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Setting Application: Embedding in R Results and Other Applications
Given a graph G with vertices V' and edges E. Using the hierarchy of coarser graphs, embed G in the unit d-cube C R? for a given d. The partitioning algorithm achieved good results compared to the state of the art: Louvain’s algorithm, which
- Bach edge e = (i, ) has a an edge weight a;; Given an embedding for the c.oarsest ljvel grip}ll, movedcoa,rse—to- fine to assign coordinates to the fine-level vertices. similarly monitors the modularity, Q.
- Bach vertex ¢ has a (weighted) degree d; = >_._(; ;) aij Assume: Each A has coordinates x” = (z7’);_, € R". = Our algorithm maximizes Q better in almost all cases.

Goal: Assign to each 7 a coordinate vector x; = (x;4)¢_, € R? maintaing well-separated aggregate structure.

, e p _ i _ : « The number of aggregates at the coarsest level of the algorithm remain similar (an important consideration for
For given initial values of x; = (x;1)%_, and a radius r{* for each coarse vertex A and dimension k, we run over each

Note: a;; < 0 is allowed, but d; > 0 must hold.
multilevel algorithms).

vertex ¢ and any fixed k =1, ..., d and apply the minimization process:
Abstract 1 1 | Maximum modularity Q of different n4 4 and Louvain’s algorithm on graphs of size |V|, |EF]|
Goal: to generate a hierarchy of coarser graphs that maintain certain properties of the original graph by using Jioe(l) = Z [t — 2] + AL A + F_ AL A — i, 35, 1321116, 1.2K 1487, 4.4K 493, 3K | 1.3K, 3K |1.8K, 18K | 2.2K, 107K | 14K, 763K | 33K, 361K
p@irwise aggregation of stror}gly Cclzgnnected Yertices ar.ld monitoring the modularity functional Q. After creating the Jre=(i,j) g g g g g nax (1)]0.7454 | 0.7523 06165 | 0.7014 | 0.9345 0.4%63 0.5964 0.5923 0.7147
EZI’S&S?S/ eﬁze: the graph . R* o m}lll_ltﬂe‘”i_ffhm“- | R T, for values of ¢ such that 0 < ot — rA < ¢ < 2 + A < 1. nax (2) 07373 0.7525 | 0.6253 | 0.7117| 0.9368 | 0.5346 | 0.6246 | 0.6543 | 0.7489
+ The aggregation algorithm achieves higher masximum & values than the state of the art, Louvain's Algo- Then using the value t = t, we set @, = t,. Louvain | 0.7337 | 0.6055 | 0.3367 | 0.5921 | 0.9056 | 0.1921 | 0.3517 | 04763 | 0.8055

rithm. Addtionally, we applied the aggregation to classification and algebraic multigrid methods, forming aggregates
that correspond to the dominant direction of the distcretized anisotropic diffusion operator.

Coarsest layer’s [{.A}| of different n4 4 and Louvain’s algorithm on graphs of size |V|, |F]

Multilevel Graph Coarsening 39, 1321116, 1.2K 1487, 4.4K | 493, 3K | 1.3K, 3K | 1.8K, 18K |2.2K, 107K | 14K, 763K | 33K, 361K
Goal: Find a halamced (A} of G naa (1) 8 13 61 104 125 856 503 2249 4265
oal: Find a "balanced' partition of GG; (2 6 13 30 65 194 37 A0 51 67
The coarse graph has vertices {A}, with the following values: JAA ( )
S ) Louvain 7 10 12 87 113 171 15 189 3907
A r QA A , , ,
dy = Z Qjj + Z di QAN = Z @ Q= TA € (0,1) = We used aggregation for classification:
i,jeA icA i€ A jeA . s
. /e - e = Never merge two vertices with different labels
i Use th t level to determi label
T _ Zaij n Z d. = Use the coarsest level to determine new labels
i i
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partition.
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| | N Unlabeled vertices (bright) with respect to a labeled Aggregation following the dominated direction (6 = §,
= [terate until there are no more edges, and return the heirarchy of partitions. 0 < zj)= zt =t < Tip < o < Tj p < Tjp <o < Ty, p = o+ dt < 1. double spiral (dark) e = 0.001) of the anisotropic diffusion operator.
For each interval t € (x;_, k, ;. k), the functional Jj,.(t) is convex and takes the form The communities can also be used to help generate hierarchy of aggregates for use in algebraic multigrid (AMG).
| | In particular, our algorithm generates aggregates that follow dominated direction for discretized anisotropic diffusion
Jioc(t) = + : operator:
lOC( ) Z t k r>s mjr,k — 1 P

—div ((e/ +bb’)Vu)
[ts derivative and second derivative are

e 1 1
dt 2 (t —zj.k)° t2 (@56 — )%

r<s r>s

cos 60
sin 6

for small e and b = [

] discretized using finite elements leading to non M-matrices.

Future Work

d’ Ji,. 1 1
= 2 2 > ().
dt2 Z (t _ xjr,k)B + Z

)3
r<s r>s (:E]Tak t

= Parallelization of aggregation via independent set
Therefore the equation = 0 has a unique solution ¢ = ¢, in the interval t € (x;_, , Tj. %). = Other multilevel algorithms (shortest path)

= [terate until desired, and then recursively apply to the next level in the heirarchy until the finest level has
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