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Abstract—Real-time file sharing is important to improve the
quality of cloud services. Current cloud systems however fail to
efficiently offer cost-effective data analytics due to slow response
and energy inefficiency. In order to support real-time processing
and improve energy efficiency in the cloud, this paper proposes a
novel cost-effective data analytics scheme, called Needle. The idea
behind Needle is to use flat-addressing and content-aware naming
approaches to deliver high performance of network transmission.
Needle leverages a suitable division-of-labor model between core
and edge network nodes to efficiently support content-aware
queries in the cloud data center networks. Experimental results
demonstrate that Needle is able to support cloud sharing service
in a real-time and efficient manner.

I. INTRODUCTION

Cloud services generally use the network transmission in
large-scale data centers that leverage the design principles
evolved from enterprise and Internet networking to build com-
munication infrastructure. The Internet principles and architec-
ture were established in the 1960s and 1970s [1]. The design
goal was to implement the resource sharing and facilitate the
ease of remote use. In order to construct the conversation
for data transmission between exactly two hosts, IP packets
are used to contain the source and destination addresses, thus
becoming the waist of entire Internet protocol stacks due to its
simplicity and ease of configuration. Large-scale data centers
essentially require solid support, including communication
services and energy efficiency, from the network to improve the
system performance and provide cloud service guarantee [2].

The rapid growth of cloud data centers deployed by In-
ternet service operators can support cloud sharing services.
A large-scale data center typically contains tens of thousands
of servers and consumes Mega-Watts of power for running
and cooling the equipments. With the increasing demands for
cloud services, energy consumed by data centers has been
significantly increased. For example, for a 3-year server and
15-year infrastructure amortization, the energy-related costs
are estimated to 41.6% of operation costs of large-scale data
centers [3]. Moreover, although current cloud data centers have
obtained significant increase in communication and computa-
tion capabilities, they unfortunately can not efficiently meet
the needs of the increasing demands of energy consumption.
The costs on powering up (and cooling) these data centers also
significantly increase. For example, in the United States, data
center facilities consume approximately 2% of all electricity,
with an estimated growth rate of 12% per year. In the world-
wide, data centers now consume about 1.3% of the worldwide

electricity and this percentage will grow to 8% by 2020 [4].
Data centers have to afford skyrocketing power consumption
and electricity bills. For instance, Google has over 1,120GWh
and 67M, and Microsoft has over 600GWh and 36M [5].

In the cloud sharing service, high energy consumption not
only results in large electricity costs, but also incurs high
carbon emission. In the United States, generating 1 kWh of
electricity emits about 500g of CO2 on average [4]. Each
100MW power station will cost $60-100 million dollars to
build and emit 50 million tons of CO2 during its operation [6].
Hence, IT carbon footprints currently occupy 2% of global
greenhouse gas emissions [7]. Moreover, there exist potential
power outages. For instance, Amazon experienced an outage
in October 2012 in its US-East-1 region. This outage leads to
a series of failures in the power infrastructure [8]. Therefore,
efficient and cost-effective energy management of data centers
is becoming ever more important, especially for data center
operators, e.g., Amazon, Facebook, Google and Microsoft.

To alleviate the energy consumption and support sharing
service, efficient energy management in large-scale cloud data
centers have received many attentions from both academia and
industry. The key issues include flat-addressing and content-
aware naming schemes to obtain energy savings and execute
real-time data analytics. Performing their design and imple-
mentation is non-trivial since there exist two main challenges
to be well addressed.

Challenge 1: Inefficient Combination of Location and
Identity. The wide use of IP addresses potentially becomes the
sources of many inefficient design schemes due to combining
the network locations and host identities, such as failing to
handle mobile hosts for moving users or the migrated virtual
machines. This design has resulted in performance decrements
in content-aware applications, such as optimizing the content
addressing and content-based dynamic routing. A location is
used to allow a request to identify an object in the network,
while an identity can uniquely and consistently specify that
object. In order to separate these two representation forms,
existing solutions often rely on the resolution in endpoint
namespace to transform a name to the corresponding location
(e.g., an address or forwarding directive [9]). By using the
transformation, cloud data center network uses location infor-
mation to deliver the packet to the destination. In practice, the
location-dependence design essentially increase the costs and
complexity of the configuration and implementation complex-
ity of network services due to the transformation mapping from
content to host locations [10]. Therefore, it is well-recognized
that the combination of identity and location into a single978-1-4799-4852-9/14/$31.00 c© 2014 IEEE
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network address fails to meet the needs of current cloud data
center network to support cloud sharing service in an efficient
manner.

Challenge 2: Non-Scalability of Hierarchical Address-
ing. Conventional IP-based design leverages a hierarchical
addressing, in which the addresses are grouped to indicate the
relationships, which allows the addressed entities to manipulate
the packets routing. The hierarchical addressing is non-scalable
due to the expensive maintenance for massive states and
control message overheads, which grows with the size of the
network scale. Specifically, the identification of a target content
needs to carry out the static operations of prefix matching
multiple times in the intermediate nodes. These nodes serve for
source-destination paths, while overlooking the differentiated
requirements for data transmission. Performing the navigation
through the entire addressed hierarchy potentially leads to the
poor scalability. For a given network topology, the higher-
level nodes become the performance bottleneck with higher
probability, while requiring more redundant nodes as backups
to avoid the potential single-point-of-failure. Furthermore, by
using the hierarchical addressing, the mobility is also difficult
to handle because IP addresses are hierarchical and tightly
coupled with the scalability of the routing protocols. There-
fore, although the hierarchical addressing works and supports
various network applications for over 40 years, it has already
limited the network scalability for the cloud data centers.

In order to improve hierarchical design performance and
allow flat-addressing network to be efficient to real-world
cloud applications, we need to bridge the gap between the
accurate representation of content-aware namespace and the
simplicity of hashing. In this paper, we propose Needle, a
content-aware and cost-effective scheme in end-host routing
protocol stacks, to efficiently support packet addressing and
network services for cloud data centers. In the context of
Needle design, a service is interpreted as a group of processes
offering the same functionality, such as content distribution,
energy efficiency and retrieval [11]. We make the following
contributions.

First, in order to handle the inefficient combination, Needle
provides a location-independent and content-aware naming
scheme that facilitates the name-based routing and support
content retrieval. Needle achieves this through a suitable
“division of labor” [12] between core and edge network nodes.
Each name is associated with a group of service instances that
have similar functionalities, such as the contents of web servers
and files in storage systems. In the edge nodes, we obtain
the content-aware names for data packets by using Robin
fingerprint [13] to partition entire data file into self-contained
segments. Each segment becomes one dimension of that file.
Needle further builds each name through Locality Sensitive
Hashing [14] with constant-scale complexity. On the other
hand, in the core nodes, they only need to execute approximate
matching and forwarding operations upon arriving packets.

Second, in order to alleviate the performance bottleneck
from hierarchical addressing, Needle makes use of the flat
name for name-based routing and addressing in the cloud data
center networks. Specifically, the packets from the same file
contain the same name that is fixed-size and content-aware. At
each network node, Needle carries out bit-aware operations to
identify which ports are most similar to the arriving packets for

fast forwarding. This design is light-weight without the need
of maintaining and updating a routing table. The name-based
addressing is independent of the physical addresses of network
nodes and can adapt to the changes of network topology.

Third, in order to examine the performance of Needle,
we implement a real prototype that consists of data servers
in the cloud. Experiments use real-world datasets to evaluate
the system efficiency and energy consumption. Moreover,
the Needle design is compatible with existing applications
and protocols running at end hosts. Extensive experimental
results demonstrate the efficacy and efficiency of our proposed
schemes.

The rest of the paper is organized as follows. Section II
presents the backgrounds. Section III presents the Needle
design and implementation details. Section IV shows the
namespace generation and representation. Section V shows the
routing in network elements and resolution in end-hosts. Sec-
tion VI shows the performance evaluation. Section VII presents
the related work. We conclude our paper in Section VIII.

II. BACKGROUNDS AND MOTIVATIONS

Cloud data center networks support typical applications,
such as queries in cloud storage and virtual machine migration.
In general, the content queries are more important than the
location of these contents. Due to the hierarchical address-
based design in IP packets, the access to the contents needs
to support the mapping from the what users actually care
about to where the locations are, thus causing the significant
increase of complexity and costs [15]. This case is exacerbated
by the centralized hierarchical addressing that is inefficient to
offer network system scalability. One promising solution is to
provide alternatives or improvements to the IP waist.

The advantages of IP’s success for over 40 years include
the simplicity and weak demands for underlying layers, such
as stateless and best-effort delivery. These salient features
unfortunately cause the inefficiency of the IP-based network
architecture for cloud services. Specifically, the best-effort
service model is difficult to meet the needs of the QoS in many
real-time applications, such as IPTV and video-conference.
The data center network is also vulnerable due to equip-
ment failures, software bugs and human-based configuration
mistakes. Furthermore, a large-scale data center consumes
expensive equipment costs and energy. These issues essentially
come from the lack of an efficient addressing to provide
scalable and content-aware namespace and support various
emerging cloud applications.

IP can efficiently support the ubiquitous inter-connectivity
and was designed for conversations between communications
endpoints, thus supporting the content distribution. Current
content distribution networks (CDN) are essentially a massive
overlay infrastructure by using a large number of machines to
cache and serve data. Different CDNs are isolated from each
other. The CDN’s performance is limited by its own server
capabilities. Needle alleviates the CDN’s limitations and offer
content distribution to support cloud sharing service.

Various research schemes have been recently used and
widely discussed. Content-Centric Networking (CCN) [15]
moves the universal component of the network stack from IP to
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“chunk of content” and supports the hierarchical name aggre-
gation with longest-match lookup. SecondNet [16], as a virtual
data center, achieves scalability by distributing all the virtual-
to-physical mapping, routing, and bandwidth reservation state
in server hypervisors. With the aid of hierarchical addressing,
DIFANE [12] handles wildcard rules in intermediate flow-
based switches. SCAFFOLD [17] supports flow-based anycast
with service instances. In essence, these approaches mainly use
the hierarchical addressing scheme. The hierarchy design leads
to the inefficiency in routes, and the use of location-dependent
addresses complicates the mobility and management.

Unlike the hierarchical addressing, flat addressing [18] is
attractive and promising to efficiently support the ease-of-use
configuration of data centers. Flat names have recently been
recognized to be useful since flat addressing simplifies the
handling of topology changes and end-host mobility, without
the needs of reassigning addresses. ROFL (routing on flat
labels) [10] evaluates the possibility of routing directly on
semantic-free flat labels. Disco [19] routes on flat, location-
independent identifiers with guaranteed scalability and low
stretch. SEATTLE [20] provides plug-and-play functionality
via flat addressing, while ensuring scalability and efficiency
through shortest-path routing and hash-based resolution of host
information. These approaches determine routing paths based
on a hash of the destination’s identifier, thus incurring a stretch
penalty.

In the cloud sharing service, the goals of performance
improvements and energy efficiency can be achieved via a
suitable design. In order to optimize energy usage, conven-
tional approaches often mitigate individual performance met-
ric, while not decreasing the workload’s possible completion
time or throughput. For example, Brown et al. considered en-
ergy efficiency as an optimization problem [21]. To minimize
the total energy, an energy efficient system needs to adjust the
system’s hardware resources dynamically. Moreover, Rivoire
et al. used two complementary ways to address the energy-
efficiency problem. This scheme allows the functionality of
energy efficiency to be integrated into the initial design of com-
puter systems, and adaptively manages the power consumption
changing with the workload [22].

III. THE NEEDLE DESIGN

In large-scale data center networks, a suitable “division
of labor” between the core and edge network nodes helps
support the content distribution and retrieval in a scalable and
efficient way. We first elaborate the design principle of Needle,
i.e., “Division of Labor”, and then illustrate the proposed
architecture in data center networks.

A. “Division of Labor”

Large-scale data center networks exhibit imbalanced work-
loads between core and edge network nodes [23], which
handle heterogeneous tasks in terms of processing data pack-
ets. Specifically, the core nodes with heavier workloads are
responsible for fast forwarding the arriving data to facilitate
end-to-end routing. On the other hand, the edge nodes need to
(de)encapsulate the packets and identify the data semantics
to support higher-level services. The architecture design of
data center networks hence needs to simplify the operation

complexity in core network nodes and some customized oper-
ations can be completed in the edge nodes. The benefits include
the improved throughputs and the maximized utilization of
network resources.

By following the above design principle, we propose a
content-aware architecture for cloud data center networks,
called Needle. The idea behind Needle is to employ flat
addressing, to simplify the operations on topology changes
and host mobility, without the needs of address re-assignment.
In order to ensure scalability and efficiency, Needle executes
locality-sensitive hashing (LSH) [24] operations with O(1)
complexity in the core nodes, while allocates relatively com-
plex operations of namespace management in the edge nodes.

In order to support the “division of labor” in the entire end-
to-end network, compared with conventional IP-based protocol
stack, the data center networks require a simpler but more
efficient waist to obtain significant performance improvements.
Needle remains compatible with existing applications and
protocols running at the end hosts and the intermediate routers.
Needle makes use of policy and manipulation as the higher
and lower levels around Needle. The policy refers to the
requirements for applications, such as QoS and reliability.
The manipulation executes practical operations to facilitate
the finer-grained and dynamic optimization under changing
conditions.

B. Content-aware Design

We propose the content-aware scheme, called Needle, to
support accurate and efficient addressing and retrieval. Fig-
ure 1 shows the architecture of our proposed scheme. This
design follows the above “division of labor” principle between
core and edge network nodes. Specifically, the tasks in edge
nodes include data partition, content identification, and name
representation. After being processed in the edge nodes, the
data packets then route in the data center networks according
to their name, not the IP addresses. On the other hand, the
core nodes only need to carry out simple operations, including
similarity matching and data forwarding, which incur very
low complexity. Needle can implement the above functionali-
ties with the aid of rabin fingerprint [13] for data partition,
locality-sensitive hashing (LSH) [24] for data identification
and namespace representation. In practice, this combination,
unfortunately, does not work well due to low accuracy of Rabin
fingerprint and so-called curse of dimensionality [24], [25]. We
hence need to handle this issue in implementing the system
prototype.

C. The Function Components

Needle is a narrow waist to support namespace represen-
tation and facilitate data retrieval with dynamically-changing
service instances. As an architecture for network communi-
cation with services, rather than the devices, Needle includes
function components in the transport layer, along with tradi-
tional network-layer functions. The Needle contains three main
components:

Packet Names: A packet name includes its content ID and
network address of communicating end-hosts. The data center
network uses the content ID to direct a data flow to an instance
of the named service by executing ID matching multiple times.
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Fig. 1. The Needle architecture.

The network addresses can ensure the continuous communi-
cation with that service instance.

Network Elements: The network elements consist of the
intermediate routers that can direct a packet to a service
instance based on content ID. Different from existing schemes,
the routers in Needle contain the ID-based forwarding table
that makes the forwarding independent from routing. It is
promising to balance the states between the packet headers
and the network nodes, thus allowing both stateless and stateful
operations.

End-hosts: In Needle, end-hosts need to carry out the
data retrieval in the local nodes and provide the queried data
contents to satisfy the specific service instances. Applications
connect with content IDs and the addresses, thus allowing the
changes with the moving end-hosts.

IV. NAMESPACE GENERATION AND REPRESENTATION

This Section shows the namespace generation and repre-
sentation in the Needle architecture for large-scale cloud data
center networks.

A. Packet Name

The names of packets are generated at the source node,
where Needle carries out content-based analysis and represen-
tation. This is achieved by using two-step process, i.e., data
partition and content identification as shown in Figure 2.

Data 
file

Content 
partition

Segment

LSH hashing
File name

Fig. 2. The generation of packet names.

A Needle ID is a fixed-length, location-independent and
content-aware name for representing particular data and sup-
porting service naming. The packet header includes the 1-bit
flag and 32-bytes generated name, as shown in Figure 3, as
well as the host addresses and the socket ID. The previous

two parts are fixed-length for fast processing in hardware. The
1-bit flag indicates the packet’s types, such as query requests
and data transmission. Moreover, the 32-bytes name comes
from the LSH computation results to describe the similarity
among networked data. We will show the details of namespace
generation and representation in the following sections.

In addition, for the host addresses, if the packet contains
query requests, the address indicates which host issues the
request. On the other hand, if it contains the actual data, the
address shows where the data come. Hence, the actual data
contents only exist in the data transmission. For the query
request, it does not contain the actual data. In addition, in
order to facilitate the re-compose packets into original files at
the end-hosts, the transmitted data also contains the names of
its former and latter packets. If a packet is the first (last) one,
its former (latter) names become vacant.

32-Byte Name Actual Data1-bit Flag Addresses & Socket ID

Fig. 3. The Needle packet components.

B. Content Partition

In order to improve the accuracy and efficiency of address-
ing and routing, Needle uses Rabin fingerprint [13] to allow
the name to be content-aware. In general, we use short tags to
represent and label larger objects. Rabin fingerprint is a method
for implementing public key fingerprints using polynomials
over a finite field. Needle uses it to study the contents of data
flows and carry out the content-based partitions from the “0/1”
sequences.

One advantage of Rabin fingerprint is only to execute Shift
and XOR operations for bit object string. For example, if we
consider the string matching problem to find the substring
x1x2 . . .xn from original string y1y2 . . .ym (n ≤ m), the time
complexity of using Rabin fingerprint is O(n + m), which
is much better than the straightforward one-by-one checking
solution with complexity O(nm).

By using the Rabin fingerprint, Needle can efficiently parti-
tion entire data file into multiple content-aware segments. Each
segment is then considered as one dimension of that file. A file
thus has multiple dimensions, even thousands-scale for large
and varying files. The high dimensions lead to the significant
increments of computation complexity. In order to alleviate
the problems of high dimensions and efficiently exploit the
semantics behind these dimensions, we use locality-sensitive
hashing that achieves this goal with constant-scale complexity
at edge network nodes. In addition, it is unnecessary for the
flat-naming design architectures to specify how clients learn
the Needle IDs. Instead, users can leverage the hashing-based
approaches, say LSH, to identify human-readable names to
Needle IDs.

A Needle name consists of a series of 0/1 bits that contain
potential semantic correlation. In general, more correlated files
exhibit more identical bits in their names. For example, as
shown in Figure 4, there are three file vectors, i.e., x, y and z,
under the measures of three random vectors a1, a2 and a3. The
vectors hence obtain their LSH-based names, i.e., name(x) =
100, name(y) = 110 and name(z) = 001.

2014 IEEE 22nd International Symposium of Quality of Service (IWQoS)

162



ha1(x)=1

a1

x

y
z

ha1(y)=1 ha1(z)=0
(a) Random vector a1.
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(b) Random vector a2.

x
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a3
ha3(x)=0 ha3(y)=0 ha3(z)=1

(c) Random vector a3.

Fig. 4. The name generation by using LSH-based projection under multiple random vectors.

V. ROUTING IN NETWORK ELEMENTS AND RESOLUTION
IN END-HOSTS

This Section first describes the routing scheme in the
Needle network architecture, especially in the named routing,
fault tolerance and automatic update. We then present the
resolution of end-hosts through the revised sockets.

A. Name-based Routing

Needle implements source routing via the operations of
matching and forwarding in the intermediate network elements.
Figure 5 shows an example of using 1-byte name. For sim-
plicity, we use 1-byte as an example and the system imple-
mentation still uses 32-byte names. The network elements can
support both exact and approximate matching to facilitate fast
forwarding.

11001010

01011011

11001010

Port-1

Port-2

10001110 Port-3

10011101 Port-3

11011110 Port-2

01100010

01001010

Port-1

Port-1

01100110 Port-3

00110100 Port-3

01100111 Port-2

Exact matching 
and forward

Approximate matching 
and forward

A B

Fig. 5. Network elements to support both exact and approximate matching
for packet forwarding.

Needle carries out the local operations to identify the most
correlated ports for forwarding. When a packet arrives, an
intermediate network node needs to identify the port that has
the largest number of the same bits as the transmitted packet.
For instance, as shown in Figure 5, for the first hop, the node A
contains a port that has the same name with the arriving packet.
This packet is then forwarded from port-2. Moreover, for the
second hop, if the same name does not exist, the intermediate
node identifies that port-1 is the most approximate port that
has the largest number of the same bits than others. The packet
is then forwarded from port-1.

Fault Tolerance. The support for approximate matching
can improve fault tolerance of networked systems and in the
meanwhile facilitate approximate representation from user’s
query requests. Specifically, if an intermediate network node
does not work, Needle can still support routing and identify the

queried data through approximate matching with neighboring
network nodes. Since the content-aware names attempt to
identify more correlated nodes, the packets can always identify
an alternative end-to-end path with incurring small extra costs.
On the other hand, due to the infrequent appearance of vague
query requests from users, the query requests need to obtain
approximate, rather than exact, queries results. In this case, the
approximate matching in the Needle routing can well meet the
needs of the quality of query service.

Automatic Update. When an end-host or a service instance
fails or moves to a new location, Needle automatically updates
the states in the intermediate network nodes to accurately direct
new data flows. The end-host with explicit representation for
available data updates the connection with a new address and
socket ID. Moreover, the network changes can be classified
to be predicted, such as periodical maintenance and virtual
machine migration, and unpredicted, such as server failure
and client mobility. In order to ensure a fast response to both
changes, Needle makes use of tight integration between end-
hosts and the network.

In order to support network services in Needle, typical
cloud sharing applications need to initiate the communication
with service names. Needle constructs a protocol family for
representing content names, rather than the network addresses
of IP protocol family. The sockets API’s flexibility allows such
protocol families to be defined and implemented.

The network addresses of the communicating endpoints
do not need to be exhibited to applications. The addresses
management for applications is important since these addresses
may change over time if a session or process moves. Other
high-level socket interfaces are related with cloud applications.

VI. PERFORMANCE EVALUATION

In this section, we present the experimental results of
a Needle prototype implementation. We examine the perfor-
mance via real-world datasets in terms of energy efficiency
and response latency.

A. Experiments Configuration

We implement the components and real-time scheduling
schemes of Needle in a real data center. Each node is equipped
with Intel 2.0GHz dualcore CPU, 2GB DRAM, 250GB disk
and 1000PT quad-port Ethernet network interface card. The
prototype is developed in the Linux kernel 2.4.21 environment.
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Our evaluation leverages real-world electricity datasets of
Google Data Centers in the U.S., which contain the following
locations: Mountain View, CA, Houston, TX, and Atlanta, GA.
The datasets reported here were obtained from publicly avail-
able government agencies [26], [27]. In general, the electricity
system for data centers in the US is organized in cross-state
regions such as New England, PJM (primarily covering Penn-
sylvania, New Jersey, and Maryland), and ERCOT (Texas).

The data centers have the properties that the regulated
utility and deregulated wholesale structures exist in different
regions. Specifically, Mountain View and Houston are in the
deregulated electricity regions, and Atlanta is located in the
regulated utility region. Moreover, for two deregulated regions,
California has an hour-ahead forward market, whereas Texas
has a 15-min ahead forward market. Based on these data, we
obtain the average daily and hourly electricity prices for all
these locations in May 2009.

We use three datasets from Google data center locations
to emulate a dynamic multi-electricity-market environment.
These locations form a subset of the whole Google data center
locations in the United States. Without loss of generality,
we select two groups of data on May 2 and May 16, 2009
at GMT-2:00 Time. To emulate Google power consumption,
we assume that the total workload from five front-end Web
portal servers to three back-end data centers is the requests
per second. Furthermore, the delay constraint is 1ms. Each
server operates at 100W. The processing speed of each server
is 2.25 requests per second, 1.5 requests per second, and
2 requests per second, respectively in three data centers.
Moreover, we compare our energy-aware scheduling scheme
with their original management approach that is considered to
be standard.

B. Evaluation Results and Analysis

We present the evaluation results in terms of energy con-
sumption, entire running costs and request completion latency.

1) Energy Consumption: Figure 6 shows the hourly energy
consumption in three data centers on May 2 set. Compared
with the standard approach, the average energy savings in
Needle are respectively 28.5% in Houston, TX, 18.7% in
Mountain View, CA, and 36.8% in Atlanta, GA. The reason
of improving energy efficiency in Needle is the efficient slack
stealing scheme for scheduling real-time and non-real-time
tasks. Needle hence can significantly improve the utilization
and decrease the completion time, which is also verified by
the results in Section VI-B3. We also observe that the May
16 set also exhibits the similar results. The energy savings
are respectively 26.3% in Houston, TX, 20.5% in Mountain
View, CA, and 37.3% in Atlanta, GA as shown in Figure 7.
We hence argue that Needle is helpful to decrease the energy
consumption.

2) Entire Running Costs: Figure 8 shows the entire running
costs on May 2 set. Since Needle can efficiently decrease the
energy consumption, it in the meantime reduces the entire
running costs. The average decrease is 35.7% in May 2 set.
Moreover, we also observe that the costs in Needle change
in the smoother manner than the standard approach. Needle
alleviates the usage peak that is important to a reliable data
center. The observations and conclusions are also supported by
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Fig. 6. Energy consumption in the May-2 set.
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Fig. 7. Energy consumption in the May-16 set.

the May 16 set. As shown in Figure 9, the average decrease
of costs is 32.9%, compared with the standard approach.
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Fig. 8. Hourly energy consumption for three locations on May 2, 2009.

3) Request Completion Latency: We examine the real
performance of data centers in terms of request completion
latency. Figures 10 and 11 show the latencies in May 2
and 16 datasets. Specifically, based on the request inputs,
the response latencies are respectively 26.5ms in Mountain
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Fig. 9. Hourly energy consumption for three locations on May 16, 2009.

View, CA, 32.6ms in Houston, TX, and 15.2ms in Atlanta,
GA, by using Needle, which are much smaller than 35.1ms in
Mountain View, CA, 47.8ms in Houston, TX, and 24.9ms in
Atlanta, GA, by using the standard approach.

In the May 16 set, based on the requests, the latencies
in Needle are respectively 17.8ms in Mountain View, CA,
21.7ms in Houston, TX, and 8.2ms in Atlanta, GA. Those
in the standard approach are 29.3ms in Mountain View, CA,
27.6ms in Houston, TX, and 17.5ms in Atlanta, as shown
in Figure 11. The advantages of Needle in terms of latency
savings are derived from the efficient use of flat addressing
that can significantly reduce the entire completion latency.

VII. RELATED WORK

With the rapid growth of cloud sharing services, the elec-
tricity consumption by data centers has significantly increased,
as well as the performance requirements in real-time schedul-
ing. The energy savings and efficient scheduling are becoming
more and more important to large-scale data centers. Both
industry and academia have proposed various technologies to
reduce the electricity consumption and improve the execution
performance in data centers [28].

Real-time Task Scheduling. Heo et al. [29] have devel-
oped an adaptation graph analysis scheme to address the con-
flicts between inter-acting adaptive components, e.g., On/Off
and dynamic voltage scaling policies in server farms. This
scheme can minimize the energy consumption. Two load-
scheduling systems GreenSlot [30] and GreenHadoop [31]
were well proposed. They assume that the data center is
powered by solar energy and grid without energy storage.
GreenSlot [30] is used to execute batch jobs, while Green-
Hadoop [31] is used to support the scheduling on Hadoop jobs.
Aksanli et al. [32] designed an adaptive scheduler for mixed
batch and Web service jobs. This scheduler leverages two
separate job arrival queues, respectively for the Web services
and the batch jobs. Each server has the limited capacity of
the amount of workloads (including the Web requests and
batch jobs). In order to obtain suitable tradeoff between the
Web services and batch jobs, they are carried out in different
cases. For example, Web services are executed when there exist
available computing resources. In the meantime, the batch jobs
are executed by exploiting the availability of the renewable
energy. Moreover, an energy-aware cluster was proposed [33]
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Fig. 10. The average response latency for requests in the May-2 set.

to slightly defer long running batch jobs. This scheme can
improve the performance of the use wind energy.

Flat names: Previous content-aware networking schemes
mainly leverage unstructured and self-certifying content based
labels. ROFL (routing on flat labels) [10] constructs a circular
namespace to efficiently support accurate routing and allows
extra pointers to decrease the routes. SEATTLE [20] utilizes
flat addressing with a one-hop DHT to offer a directory service
with reactive address resolution and service discovery. These
systems need to show explicit contents to notify the DHT in
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Fig. 11. The average response latency for requests in the May-16 set.

terms of the location before being queried. This design often
obtains a cached copy of data along with their routed path,
and fails to guarantee the closest copy. Unlike them, Needle
leverages content-aware naming scheme to support the fast
routing and similarity-based retrieval.

Content-Centric Networking: Content-Centric Network-
ing (CCN) [15] is a networking architecture built on IP’s
engineering principles. The CCN scheme makes use of the
named content rather than host IDs. It is unnecessary for the
CCN routing to consider the host addresses. Furthermore, in

order to support on-line services and deal with the service
replication and dynamism, SCAFFOLD [17] names a stateful
service and includes the possibly changing host addresses in
each packet. This approach in essence uses the hierarchical
addressing. DONA(Data-Oriented Network Architecture) [34]
replaces DNS names with flat, self-certifying names. Each
resolution handler needs to maintain a large-size forwarding
table that can offer the next-hop information. The benefits
of large-scale packet caching [35] include the decrease of
redundant content transmission. Routers can identify previ-
ously forwarded contents and replace the content portion with
a representative fingerprint. Unlike them, Needle studies the
actual contents to build the names of transmitted packets to
facilitate further fast forwarding in network nodes.

VIII. CONCLUSION

In order to support cloud sharing service, this paper pro-
poses an cost-effective data analytics scheme, called Needle.
Needle has the salient features of real-time scheduling perfor-
mance and energy efficiency. In order to achieve these design
goals, Needle leverages content-aware naming and efficient
routing schemes. We further examine the performance by
using real-world datasets in terms of energy consumption and
response latency. Extensive experimental results demonstrate
the efficiency of the proposed schemes.
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