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11. Tém tat cac két qua méi cua luan an:
a) Muc tiéu nghién ciru

Luan an nham nghién ciru va phét trién cac hé thong mé phong chin nudi chinh
xac, dua trén mé hinh da tac tir va mé hinh dich té, phuc vu phat hi¢n va canh bao su lay
lan dich bénh trén dan gia stc tir goc d§ Hé thé)ng thong tin. bé dat duge muc tiéu nay,
luan 4n dit ra cac muc tiéu cu thé sau:

« Phan tich tong quan cac nghién ctru lién quan va xac dinh khoang trong, 1am co s&
dé xuit huéng tiép can xay dung moé hinh mé phong cho chin nudi chinh xac va
canh bao lay lan dich bénh.

o Phat trién mo hinh mé phéng ndi bo dan lgn dya trén mod hinh da tac tur (ABM),
tich hop hé thong cho an chinh xac (PFS) va mo hinh dich t& SEIR dé mé phong
lan truyén dich bénh ASF.

« Xay dung mé hinh mé phong lan truyén dich bénh giita cac trang trai, sir dung céac
mo hinh nhu NAADSM, STERGMs két hop véi ABM va mo hinh dich t& dé danh
gia cac chién luoc kiém soat & quy mé 16n.



Thiét ké va trién khai h¢ thong mo phong phan tan trén nén tang dién toan ddm
may, nham ti wu hiéu ning tinh toan va hd trg canh bao lay lan dich bénh cho dan
gia suc.

b) Poi twong nghién ciru

V61 cac muc ti€u dat ra nhu trén, doi tugng nghién ctru cua luan an dugce xac dinh

nhu sau:

Céc thuc thé sb dai dién cho cé thé lon duge mo hinh héa nhu céc tac tir trong moi
truong mo phong, phan anh hanh vi, tuong tac va trang thai stirc khde thong qua cac
thudc tinh va quy tic xac dinh.

Mo hinh da tac tir duoc sir dung dé xay dung va quan 1y cac thyuc thé s6 & cip ca
thé.

Mo hinh dich & hoc dugc tich hop vao cac tic tir nham mo phong qua trinh Iy lan
dich bénh.

M6 hinh m6 phong su lay lan dich bénh dugc xay dung cho ca pham vi ndi bd dan
lon va gifta céc trang trai trong moi trudng mod phong.

Kién triic hé théng thong tin dugc thiét ké theo hudng phan tan, bao gdm cac co
ché phéan phdi tac tir, ddng bo mé phong va quan 1y tai nguyén.

Céc nén tang dién toan dam may duoc st dung lam moi trudng trién khai va danh
gia hé théng, phuc vu phan tich hiéu ning va kha ning mo rong ctia mo phong.

¢) Phwong phap nghién ctru

Céc phuong phap nghién ctru duoc st dung trong luan 4n nham nghién ctru, thiét

ké va danh gia mot hé théng mo phong phan tan phuc vu phan tich va canh bao sém dich

bénh trén dan lon, véi trong tAm 13 mo hinh hoa, kién trac hé thdng va kha nang trién khai

trong méi truong dién toan dam may. Cu thé, luan an két hop cac phuong phap nghién ciru

sau: Phuong phap nghién ciru téng quan va phan tich tai liéu; Phuong phap mé hinh hoa

va md phong; Phuong phap thiét ké hé thong thong tin; Phuong phép trién khai va thuc

nghiém; Phuong phap so sdnh va danh gia.

d) Cac dong gop chinh

V61 muc tiéu, phuong phap va doi tuong nghién ctru da dugce xac dinh rd rang, luan an cé

nhitng dong gop chinh sau:

« Dong gop 1: Luan 4n dé xuit md hinh mé phong dua trén hudng tac tir, tich hop

may trang thai hai 16p gdm 16p hanh vi va 16p bénh 1y, két hop v6i mo hinh SEIR

& cap ca thé. M6 hinh nay cho phép mé phong qué trinh 14y lan dich bénh trong noi



bd dan lon va hd trg phan tich cac kich ban 1y nhiém khac nhau trong méi trudng
gia lap.

« Dong gop 2: Luan an phat trién moé hinh mé phong lan truyén dich bénh giira cac
trang trai bang cach két hop cac mé hinh NAADSM, STERGMs va ham kernel
truyén nhiém. Cach tiép can ndy mo rong bai toan tir quy mo don trang trai sang da
trang trai, dong thoi hd trg danh gia cac chién lugc kiém soat va phan tich kich ban
lay lan & quy mo 16n.

« Dong gop 3: Luan an dé xuat va trién khai kién trac hé thong mo phong phan tan
trén nén tang dién toan dam may. Kién triic nay khac phuc han ché ctia mé phong
trén may don 1é, nang cao hiéu niang va kha ning mo rong cia hé thong, dong thoi
dugc danh gia thong qua céc thi nghi€ém so sanh trong cac moi truong thuc thi khac
nhau.

12. Kha ning tmg dung trong thyc tién:

Nghién ctru 1a giai phap mang tinh tmg dung cao trong thuc tién quan 1y rii ro dich
bénh trén dan gia suc cu thé nhu: Ung dung truc tiép trong nong nghiép thong minh va
chan nuoi chinh xac quy mo 1én va phan tan co6 st dung I[oT, ing dung trong quan ly va
hoach dinh chinh sach phong chdng dich, tng dung trong nghién ctru, ddo tao va phat trién
cong nghé chan nudi thong minh.

13. Nhitng huéng nghién ctru tiép theo:

Céc hudng phat trién tiép theo cta nghién ctru trong twong lai gdm: Cai tién kién
tric phan tan trén méi trudng dam may dé nang cao tdc do tinh toan, giam chi phi va ting
tinh 6n dinh khi xir 1y s6 lwong 10n tac tir. Tiép tuc phét trién mo hinh mé phong 13y lan
dich bénh lién thong hai tang tir cip ndi bay dan (intra-herd) 1én cap quy md cac trang trai
trong khu vuc (inter-herd), Phat trién cac mo hinh hoc may dé du doan su lay lan dich
bénh dya trén dit li€u thoi gian thyc, cudi cung la tich hgp sau hon hé théng giam sat thong
minh (smart monitoring) vao nén tang mo phong, gitip hé thong canh bao sém dich bénh
hoat dong hiéu qua, hd trg quan 1y dan lon kip thoi va giam thiéu nguy co dich bénh lan
rong.

14. Céc cong trinh da cong bo ¢ lién quan dén luan an:

Céc cong trinh gdm 6 cong trinh di cong bod va mot cong trinh dang trong qua
trinh chinh stra va ndp lai tai mot tap tri quéc té:

e Bai bao tap chi

+ [CT1] Nguyen, Xuan-Truong, Pham, Linh Manh, and Bui, Quang Hung. “A Cloud-
Based Distributed System for Scalable Multi-Agent Simulation of Pig Health Monitoring
Models”. IEEE Access, May 2026. DOI: 10.1109/ACCESS.2026.3702533.




+ [CT2] Xuan-Truong Nguyen, Linh Manh Pham and Quang Hung Bui, “Agentbased
Modeling the Spread of African Swine Fever on a Regional Scale and Evaluating Its
Control Measures using a Cloud-based Simulator”, VNU Journal of Science: Computer
Science and Communication Engineering, vol. 41, no. 2, Dec. 2025, ISSN 2588—-1086.
DOI: 10.25073/2588-1086/vnucsce.5737.

e Bio cdo khoa hgc hoi nghi

+ [CT3] Xuan-Truong Nguyen, Linh Manh Pham, Nguyen Quang Thanh va Hoang-Viet
Tran, “Improving the Performance of the African Swine Fever Spreading Simulation on
the Cloud-based GAMA Platform”, Ky yéu Hoi nghi qudc té 1an thtr 11 EAI vé Mobility,
IoT and Smart Cities, Da Ning, Viét Nam, thang 10/2024. Pang in (SCOPUS).

+ [CT4] Xuan-Truong Nguyen, Linh Manh Pham va Quang Hung Bui, “Cloud-based
Multi-Agent Simulation of Multiple Pathogens in Pigs Raised by the Precision Feeding
System”, Ky yéu Hoi nghi quéc té 1an thir 11 EAI vé Mobility, IoT and Smart Cities, Da
Ning, Viét Nam, thang 10/2024. Pang in (SCOPUS).

+ [CT5] Xuan-Truong Nguyen, Linh Manh Pham va Quang Hung Bui, “Simulation of
the Health Monitoring and Disease Warning System on the Pig Herd with a Cloud-based
GAMA Platform”, Ky yéu Hoi nghi qudc té lan thir 8 IEEE/ACIS vé Big Data, Cloud
Computing va Data Science Engineering, trang 2631, Thanh phé H6 Chi Minh, Viét
Nam, thang 12/2023. https://doi.org/10.1109/BCD57833.2023.10466335 (SCOPUS).

+ [CT6] Linh Manh Pham, Xuan-Truong Nguyen, “A Cloud-based Multi-agent
Simulation of African Swine Fever in Hanoi Region”, Ky yéu Hoi nghi qudc té 1an tha 8
IEEE/ACIS vé Big Data, Cloud Computing va Data Science Engineering, trang 52—57,
Thanh  phdé  Hb Chi  Minh,  Viét  Nam, thang 12/2023.
https://doi.org/10.1109/BCD57833.2023.10466296 (SCOPUS).

+ [CT7] Xuan-Truong Nguyen and Linh Manh Pham, “Cloud-Based Simulation of
Precision Feeding System for Pig Health Management”, Proceedings of the 13th

International Conference on Application of Information Technology in Agriculture Asia-
Pacific Region (APFITA), pp. 109-115, Hanoi, Vietnam, 2022, ISBN 978-604-9990-32-
8. http://fat.uet.vnu.edu.vn/proceeding-of-apfita-wcca-2022-conference.
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11. Summary of the new findings of the thesis:

a) Research Objectives

The thesis aims to investigate and develop simulation systems for precision
livestock farming, based on agent-based modeling and epidemiological models, to support
the detection and early warning of disease spread in livestock herds from the perspective
of information systems. To achieve this goal, the thesis establishes the following specific
objectives:

o Analyze the overview of related studies and identify research gaps, thereby
providing a foundation for proposing approaches to construct simulation models for
precision livestock farming and disease outbreak early warning.

o Develop an intra-herd pig simulation model based on Agent-Based Modeling
(ABM), integrating the Precision Feeding System (PFS) and the SEIR
epidemiological model to simulate the transmission of African Swine Fever (ASF).

o Construct a simulation model for disease transmission between farms, utilizing
models such as NAADSM and STERGMs in combination with ABM and
epidemiological models to evaluate large-scale control strategies.



o Design and implement a distributed simulation system on a cloud computing
platform to optimize computational performance and support early warning of
disease spread in livestock herds.

b) Object of the Study
Given the research objectives outlined above, the object of the study in this thesis is
determined as follows:
o Digital entities representing individual pigs are modeled as agents within the
simulation environment. These entities reflect behaviors, interactions, and health
status through well-defined attributes and rules.
o Agent-based models (ABM) are employed to construct and manage the digital
entities at the individual level.
« Epidemiological models are integrated into the agents to simulate the disease
transmission process.
o Simulation models of disease spread are developed for both intra-herd (within a pig
herd) and inter-farm (between farms) scopes in the simulation environment.
o« A (distributed information system architecture is designed, incorporating
mechanisms for agent distribution, simulation synchronization, and resource
management.
e Cloud computing platforms are utilized as the deployment and evaluation
environment for the system, supporting performance analysis and scalability
assessment of the simulations.
¢) Research Methods
The research methods employed in this thesis are used to investigate, design, and evaluate
a distributed simulation system serving the analysis and early warning of disease outbreaks
in pig herds, with a primary focus on modeling, system architecture, and deployment
capabilities in a cloud computing environment. Specifically, the thesis integrates the
following research methods: literature review and document analysis; modeling and
simulation; information system design; implementation and experimentation; and
comparison and evaluation.
d) Main Contributions

With clearly defined research objectives, methods, and objects of the study, the
thesis has the following main contributions:

o Contribution 1: The thesis proposes an agent-based simulation model that
integrates a two-layer finite state machine consisting of a behavior layer and a
disease layer, combined with the SEIR epidemiological model at the individual
level. This model enables the simulation of disease transmission within a pig herd
and supports the analysis of various infection scenarios in a simulated environment.

o Contribution 2: The thesis develops a simulation model for disease transmission
between farms by integrating the NAADSM model, STERGMs, and infection
kernel functions. This approach extends the problem from a single-farm scale to a



multifarm scale, while supporting the evaluation of control strategies and the
analysis of large-scale disease spread scenarios.

Contribution 3: The thesis proposes and implements a distributed simulation
system architecture on a cloud computing platform. This architecture overcomes the
limitations of single-machine simulation, significantly improves system
performance and scalability, and has been evaluated through comparative
experiments across different execution environments.

12. Practical applicability, if any:

The research offers a highly applicable solution for practical disease risk

management in livestock herds, specifically in the following areas:

Direct application in smart agriculture and large-scale, distributed precision
livestock farming utilizing IoT technologies;

Application in disease prevention management and policy planning;

Application in research, training, and development of smart livestock farming
technologies.

13. Further research directions, if any:

The future research directions of this study are as follows:

Improving the distributed architecture in the cloud computing environment to
enhance computational speed, reduce costs, and increase stability when processing
a large number of agents.

Continuing to develop a two-tier interconnected simulation model for disease
transmission, extending from the intra-herd level to the inter-herd level (at the
regional farm scale).

Developing machine learning models to predict disease spread based on real-time
data.

Deepening the integration of smart monitoring systems into the simulation platform,
thereby enabling more effective early warning of disease outbreaks, supporting
timely livestock herd management, and minimizing the risk of widespread disease
transmission.

14. Thesis-related publications:

The thesis comprises 6 published scientific works and one manuscript currently

under revision and resubmission to an international journal:

Journal articles

+ [CT1] Nguyen, Xuan-Truong, Pham, Linh Manh, and Bui, Quang Hung. “A Cloud-
Based Distributed System for Scalable Multi-Agent Simulation of Pig Health Monitoring
Models”. IEEE Access, May 2026. DOI: 10.1109/ACCESS.2026.3702533.




+ [CT2] Xuan-Truong Nguyen, Linh Manh Pham and Quang Hung Bui, “Agentbased
Modeling the Spread of African Swine Fever on a Regional Scale and Evaluating Its
Control Measures using a Cloud-based Simulator”, VNU Journal of Science: Computer
Science and Communication Engineering, vol. 41, no. 2, Dec. 2025, ISSN 2588—-1086.
DOI: 10.25073/2588-1086/vnucsce.5737.

o Scientific conference reports.

+ [CT3] Xuan-Truong Nguyen, Linh Manh Pham, Nguyen Quang Thanh va Hoang-Viet
Tran, “Improving the Performance of the African Swine Fever Spreading Simulation on
the Cloud-based GAMA Platform”, Ky yéu Hoi nghi quéc té 1an thtr 11 EAI vé Mobility,
IoT and Smart Cities, Da Ning, Viét Nam, thang 10/2024. Pang in (SCOPUS).

+ [CT4] Xuan-Truong Nguyen, Linh Manh Pham va Quang Hung Bui, “Cloud-based
Multi-Agent Simulation of Multiple Pathogens in Pigs Raised by the Precision Feeding
System”, Ky yéu Hoi nghi quéc té 1an thir 11 EAI vé Mobility, IoT and Smart Cities, Da
Ning, Viét Nam, thang 10/2024. Pang in (SCOPUS).

+ [CT5] Xuan-Truong Nguyen, Linh Manh Pham va Quang Hung Bui, “Simulation of
the Health Monitoring and Disease Warning System on the Pig Herd with a Cloud-based
GAMA Platform”, Ky yéu Hoi nghi qudc té lan thir 8 IEEE/ACIS vé Big Data, Cloud
Computing va Data Science Engineering, trang 2631, Thanh phé H6 Chi Minh, Viét
Nam, thang 12/2023. https://doi.org/10.1109/BCD57833.2023.10466335 (SCOPUS).

+ [CT6] Linh Manh Pham, Xuan-Truong Nguyen, “A Cloud-based Multi-agent
Simulation of African Swine Fever in Hanoi Region”, Ky yéu Hoi nghi qudc té 1an tha 8
IEEE/ACIS vé Big Data, Cloud Computing va Data Science Engineering, trang 52—57,
Thanh  phé  Hb Chi  Minh,  Viét  Nam, thang 12/2023.
https://doi.org/10.1109/BCD57833.2023.10466296 (SCOPUS).

+ [CT7] Xuan-Truong Nguyen and Linh Manh Pham, “Cloud-Based Simulation of
Precision Feeding System for Pig Health Management”, Proceedings of the 13th

International Conference on Application of Information Technology in Agriculture Asia-
Pacific Region (APFITA), pp. 109-115, Hanoi, Vietnam, 2022, ISBN 978-604-9990-32-
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