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Abstract 

The process of assigning most appropriate resources to workstations or agents at the right time 

is termed as Scheduling. The word is applied separately to tasks and resources in task 

scheduling and resource allocation accordingly. Scheduling is a universal theme being 

conferred in technological areas like computing and strategic areas like operational 

management. The core idea behind scheduling is the distribution of shared resources across 

time for competitive tasks. Optimization, efficiency, productivity and performance are the 

major metrics evaluated in scheduling. Effective scheduling under uncertainty is tricky and 

unpredictable and it’s an interesting area to study. Environmental uncertainty is a challenging 

extent that effect scheduling based decision making in work environments where environment 

dynamics subject to numerous fluctuations frequently. 

Reinforcement Learning is an emerging field extensively research on environmental modelling 

under uncertainty. Optimization in dynamic scheduling can be effectively handled using 

Reinforcement learning. This research is about a research study that focused on Reinforcement 

Learning techniques that have been used for dynamic task scheduling. This thesis addresses 

the results of the study by means of the state-of-the-art on Reinforcement learning techniques 

used in dynamic task scheduling and a comparative review of those techniques. This thesis 

reports on our research on a Hybrid Approach for Dynamic Task Scheduling in Unforeseen 

Environments using the techniques; Multi Agent Reinforcement Learning and Enhanced Q-

Learning. 

The proposed solution follows online and offline reinforcement learning approaches which 

works on real time inputs of heuristics like, Number of agents involved, current state of the 

environment and backlog of tasks and sub-tasks, Rewarding criteria etc. The outputs are the 

set of scheduled tasks for the work environment. The solution comes with an approach for 

priority based dynamic task scheduling using Multi Agent Reinforcement Learning & 

Enhanced Q-Learning. Enhanced Q-Learning includes developed algorithm approaches; Q-

Learning, Dyna Q+ Learning and Deep Dyna-Q+ Learning which is proposed as an effective 

methodology for scheduling problem.  

The novelty of the solutions resides on implementation of model-based reinforcement learning 

and integration with the model-free reinforcement learning algorithmic approach by means of 

Dyna-Q+ Learning and Deep Dyna-Q+ Learning for dynamic task scheduling in an unforeseen 

environment. The research project also concentrates on how the dynamic task scheduling is 

managed within a constantly updating environment which the Deep Dyna-Q+ has provided a 

ground solution to cater this requirement. The end solution has comparatively evaluated the 

product using evaluation metrics in each of the three Q-Learning variations developed. As per 

the evaluation results it was revealed Deep Dyna-Q+ implementation would cater well the 

problem of dynamic task scheduling in an unforeseen environment. 



vii 
 

Table of Contents 

 
Declaration ............................................................................................................................... iii 

Dedication ................................................................................................................................. iv 

Acknowledgement ..................................................................................................................... v 

Abstract ..................................................................................................................................... vi 

Table of Contents ..................................................................................................................... vii 

List of Figures .......................................................................................................................... xii 

List of Tables .......................................................................................................................... xiv 

Abbreviations ........................................................................................................................... xv 

Chapter  01 Introduction ..................................................................................................... 1 

1.1 Prolegomena ................................................................................................................ 1 

1.2 Background and Motivation ........................................................................................ 2 

1.3 Problem in Brief .......................................................................................................... 3 

1.4 Aim .............................................................................................................................. 4 

1.5 Objectives .................................................................................................................... 4 

1.6 Hypothesis ................................................................................................................... 4 

1.7 Solution ....................................................................................................................... 4 

1.8 Structure of Thesis ...................................................................................................... 4 

1.9 Summary .......................................................................................................................... 5 

Chapter 02 Evolution and State-of-the-art of Reinforcement Learning in Dynamic Task 

Scheduling ................................................................................................................................. 6 

2.1 Introduction ................................................................................................................. 6 

2.2 Breakthroughs in Reinforcement scheduling .............................................................. 6 

2.3   Model-Free RL ............................................................................................................... 7 

2.3.1  Value-Iteration Methods. .................................................................................... 7 

2.3.2  Policy Optimization or Policy-Iteration Methods. ............................................ 11 

2.4   Model-Based RL .......................................................................................................... 12 

2.5   Integration of Model-Free and Model-Based RL ......................................................... 13 

2.5.1  Dyna-Q Algorithm ............................................................................................ 13 

2.6   Standard Dynamic Task/Resource Allocation Frameworks ........................................ 13 

2.6.1 MARL (Multi-Agent Reinforcement Learning) ...................................................... 13 

2.6.2 OSL (Ordinal Sharing Learning) ............................................................................. 16 

2.6.3 Gossip-Based Reinforcement Learning (GRL) ....................................................... 17 

2.6.4 Centralized Learning Distributed Scheduling (CLDS) ........................................... 17 



viii 
 

2.7 Research Findings .......................................................................................................... 18 

2.8 Challenges in Reinforcement scheduling ....................................................................... 20 

2.9 Problem Definition ......................................................................................................... 20 

2.10 Summary ...................................................................................................................... 21 

Chapter 03 Technology.......................................................................................................... 22 

3.1 Introduction .................................................................................................................... 22 

3.2 Reinforcement Learning ................................................................................................. 22 

3.3 Elements of Reinforcement Learning ............................................................................ 22 

3.3.1 Agents ...................................................................................................................... 22 

3.3.2 Actions ..................................................................................................................... 23 

3.3.3 States ........................................................................................................................ 23 

3.3.4 Environment ............................................................................................................ 23 

3.3.5 Policy ....................................................................................................................... 23 

3.3.6 Reward Signal.......................................................................................................... 23 

3.3.7 Value Function ........................................................................................................ 23 

3.3.8 Environment Model ................................................................................................. 23 

3.4 Markov Decision Processes ........................................................................................... 24 

3.5 Model-Free RL & Model-Based RL .............................................................................. 24 

3.6 Model-Free RL ............................................................................................................... 24 

3.6.1 Q-Learning............................................................................................................... 24 

3.6.2 Deep Q-Learning ..................................................................................................... 26 

3.7 Model-Based RL ............................................................................................................ 27 

3.8 Integration of Model-free RL & Model-based RL ......................................................... 27 

3.8.1 Dyna –Q Algorithm ................................................................................................. 27 

3.8.2 Dyna – Q+ Algorithm .............................................................................................. 28 

3.9 Action Selection Mechanisms ........................................................................................ 29 

3.10 Multi Agent Systems ................................................................................................. 30 

3.11 Single Agent Reinforcement Learning and Multi Agent Reinforcement Learning ..... 31 

3.12 Types of Agents in a MARL System ........................................................................... 32 

3.14 Summary ...................................................................................................................... 32 

Chapter 04 Approach ............................................................................................................ 33 

4.1 Introduction .................................................................................................................... 33 

4.2 Hypothesis ................................................................................................................. 33 

4.3 Input .......................................................................................................................... 33 

4.4 Output ........................................................................................................................ 33 



ix 
 

4.5 Process ....................................................................................................................... 33 

4.6 Features ..................................................................................................................... 35 

4.7 Users .......................................................................................................................... 35 

4.8 Summary ........................................................................................................................ 35 

Chapter 05 Design .................................................................................................................. 36 

5.1 Introduction .................................................................................................................... 36 

5.2 System Design ................................................................................................................ 36 

5.3 System Model ............................................................................................................ 36 

5.3.1  Agents ............................................................................................................... 36 

5.3.2  Product Backlog and Tasks ............................................................................... 36 

5.3.3  Rewards............................................................................................................. 37 

5.3.4  Time .................................................................................................................. 37 

5.3.5  Environment ...................................................................................................... 37 

5.3.6  Actions .............................................................................................................. 37 

5.3.7  State.................................................................................................................... 37 

5.4 System Architecture ....................................................................................................... 38 

5.5 Modular Architecture ..................................................................................................... 38 

5.5.1 Data Acquisition Module ................................................................................... 39 

5.5.2 MARL Module ........................................................................................................ 39 

5.5.3 Scheduler Module .................................................................................................... 40 

5.5.4 Environment Module ............................................................................................... 41 

5.5.5 Result Logging Module ........................................................................................... 41 

5.6 Simulation Design .......................................................................................................... 41 

5.7 Summary ................................................................................................................... 42 

Chapter 06 Implementation .................................................................................................. 43 

6.1 Introduction .................................................................................................................... 43 

6.2 Implementation of Modules ........................................................................................... 43 

6.2.1 Data Acquisition Module ......................................................................................... 43 

6.2.2 Environment Module ......................................................................................... 44 

6.2.3 Scheduler Module .................................................................................................... 45 

6.2.4 MARL Module ........................................................................................................ 49 

6.2.5 Result Logging Module ........................................................................................... 50 

6.3 Action Selection Mechanisms Developed................................................................. 50 

6.4 Generalization to Unseen Environments ................................................................... 51 

6.4.1 System Level ...................................................................................................... 51 



x 
 

6.4.2 User Level .......................................................................................................... 51 

6.5 Tools and Technologies ................................................................................................. 52 

6.5.1 Integrated Development Environments (IDEs) Used .............................................. 52 

6.5.2 Languages Used ....................................................................................................... 52 

6.5.3 Libraries Used.......................................................................................................... 52 

6.5.4 Hardware Used ........................................................................................................ 53 

6.6 Summary ........................................................................................................................ 53 

Chapter 07 Evaluation ........................................................................................................... 54 

7.1 Introduction ............................................................................................................... 54 

7.2 Experimental Design ................................................................................................. 54 

7.2.1 Dyna Q+ Learning Simulation Results .................................................................. 55 

7.2.2 Deep Dyna-Q+ Network Learning Simulation Results ......................................... 56 

7.2.3 Visualization of Task Schedule ............................................................................. 56 

7.3 Analysis of Results ......................................................................................................... 58 

7.3.1 Reward Analysis ................................................................................................ 58 

7.3.2 Evaluation of the Throughput in Deep Dyna-Q+ learning. ............................... 59 

7.3.3 Evaluation of Variation of output with number of agents in Deep Dyna-Q+ 

learning …………………………………………………………………………………60 

7.3.4 Evaluation of Variation of output with performance between Random learning, 

Reinforcement learning, DQ learning and Dyna-Q+ learning ......................................... 61 

7.3.5  Cost Analysis .................................................................................................... 61 

7.4 Summary ........................................................................................................................ 62 

Chapter 08 Conclusion & Further Work ............................................................................ 63 

8.1 Introduction .................................................................................................................... 63 

8.2 Conclusion ................................................................................................................. 63 

8.3 Project Results Overview .......................................................................................... 64 

8.4 Limitations and Further Work ................................................................................... 64 

8.5 Summary ........................................................................................................................ 65 

References ............................................................................................................................... 66 

Appendix 01: Sample Codes ................................................................................................. 69 

Appendix 02: Class Diagram ................................................................................................ 83 

Appendix 02.A: Class Diagram for Dyna Q+ Learning ................................................... 83 

Appendix 02.B: Class Diagram for Deep Dyna Q+ Learning .......................................... 84 

Appendix 03: Publications .................................................................................................... 85 

Appendix 03.A: First Page of the Review Paper .............................................................. 85 



xi 
 

Appendix 03.B: First Page of the Research Paper ............................................................ 86 

 

  



xii 
 

List of Figures 

Figure 2.1 : Classification of Reinforcement Learning Techniques used in Dynamic Task 

Scheduling. ......................................................................................................................... 7 

Figure 2.2 : Deep Q-Learning Driven Framework for Task Allocation. [18] .................. 10 

Figure 2.3 : Illustration of multi-UAV communication networks [31]. ........................... 14 

Figure 2.4 : The Architecture of SchedNet [33] ............................................................... 16 

Figure 2.5 : The Schematic Diagram of the OSL Method for Job Scheduling [35] ......... 16 

Figure 3.1: Main Algorithmic Difference between Q learning vs Deep Q learning ........ 26 

Figure 3.2: Relationship Among Learning, Planning and Acting [14] ............................ 28 

Figure 3.3: The General Dyna Architecture [14] ............................................................. 28 

Figure 3.4: Exploration and Exploitation behavior in e-epsilon-decay ............................ 30 

Figure 3.5: Single Agent RL [14] ..................................................................................... 31 

Figure 3.6: Multi Agent RL [14] ...................................................................................... 31 

Figure 4.1: Proposed System Flowchart ........................................................................... 34 

Figure 5.1: System Architecture. ...................................................................................... 38 

Figure 5.2: Modular Architecture ..................................................................................... 39 

Figure 5.3: Simulation Design .......................................................................................... 42 

Figure 6.2: Sample Environment Generated (for 3 tasks, 2 agents) ................................. 44 

Figure 6.3: Sample Task Backlog ..................................................................................... 45 

Figure 6.4: Reward Function Implemented ...................................................................... 45 

Figure 6.5: RL Q-Learning Process .................................................................................. 46 

Figure 6.7: DQN Function Approximation ...................................................................... 48 

Figure 6.8: Structure of DQN Developed ......................................................................... 49 

Figure 6.9: Final Scheduled environment......................................................................... 49 

Figure 6.10: Agent Communication, Tasks Co-ordination .............................................. 50 

Figure 7.1: Representation of Job Completions ............................................................... 55 

Figure 7.3: Agent Interaction, States and Actions ............................................................ 55 

Figure 7.2: Representation of Job Completions ............................................................... 55 

Figure 7.4: Saved Q-Table ................................................................................................ 55 

Figure 7.5: Agent Message Passing, States Representation and Job Completions in Deep 

Dyna-Q+ ........................................................................................................................... 56 

Figure 7.6: Sample Task Schedule Resulted from Deep Dyna-Q+ Simulation ............... 57 



xiii 
 

Figure 7.7: Isolating Traces (such that flow of only needed tasks can be viewed) .......... 57 

Figure 7.8: Lasso Select and Compare Data on Hover..................................................... 58 

Figure 7.9: Plot of Reward Analysis I .............................................................................. 59 

Figure 7.11: Cost Analysis of an instance in Dyna-Q+ Simulation ................................. 62 

Figure 7.12: Cost Analysis of an instance in Deep Dyna-Q+ Simulation ........................ 62 

 

 

 

 

 



xiv 
 

List of Tables 

Table 2.1 :  Comparison of Reinforcement Learning Techniques used for Dynamic Task 

Scheduling. ....................................................................................................................... 18 

Table 2.2: Comparison of Reinforcement Learning Based Task Scheduling Frameworks

 .......................................................................................................................................... 19 

Table 7.1: Task Backlog -Evaluation I ............................................................................. 59 

Table 7.2: Results-Evaluation II ....................................................................................... 59 

Table 7.3: Task Backlog -Evaluation III .......................................................................... 60 

Table 7.4: Results-Evaluation III...................................................................................... 60 

Table 7.5: Task Backlog -Evaluation IV .......................................................................... 61 

Table 7.6: Results- Evaluation IV .................................................................................... 61 

Table 8.1: Project Results Overview ................................................................................ 64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

Abbreviations 

 

DL  - Deep Learning 

RL  - Reinforcement Learning 

DRL   - Deep Reinforcement Learning 

QL  - Q Learning 

DQL   - Deep Q Learning 

DQN   - Deep Q-Network 

MDP  - Markov Decision Process  

MARL  - Multi Agent Reinforcement Learning 

DDQ+   -  Deep Dyna Q+ Learning 

GPU  - Graphics Processing Unit 

 


