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1. Mé& dau: MLOps la gi va khac gi v6i DevOps?

1.1. DevOps: Nén tang tu dong hoa phan mém

DevOps la tu duy va tap hgp thuc hanh két néi phat trién phan mém (Dev) v van hanh
hé théng (Ops) nhiam rit ngan vong ddi phét trién, ting chat lugng va trién khai lien tuc. Cot
16i ctia DevOps la tu dong hod (kiém thit, tich hgp, trién khai), gidm sdt va phdn hoi nhanh.
Vong doi DevOps:
Lap ké hoach — Lap trinh — Bién dich — Kiém thit — Phat hanh — Trién khai — Van hanh
— Giam sat
Nhém cong cu tiéu biéu:
e Quéan ly ma ngudn: Git, GitHub, GitLab.
e CI/CD: Jenkins, GitHub Actions, GitLab CI.
e Doéng goi: Docker, Podman.
Diéu phdi: Kubernetes.

Ha tang nhu ma (IaC): Terraform, CloudFormation.
Giam sat: Prometheus, Grafana; nhat ky: ELK.
Quaén 1y bi mat: HashiCorp Vault.

1.2. MLOps: DevOps cho hoc may

MLOps mé rong DevOps sang vong dsi hoc may, tap trung xi Iy d@ liéu, mé hinh va thi

nghiém mot cach chuan hoa, cé thé tai lap va mé rong. Cac yéu cau bo sung gom: phién ban

ho4 dit lieu/mo hinh, huan luyén lai ty dong, theo déi sai lech (drift), va quan tri moé hinh.
Chu trinh MLOps:

Thu thap dit lisu — Tién xit Iy — Huan luyén — Tham dinh — Trién khai — Giam sat —

Phén hoi
Coéng cu thuong dung:
Hang muc Cong cu
Dong chéy dwt lieu / Thit nghiem DVC, MLflow, Airflow
Huén luyén mo6 hinh TensorFlow, PyTorch
Trién khai/Phuc vu Docker, Kubernetes, SageMaker, FastAPI
Giam sat Prometheus, Grafana

2. AWS EC2: Nén tinh toan linh hoat cho MLOps

Amazon EC2 cung cap nang lyc tinh toan theo nhu cau (IaaS) dé chay API, huan luyén/phuc
vu md hinh ML/DL, hoac tac vu 16 (batch).

2.1. Tinh ning trong yéu

e Kha nang mé rong: thay doi cAu hinh may ao theo tai.

Elastic IP: dia chi IP tinh cho méy quan trong.
Security Group: tudng lita kiém soat ludng vao/ra.

e AMI: 4nh may 4o cai sdn hé diéu hanh/phan mém.
User Data: chay script khdi tao (cai driver, thu vien) khi may boot lan dau.



2.2. Ho may (Instance families) va tinh huéng diing

Ho may Muc dich Vi du Ung dung dién hinh

General Purpose Can bang CPU/RAM  MTi, T4g Web, API, moi truong dev
Compute Optimized Tinh toan ndang CPU  (C6i, C7a HPC, xit 1y video, batch
Memory Optimized  Dung lugng RAM 16n  R6g, X2idn Big Data, in-memory DB

Storage Optimized  I/O dia cao 13, D3 Kho dit liéu, NoSQL
Accelerated GPU/FPGA tang toc P5, G6 Huén luyén/Inference ML, do hoa
Burstable Tai dao dong T3.micro Dev/Test, dich vu nhe

2.3. M6 hinh chi phi

e On-Demand: linh hoat, khong cam két.

e Spot: tiét kiem 16n nhung c6 thé bi thu hdi; phit hop workload chiu 15i.
e Reserved: cam két 1-3 nim, tiét kiém cao cho tai 6n dinh.

e Savings Plan: cam két mic sit dung theo gid, linh hoat loai may.

2.4. Can bang tai va tuw dong md rong

ELB (Elastic Load Balancer) phan phéi luu lugng, tranh diém 156i don.
ASG (Auto Scaling Group) tu thém/bét instance theo tai, hd trg scaling dong, theo lich,
va du doan.

2.5. Ggi y thiét ké moéi truong ML trén EC2

e Chon hé diéu hanh (Ubuntu/Amazon Linux), bon CUDA /phut hgp GPU.
Phan bd vCPU/RAM/GPU theo bai toan; 6 dia EBS/EFS cho dit liéu/chia sé.
Cau hinh Security Group theo nguyén tic téi thiéu quyén.

Diung User Data dé cai dat ty dong hoa (driver, Python env, agent giam sét).

3. AWS S3: Luu tri déi tuong cho dit liéu hoc may

3.1. Gidi thiéu tong quan

Amazon S3 (Simple Storage Service) la dich vu luu trit déi tugng (object storage) dugc sit
dung rong rai nhat trén nén tdng AWS. Khac vé6i 6 dia thong thusng (file system) hay co s& dit
lisu (database), S3 dugc thiét ké dé Iuu trit lugng dit lisu rat 16n, cé thé 1én t6i petabyte,
v6i d6 bén (durability) ciyc cao — lén t6i 99.999999999% (11 sé 9).

Trong cac he théong hoc may (Machine Learning), S3 thudng déng vai tro la “trung tam
lvu tri@ di liéu” — noi chia:

e Dii lieu tho (raw data) thu thap tir nhiéu nguon khac nhau.

e Dit licu da tién xit 1y (processed data) phuc vu huan luyén.

e M6 hinh hoc may da huan luyén (model weights, checkpoints).

e File log, két qua huan luyén, biéu do hoac artifact khac.

S3 1a nén tang ly tudng trong pipeline MLOps vi:

e C6 thé truy cap tryc tiép tit cdc dich vu AWS khac (EC2, ECS, SageMaker, Lambda).

e Bio mat linh hoat nhd quan 1y quyén truy cap bang IAM.

e Hoat dong 6n dinh, chi phi thap va dé mé rong khi dit lieu ting dan.



3.2. Dac tinh chinh

e Kha nang md rong (Scalability): S3 cho phép ban luu trit lugng dit lieu gan nhu
khong gidi han, tit vai MB dén hang tram terabyte, ma khong can quan ly ha tang vat 1.
e D6 bén va kha dung cao (Durability & Availability): Méi file dugc ty dong sao luu
nhiéu ban trén nhiéu may chii va trung tam dit lieu trong ciing mot ving (region). Néu
mot 6 ciing héng, dit liéu vAn an toan nhd co ché nhan ban noi bo.
e Bao mat (Security): Moi truy cap vao S3 déu c6 thé kiém soat chi tiét bang:
— Chinh sach TAM (Identity and Access Management).
— Bucket Policy (chinh sach riéng cho ting bucket).
— Co ché ma hoéa dit lieu khi truyén (SSL/TLS) va khi luu trit (SSE-S3, SSE-KMS).
e Chi phi linh hoat (Cost Efficiency): S3 c6 nhiéu 16p luu trit khdc nhau tiy nhu cau:
— Standard: Dung cho dit liéu truy cap thudng xuyén.
— Infrequent Access (IA): Dung cho dit liéu it truy cap, ré hon.
— Glacier / Deep Archive: Dung cho luu trit dai han, truy xuat cham nhung chi
phi cic thap.
Ngudi dung chi tra tién cho dung luong that sy sit dung, gitp t6i wu chi phi van hanh.

3.3. M6 hinh dw liéu va khai niém co ban
S3 lwru dit lieu theo mo hinh Bucket — Object thay vi thu muc nhu hé diéu hanh thong thuong.
e Bucket: La khong gian Iuu trit chinh trén S3, tuong ty “6 cting” hoac “thu muc gbc” clia
ban. Mdi bucket c¢6 tén duy nhat trén toan cau (toan bo AWS), va duge tao theo ving
dia ly (region). Vi du: mlops-data-vietnam-2025.
e Object: La timg file cu thé lutu trong bucket, vi du: raw/movie_reviews.csv, models/sentiment_bert.y
MGbi object ¢6 bon thanh phan:
— Data: Noi dung cta file (hinh &nh, vin ban, moé hinh, v.v.).
— Key: Tén dudng dan trong bucket (gitp truy cap nhanh).
— Metadata: Thong tin mo ta (loai file, ngdy tao, quyén sd hitu).
— Version ID: M4 phién ban (néu bat ché do versioning dé theo dbi thay ddi).
e Prefix (tién t6): Cho phép mo phéng cau tric thu muc bing cAch thém dau “/” trong
tén object, vi du: dataset/train/images/imgl. jpg.

3.4. Cac thao tac co ban
Mot sb lenh thuong dung véi AWS CLI:

# 1. Tao bucket méi
aws s3 mb s3://mlops-demo-data --region ap-southeast-1

# 2. Tdi file 4t 1iéu 1én S3
aws s3 cp data/train.csv s3://mlops-demo-data/raw/train.csv

# 3. Tdi md hinh d3 huin luyén lén
aws s3 cp model/sentiment_model.pt s3://mlops-demo-data/models/

# 4. Liét k& cac file trong bucket
aws s3 ls s3://mlops-demo-data/models/



# 5.

Tadi file tl S3 xubng may cuc bd

aws s3 cp s3://mlops-demo-data/models/sentiment_model.pt ./model.pt

3.5.

3.6.

Tinh huéng st dung trong hoc may va MLOps

Kho dwt liéu Data Lake: Luu trt tap dit liu tho (raw data) va dit lieu da qua xit ly
(processed data) phuc vu huan luyén mo hinh. Vi du: tap IMDB reviews dugc chia thanh
train/ va test/.

Luu checkpoint va mé hinh da huin luyén: Sau khi huan luyén, mo hinh duge luu &
dinh dang .pt, .pkl, hoic .onnx dé phuc vu tai huan luyén va trién khai. Viéc luu trén S3
dam bao c6 thé tai sit dung mo hinh tir bat ky mai truong nao (EC2, ECS, SageMaker).
Quan ly artifact va log huin luyén: MLflow hoac TensorBoard cé thé ghi log, biéu
dd loss/accuracy va upload lén S3 dé luu trit va giam sat tién trinh huan luyén.

Luu tri website tinh hosc tai liéu: Ngoai dit lieu ML, S3 con c6 thé duge ding dé
host website tinh, tai liéu huéng dan hodc dashboard két qua.

Sao luu va khoi phuc tham hoa: Cac file cau hinh ho#ic trong s6 mo hinh quan trong
c6 thé dugce sao Iuu dinh ky sang bucket Glacier dé dam bio an toan lau dai.

Tich hgp S3 trong pipeline MLOps

Trong mot pipeline hoc may dién hinh:

1. Nha khoa hoc dit liéu thu thap di liéu va tai lén S3.

2
3.
4

D.

. EC2 hosc SageMaker lay dit licu tit S3 dé huan luyén mo hinh.

Sau khi huan luyén xong, mo6 hinh (model.pt) dugc luu tré lai S3.

. ECS hoiic Lambda tai mo hinh tit S3 dé trién khai inference API.

CloudWatch giam sat log va luu bao cao két qua huén luyén/nghiém thu.

Nho tinh linh hoat, do bén va kha nang tich hgp manh mé, Amazon S3 tré thanh trung tam
lvu trit dit liéu c6t 16i trong moi hé thong MLOps hién dai.

4. AWS ECR: Kho luu tri@ Docker image

4.1.

Khai niém va vai tro

Amazon ECR (Elastic Container Registry) la dich vu quén ly kho luu tr& Docker image
riéng tu dugc cung cap bdi AWS. N6 doéng vai tro nhu “GitHub ctia thé gidi container” — noi
ban c6 thé day (push) lén cac image da build, va cac dich vu khac nhu ECS hosic EKS c6 thé
kéo (pull) xudng dé trién khai.

ECR dugc thiét ké dic biet dé tich hop chit ché véi cac dich vu container ctia AWS nhu:

ECS (Elastic Container Service) — dé chay container & quy mo lén.
EKS (Elastic Kubernetes Service) — dé di¢u phdi container bing Kubernetes.
Lambda — dé chay function dua trén container image.

ECR thay thé hoan hao cho Docker Hub trong cac moi truong san xuat (production), vi né:

B4o mat cao hon (tich hgp v6i TAM, ma hoa dit lieu khi luu trit va truyén tai).

D& kiém soét truy cap (ai duge phép day/pull image).

Khong gi6i han bang thong nodi bo khi truy cap tir dich vu AWS cung viing (region).
H6 trg image scanning dé phat hién 16 hong bao mat.



4.2. CAu tric cd ban cia ECR

ECR t6 chiic image theo:

e Repository (Repo) — tuong tit nhu “thu muc” chita nhiéu image ctia mot ing dung. Vi

du: imdb-sentiment, ml-inference-api.

e Tag — nhan xac dinh phién ban cta image, vi du: :v1.0, :latest, :test.

e Image Digest (SHA) — ma bam duy nhit nhan dang image; dimg dé dam bao tinh toan

ven.

Mot repository cé thé chita nhiéu image khac nhau (mdi image 13 mot phién ban hosic moi
trudng riéng biét).

4.3. Quy trinh thao tac co ban

Quy trinh lam viéc v6i ECR thuong gom ba bude chinh:

1.

Diang nhap (Authenticate): Sit dung lenh AWS CLI dé dang nhap ECR, cho phép
Docker client xac thyce véi tai khoan AWS.

aws ecr get-login-password --region <REGION> \
| docker login --username AWS --password-stdin \
<ACCOUNT_ID>.dkr.ecr .<REGION>.amazonaws.com

Build va gin nhan image: Tao image tit Dockerfile va gin nhan phit hop véi repository
cua ban.

docker build -t myapp:latest
docker tag myapp:latest <ACCOUNT_ID>.dkr.ecr.<REGION>.amazonaws.
com/myapp:latest

Day image lén ECR (Push): Dua image lén repository trong ECR dé luu trit lau dai
va phuc vu trién khai.

docker push <ACCOUNT_ID>.dkr.ecr.<REGION>.amazonaws.com/myapp:
latest

4.4. Quy trinh chi tiét minh hoa

Gia
1
2
3

stt ban ¢6 mot ting dung web Al tén 1a sentiment-api, quy trinh cu thé nhu sau:
. Viét Dockerfile dé dong goi iing dung va céc thu vién can thiét.

. Chay docker build -t sentiment-api . dé build image cuc bo.

. Tao repository trong ECR bang lénh:

aws ecr create-repository --repository-name sentiment-api

. G#&n nhan va day image len ECR:

docker tag sentiment-api:latest <ACCOUNT_ID>.dkr.ecr.ap-southeast
-1.amazonaws.com/sentiment -api:latest

docker push <ACCOUNT_ID>.dkr.ecr.ap-southeast-1.amazonaws.com/
sentiment -api:latest

. Kiém tra lai image trong ECR Console dé dam bao upload thanh cong.



4.5. Thuc hanh tét (Best Practices)

e Multi-stage build: Ding nhiéu giai doan build dé gidm kich thuéc image cudi ciing (loai
bé file tam, thu vien khong can thiét).

e Gin nhan cé y nghia: Vi du :1.0, :staging, :prod, hoiic gdn theo ma commit Git
(: 2025—10—30—Sha1234).

e Thiét lap Lifecycle Policy: ECR cho phép tit dong xoa image cii (vi du chi giit lai 10
ban mdi nhat).

¢ Kich hoat Image Scan: Quét tit dong dé phat hién 16 hdng bao mat trong image.

e Gidi han quyén TAM: Chi cho phép nhém DevOps duge phép push, cac dich vu khac
(ECS, EKS) chi can quyén pull.

4.6. Tich hgp véi CI/CD

Trong pipeline CI/CD (vi du GitHub Actions hodc Jenkins), méi lan code dugc cap nhat:

1. Workflow ty dong build image mdi.

2. Day image len ECR.

3. ECS hoac EKS tu dong kéo image méi vé va trién khai lai ma khong gian doan dich vu.
Nho vay, ECR déng vai tro la niit trung gian quan trong giita qua trinh phét trién (Dev)
va trién khai (Ops) trong MLOps pipeline.

5. AWS ECS: Diéu phdi container cho dich vu ML
5.1. Gidi thiéu
AWS ECS (Elastic Container Service) la nén tang giip quan 1y va trién khai container

Docker & quy mé 16n. ECS c¢6 thé coi 1a “bo nao diéu khién” gitp tu dong phan phdi, mé rong,
va giam sat cac container dang chay trén EC2 hoac Fargate.

5.2. Hai ché do hoat dong ctia ECS

e EC2 Launch Type: container chay trén cum EC2 do ban quén ly. Ban chiu trach nhiém
tao, bdo tri va t6i wu may ch.

e Fargate Launch Type: chay hoan toan serverless, AWS tu dong cung cap tai nguyéen
phu hop, ban chi dinh CPU/RAM.

5.3. Cac khai niém c6t 16i

e Cluster: Nhom tai nguyén tinh toan (EC2/Fargate) dimng dé chay container.

e Task Definition: File JSON dinh nghia chi tiét container — image, tai nguyén (CPU/RAM),
port, bién moi truong, IAM role, log driver.

e Task: Mot ban chay thuc té cia Task Definition.

e Service: Dam bao s6 luong Task luon duy tri § mitc mong muén. Néu mot Task bi 16i,
ECS ty dong khéi dong Task mdi.

5.4. Cac budc trién khai t6i thiéu

1. Pwa image lén ECR: build va push image ting dung (vi du API ML).
2. Tao ECS Cluster: chon loai (EC2 hodc Fargate).
3. Tao Task Definition: chi dinh image, tai nguyén, log driver, va quyén TAM.



4. Tao Service: trién khai it nhat 2 task dé dam bao sin sang cao; gan Application Load
Balancer néu can phan phdi tai.

5. Thiét lap Auto Scaling va CloudWatch: ECS c6 thé ty dong md rong/thu hep s6
lugng container theo tadi CPU hodc do tré yéu cau.

5.5. Lgi ich khi dimng ECS

e Khong can quan Iy ha tang vat Iy — gidm chi phi van hanh.
Tich hgp chiat véi ECR, CloudWatch, IAM, va ALB.
e Dé dang md rong quy mod tng dung chi véi vai cia click hodc script.

e Hb trg zero-downtime deployment (trién khai khong gian doan).
Téng hgp lai, ECR 1a noi luu trit ting dung (image) va ECS 1a ndi “van hanh” ting dung d6. Hai

dich vu nay két hop ciing nhau tao thanh nén tang vitng chic cho viéc trién khai moé hinh hoc
may trong moi trudng san xuat.

6. Vi du ting dung: Dich vu phan tich cam xic IMDB

Phan nay trinh bay mot vi du cu thé dé minh hoa quy trinh trién khai moé hinh hoc méy trén
AWS bing cac thanh phan da hoc. Ung dung dudc chon la dich vu phan tich cam xuc
IMDB (IMDB Sentiment Analysis Service), mot he thong cho phép ngudi dung nhap nhan xét
(review) phim, vd mo hinh AT sé dy dodn cam xtc tuong ting 1a “tich cuc” hay “tiéu cuc”.

6.1. Muc tiéu bai toan

Muc tiéu ctia hé thong la:
e Tiép nhan van ban danh gid phim tit ngudi dung qua giao dién web hoac API.
e Giii noi dung nay dén mo hinh AI da dugc huén luyen trude dé du doan cam xdc.
e Tra lai két qua nhanh chéng, 6n dinh va c¢6 thé md rong khi lugng truy cap ting.

6.2. Kién tric tong quat

He théng dugc xay dung theo pipeline chuan MLOps trén AWS:

Ngudi dung — API (Docker Container) — ECR — ECS (Fargate hoac EC2) —
ALB (Load Balancer) — CloudWatch
Dit lieu va mo hinh duge luu trit an toan trong S3, quyén truy cap dude quan 1y bing TAM.

6.3. Giai thich chi tiét luong hoat dong

1. Luu tri d@ liéu va moé hinh trén S3: Tap dit lieu IMDB (gom hon 50.000 dénh gia
phim) dugc luu trong bucket S3. Sau khi huan luyén mo hinh (vi du dung LSTM hoic
BERT), file trong s6 model.pt ciing dugc tai lén ciing bucket dé dimng trong giai doan
phuc vu (inference). S3 dam bao dit lieu luon sin sang, an toan, va c¢6 thé truy cap tit cac
dich vu khac (EC2, ECS).

2. DPéng géi ting dung bang Docker: Mot API nhé dugce viét bing FastAPI hoiic Flask,
¢6 chiic nang nhan dau vao (doan vin ban), nap mo hinh tit S3, chay inference va tra két
qua. File Dockerfile dugc tao dé déng géi ma ngudn, mo hinh va thu vien Python thanh
mot image duy nhat. Vi dy, trong Dockerfile c6 thé them mot endpoint ‘/health’ dung dé
kiém tra tinh trang container (health check).



6.4.

. Luu trit image 1én ECR: Sau khi image dugc build va test thanh cong, ta gan nhan

(tag) va day len Amazon ECR - ndi lutu trit Docker image. Diéu nay gitip ddm béo méi
phién ban tng dung cé thé dugc quan 1y va trién khai lai d& dang trong tuong lai.

. Trién khai container lén ECS: ECS duoc diing dé chay container tit ECR trén cum

EC2 hodc moi truong serverless Fargate. Mdi container chay mot ban sao cua tng dung
inference. ECS tu dong giam sat tinh trang container, khdi dong lai néu 16i, v phan phoi
tai qua nhiéu ving.

. Can bang tai qua ALB (Application Load Balancer): Khi ngusi diing giti yéu cau

dén API, ALB sé tit dong dinh tuyén yéu cau dén container khée manh trong cum ECS.
Diéu nay gitp dam bao dich vu luon sin sang ké ca khi c6 mot s6 container ngimg hoat
dong.

. Giam sat hé théng bang CloudWatch: CloudWatch thu thap thong tin vé CPU,

bo nhd, thoi gian phan hdi va 16i tng dung. Dit lieu nay duge hién thi trong biéu do
(dashboard) gitip ngudi van hanh phat hién sém van deé. Khi ¢6 canh béo (vi du: CPU st
dung vuogt 80%), CloudWatch sé giti thong bao dén nhém quéan tri qua email hosic SNS.
Quan ly bao mat véi IAM: Mai dich vu chi duge cap quyen to6i thidu. Vi du:

e ECS c6 quyén GetObject dé tai mo hinh tir S3.

e CloudWatch c6 quyén PutMetricData dé ghi log.

e Ngudi diing chi duge phép goi API cong khai qua ALB ma khong truy cap truyc tiép

vao container.

. Ty dong md rong (Auto Scaling): Khi luu lugng truy cap tang, ECS ty dong nhan

thém container dé dap tng nhu cau. Ngugc lai, khi tai gidm, hé thong gidm s6 container
dang chay dé tiét kiem chi phi.

Checklist trién khai chi tiét

Chuan bi mé hinh: Hudn luyén mo hinh sentiment analysis trén tap IMDB bing
PyTorch hoac TensorFlow, luu model.pt 1én S3.

Tao tng dung API: Viét ting dung FastAPI véi hai endpoint:
— /predict: nhan cau danh gia, trd vé két qua “positive” hodc “negative”.
— /health: kiém tra tinh trang container (trad vé HTTP 200 khi hoat dong tot).

Viét Dockerfile: Déng géi toan bo méa ngudn va mo hinh; ding lénh:

docker build -t imdb-sentiment:latest

docker tag imdb-sentiment:latest <ACCOUNT_ID>.dkr.ecr.<REGION>.
amazonaws.com/imdb-sentiment:latest

docker push <ACCOUNT_ID>.dkr.ecr.<REGION>.amazonaws.com/imdb-
sentiment:latest

Trién khai ECS Service: - Tao Task Definition, chi dinh image ECR va port (vi du
8080). - Tao Service véi it nhat 2 ban chay dé ddm bao sin sang cao (High Availability).
- Gén Application Load Balancer dé tit dong phan phdi yéu cau.

Céau hinh Auto Scaling va CloudWatch: - Tao chinh sach mé rong khi CPU vugt
70%. - Thiét lap canh bao (alarm) gtii thong béo khi heé thong 16i hodc cham. - Tao
dashboard hién thi luu lugng va do tré APL.

Kiém thit tai (Load Test): Stt dung Apache JMeter hoiic Locust dé mo phong nhiéu
ngudi ding cting gii yéu cau. Kiém tra do tré trung binh, kha ning chiu tai va su 6n dinh
khi mé rong tu dong.

Danh gia két qua: Khi trién khai thanh cong, ngudi ding c6 thé gii cau: "The movie
was amazing!" — Hé thong tra vé "Positive" trong vai tram mili-giay. Toan bo log va
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6.5.

chi s6 dugc luu trong CloudWatch dé phuc vu giam sét lien tuc.

Loi ich cua kiéen tric nay

Khong can quan 1y thit cong may cht — st dung Fargate hodc auto-scaling EC2.
Mo hinh duge dong goi sén, dé dang cap nhat va rollback phién ban.

Dich vu hoat dong on dinh, sin sang cao, dé béo tri.

Tbi wu chi phi — chi tinh phi khi container dang chay.

Dam bao an toan va kiém soat truy cap hieéu qua thong qua IAM.

Két qua cudi cling 1a mot dich vu AI hoan chinh, ¢6 thé md rong tit mo hinh c4 nhan dén quy
mo6 doanh nghiép, minh chitng cho sitc manh két hgp gitta MLOps va AWS Cloud.

7. GOp lai: Pipeline MLOps hoan chinh trén AWS

Phan nay tdng hgp toan bo cac thanh phan dich vu AWS da giéi thieu & trén thanh mot
pipeline MLOps day du, mo td cach dit lieu, mo hinh v tng dung di chuyén xuyén sudt
trong hé thong tit giai doan thu thap dén trién khai.

7.1.

1. Téng quan ludng hoat dong

Pipeline MLOps trén AWS dudc thiét ké nhiam dam bao ba yéu to: tu dong hoa, kha niang
mé rong va tinh tai lap. Cac budc ludong chinh gom:

1.

NSOtk

Thu thap va luu trit dit liéu tho (raw data) trén S3.

Tién xit Iy, huan luyén va danh gia mo hinh trén EC2 hoic SageMaker.
Doéng gbéi moé hinh thanh container Docker, luu image tai ECR.

Trién khai dich vu inference (dit doan) biang ECS, c¢6 thé md rong tu dong.
Gidm sat hiéu suat va canh bdo qua CloudWatch.

Quan 1y truy cép ngusi dung, nhém, vai tro véi TAM.

Tich hgp chu trinh ty dong hoa build — test — deploy qua CI/CD pipeline.

7.2. 2. Vai tro chi tiét ctia titng thanh phan
Thanh phan Vai tro va mo ta chi tiét
S3 (Simple
Storz?ge e La trung tam luu trit dit liéu trong toan bd pipeline.
Service) e Luu dataset tho, dit lieu da xit 1y, két qua huan luyén, file

mo hinh (model artifacts), cling nhu log huan luyén va file cau
hinh.

e (6 thé to chiic theo cau tric: raw/, processed/, models/, logs/.
Két hop ciing IAM policy dé kiém soat quyén doc/ghi theo vai tro
(developer, analyst, model trainer).
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EC2 (Elastic
Compute
Cloud)

Cung cap méi trudng tinh toan linh hoat dé huin luyén mo hinh
hoc may.

C6 thé chon loai instance GPU (nhu P5, G6) dé tiang toc huan luyén
deep learning.

Sau khi huan luyén xong, EC2 c6 thé dudc tat dé tiét kiem chi phi,
va toan bo két qua dude luu nguge lén S3.

Ciing c6 thé ding EC2 cho inference noi bo (tam thai) truge khi
dwa m6 hinh sang ECS phuc vu quy mé 16n.

ECR (Elastic

Container e La kho luu tr@ image Docker riéng tu, nci chita phién ban container
Registry) ciia md hinh sau khi déng goi.
e Mbi image gom code, model weights, dependencies (thu vien), va
API phuc vu inference (vi du Flask/FastAPI).
e Cho phép ECS hoiic cac hé thong CI/CD tu dong kéo image mdi
nhat vé dé trién khai.
ECS (Elastic
Container e Diéu phoi cac container duge Iuu trong ECR.
Service) .

Trién khai mo hinh AI thanh dich vu inference (REST API hoac
gRPC).

Quén ly s6 lugng ban chay (task), ty dong mé rong (Auto Scaling)
khi tai tang.

Két hgp vé6i Application Load Balancer (ALB) dé chia tai va
dam béo khong c6 thoi gian chét (zero downtime).

IAM (Identity

and Access e Dam bdo an ninh v& phan quyén trong toan bo pipeline.
Management) e Quén Iy quyen clia ngudi dung, nhém, va dich vu AWS (vi du: EC2
chi ¢6 quyén doc bucket S3, ECS chi ¢6 quyén kéo image tit ECR).
e Thuec hién theo nguyén tic Least Privilege — cip quyén & mic t6i
thiéu can thiét.
CloudWatch

Giam sat va thu thap cac chi sé hoat dong clia ting thanh phan
(CPU, RAM, network, latency).

Theo déi log ting dung (vi du 16i inference, thdi gian phan hoi, thong
6 huan luyén).

C6 thé thiét lap canh bao (alarm) ty dong giti email/SNS khi c6 bat
thuong (mo6 hinh gidm chinh xac, service downtime).
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CI/CD
Pipeline e Ty dong hod quy trinh phat trién: build code, test, dong géi
container va trién khai.
e Mot kich ban pho bién:
1. Code méi duge day len GitHub.
2. GitHub Actions build va day image méi len ECR.
3. ECS ty dong cap nhat dich vu bang image mdi ma khong can
ding hé thong.
e Dam bao viéc trien khai mé hinh hodc ng dung méi dién ra lién
tuc, nhanh va an toan.

7.3. 3. Ludng tuong tac tong thé

e Dit lieu dugce tai lén va luu trit 1au dai trong S3.

e EC2 truy cap dit litu nay dé huan luyén mo hinh, sau dé day file trong s6 lén lai S3.

e M5 hinh va API duge déng géi thanh Docker image va dua lén ECR.

e ECS lay image tit ECR, trién khai trén cum container, két néi qua ALB dé phuc vu ngudi
dung cubi.

e CloudWatch theo déi va cdnh bdo moi van dé hiéu suéat.

e CI/CD bao dam chu trinh huan luyén-trién khai lap lai nhanh chéng.

7.4. 4. Uu diém cua pipeline nay

e Tu dong hoa hoan toan: giam cong stic trién khai thii cong.

e MG rong linh hoat: dé ting/gidm tai nguyén theo tai.

e Chi phi t6i wu: chi tra cho tai nguyén khi ding.

e Dam bao an toan va giam sat lién tuc.

e Dé bao tri: mdi thanh phan tach biét, dé thay thé hosic nang cap.

7.5. 5. Ij’ng dung thuc té

Mo hinh pipeline nay c6 thé ap dung cho:

e He thong phan tich hinh anh y té (MRI/CT) — dit liéu trén S3, huan luyéen GPU EC2,

inference bang ECS.

e Dich vu chatbot hosic NLP — mo hinh BERT déng goi, trién khai qua ECR/ECS.

e Nén tang khuyén nghi san pham — pipeline CI/CD cap nhat mo hinh méi ngay.
Nhu vay, AWS cung cap day di cdc manh ghép dé xay dung mot hé théng MLOps hien dai: tit
ha tang tinh toan (EC2), luu trit (S3), trién khai (ECR/ECS), dén giam sat (CloudWatch) va
bao mat (IAM).
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