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Design and Evaluation of a Method for Partitioning and
Offloading Web-based Applications in Mobile Systems with
Bandwidth Constraints

Siawash Zahedi!, Saleh Yousefi’ & Vahid Solouk™
L3Faculty of IT and Computer Engineering, Urmia University of Technology, Urmia, Iran
Faculty of Engineering, Urmia University, Urmia, Iran

Abstract

Computation offloading is known to be among the effective solutions of running heavy applications on smart
mobile devices. However, irregular changes of a mobile data rate have direct impacts on code partitioning
when offloading is in progress. It is believed that once a rate-adaptive partitioning performed, the replication
of such substantial processes due to bandwidth fluctuation can be avoided. Currently, a wide range of mobile
applications are based on web services, which in turn influences the process of offloading and partitioning. As
a result, mobile users are prone to face difficulties in data communications due to cost of preferences or
connection quality. Taking into account the fluctuations of mobile connection bandwidth and thereby data
rate constraints, the current paper proposes a method of adaptive partitioning and computation offloading in
three forms. Accordingly, an optimization problem is primarily formulated to each of three main objectives
under the investigation. These objectives include run time, energy consumption and the weighted composition
of run time and energy consumption. Next, taking into consideration the time complexity of the optimization
problems, a heuristic partitioning method based on Genetic Algorithm (GABP) is proposed to solve each of
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the three objectives and with the capability of acceptable performance maintenance in both dynamic and
static partitionings. In order to evaluate and analyze the performance of the proposed approach, a simulation
framework was built to run for random graphs of different sizes with the capability of setting specific
bandwidth limits as target. The simulation results evidence improved performance against bandwidth
fluctuations when compared to similar approaches. Moreover, it was also seen that once the problem
circumstances are modified, the offloading can take place in the vicinity of the target node. Furthermore, we
implemented the proposed method in form of an application on Android platform to conduct experiments on
real applications. The experiments prove that those partitions of the applications requiring higher processing
reqources rather than data rate are the best candidates for offloading.

Keywords: Computation offloading, partitioning, bandwidth adaptation, web service, data rate limitation
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(Table-1): Sample Application Runtimes of Fig. 1 using
Partitioning
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(Figure-1): Demonstration of Application using WORGs
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Begin:

(le bl)

4: Compute WTE,; (X;7° by)

current bandwidth (i.e. b)
6. Initialize pop_size,

solution using crossover;

End while

first place of the last generation

Input: WORG, b, by, a, pop_size, co_rate, mu_rate, max_gen, Ny, Data .
Output: The best partitioning solution X,;;; and model value (WTEWS (Xelit b));

1: Compute the WTE,, ¢ (Xelit bl),' /" Xglpt is the optimal partitioning in minimum bandwidth

2: minValue = WTE,,¢ (Xglpt bl) ; //upper bound, equation (7) in section 4-1-3

3: Add nodes in ng)twhere X; = 0 and nodes in N to Sp,,;

5: Add nodes in Xglptwhere x; = l and nodes in Cy; //Xl';lpt is the optimal partitioning in

7: Exclude non_satisfying solutions; //upper bound and Data,,,, are used here
8: Sort the population based on model value;

9: While (current_generation < max and no_convergence() )
gen

10: Keep first pop_size X co_rate solutions and generate pop_size X (1 — co_rate)

11: Mutate pop_size X mu_rate solutions;
12: Exclude non_satisfying solutions, //upper bound and Data,,, are used here
13: Sort the population based on model value;

14: (current _generation = current_generation + 1 ) ;

15: Return X,;,, WTE, ¢ (Xelit b); /X eii¢ is the best solution (the chromosome located in the

(GBAP) 5§ w2 5931 2 (o (5101 g5 (V- 595I1)
(Algorithm-1): GBAP Algoritm
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(Figure-6): Application Runtime using Partitioning
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