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論文の内容の要旨 

 

With the growing network density and the limited channel bandwidth, the interference between nodes would 

degrade the performance in throughput, energy consumption and latency which is expected suitable for the 

application based on the information sharing between nodes. To solve this problem, this dissertation considers 

the solution using physical-layer network coding (PNC) which takes use of interference instead of dealing with 

interference. On the other hand, straightforward network coding (SNC) including intra-flow network coding 

(IANC) and inter-flow network coding (IENC) has shown its role in improving the network performance. PNC 

and SNC are employed in the different layer of the protocol stack, i.e., PNC is applied at the physical-layer, 

and SNC is applied at layer-2 or upper. IANC mainly is employed to improve network performance by 

reducing the protocol overhead via the feature of overlapped chunked codes (OCC). PNC can improve the 

network through significantly via IENC approach. Up to the present, there are few studies on the application of 

IANC with PNC where a big message is divided into blocks, and they are grouped into chunks. This 

dissertation aims to study the performance of the application of OCC with PNC.  

In order to achieve this purpose, this dissertation considers a scenario of multi-source multi-relay network 

where a PNC approach, compute-and-forward (CF) based on nested lattice code(NLC), is employed for the 

simultaneous transmissions from the sources to the relays. A popular network coding technique, random linear 

network coding (RLNC), is employed within each chunk before encoding with NLC at each source. This 

dissertation provides a design of overlapped chunked code (OCC) for this scenario, called OCC/CF, and an 

OCC-based retransmission scheme called RLNC/CF.  

OCC is an IANC approach where the feedback about the reception state information at the destination can 

be avoided, hence the transmission scheme employing OCC might have better performance than a 

feedback-based transmission scheme when the protocol overhead such as the transmission time of feedback 

and the loss of feedback is considered. The key to design OCC is the decodability condition which is provided 



in this dissertation, and an OCC with contiguously overlapping fashion is applied for the design for the 

performance observation and evaluation. The decoding scheme with this OCC is provided as well. In addition, 

the estimations of the decodability, the performance in term of channel efficiency (corresponding to network 

throughput) and the decoding complexity are given in order to provide the option to obtain the different desired 

term of performance. The design is done by using the empirical probability distributions where a new term, the 

probability distribution of the participation factor of a source to the forwarded data for a chunk, is introduced 

and plays an important role in the design of OCC/CF.  

On the other hand, for the transmissions in lossy channel, in order to have data blocks received on time, the 

retransmission is made if these packets could not be recovered by the previous transmissions. An efficient 

retransmission is needed for data transmission in multi-source multi-relay network while CF is employed, 

because the destination could not ensure all blocks could be recovered after a retransmission round. The other 

advantage of contiguously OCC is that the unrecoverable transmitted blocks of a chunk could become 

recoverable by the transmission of the blocks of the next chunk. By taking use this feature, in RLNC/CF 

scheme, the determination of the number of overlapped blocks for each source by using the knowledge of the 

reception state of the previous chunk from the aid of feedback, empirical probability distributions and for an 

expected reception state of the transmission of the next chunk to obtain the highest expected decodability is 

given. In addition, different selections of expected reception state is studied to figure how to obtain the desired 

performance.  

From the numerical results obtained by doing simulation in MATLAB, the improvement gained from 

employing OCC/CF depends on the level of the protocol overhead. The channel efficiency gained from 

employing OCC/CF in multi-source multi-relay network can approach the channel efficiency employing the 

OCC with the same overlapping fashion, contiguously overlapping fashion, in single flow transmission when 

the probability distributions of the participation factor of all source are dense near the chunk size. Although the 

applied OCC causes high design overhead for OCC/CF, but this design might provide a reference for the future 

design of OCC for this scenario with better performance. On the other hand, RLNC/CF scheme can provide 

some improvement in channel efficiency over a cooperative CF scheme, showing its advantage in reducing the 

protocol overhead and improving the efficiency of retransmission. On the other hand, selection of expected 

reception state does a trade-off between channel efficiency and reception delay.  

Keywords: Network coding, Overlapped chunked code, Retransmission, Compute-and-Forward, Multi-source 

multi-relay network 

 

論文審査の結果の要旨 

 

The Evaluation Committee recognizes that the presented research work in the dissertation is a 

novel design overlapped chunked codes (OCC) over the compute-and-forward (CF) based on nested 

lattice code (NLC), which is employed for the simultaneous transmissions in multi-source 



multi-relay networks. The OCC concept takes advantages on the physical-layer network coding 

(PNC) and the random linear network coding (RLNC) for the inter-flow and intra-flow, respectively. 

The dissertation comprises of two proposed schemes, i.e., the design of OCC/CF scheme and the 

feedback-based retransmission of RLNC/CF scheme. Under the lossless channel, the OCC/CF 

exploits the better performance in terms of channel efficiency and transmission efficiency with high 

decodability and less overhead compared to the feedback-based schemes. Meanwhile, the RLNC/CF 

under the lossy channel uses the concept of contiguously OCC with an efficient retransmission 

scheme to ensure all the corrupted chunks are recoverable. Both proposed schemes have reached a 

very good competence with clear vision, purpose and objectives of research works in multi-source 

multi-relay networks. The proposed two schemes are well-examined by comparing to the other 

schemes and their results and discussions are clear-demonstrated. The Evaluation Committee 

identifies that the dissertation contains the appropriateness of the given literature backgrounds, the 

wide-ranging related research works, and the research methodologies for the numerical evaluation 

studies. Besides that, the numerical results are validated and extensively well-discussed to justify the 

correctness, efficiency and effectiveness of the proposed schemes. The dissertation also includes 

clear and specific conclusions, contributions and recommendations for future works. Furthermore, 

the references are appropriately presented in the dissertation. 

The Evaluation Committee validates and confirms that the research works in each chapter of the 

dissertation have been disseminated to the four international conferences, one accepted journal (IF  

2.5), and one submitted journal. The Evaluation Committee agrees that Ngeth Rithea did make very 

good achievements and momentous contributions to the multi-source multi-relay networks, in 

particular the realization of overlapping fashion over the compute-and-forward approach. 

Furthermore, this research work is a frontier step toward the collaborative management and control 

for the future wireless networks. The Evaluation Committee observes that he speaks frequently in 

English and his ability in oral presentation is very good. Hereby, the Evaluation Committee 

concludes that he with no doubts deserves to obtain the doctoral degree (Information Science). 


