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Abstract— A challenge rise on how to schedule the huge data 

transfers at different importunity levels, in order to fully 

utilize the available inter-data center bandwidth. The 

Software Defined Networking (SDN) paradigm has issued 

recently which decouples the control plane from the data 

paths, enabling potential global optimization of data routing 

in a network. This paper aims to design a dynamic, highly 

efficient huge data transfer service in a distributed data center 

system, and engineer its design and solution algorithms 

nearly within SDN architecture. We model data transfer 

demands as delay tolerant migration requests with different 

completing deadlines. The tractability provided by SDN, we 

enable dynamic, optimal routing of distinct clump within 

each huge data transfer (instead of treating each transfer as an 

infinite flow), which can be impermanent stored at 

intermediate data canter’s to mitigate bandwidth contention 

with more urgent transfers. An optimal clump routing 

optimization model is formulated to solve for the best clump 

transfer schedules over time. To derive the optimal schedules 

in an online fashion, three algorithms are discussed, namely 

a bandwidth-reserving algorithm, a dynamically-adjusting 

algorithm, and a future-demand-friendly algorithm, targeting 

at different levels of optimality and scalability. We build an 

SDN system based on the Beacon platform and Open Flow 

APIs, and carefully engineer our huge data transfer 

algorithms in the system. Extensive real-world experiments 

are carried out to compare the three algorithms as well as 

those from the existing literature, in terms of routing 

optimality, computational delay and overhead. 
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I. INTRODUCTION 

A. Cloud Computing 

Cloud computing is computing in which large groups of 

remote servers are networked to allow centralized data 

storage and online access to computer services or resources. 

Clouds can be classified as public, private or hybrid. Cloud 

computing, or in simpler shorthand just "the cloud", also 

focuses on maximizing the effectiveness of the shared 

resources. This can work for allocating resources to users. 

This approach should maximize the use of computing power 

thus reducing environmental damage as well since less 

power, air conditioning, rack space, etc. are required for a 

variety of functions. With cloud computing, multiple users 

can access a single server to retrieve and update their data 

without purchasing licenses for different applications. 

B. Service Models 

NIST has identified three “service models” through which 

cloud computing is offered. They are: 

1) SaaS The concept in “Software as a Service” is the 

simple use of the cloud provider supplications running 

on a cloud infrastructure. The user does not manage or 

control the underlying cloud infrastructure such as the 

network, servers, operating systems, storage, or even 

individual application capabilities, with the possible 

exception of limited user-specific application 

configuration settings. 

2) PaaS The next layer of complexity in cloud computing, 

“Platform as a Service”, as far as the user is concerned, 

is to deploy onto the cloud infrastructure consumer-

created or acquired applications using programming 

languages and tools supported by the provider. As in the 

case of a SaaS model, the user does not manage or 

control the underlying network, servers, operating 

systems, or storage, but in the case of a PaaS model, the 

user does have the ability to control the deployed 

applications and potentially application hosting 

environment configurations. 

3) IaaS The most comprehensive model of cloud computing 

is known as “Infrastructure as a Service”. In this model, 

the provider supplies the required processing, storage, 

networks, and other fundamental computing resources 

and the user is able to deploy and run any software that 

it may require, which can include operating systems and 

applications. The consumer does not manage or control 

the underlying cloud infrastructure but has control over 

operating systems; storage, deployed applications, and 

possibly limited control of select networking 

components (e.g., host firewalls). 

C. Deployment Models 

Finally, NIST identifies four different types of deployment 

models for the foregoing service models. These deployment 

models are: 

1) Private cloud the cloud infrastructure is operated solely 

for one organization. It may be managed by the 

organization or a third party and may exist on premise or 

off premise. Arguably this may be the most secure type 

of infrastructure, depending on the nature of the controls 

deployed and the diligence of the operator. 

2) Community cloud in this model, the cloud infrastructure 

could be shared by several organizations and supports a 

specific community or interest group that has shared 

concerns (e.g., mission, security requirements, policy, 

and compliance considerations). It may be managed by 

the organizations or a third party and may exist on 

premise or off premise. 

3) Public cloud the cloud infrastructure is made available to 

the general public or a large industry group and is owned 

by an organization selling cloud services. 

4) Hybrid cloud The cloud infrastructure is a composition 

of two or more clouds (private, community, or public) 

that remain unique entities but are bound together by 

standardized or proprietary technology that enables data 

and application portability (e.g., cloud bursting for load-

balancing between clouds). 
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II. OVERVIEW OF THE PROJECT 

CLOUD data center systems that span multiple geographic 

locations are common nowadays, aiming to bring services 

close to users, exploit lower power cost, and enable service 

robustness in the face of network/power failures. A basic 

demand in such a geo-distributed data center system is to 

transfer Huge volumes of data from one data center to 

another, e.g., migration of virtual machines, replication of 

contents like videos, and aggregation of big data such as 

genomic data from multiple data centers to one for processing 

using a Map Reduce- like frame. Despite dedicated 

broadband network connections being typically deployed 

among data centers of the same cloud provider, the Huge data 

volumes involved in the inter-site transmissions are often 

high enough to overwhelm the backbone optical network, 

leading to bandwidth contention among disparate 

transmission tasks. A critical challenge is how to efficiently 

schedule the dynamically-arising, inter-data center transfer 

requests, such that transmission tasks of different urgency 

levels, reflected by different data transfer finishing deadlines, 

can be optimally and dynamically arranged to fully exploit 

the available bandwidth at any time. The recent Software 

Defined Networking (SDN) paradigm has shed light on easy 

realization of a centralized optimization algorithm, like one 

that solves the huge data transfer (BDT) scheduling problem, 

using standard programming interfaces. 

With a logically central controller in place, the 

transient global network states, e.g., topology, link capacity, 

etc., can be more easily acquired by periodic inquiry 

messages, which are fundamental in practical SDN protocols, 

between the controller and the switches. This paper proposes 

a novel optimization model for dynamic, highly efficient 

scheduling of huge data transfers in a geo-distributed data 

center system, and engineers its design and solution 

algorithms practically within an Open Flow based SDN 

architecture. 

We model data transfer requests as delay tolerant 

data migration tasks with different finishing deadlines. 

Thanks to the flexibility of transmission scheduling provided 

by SDN, we enable dynamic, optimal routing of distinct 

chunks within each Huge data transfer (instead of treating 

each transfer as an infinite flow), which can be temporarily 

stored at intermediate data centers and transmitted only at 

carefully scheduled times, to mitigate bandwidth contention 

among tasks of different urgency levels. Our contributions are 

summarized as follows. 

First, we formulate the Huge data transfer problem 

into a novel, optimal chunk routing problem, which 

maximizes the aggregate utility gain due to timely transfer 

completions before the specified deadlines. Such an 

optimization model enables flexible, dynamic adjustment of 

chunk transfer schedules in a system with dynamically-

arriving data transfer requests, which is impossible with a 

popularly-modelled flow-based optimal routing model. 

Second, we discuss three dynamic algorithms to 

solve the optimal chunk routing problem, namely a 

bandwidth reserving algorithm, a dynamically-adjusting 

algorithm, and a future-demand-friendly algorithm. These 

solutions are targeting at different levels of optimality and 

computational complexity. 

Third, we build an SDN system based on the Open 

Flow APIs and Beacon platform, and carefully engineer our 

Huge data transfer algorithms in the system. Extensive real 

world experiments with real network traffic are carried out to 

compare the three algorithms as well as those in the existing 

literature, in terms of routing optimality, computational delay 

and overhead. 

III. PROPOSED SYSTEM 

The proposed online algorithms as compared to RSF, with 

much slower growth rates of resource consumption with the 

increase of system load. As compared to CPU consumption, 

memory consumption and bandwidth consumption are 

relatively dominating on the gateway servers where a large 

number of TCP connections are established. Algorithm 1 

tends to be conservative in chunk forwarding by scheduling 

the transmissions at a later time possible, with the rationale to 

save bandwidth for more urgent transfer requests that could 

arrive in the immediate future. The downside is that it may 

leave links idle at earlier times. 

We further design a supplementary algorithm to 

expedite chunk transfer in such scenarios, as given in 

Algorithm 2. The idea is simple: the algorithm transfers 

chunks with pending future transmission schedules along a 

link, to fully utilize the available link bandwidth at each time 

slot. Such opportunistic forward-shifts of scheduled 

transmissions reduce future bandwidth consumption in the 

system, such that potentially more job transfer requests can 

be accommodated. 

A. Advantage 

 It has a time slot process 

 It reduces the future bandwidth consumption in the 

system. 

IV. PROPOSED SYSTEM MODEL 

A. SDN-Based Architecture 

We consider a cloud spanning multiple data centers located 

in different geographic locations. Each data center is 

connected via a core switch to the other data centers. Data 

transfer requests may arise from each data center to move 

Huge volumes of data to another data center. A gateway 

server is connected to the core switch in each data center, 

It also tracks network topology and bandwidth 

availability among the data centers with the help of the 

switches. Combined closely with the SDN paradigm, a 

central controller is deployed to implement the optimal data 

transfer algorithms, dynamically configure the flow table on 

each switch, and instruct the gateway servers to store or to 

forward each data chunk. 

Task admission control: Once a data transfer task is 

admitted, we seek to ensure its timely completion within the 

specified deadline. Data routing: The optimal transmission 

paths of the data in an accepted task from the source to the 

destination should be decided, potentially through multiple 

intermediate data centers. Store-and-forward: Intermediate 

data centers may store the data temporarily and forward them 

later. 
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B. Chunk Routing 

 
The objective function maximizes the overall weight of all 

the jobs to be accepted. A special case where implies the 

maximization of the total number of accepted jobs. 

Constraint (a) states that for each chunk w in each 

job J, it should be sent out from the source datacenter SJ at 

one time slot (i.e., the valid transmission interval of the job), 

if it is accepted for transfer at all in the system on the other 

hand, the chunk should arrive at the destination datacenter DJ 

via one of DJ ’sneighbouring datacenters as well, as specified 

by Constraint (b).Constraint (c) enforces that at any 

intermediate datacenter n other than the source and 

destination of chunk w, if it receives the chunk at all in one 

time slot within the valid transmission interval of the job, it 

should send the chunk out as well within the interval. 

The optimization model in (1) is an offline 

optimization problem in nature. Given any job arrival pattern, 

it decides whether each job should be accepted for transfer 

under bandwidth constraints, and derives the best paths for 

chunks in accepted jobs, along which the chunks can reach 

their destinations within the respective deadlines. 

C. Dynamically Optimization 

We examine the computation complexity of different 

algorithms, in terms of the time the control spends on 

calculating the chunk routing schedules using each of the 

algorithms, referred to as the scheduling delay. Note that an 

important requirement is that the scheduling delay of an 

algorithm should be less than the length of a time slot. In our 

experimental setting, each transfer job has an average of 500 

chunks (50 GB) to transmit, and thus the job rate can be 

greatly increased if the job size is reasonably constrained 

since the complexity of solving the integer problems mainly 

depends on the number of chunks and the lifetime of the jobs 

(specified by the deadline). 

 

V. SYSTEM ORGANIZATION 

Design is the first step in the development phase for any 

techniques and principles for the purpose of defining a 

device, a process or system in sufficient detail to permit its 

physical realization. 

Once the software requirements have been analysed 

and specified the software design involves three technical 

activities – design, coding, implementation and testing that 

are required to build and verify the software. 

The design activities are of main importance in this 

phase, because in this activity, decisions ultimately affecting 

the success of the software implementation and its ease of 

maintenance are made. These decisions have the final bearing 

upon reliability and maintainability of the system. Design is 

the only way to accurately translate the customer’s 

requirements into finished software or a system. 

Design is the place where quality is fostered in 

development. Software design is a process through which 

requirements are translated into a representation of software. 

Software design is conducted in two steps. Preliminary design 

is concerned with the transformation of requirements into 

data. 

UML stands for Unified Modelling Language. UML 

is a language for specifying, visualizing and documenting the 

system. This is the step while developing any product after 

analysis. The goal from this is to produce a model of the 

entities involved in the project which later need to be built. 

The representation of the entities that are to be used in the 

product being developed need to be designed. 
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The main purpose of a use case diagram is to show 

what system functions are performed for which actor. Roles 

of the actors in the system can be depicted It depicts the 

objects and classes involved in the scenario and the sequence 

of messages exchanged between the objects needed to carry 

out the functionality of the scenario. Sequence diagrams 

typically are associated. 

A. Architecture Diagram 

An architectural model is a rich and rigorous diagram, 

creating using available standards, in which the primary 

concern is to illustrate a specific set of trade-offs inherent in 

the structure and design of a system. 

 
Fig. 1: Architectural Diagram 

VI. CONCLUSION 

This paper presents our efforts to tackle an arising challenge 

in distributed data centers, i.e., deadline-aware majority data 

transfers. Inspired by the emerging Software Defined 

Networking initiative that is well suited to deployment of an 

efficient scheduling algorithm with the universal view of the 

network, we propose a reliable and efficient underlying Huge 

data transfer service in an inter data center network, featuring 

optimal routing for distinct chunks over time, which can be 

temporarily stored at intermediate data centers and forwarded 

at carefully computed times. For practical application of the 

optimization framework, we derive three dynamic 

algorithms, targeting at different levels of optimality and 

scalability. We also present the design and implementation of 

our Huge Data Transfer system, based on the Beacon 

platform and Open Flow APIs. Experiments with realistic 

settings verify the practicality of the design and the efficiency 

of the three algorithms, based on extensive comparisons with 

schemes in the literature. 
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