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ABSTRACT
With the growing size of data center networks, full-bandwidth
connectivity between all pairs of servers is becoming difficult
and expensive to scale. Thus, numerous recent topology
proposals incorporate reconfigurable wireless and optical
connectivity, allowing the topology to adapt to the traffic
demands — only servers that require bandwidth at any
given time receive such dynamic connections. Implicitly,
this work has suggested that statically wired topologies are
fundamentally inflexible, and would need to be built at full
capacity to handle unpredictably skewed traffic.
This work shows the reports of inflexibility of statically
wired networks to be greatly exaggerated — if traffic engineering were efficient, certain statically wired networks
could achieve performance and cost comparable to topologyadaptive designs, even for skewed workloads. Thus, alongside
the development of reconfigurable topologies, the community
should also invest in developing superior traffic engineering
over static networks other than fat-trees as an alternate path
forward. These results also call for a rigorous quantification
of the difference between the power of two techniques for
handling dynamic, unpredictable traffic with limited network
resources: traffic engineering over suitable static networks,
and changing the topology itself dynamically.

1

Introduction

Virtually every popular Web service today is backed by data
center infrastructure. With the growth of these services, the
supporting infrastructure has also acquired massive scale,
with data centers being designed with as many as 100,000
servers [8]. For such large facilities, engineering fullbandwidth connectivity between all pairs of servers entails
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significant effort and expense. Further, for many facilities,
at any given time, only a fraction of servers may require
high-bandwidth connectivity [6, 10], making such a design
seem wasteful. However, traditional topologies like the fattree [2] present network designers with only two hard choices:
(a) either build a rearrangeably non-blocking network at a
large expense; or (b) build a cheaper, oversubscribed network,
which does not provide high-bandwidth connectivity even
to small (albeit arbitrary) subsets of the server pool, thereby
needing aggressive workload management.
Over the past few years, numerous data center network
designs have tackled this problem, based on the general idea
of adapting the topology itself to the traffic demands [4–7,
10, 11, 15, 16, 21, 23]. The key insight in this literature is
that if only a fraction of servers demands high bandwidth at
any given time, reconfigurable wireless or optical elements
can dynamically set up connectivity to meet these demands.
For certain workloads, such a network’s performance can be
similar to a much more expensive interconnect that provides
full bandwidth between all pairs of servers at all times. Each
proposal follows broadly similar contours: estimate the traffic
demands, calculate a network topology and routes fitting
these demands, configure the wireless or optical elements
according to the topology, and configure end-hosts or top-ofrack switches to use the routes made available. As the traffic
demand changes, this process is continually repeated. The
ingenuity of different proposals lies in the varied capabilities
of the reconfigurable elements and how they are connected
together (including movable wireless antennae [10], ceiling
mirrors [11, 23], and disco-balls [6]), and the algorithms for
computing the dynamic topology and the routes.
This general approach has obvious, intuitive appeal, and
indeed, some of the evaluations show performance similar to a
full-bandwidth fat-tree at 25-40% lower cost for certain workloads [6, 11]. Not only are such results impressive, it is also
unclear whether there any other viable options beyond fullbandwidth topologies and such topology adaptation. Before
fleshing out their reconfigurable optics-based architecture,
Helios [5], its authors summarized the (2010) state of data
center network topology design as follows:
“Unfortunately, given current data center network architectures, the only way to provision required bandwidth

Fat-tree’s inflexibility
between dynamically changing sets of nodes is to build a
non-blocking switch fabric at the scale of an entire data
center, with potentially hundreds of thousands of ports.”
More recently, the 3D-beamforming proposal [23] (2012)
made a similar assessment, and Firefly [11] (2014) explicitly
considered only two design possibilities: a full bisectionbandwidth network, and topology adaptation. This literature
can leave one with a grim outlook on static networks,
prodding the conclusion that topology adaptation is the only
alternative to expensive full-bandwidth fabrics like fat-trees.
This work contests this presumption by showing that
the inflexibility of static topologies is vastly over-rated.
While the claimed limitation is indeed fundamental when
considering fat-trees and similar designs, it is not fundamental
of statically-wired networks in general: if traffic engineering
(TE) were efficient, known statically-wired topologies would
achieve results comparable to a restricted model of topology
adaptation. Given that at least 8 proposals on topology
adaptation, starting with the premise of statically-wired
networks being inflexible, have appeared in recent iterations
of SIGCOMM alone, this result should be surprising: while
topology adaptation clearly offers greater flexibility, “just”
TE could realize a lot of its potential gains.
Of course, developing an efficient and responsive traffic
engineering mechanism that works at massive scale is a big
challenge. But TE is surely a bread-and-butter problem for
networking, and topology adaptation also depends, albeit to a
lesser extent, on TE. Further, while topology adaptation is an
exciting direction, as discussed in §4, it also introduces new
and significant challenges.
Thus, the results presented here suggest that we should:
(a) actively explore the new-old approach of using traffic
engineering over statically-wired topologies other than fattrees; (b) resolve fundamental questions about the relative
power of traffic engineering versus topology adaptation; and
(c) re-examine the design space for data center networks,
together with the benchmarks used to evaluate it.

2

Network flexibility

This section examines the instructive example of the inflexibility of oversubscribed fat-trees towards skewed traffic
matrices (§2.1), introduces a quantitative notion of the desired
flexibility (§2.2), and discusses the potential of topology
adaptation to achieve it (§2.3).
2.1

Fat-trees are inflexible

Oversubscribed fat-trees are fundamentally limited in their
ability to support skewed traffic matrices. In the example
shown in Fig. 1, the fat-tree is oversubscribed by removing
one root switch. If each server in one pod is communicating
with a (different) server in another pod, not all such connections can get full bandwidth. In this example, the network
still has more than 75% of its edges, and yet cannot provide
full bandwidth connectivity for a traffic matrix involving only
50% of the servers. In general, if any layer in the topology is
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Figure 1: A k = 4 fat-tree. With more than 75% of the network’s capacity
intact, if all 4 servers in one pod sent traffic to servers in another pod (thus
involving 50% of all servers), each would get only 75% of the bandwidth.

oversubscribed to x% of the full capacity (by either removing
edges uniformly across all switches, or removing certain
switches), then any pair of pods is limited to x% throughput1 .
Note that for a fat-tree built with k-port devices, a pair of pods
comprises only 2/k of the network’s servers. For k = 64,
for instance, this would be a mere 3% of servers — if such
a fat-tree (k = 64) were built at 50% capacity, a pair of
pods comprising only 3% of the network’s servers could
still not achieve full throughput, even while the rest of the
network idles. Only if 50% or less of the servers in each pod
were involved, could such an oversubscribed fat-tree achieve
full throughput for these servers. This implies that pod-pod
traffic must be carefully managed. Other Clos-network-based
designs suffer similar problems.
Thus, as literature on topology adaptation rightly points out,
oversubscribed fat-trees score low on any metric of network
flexibility. But what precisely is the metric? So far, there has
not been a clearly specified and easily replicable standard for
evaluating the flexibility of a topology. In the following, I
offer a simple starting point.
2.2

Throughput proportionality

We would like to build oversubscribed networks that can
move around their limited capacity to meet traffic demands
in a targeted fashion. A network’s total capacity is fixed, and
defined by the total link capacity of its edges, and for each
server, the network expends this capacity on routing its flows.
We may hope that as the number of servers participating in the
traffic matrix (TM) decreases, we see a proportional increase
in the throughput. As the fat-tree example illustrates, network
bottlenecks may prevent such proportional increases. But is
such proportionality unattainable for other statically wired
networks as well? For a generic statically wired network,
it is easy to show that for TMs like all-to-all (whereby
each participating server communicates with each other
participating server) and permutations (whereby participating
servers are matched into communicating pairs), per-serverthroughput cannot improve more than proportionally. This
latter observation makes a proportional increase in throughput
a useful benchmark for network flexibility – how close can a
1
If it were known a priori which pods might need higher bandwidth,
different pods may be oversubscribed differently, but this would be
a strong assumption on the predictability and stability of traffic.
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Figure 2: A throughput-proportional network would be able to distribute its
capacity evenly across only the set of servers with traffic demands.

Figure 3: This topology provides full throughput to all active servers, where
any scheme prioritizing direct links between communicating ToRs could not.

network get to this characteristic?
A network shall be called throughput-proportional (TP) if
when built such that it achieves throughput α (as a fraction
of line rate) per server under the hose traffic model2 , then
for any traffic matrix involving any fraction ≤ α of servers,
it achieves full throughput (subject to constraints at the
servers themselves) for each of these servers. Further, for
traffic matrices involving an increasing fraction of servers
x ∈ (α, 1], throughput should decrease proportionally3 . This
definition is deliberately simple, but one can easily map a
fuzzier classification of servers as “hot” or not, to the strict
binary of “involved in the TM” or not.
This notion of a throughput-proportional network is illustrated in Fig. 2, which also contrasts it with the fat-tree’s
behavior. As discussed earlier in §2.1, for the fat-tree, if a
fraction greater than β = 2/k of servers are involved, the
simple pod-to-pod TM results in throughput per server limited
to α. As the fraction of servers involved drops below β,
throughput per server increases proportionally, hitting 1 only
when α fraction of the pod itself, i.e., 2α/k of all servers are
involved. The fat-tree’s low flexibility to skewed traffic has
set off research into topology adaptation.

between communicating ToRs, rather than allowing use of
idle ToRs as relays. (The numerous topology-adaptation
designs referenced, all prioritize direct connections between
ToR-pairs with traffic demand.) (b) It imposes the use
of multi-hop routes over adaptive links, which is less
bandwidth-efficient than buffering and switching-over onehop links. (Without this restriction, large networks would
require extremely large buffers and / or significant redesign
at multiple layers.) We shall see below, that under this model,
topology adaptation does not achieve TP. Future work will
address topology adaptation more broadly.
Intuitively, for such designs, uniform traffic is a difficult
case, because it removes opportunities to take advantage
of traffic skew. If a subset of the racks are involved in
all-to-all traffic among themselves, these racks can each
contribute only the limited amount of connectivity they each
have to any interconnection between them — ultimately, each
“flexible” connection (e.g., a wireless antenna) is plugged into
an electrical port on the top-of-rack switch.
Consider a network with 54 switches, each with 12 ports,
6 of which are attached to servers. The devices and links
necessary for this discussion are shown in Fig. 3. Now assume
that the TM involves servers on only the 9 racks at the bottom.
Thus, servers on each of the other 45 switches are inactive
and irrelevant, and one can think of these switches as just
6-port devices. These 45 switches can then be connected in
a standard fat-tree topology with k = 6, while exposing 54
of their ports to traffic sources and sinks between which they
provide full bandwidth. These 54 ports can be connected in
any convenient manner to the 9 switches with active servers,
thus providing full bandwidth between all active servers.
Notice that this topology does not connect any of the
9 switches with traffic demands directly, unlike directconnection heuristics. In fact, direct-connection heuristics
would favor only the edges between these switches. For
the 9-rack all-to-all TM in this example, the upper bound
(computed in the manner described in [17]) on the throughput
of any topology built with only links between these switches
(i.e., any topology with 9 switches, each with 6 servers
and 6 network ports) is 80% of the full throughput. In
hindsight, this observation on the limited nature of directconnection heuristics may seem obvious, but I have not seen

2.3

Topology adaptation

The general idea behind topology adaptation was discussed
in §1. In a generic topology-adaptation proposal, each top-ofrack (ToR) switch may have a certain number of flexible ports,
say k, which can be connected to available flexible ports on
other ToRs. Clearly, any topology that can be statically wired
(without changing the server-switch connections, and subject
to the same degree constraints) can also be set up via topology
adaptation. But as noted in §2.2, statically-wired networks
cannot exceed the TP benchmark. Can topology adaptation
use the additional flexibility to reach, or even exceed, TP?
The model of topology adaptation considered here is
restrictive in two ways: (a) It only allows direct connections
2

This covers all possible TMs constrained only at the servers.
I acknowledge the parallels with energy proportional networking [1,
12], but note that EPN addresses a somewhat different question along
the lines of which links to turn off, or change the data rate on. It
does not examine the issue of arbitrary subsets of servers in an
oversubscribed network achieving high throughput.
3

it in prior work. Even the most recent proposal, ProjecToR [6],
prioritizes direct connections in its “opportunistic topology”.
For the TMs under discussion, their algorithms would use
almost all flexible links for the opportunistic topology, leaving
only 2 links per busy ToR to connect to the idle ToRs, thus
severely impairing their potential as relays. Even for the
“dedicated topology” (if these TMs were to be a long-term,
stable feature), ProjecToR’s algorithm will pick a directconnection topology, which indeed minimizes their weighted
path length metric, instead of a topology which makes better
use of idle ToRs, at the cost of longer paths.
While I am as yet unable to resolve the broader question
“Can topology adaptation reach, or even exceed, TP?”, for the
model of topology adaptation considered here, the answer is
negative. In fact, the following results show that this model
could perform worse than certain statically-wired networks.

3

Wired 6= Inflexible

The Helios authors’ grim assessment regarding the inflexibility of statically-wired networks was noted in §1.
This assessment was perhaps accurate at the time, but in
the intervening years, several network designs have been
proposed, which as we shall see here, are much closer to
throughput proportionality than the fat-tree. Further, these
results will also show that topology adaptation when restricted
to schemes that prioritize direct links between communicating
ToRs may perform worse. First, however, I describe the
methodology used to arrive at these results and its limitations.
3.1

Methodology

Both statically-wired networks and topology adaptation are
evaluated here under skewed but difficult (ideally, worst-case)
TMs — in line with the definition of traffic proportionality §2.2, we want an oversubscribed network to provide high
throughput for any TM involving small subsets of servers.
This evaluation borrows heavily from recent work on
comparing topologies [14], using the throughput evaluation
tool made available [13] by those authors, to evaluate three
recently proposed statically-wired topologies — SlimFly [3],
Jellyfish [18], and Longhop [19] — under difficult, skewed
TMs. Each topology is evaluated assuming perfect TE, by
maximizing the minimum flow (for fairness across flows) in
a fluid-flow model using a linear program solver [9]. The
assumption of perfect TE is discussed in §4.
A series of skewed TMs is used, increasing the fraction of
server racks participating in the TM, with no flows between
non-participating racks. For static networks, only results
for the longest matching TMs [14], which have been shown
(empirically) to be harder than TMs such as all-to-all, are
included. In these longest matching TMs, each participating
rack sends all its traffic to one other rack. The rackpairs are chosen such as to maximize the distance between
communicating racks, using a heuristic: maximum-weight
matching, with the weights being the distances between
racks. Intuitively, flows along long paths consume resources

on many edges, and the large rack-to-rack flows reduce
opportunities for load balancing traffic, unlike TMs with many
smaller flows headed to different destinations. Thus, while
finding the worst-case TM is a computationally non-trivial
problem the complexity of which is not well understood [14],
I made my best efforts to evaluate statically-wired networks
under difficult TMs.
A generic adaptive topology is considered, which allows
a certain number of connections per rack to be flexible,
allowing each to be connected to other racks’ available
flexible connections. This allows arbitrary topologies under
a degree constraint at every ToR. This model covers (or is
more general than) past designs [5, 7, 10, 11, 16, 21, 23] [6]4
[4, 15]5 . As described earlier, multi-hop routes over flexible
connections are allowed.
In the context of topology adaptation, longest matching
TMs are meaningless: by changing the topology, distances
between racks can be changed. As discussed earlier, uniform
traffic where every participating rack equally communicates
with every other participating rack is difficult for such designs.
Instead of evaluating specific mechanisms for computing the
flexible topologies, I compute an upper-bound (using the
method in [17]) on the performance of any topology which
could be built using fixed degree at each ToR, limited to the
ToRs participating in the TM. As noted before, this bound
only captures the restricted topology adaptation model. For
TMs where only a subset of racks communicate with each
other, such schemes would use most available ports on the
involved ToRs for connectivity between these racks, perhaps
connecting a minimal number of ports to the non-participating
racks to maintain network connectivity. An example where
this strategy is sub-optimal was provided in §2.3; here, this
problem is quantified more broadly.
Limitations: (1) I am as yet unable to comment more broadly
on the relative power of topology adaptation versus traffic
engineering, limiting the analysis to a restricted model of
topology adaptation. This is a primary goal of future work.
For now, I hope that the reader recognizes that so far, the
community has not even raised this question. (2) These
comparisons give a sizable unfair advantage to topology
adaptation: the adaptive topology is given the same number
of flexible ports as the static networks is given fixed ports
even though flexible ports are costlier (∼2× or more for
recent designs [6, 11] even after including cable cost with
the fixed port). Unsure of how to fairly adjust the compared
topologies for equal cost, I left the balance tipped in favor
of topology adaptation. (3) Only throughput was evaluated,
and not latency. However, each of the 3 static networks
evaluate provide shorter paths than fat-trees. Further, most
of the latency in such networks is not propagation delay, but
4
As those authors note, ProjecToR’s ToR-fan-out of 18,432, is with
regard to different configurations, not at the same time.
5
By allowing parallel edges between the same pair of racks, this
model also captures designs which use multiple wavelengths with
WDM between the same pair of racks.
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Figure 4: Throughput proportionality and (restricted) topology adaptation compared with (a) SlimFly and a same-equipment Jellyfish network; and (b) Longhop
and a same-equipment Jellyfish network. An equal-cost, oversubscribed fat-tree would flat-line at throughput per server of roughly 0.2 in both cases.

queuing, the reduction of which is a hot research topic. These
results can be interpreted as showing only that the bandwidth
is available; translating it to low latency or flow completion
time is up to routing, congestion control, flow scheduling, etc.
3.2

Results

All 3 static networks evaluated achieve much higher performance than a same-cost oversubscribed fat-tree would
achieve. Fig. 4(a) shows results for SlimFly (578 ToRs, 25
network- and 24 server-ports per ToR) [3], a Jellyfish [18]
topology built with exactly the same equipment (including
servers), the throughput proportionality (TP) curve using the
throughput achieved for Jellyfish at x=1.0 as the base (i.e.,
α in Fig. 2), as well as an upper bound on the throughput
of any topology built with a restricted version of topology
adaptation (TA), where the topology connects all the ports of
the participating racks to each other. As a smaller and smaller
fraction of servers is involved in the TM (leftward along the
x-axis), throughput increases. For a hypothetical TP-network
built at the same oversubscription as Jellyfish, in this case,
when fewer than 30% of the servers are involved, each would
obtain full throughput. An equal-cost fat-tree (not shown)
would flat-line at ∼20% throughput. For (restricted) topology
adaptation, even the upper bound is significantly lower than
Jellyfish’s throughput when a smaller fraction of servers is
involved. This is the operating regime for many deployments
— recent measurements across 4 large production clusters
showed 46-99% of rack-pairs exchanging no traffic [6].
Fig. 4(b) shows broadly similar results for the Longhop
topology [19] (512 ToRs, 10 network- and 8 server-ports per
ToR). In this configuration, Jellyfish is even closer to TP. For
SlimFly and Longhop, results are from a single run – both the
TM and the topology are deterministic. For Jellyfish, results
are averages over 10 runs. The largest variance across these
experiments was less than 3% of the mean.
I reiterate: TA is more general than traffic engineering —
at the very least, TA could just build the same topology as the
best-known static network (although at greater cost). I only
evaluated direct-connection heuristics, and as shown, even
these could have a significant (more than 2×) advantage over
an oversubscribed fat-tree, so the results do not contradict
the claims made by topology adaptation work with regards

to the performance advantage over oversubscribed fat-trees.
Unlike claims in TA literature however, TA does not achieve
performance similar to full fat-trees here. This is likely
due to the workloads tested being adversarial, although a
distributed join or a map-reduce shuffle over a set of racks
could conceivably produce such TMs. Even if TA beats
the bound6 for “real” workloads (for which, unfortunately,
no standard, replicable benchmark exists), this does not
diminish static networks, which achieve high throughput even
under adversarial workloads, as plausible alternatives to TA.
This raises a related issue worth future exploration: can the
design of traffic engineering also benefit from the workload
characteristics exploited by TA, instead of the traditional high
bar of “near-optimal under near-arbitrary traffic”?
I also compared fat-trees and Jellyfish directly. Fig. 5(a)
shows the results for a Jellyfish network built using the same
number of servers, and 80%, 50%, and 40% of the switches
available to a full fat-tree with k=20 (i.e., 500 switches,
with 20 ports each, and 2000 servers). These results are
averages over 10 runs, and variances are less than 1% of the
mean, except for the smallest TMs in the most oversubscribed
network (40%), where they are smaller than 5%. With 50%
of the fat-tree’s switches (and 37.5% its network cables; the
server-switch cables are the same number, of course), Jellyfish
can provide nearly full bandwidth as long as <40% of servers
participate in the TM.
Fig. 5(b) shows that Jellyfish’s advantage is consistent,
or improves with scale, as it is built using the same set of
switches as full fat-trees built with k=12, 24, and 36, but
with twice the servers in each case. Note that the Jellyfish
topologies are being impaired more severely than may be
evident at first: adding more servers at a switch with the same
port-count also reduces the number of network ports available
to connect to other switches. Results for k=12 and 24 are
averages over 10 runs, with variances ≤ 1% for all but the
smallest TMs at the smaller size. For k=36, only one run
was used, due to the limited running time available, and the
knowledge of small variance at larger sizes.
Thus, the static topologies show significant potential for
6
The bound applies to uniform TMs, including the restricted allto-all TMs considered here. For certain TMs, like a rack-level
permutation, TA can trivially provide full throughput.
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Figure 5: A direct comparison between a full bandwidth fat-tree and an oversubscribed Jellyfish network: (a) Jellyfish with fewer switches — 80%, 50%, and
40% — as a k = 20 fat-tree, while supporting the same number of servers. With 50% fewer switches, it still provides nearly full bandwidth connectivity between
any 40%-subset of servers. (b) This advantage is consistent or improves with larger k (12, 24, 36). Jellyfish supports 2× the fat-tree’s servers in each case.

accommodating skewed TMs, and these results call for:
(a) investigating advanced traffic engineering mechanisms
over such networks; and (b) exploring topology adaptation
methods beyond heuristics which prioritize direct connections
between communicating ToRs.

4

But ... optimal TE?

Efficient TE, rather than optimal, would suffice for static
networks to deliver comparable or higher performance at
the same cost as TA. Even in comparisons ignoring TA’s
additional costs, for TMs involving 40% or fewer servers,
just 70%-of-optimal TE would make Jellyfish’s performance
comparable to state-of-the-art TA (Fig. 4). In those same
scenarios, with optimal TE, Jellyfish beats the fat-tree by
3× or more (Fig. 4), and achieving smaller gains in practice
would still be valuable. Further, developing efficient TE
for appropriate static networks is likely the path of lesser
resistance, as TA faces significant challenges of its own: lack
of operator experience with the technologies involved; unfamiliar problems in device packaging, spatial planning, and
organization; monitoring and debugging the highly ephemeral
networks; impact of environmental factors like dust, vibration,
and temperature on device alignment and functioning; the
reliability and lifetime of the used devices; and perhaps
other, as yet unanticipated problems. Static networks on the
other hand exploit standard, commodity equipment that has
been in deployment for years. While Jellyfish’s randomness
may deter some operators, deterministic options like SlimFly
would also yield meaningful gains, and newer deterministic
topologies like XPander [20] (evaluation left to future work)
may even achieve performance identical to Jellyfish.
I acknowledge the possibility that topology adaptation
could provide a latency advantage over static networks:
connecting ToR pairs directly shortens paths and reduces
the number of queues a flow crosses. However, the extent of
this advantage under practical topology adaptation, TE, and
congestion control remains entirely unknown. Future work
will explore whether similar or better results can be achieved
over static networks at comparable or lower cost.

5

Discussion & Conclusion

This work suggests an intuitive metric for a network’s
flexibility in accommodating skewed TMs — throughput
proportionality — and demonstrates that while fat-trees
indeed score low on TP, other recent designs for staticallywired networks would be significantly better if traffic engineering were optimal. Further, presently common methods
of topology adaptation may not exploit the evidently greater
flexibility of the broader idea of topology adaptation, and can
perform worse than statically-wired networks.
My goal is not to undermine the clear ingenuity of topologyadaptation work, but rather to assess ways of pushing both
static and dynamic network designs farther. The findings
presented here raise several questions worth exploring:
• What is the difference in the relative power of traffic
engineering on static networks, versus adapting the
topology to traffic? Which techniques can reach or
exceed traffic proportionality?
• Say a “flexible” port costs δ times a static, electrical port.
Then what is the largest δ for which optimal (practical)
topology adaptation beats optimal (practical) TE over
the best-known equal-cost static network?
• What traffic engineering mechanisms work best for
large oversubscribed networks when only a fraction
of servers have high traffic demands? Can something
simple like Valiant load balancing [22] achieve good
results in this setting? With a large fraction of servers
and ToRs not participating in the TM, randomizing
traffic through less congested switches could work well.
In summary, I hope that this work encourages a rethink of the
design space for data center networks and their accompanying
traffic engineering or topology adaptation mechanisms.
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