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1 Referee 1:

1.1 Major comments

1. The more natural example for a gap in the optimum for over-

lap versus non overlap: We agree that the example of the referee
is much more natural. We left our example only because it gives a
larger gap but we incorporated the example of the referee. We thank
the referee for providing this example.

2. Regarding the reason volume bounds are important: We added
in the text the following explanation. Putting a bound on the volume
makes sense for a couple of reasons: One reason is that if we want to
cluster the graph for the purpose of performing some distributed com-
putation, it is important that each cluster fits on one machine, and
amount of memory to store the cluster is directly proportional to the
volume of the cluster. This is captured by putting an upper bound on
the volume of each cluster. Another reason to put a bound on the vol-
ume of the clusters is that it is harder to understand and conceptualize
huge clusters, and to make sure that the clustering algorithm generates
clusters that are easily understood and interpretable, we put an upper
bound on the size or volume of each cluster.
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3. Partitioningh problems are hard:

We added a long discussion on previous work on partitioning problems.
First, into only two pieces (Dense k-subgraph, bisection, sparsest cut).
For example the dense k-subgraph is known to admit only nepsilon

approximation for some epsilon¡1, for 20 years already.

Any approximation for separating graph to many clusters is rather
complex. We discuss a recent result of Feige and Krauthgamer and
related results. This is the only examples that bares slight resemblance
to conductance. In those papers the goal is to partition V into k (dis-
joint) parts and minimize the maximum number of edges that goes out
of any set in the partition. This is a recent FOCS paper. They say
that Racke is not good enough for their ratio which means that very
complex positive semi definite programming approximation is required.
They use a rather complex analysis of PSD programming.

We also describe results for directed and undirected multicut and simi-
lar problems that require partitioning into more than 2 parts saying so
that the approximations in question seem very hard. The best approxi-
mation known for directed multicut problem for example is around

√
n

and the problem is Labelcover hard.

1.2 Minor comments

1. Minor comment 2: The objective functions considered by other new
papers are not exactly conductance but related objective functions like
density and the number of edges cut. Therefore although the other pa-
pers do not consider the exact same function, their objectives are sim-
ilar. We changed the paragraph to the following and added citations:
. These papers do not explicitly attempt to optimize the cut conduc-
tance, but they consider other related notions for quality of clusters
like the cut value and density of clusters [1, 2]. All the recent research
about the topic of overlapping clustering imply the need for exploring
this topic from a more algorithmic and theoretical perspective [1, 2].

2. Minor comment 3: done.

3. Minor comment 4: We said that MaxnonoverlapUnbounded is even
harder.
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4. Minor comment 5: done.

5. Minor comment 6: done

6. Minor comment 7: done

7. Minor comment 8: done

2 Second referee

2.1 Major comments

1. Major comment about if our algorithms are practical.

We added the following: Our algorithms are not very practical, mainly
because of the complex dynamic programs involved in them. We note
that the dynamic programs can be implemented somewhat in parallel
or in a distributed fashion.

In answer to how practical is the algorithm we want to note that our
goal was to give good theoretical approximation to compare overlap
and no overlap clusters and to prove our conjecture that overlap in
clustering helps. There are many practical papers on this subject,
therfore we did not tried to create practical algorithms.

2. Major comment: show a case in which Overlap does not help for Min-
Max. We did not understand what does the referee indicates we do
here. And we do not even understand why is this requested.

3. Major comment 3: It would be lovely to have a conceptual illustration
of the tree decompositions that the authors use. I think this would
help elucidate some of the authors algorithms.

What the referee asks seems highly complicated. The easier of the two
decompositions of Racke can be proven by duality using as a black box
a complex result about embedding a graph into a random tree that
approximately preserves distances.

While there is some chance of finding a good illustration for the ran-
dom tree embedding (albeit this is not simple), the duality theory that
is used to prove the first theorem of Racke, makes illustrating the de-
composition essentially imposibe.
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2.2 Minor comments

1. Page 1 12-14: done

2. Page 1 A remark on Biological systems. We are not capable of judging
this comment as Biological systems is not our expertise. It seems to
us that with thousands of nodes the approximation will already be
meaningful in the sense that the constants and low order terms in the
approximation will be negligible.

3. Page 1 41-42. Done.

4. Page 1 44: done.

5. Page 1 47-48. We removed that line.

6. Page 1 48-49 done.

7. The referee suggested another paper that we should cite at the end of
the report. This citation was added. Moreover, we cited the journal
version and not the archive version of this paper.

8. Page 2 lines 14-15 done.

9. Page 2 lines 27-28. Done.

10. The question about existing approximations for conductance is an-
swered by the previous work subsection we added. There were no such
results before our paper.

11. Page 8 lines 11-13: we have failed to understand what is required.

12. Abstract: The etc was removed from the abstract.

13. Abstract 45: done.

14. Page 6 lines 47-48: done.

15. Page 9 line 33-34 done

16. Page 13: we failed to understand this remark
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