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ABSTRACT

The ever-growing number of smart and mobile devices as well as their emerg-

ing applications call for novel solutions to address new challenges in en-

ergy efficiency and latency requirements. This thesis aims to develop novel

protocols, resource allocation algorithms, and network architectures to en-

able low-latency services for mobile devices and applications (e.g., mission-

critical applications in intelligent transportation systems, healthcare, gam-

ing, and virtual/augmented reality applications). Specifically, we first in-

troduce proactive resource allocation approaches to reduce the communi-

cations delay in machine type communications. Exploiting the correlation

between smart devices (e.g., sensors), we propose an algorithm to proac-

tively allocate uplink resources for these devices, and thereby reducing the

expected uplink delay. Second, to address the energy efficiency problem for

hardware-constrained devices, we propose a multi-tier task-offloading net-

work architecture. In this novel network architecture, computation tasks

from these devices can be offloaded to a network of computation-aiding

servers or fog/edge nodes to minimize the energy consumption subject to

the delay constraints of services. Because computing resources on fog nodes

are usually limited, while task offloading demands from user devices are

high, we develop an unprecedented model, allowing fog nodes and a powerful

cloud server to collaborate to meet all tasks’ requirements. Our experimen-

tal results demonstrate that the proposed solution can attain the optimal

energy efficiency while meeting strict latency requirements for all devices

and computing tasks. Finally, to address the fairness in allocating commu-





nication and computation resources of heterogeneous fog nodes for mobile

devices considering diverse requirements (i.e., delay, security, and applica-

tion compatibility), we adopt the proportional fairness criterion to develop

a joint task offloading and resource allocation solution. The experimental

results (i.e., fairness indexes, energy benefit, and energy consumption) show

that the proposed scheme can attain the maximum proportional fairness in

terms of the energy benefit (from offloading to fog nodes).
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