
o =
W

e
local search in large nets X

local search in large nets ./

adaptive imbalance adjustment

6

direct imbalance enforcement
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Our Contributions A\‘(IT
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iInput hypergraph

|n_|t_|al _
partitioning

7  Sebastian Schlag — Engineering a direct k-way Hypergraph Partitioning Algorithm iﬁ! Institute of Theoretical Informatics
1 Algorithmics Group




Our Contributions ﬂ(".

Karlsruhe Institute of Technology

iInput hypergraph

7  Sebastian Schlag — Engineering a direct k-way Hypergraph Partitioning Algorithm i%! Institute of Theoretical Informatics
1 Algorithmics Group



Our Contributions ﬂ(".

Karlsruhe Institute of Technology

iInput hypergraph

7  Sebastian Schlag — Engineering a direct k-way Hypergraph Partitioning Algorithm i%! Institute of Theoretical Informatics
1 Algorithmics Group



Our Contributions ﬂ(".

Karlsruhe Institute of Technology

iInput hypergraph
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N

Preprocess
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Min-Hash Based Pin Sparsifier A\‘(IT

Karlsruhe Institute of Technology

Motivation: HGP Algorithms contain code like this

foreach net e incident to v do
foreach pinp € e do
| do something

——> large nets ~~ large # pins /neighbors ——> slow!
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Central Idea: Merge "close” vertices
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Karlsruhe Institute of Technology

Motivation: HGP Algorithms contain code like this

foreach net e incident to v do
foreach pinp € e do
| do something

——> large nets ~~ large # pins /neighbors ——> slow!

Central Idea: Merge “close” vertices ¢ share many nets

of - of
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Min-Hash Based Pin Sparsifier A\‘(IT

Motivation: HGP Algorithms contain code like this

foreach net e incident to v do
foreach pinp € e do
| do something

——> large nets ~~ large # pins /neighbors ——> slow!

Central Idea: Merge "close” vertices < share many nets

\Dlstance Du,v) =1— | (WNI(v)

[ [(u)UI(v)]
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Min-Hash Based Pin Sparsifier

Problem: set operations are expensive!

Solution:

[[(u)NI(v)]
[ [(u)UI(v)]

® merge vertices with equal fingerprint

@ approximate via min-hash fingerprints
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Min-Hash Based Pin Sparsifier A\‘(IT

stitute of Technology

Problem: set operations are expensive!

Solution:

[[(u)NI(v)]
[ [(u)UI(v)]

® merge vertices with equal fingerprint
f=4{23,42,5,13} f=1{23,42,5,13}

® approximate

via min-hash fingerprints

f = {18,42,33,27}
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Min-Hash Based Pin Sparsifier A\‘(IT
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Problem: set operations are expensive!

Solution:

[[(u)NI(v)]
[ [(u)UI(v)]

® merge vertices with equal fingerprint
f=4{23,42,5,13} f=1{23,42,5,13}

@ approximate via min-hash fingerprints

f = {18,42,33,27}

.
k>hx(v = min{o(e)|e € I(v)}

fingerprint(v) = {hy(v), ha(v), hz(v),
) :
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Min-Hash Based Pin Sparsifier A\‘(IT
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Problem: set operations are expensive!

Solution:

[[(u)NI(v)]
[ [(u)UI(v)]

® merge vertices with equal fingerprint
f=4{23,42,5,13} f=1{23,42,5,13}

@ approximate via min-hash fingerprints

f = {18,42,33,27}

.
k>hx(v = min{o(e)|e € I(v)}

fingerprint(v) = {hy(v), ha(v), hz(v),
) :

® Running time: O(|P|)
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Local Search
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Localized adaptive k-way Local Search A\‘(IT

Karlsruhe Institute of Technology

Current direct k-way multilevel HGP tools:
® uncontract one level

® - simple greedy local search around border
»— cannot escape from local optima!
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Localized adaptive k-way Local Search A\‘(IT

Karlsruhe Institute of Technology

Current direct k-way multilevel HGP tools:
® uncontract one level

® - simple greedy local search around border
»— cannot escape from local optima!

Advanced alternatives exist:

Algorithm 1: FM Local Search A

while — done do
find best move

cut

| o rollback |

perform best move | |

|
. i
rollback to best solution moves
~— can worsen solution
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Localized adaptive k-way Local Search A\‘(IT

Karlsruhe Institute of Technology

Current direct k-way multilevel HGP tools:
® uncontract one level

® - simple greedy local search around border
»— cannot escape from local optima!

Advanced alternatives exist:

Algorithm 1: FM Local Search A

while — done do
find best move

cut

I rollback !
perform best move | = |

' >
rollback to best solution moves
~—— can worsen solution

Reason for sticking with greedy:
= existing k-way FM algorithm Is slow!
= hot evaluated in multilevel context!
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Localized adaptive k-way Local Search A\‘(IT

Karlsruhe Institute of Technology

Our algorithm:
® uncontract a single vertex pair ~~ local search around 2 nodes
® simplified )
® fast » version of Sanchis’ algorithm
® n-level |
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Karlsruhe Institute of Technology

Our algorithm:
® uncontract a single vertex pair ~~ local search around 2 nodes
® simplified )
® fast » version of Sanchis’ algorithm
® n-level |

Simplifications/Improvements:
® reduce # PQs: k(k — 1) ~ k

® reduce # moves: only consider adjacent blocks
® cache gain values
® stop unpromising search early

® exclude nets from gain updates
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k-way Gain Cache - Key Concepts A\‘(IT
Vio Vo
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Gain-Cache of O :
1 2 3 4] 1 2 3 4

Sparse Set
® O(1) insert/remove/update

® linear time iteration
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® O(1) insert/remove/update
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Gain-Cache of O : Gain-Cache of O :
1 2 3 4|1 2 3 4 1 2 3 4|1 2 3 4
213 i1 31 v i

Sparse Set

O(1) insert/remove/update

linear time iteration
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Adaptive Stopping Rule &‘(IT

Karlsruhe Institute of Technology

Idea: stop local search if improvement becomes unlikely

!

cut

MOoves
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Adaptive Stopping Rule A\‘(IT
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Idea: stop local search if improvement becomes unlikely

? |

cut
e

e o e e

stop moves

D observed variance

O ~——

AP =

# moves since

4112
_ H‘ avg. gain since
last Iimprovement

last improvement
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Experiments — Benchmark Setup A\‘(IT
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® System: 1 core of 2 Intel Xeon E5-2670 @ 2.6 Ghz, 64 GB RAM

® # Hypergraphs:
® UF Sparse Matrix Collection 184
@ SAT Competition 2014 Application Track 92
m [SPD98 VLSI Circuit Benchmark Suite 18

m ke {24,816,32,64,128} » 2058 instances
® imbalance: ¢ = 3%
® 8 hours time limit / instance

® Comparison with:
® hMetis-R & hMetis-K
® PaToH-Default & PaToH-Quality
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Effects of Engineering Efforts

Subset of all Instances

SKIT
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cut fcls] bs[S]
Baseline 6506 1.84 56.87

+ New Coarsening| 6509 0.50 *
+ Gain Caching 6505 * 31.20
+ stop early 6537 * 3.48
+ exclude nets 6537 * 3.06
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Effects of Engineering Efforts
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Subset of all Instances

cut fcls] bs[S]
Baseline 6506 1.84 56.87

+ New Coarsening| 6509 0.50 *
+ Gain Caching 6505 * 31.20
+ stop early 6537 * 3.48
+ exclude nets 6537 * 3.06

Min-Hash Sparsifier

10.00 ~
5.00

2.00-
1.00 +—gml
0.501
0.25-

Speedup

0.10

33 4 4 5 6 7 9 131927 3554132
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Experimental Results — Partitioning Quality A\‘(IT
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Example
1.00+
0.80+
= 0.60-
|l 0.0
0n+=
q) -
O  0.201
DS
< 0.10]
0.05+
® Algorithm 1
— 0.017 Algorithm 2
® Algorithm 3
OOO_ 3
N Q QS OO Q O L0 S O
S PR ISP &
# Instances
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Experimental Results

Min Cut Ratios (|é] < 3)
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Algorithm e[ >3 |ée|<3 | >28
KaHyPar-K 10.9 26.7 13.3
hMetis-R 45.1 103.6 90.0
hMetis-K 37.2 75.3 92.6
PaToH-Q 3.8 6.3 10.4
PaToH-D 0.8 1.1 3.1
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Conclusion & Discussion
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KaHyPar-K — direct k-way HGP optimizing (A — 1) metric

® min-hash based pin sparsifier
® fast n-level coarsening
® engineered FM-based local search

In the paper:
® adaptive fingerprint construction

® fast n-level coarsening

® more experiments:

® Comparison with KaHyPar-R
®m k € {5,28,47,107}
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KaHyPar-Framework
Open-Source on Github:

https: //git. io/vMBaR/

Min Cut Ratios (|é] > 3)
infeasible solutions
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