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Abstract

Wide-area network testbeds have become viable means for ex-
perimenting with new network services. We have recently de-
veloped and deployed a new wide-area network testbed called
CoreLab that aims at supporting flexible computational execu-
tion environments compared to the existing testbeds as well as
enabling virtual network connections among computational re-
sources. CoreLab currently supports execution environments
through multiple virtualization techniques in order to fulfill scal-
ability, performance, isolation and flexibility requirements for
various experiments. CoreLab also implements network names-
pace isolation and network virtualization to satisfy the necessity
for avoiding cross-talks among emerging network services. This
paper briefly summarizes the highlights of our recent develop-
ment in the CoreLab project.

1 Introduction

Wide-area network testbeds have been regarded as cru-
cial infrastructures for developing, deploying and exper-
imenting with new, possibly disruptive network services
and architectures for the future Internet. There have been
a proliferating number of test-beds developed, such as
PlanetLLab [10], VINI [9], OneLab [5], Emulab [15], OR-
BIT [8, 14] and CoreLab [1] to provide isolated—without
interference among one another—virtual execution envi-
ronments (called slivers) for various experiments.

One of the most important considerations to make in
designing such a network testbed is to carefully select
the type of slivers to meet the requirements for various
kinds of experiments and developers. We have identi-
fied the design principles for building a wide-area network
testbed [11], such as performance of slivers, scalability in
terms of the number of slivers, the level of isolation among
slivers and flexibility of slivers in supporting a wide spec-
trum of network services. As a result, we have designed
and developed CoreLab especially focusing on flexibility
that has been largely ignored in the existing testbeds [11].

In our recent development of CoreLab, we have ex-
tended our design and implementation of the testbed in
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terms of (1) supporting more flexibility in slivers by en-
abling the unified architecture to support various kinds of
virtualization techniques, (2) strengthening resource isola-
tion both for computational and network resources, and (3)
enabling federation with the other testbeds. We have also
put forth implementing and executing network services on
top of CoreLab to gain more experiences with our testbeds
to improve them. This paper briefly summarizes the high-
lights of our recent enhancements of CoreLab.

2 Enhancement

2.1 Extended Flexibility

CoreLab has recently enabled the unified architecture to
accommodate various kinds of virtualization techniques
simultaneously, such as hosted virtualization approach,
e.g., KVM [3] and resource containers, e.g., LXC [4],
OpenVZ [7] etc. Since each virtualization technique has
its pros and cons [11], it is important to be able to provide
the execution environment through the virtualization tech-
nique that best satisfies the requirements for experiments.

2.2 Resource Isolation

CoreLab isolates resources, €.g., CPU, network bandwidth
and memory among slivers in a fair manner. Resource con-
sumption of the slivers is regularly monitored in order to
prevent abuse and other malicious behaviors.

CPU and network bandwidth are fairly shared by time
division through Linux facilities, such as Completely Fair
Scheduler (CFS), token bucket filter and control groups
(cgroups). Slivers and their management tasks are classi-
fied into groups so their resources are isolated from one
another. Memory isolation is realized through exclusive
space division and over-booking. The former does not al-
low memory sharing among slivers and achieves strong
performance isolation, however, it provides less scalabil-
ity in terms of the number of slivers. The latter allows
over-commit of memory in each sliver to leverage unused
memory by other slivers but therefore may cause perfor-
mance degradation.
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2.3 Network Namespace Isolation

Network namespace refers to a set of named entities in
network stacks including network interfaces, IP addresses,
ports, forwarding and routing tables, as well as the sockets.
Network namespace isolation involves all of these while
the IP addresses and ports are the most essential entities as
they identify slivers.

CoreLab implements two methods for partitioning IP
addresses and ports among slivers by (1) allocating private
IP addresses to slivers using NAT and (2) sharing global IP
addresses and allocating separate port ranges, given that
each CoreLab node has only a limited number of IP ad-
dresses to share among slivers'. In the former method,
each sliver is assigned to a private IP address and a specific
range of port numbers, while a CoreLab node performs
NAT and port-forwarding for the port range. The imple-
mentation includes a series of iptables destination NAT
(DNAT) rules. The NAT solution has two short-comings:
(1) it breaks the end-to-end semantics so that some ap-
plications become unavailable, and (2) the NAT module
degrades communication performance.

In the latter method, we remove NAT and let all the sliv-
ers share the public IP address(es) of a CoreLab node, but
isolate their network activities through static separation
of port ranges assigned to slivers. CoreLab implements
the port-range separation through either a Layer-2 trans-
lator, e.g., ebtables [2], or a full-fledged programmable
bridge, e.g., Open vSwitch [6]. Port-space isolation with
Open vSwitch can achieve 600Mbps between two slivers
over two nodes connected with Gigabit Ethernet, while the
same performance for NAT solution is only 250 Mbps.

2.4 Federation

Recently, the Future Internet initiatives such as FIRE (EC
FP7) and GENI (NSF) and its related research projects rely
on slice-based experimental facilities where a slice repre-
sents a collection of slivers. In order to mutually extend
the footprint of these testbeds, federation among slice-
based facilities such as CorelLab, PlanetLab, Emulab, and
VINI, is strongly required.

CoreLab is designed to support federation based on
Slice-based Facility Architecture (SFA) [12] that defines
the abstraction of a set of computational and network
resources, global identifiers (GID) for objects, resource
specifications (RSpec), and high-level interfaces of ob-
jects. SFA thus enables sharing resources even if facilities
are managed by different control entities.

3 Applications

We have demonstrated various types of network service
applications on CoreLab, such as (1) building IPv6 rout-
ing overlays on Layer-2 network virtualization, (2) en-

1Usually each CoreL.ab node has only one or two addresses (inter-
faces) in the current deployment.
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abling advanced routing enabled through Open vSwitch in
a slice, both of which are difficult to implement at scale
in the existing testbeds such as PlanetLab and VINI, and
(3) implementing an infrastructure called Mobitopolo [13]
for developing, debugging, and deploying distributed ap-
plications. In the last example, we demonstrate yet an-
other testbed built on top of the CoreLab testbed. Mo-
bitopolo provides user-mode Linux virtual machines that
are connected with point-to-point Layer-2 tunnels and can
be saved to snapshots. Distributed applications on Mo-
bitopolo can be migrated live to different locations while
all the (virtual) network connections among them can sur-
vive through the live WAN migration. Interesting network
services await us to be developed, deployed and experi-
mented with in CoreLab.

4 Conclusion

This paper briefly summarizes the highlights of our recent
enhancement of CoreLab. In our recent development of
CoreLab, we have extended its design and implementa-
tion in terms of flexibility, resource isolation and network
namespace isolation, and federation. We are striving to en-
hance CoreLab further in near future and also planning to
enable innovative network services on top of it for future
Internet.
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