Data Version Control (DVC)
in Machine Learning Projects

Nhém MLOps
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Noi dung vé Data Version Control (DVC) dugc chia thanh 5 phan chinh:
e Phan 1: Téng quan vé AI, MLOps va Data Versioning
e Phan 2: Thach thic trong Quan ly D liéu va Code
e Phan 3: Giéi thiéu vé Data Version Control (DVC)
e Phan 4: Case Study: Trién khai DVC cho Dataset MNIST

e Phan 5: Tu dong héa Pipelines va Cac khai niém Versioning

Phan 1: Téng quan vé AI, MLOps va Phién ban héa D liéu (Data
Versioning)

1.1 Data Versioning la gi ?

Data Versioning (phién ban héa dit liéu) 13 mot he théng dung dé quan ly va theo déi nhitng thay
ddi ctia dit lieu va mo hinh trong subt vong doi dut 4&n Machine Learning (ML).

T N6 khong chi luu lai cac phién ban khac nhau cia bo dit lieu (dataset), ma con quan 1y cé cac file
cau hinh (Config), tham s6 (parameters) va két qua danh gia (Eval result). Vé co ban, n6 hoat dong
nhu "Git cho dit lieu", gitp két néi mot phién ban code cu thé véi mot phién ban dit lieu chinh xac ma
code d6 da sit dung dé huan luyén va tao ra mo hinh.

1.2 Vi sao can Data Versioning?

1.2.1 Go6c nhin nghiép vu (Business Perspective)

Tit goc nhin nghiép vy, Al duge xem 14 mot chite nang (function) dé gidi quyét cac bai toan cu the, vi
du nhu phan tich cAm xic (Sentiment Analysis) hay xay dung hé thong goi ¥ (Recommendation) trong
mot hé thdng phan mém 16n nhu Thuong mai dién ti.
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Figure 1: Vai tro cia Al trong mot hé thong Thuong mai dién ti
Toan bo quy trinh ML bat dau tit Yéu cau Nghiép vu (Business Require) va di qua mot vong

dai (life cycle) hoan chinh. Dé ddm bao chat lugng (Quality Ensurement) va giam sat (Monitoring) mo
hinh AT mot cach hiéu qué, doanh nghiép phéi c6 kha ning tra 16i cac cau hoi:

e Mo hinh dang chay trén production duge huan luyén tit dit lieu nao?
e Khi mo6 hinh dy doéan sai, lam thé nao dé tai lap (reproduce) 16i d6?
e Néu dit lieu méi lam gidm hiéu suét, lam sao dé quay lai phién ban mo hinh 6n dinh truée d6?

Data versioning cung cap kha nang truy xuat nguon gbc (lineage) nay, cho phép theo déi chinh xac
code nao, dit licu ndo, tham s6 nao da tao ra mo hinh nao.
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Figure 2: Vong doi Machine Learning (ML Life Cycle)



1.2.2 Go6c nhin MLOps

MLOps tap trung vao viéc tu dong héa va tinh gon quy trinh (pipeline) dé chuyén giao mo hinh tit moi
trudng nghien citu (Research Environment) sang moi trugng trién khai (AT Service). Quy trinh nay bao
gdm cac budce lap di lap lai nhu X 1y dit lieu (Data Handling), Huan luyén mo hinh (Model Training),
va Danh gid mo hinh (Model Evaluation).
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Figure 3: Quy trinh MLOps co ban

Data versioning 13 thanh phan quan trong tra 1oi cau héi "O dau va tai sao ching ta cAn phién ban
héa dit lieu ?". N6 gitup tu dong hoa viec quan 1y cac "dau ra" (artifacts) ctia méi bude (nhu dit lieu
da xtt 1y, file mo hinh, file chi s6) va ddm bao tinh nhat quan gitta cAc moi truong, dac biet 1a khi lam

viéc nhém.

Phan 2: Thach thitc trong Quan ly D liéu va Code

Khi thyc nghiegm trén 1 tap di lieu 16n, cac van dé nhu cac thanh vién trong nhém "mat két noéi /
ngimg hiéu" véi dit lieu, code, tham s6 v& phién ban mé hinh la diéu dé thiy trong 1 nhom. Nhat la
déi véi dit lieu dang TimeSeries vira 16n ma vita phai cap nhat lién tyc. Dé nhin 16 hon vé van dé nay,
minh sé di qua 2 vi du khi CO vda KHONG CO data versioning pipeline.

2.1 Vi du thuc té: Thit nghiém mé hinh Time Series

2.1.1 Khi KHONG cé Data Versioning (Céach lam thii cong)

Gia st nhém ciia ban dang phat trién mot mo hinh dy bao chudi thai gian (time-series) phiic tap. Quy
trinh nay tao ra vo sb file: ‘dataset files‘ (dit lieu goc), ‘parameters files* (tham s6), ‘checkpoint files*
(diém kiém tra mo hinh), va ‘dataset augment files* (dit lidu ting cuong).
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Figure 4: Sy hén loan khi quan 1y thii cong cac file di ligu va thit nghiém
Khi mot thanh vién trong nhém ("My teammate") muén chay thit nghiém méi, quy trinh ctia ho
rat thii cong va lam cham qua trinh phét trién:
1. Pull new code: Tai code méi nhat tit GitHub.

2. Download new dataset/params: Vi Github khong cho luu file 16n hon 100mb, hém truy cap
Google Drive, tim dung file dit liéu, file tham s6 mdéi nhat va tai vé thi cong.

3. Import files: Sao chép cac file nay vao ding thu muc trong source code.

Diéu nay dan dén 3 van dé 16n: (1) C6 qua nhiéu phién ban file dit lieu, tham s ctia cac mo6 hinh khac
nhau. (2) Code va dit liéu clia mdi ngudi khong duge dong bo, va (3) Gay can tré khi lam viéc nhom.
Moi ngudi sé boi 16i ty hoi "file cnn_ettml_mix1_mask025.pkl nay dugc huan luyén ti dit lieu, mo
hinh, thoi diém nao ?".

— Can 1 quy trinh (pipeline) thong nhat dé kiém soat cic phién ban mo hinh, dit licu va code dé ci
team c6 thé hoat dong 1 cach dong bo ma khong phai thong béo, goi Google Meet dé trao déi nhiéu
chi dé xac nhan nhitng van dé nhoé nhat c6 tinh lip lai duge néu trén.

2.1.2 Khi CO Data Versioning (véi DVC)

Khi stt dung mot cong cu nhu DVC, quy trinh trén duge don gian héa triet dé.

1. git pull: Thanh vién nhém tai code méi. Lan nay, code méi bao gom céc file .dvc (sieu dit lieu)
nhé nhe tré dén di lieu.

2. dvc pull: Ho chi can chay léenh nay. DVC sé doc cac file .dvc, tit dong tim va tai vé ding phién
ban dit lieu, tham s6, vA mo hinh tuong tng vé6i phién ban code d6 tit bo luu trit (vi du: S3,
Google Drive, hodc SSH).

Bang cach nay, DVC gidi quyét van dé "disconnected" bing cach lién két code va dit litu mot cach

chiit ché thong qua cac commit. Moi thit nghiem déu dugc ghi lai, nhat quan vad cé thé tai lap
(reproducible) mot cach chinh xac bat cit lac nao.

Phan 3: Giéi thiéu vé Data Version Control (DVC)

DVC (Data Version Control) 14 mot cong cu ma ngudn mé duge thiét ké dé quan 1y dit liu va cac du
an Machine Learning, hoat dong song song dé bo trg cho Git | ].
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Figure 5: DvC dong bo bo héa code, dit liéu, cAu hinh va mo6 hinh cho mdi phién ban, mdi khi c6 sy
thay doi sau Huan Luyén

3.1 Workflow Quan ly Phién ban Dt liéu

Mot workflow phién ban héa dit lieu (Data Versioning) 14 mot vong lap quan 1y lién tuc. Quy trinh nay
bat dau tit Model Training (Huén luyén Mo hinh), st dung mot bo Data Config (cau hinh dit ligu)
va Model (params) (tham s6 mo hinh) cu thé. Toan bo tai san nay (di lieu, tham s6, két qua danh
gid) dugc he thong Data & Model Management theo déi va luu tri.

Khi c6 dit ligu méi (New Data) hodc thay doi cAu hinh (Diff Config), quy trinh Continuos Train-
ing (Huan luyen Lien tuc) sé dugc kich hoat dé tao ra mo hinh méi (New Model) va két qua danh gia
mdéi (New Eval result). Phién ban mdi nay lai tiép tuc duge he thong quéan 1y, hodc sdn sang cho viec
Model Deployment (Trién khai).
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Figure 6: Workflow quan Iy di liéu va mo hinh trong MLOps




3.2 So sanh DVC va Giéi thiéu chi tiét

Trén thi trudng cé nhiéu cong cu dé phién ban héa dit lieu nhu Delta Lake, Pachyderm, va DVC. Tuy
nhién, DVC trd nén rat pho bién vi céac 1y do chinh:

e Ma nguén md: Sit dung giay phép Apache 2.0.

e Doc lap véi dinh dang: Data Format Agnostic, nghia 1a né c6 thé quan 1y bat ky loai file
nao (model, .csv, .parquet, hinh anh...).

e Doc lap véi luu trit: Cloud/Storage Agnostic, hd trg hau hét cic nén tang luu trit phd bién
nhu S3, GCP, Azure, SSH.

e Dé sit dung: Simple to Use, vi c6 céac lénh tuong ti Git.
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Figure 7: So sanh cac cong cu Data Version Control pho bién

Vé co ban, DVC la mot nén tang khoa hoc dit lieu cho phép ban lien két code, data (dit licu), va
configuration (ciu hinh) dé tao ra cac model (mo hinh) c6 thé tai lap (reproducible).
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Figure 8: DVC lien két Code, Data, va Configuration dé quan 1y Model

3.2.1 DVC khac Git nhu thé nao?

Diém khac biét cot 16i 1a: Git quan 1y Code (mi ngudn), trong khi DVC quan ly Data (dit ligu).

Git khong dugc thiét ké dé xit 1y céc file 16n (vi du: mo6 hinh 500MB). Khi ban ding DVC, quy trinh
lam viéc (Local/Remote) sé dugce téch biét ro rang:



e Git (Code): Ban dimng git push/pull dé dong bo code (vi du: train.py) va cic file .dvc siéu
dt liéu (chi néing vai KB) lén may chi Git (nhu GitHub, GitLab).

e DVC (Data): Ban diing dvc push/pull dé dong bo céc file dit ligu 16n thye té (vi du: model . pkl
500MB) lén mot may chii luu trit (Storage) riéng biét (nhu S3, Azure, Google Cloud, SSH).

file model.pkl.dvc (1KB) ma Git theo déi chi 1a mot "con tré" (pointer) tré dén file model.pkl
(500MB) thyc sy duge DVC quan ly. Diéu nay giit cho kho Git ctia ban luén nhé gon.

Code Data
Github, Gitlab, any Git Server S$3, Azure, Google Cloud, SSH

Remote 0 @
git pux dvc push
git pull dvec pull

Local (I) . — O — |

code model.pkl.dve model.pkl
1KB S500MB

Figure 9: DVC va Git hoat dong song song: Git quan ly Code, DVC quéan ly Data



DvC ¢6 do tuong dong 1-1 so véi Git vé cau lenh (vi du: dvc add, dvc push, dvc pull), giap bat ki
ai quen thuodc véi version control ctia git hiéu ngay khi st dung.

Cheat Sheet

Basics
Initializing
Initialize a DVC environment

$ dvc init

Retrieve Data
Download files from the remote storage

$ dvc pull

Download files from a specific .dvc file

$ dvc pull filename.dvc

Checkout files from cache into working space

$ dvc checkout

Remote
Set up a remote to keep and share data files

$ dvc remote add -d myremote /path

“Possible remotes include locai, 53, gs, azure, ssh, hdfs
and htp.

Show all available remotes

$ dvc remote list

The Pipeline

Add transformations and generate a
stage file from a given command

$ dvc run -d dependencyfile \
-0 outputfile python command.py

Modify remote settings

$ dvc remote modify myremote

“Use —file to specify the name of the gensrated .dvc fie.

*Use —mstrics to output a file containing the metric.

Metrics
Collect and display project metrics

$ dvc metrics show

*Use if remote requirss extra configuration

Adding Files
Add files under DVC control

$ dvc add filename

“Use --ne-commit to stop adding the file to the cache.

Share Data
Push all data files to the remote storage

$ dvc push

“Use —all to show the metrics in all branches.

Visualizing
Show stages in a pipeline

$ dvc pipeline show --ascii file.dvc

“Add --commands or --outs to show moro detail.

Show connected pipelines of DVC stages
$ dvc pipeline list

Push outputs of a specific .dvc file

$ dvc push filename.dvc

Reproducing
Reproduce outputs defined in .dvc file

$ dvc repro filename.dvc

“Name a .dvc file “Dvciile™ to be use by dvc repro by default

hitps./Qithub. comyiterative/dvc @

Other Commands
Set/unset cache directory location

§ dvc cache dir /path

Commit outputs to cache

$ dvc commit

“Use if you specified --no-commit in dvc addirun/repro
Config repository or global options

$ dvc config

“Config the default remote using cors.remots Myremols
“Config core (loglsvel, remots), cache and state settings

Fetch files from the remote to the local cache

$ dvc fetch file.dvc

Remove unused objects from cache

$ dvc gc

Import file from URL to local directory

$ dvc import url /path ‘

“Supported schemes include local, 53, gs, azu
and htip.

Remove data files tracked by dvc

$ dvc remove filename.dvc ‘

Show changed stages in the pipeline

$ dvc status ‘

Figure 10: DVC Cheat Sheet cho thiy sy tuong dong véi cac lenh Git

3.3 Quy trinh DVC Pipeline hoan chinh

Mot DVC pipeline hoan chinh cho phép ban tu dong hoa toan bd quy trinh ML va dam béo tinh tai
lap (reproducibility). Bo nfo hay con goi 1a cau hinh (config) ctia pipeline 1a file dvc.yaml.

3.3.1 Dinh nghia Pipeline (dvc.yaml)

file dvc.yaml 1a noi ban dinh nghia tat cd cac stages (giai doan) cia quy trinh ML. Mdi stage giong

nhu mot buée trong "cong thite" ctia ban. Mot stage thudng bao gom:

e cmd: Lénh thyc thi (vi du: python train.py).

e deps: Cac file phu thudc (dependencies) 1a dau vao ciia stage, vi du nhu code (‘train.py‘) hoac

dw liéu tho (‘data/raw.csv).

e params: Cac tham s6 (parameters), thuong dugc dinh nghia trong file params.yaml (vi du:

learning rate, s6 epochs).

e outs: Céc file dau ra (outputs) ma stage nay tao ra, vi du nhu mo hinh da huén luyén (model.pkl)

hoac du lieu da xi ly.



3.3.2 Thuec thi Pipeline (dvc repro)

Khi ban chay lenh dvc repro, DVC sé thuc hiéen mot viéc rat thong minh: N6 kiém tra file dvc.yaml
va so sanh hash (mot chudi dinh danh duy nhat) ctia cac file deps va params hién tai v6i thong tin
dugc luu trong file dve. lock.

e file dvc.lock luu lai "dau van tay" (hash) ctia cac file deps, params, va outs tif lan chay thanh
cong trude do.

e Néu hash ctia bat ky file deps (vi du: ban stta code train.py) hodic bat ky params nio thay do,
DVC sé nhan ra stage dé6 1a "16i thai" (outdated) va chi chay lai stage dé cung céc stage phu
thudc vao noé.

e Néu khong c6 gi thay doi, DVC sé khong chay gi ca, gitp tiét kiem thoi gian tinh toan.
Day chinh 1a cAch DVC dam bdo ring mo hinh ctia ban luén nhat quan véi code va dit lieu da tao ra
no.
3.4 Cac khai niem DVC cbt 16i can nhé
Day la nhitng ghi cht quan trong va céc khai niem can nhic lai (tit cac cau héi quiz budi Thit 5 Module
5 Week 1) trude khi di vao thuc hanh.
3.4.1 Quy trinh lam viéc chuan: DVC truédc, Git sau
Day la quy tac quan trong nhat. Khi ban c6 mot file di lieu 16n (vi du: data.zip):

1. ‘dvc add data.zip‘: Lénh nay bdo DVC bat dau theo doéi data.zip. DVC sao chép file nay vao
kho luu trit cuc bo (.dve/cache) va tao ra mot file siéu dit liéu (pointer) nhoé tén 1a data.zip.dve.

2. ‘git add data.zip.dvc: Ban ding Git dé theo doi file pointer .dvc (chi vai KB), KHONG
BAO GIO ‘git add file data.zip gbc.

3. ‘git commit -m "Track new data"‘: Luu lai trang thai ctia file pointer.

Néu ban ‘git add‘ file 16n trude, kho Git ctia ban sé bi phinh to va DVC sé khong thé quan 1y file dé.

3.4.2 git push vs. dvc push
Day 1 diém khac biét ¢t 161 (nhu trong hinh git_v_dvc.png):

e ‘git push®: Chi day code (‘.py‘) va cac file siéu dit lieu/con trd (‘.dvc, ‘dve.yaml’) lén may chii
Git (nhu GitHub).

e ‘dvc push‘: Day cac file dit lieu 16n thyc té (md DVC dang theo déi) tit cache cuc bo (.dve/cache)
lén kho luu trit tit xa (Remote Storage) nhu AWS S3, GCS, hoac SSH.
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Figure 11: Git quan Iy Code/Metadata, DVC quén ly Data thuc té

3.4.3 dvc pull vs. dvc checkout
Khi lam viéc nhém, ban sé dung hai lénh nay:

e ‘dvc pull‘: Tai dit licu tit Remote Storage (vi du: S3) vé kho luu trit cuc bo (Local Cache) clia
ban (thu muc .dvc/cache).

e ‘dvc checkout‘: Dong bo hoéa dit lieu tir Local Cache ra thu muc lam viée (workspace) ciia ban.
Leénh nay doc céc file .dvc trong workspace va tao lién két (symlink) dén cac file tuong ting trong
cache. Ban thuong chay 1énh nay sau khi git checkout mot branch méi.

3.4.4 Diéu kién tién quyét cho DVC Pipeline

Trude khi c¢6 thé chay dvc repro, ban can dam bao:
1. Dy 4n da dugce khdéi tao 1la mot kho Git (git init).
2. D& cai dat céc thu vien can thiét (vi du: pip install dvc dvc-s3).
3. Da dinh nghia cac stage trong file dvc.yaml.

4. (Tuy chon) D& két ndi véi kho luu trit AWS tit xa bang lenh dvc remote add, vi du:
dvc remote add -d my-s3-storage s3://my-bucket/dvc-storage. Hudng dan setup AWS
ctia TA trén Notion

Phan 4: Case Study: Trién khai DVC cho Dataset MINIST

Chiing ta sé thirc hién mot case study titng bude dé thay DVC va Git hoat dong song song nhu thé nao
dé quéan 1y cic phién ban thit nghiem (dit liéu v& mo hinh).
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4.1 Budc 1: Thiét lap Du an va Git

Dau tién, ching ta tao thu muc dif 4n, ciu tric thu myc con, moi trudng conda, va quan trong nhat 13

khéi tao kho Git.

# 1.
mkdir dvc-mnist-demo
cd dvc-mnist-demo

hH A hH &P

# 2.
conda create
conda activate dvc_mnist
pip install

©B P P P

# 3.
git init
git add
git commit -m

@B P P &P

Figure 12: Trang théai Git va cau tric file ban dau

Create project directory and basic structure

mkdir data/raw models scripts

Create conda environment and install libraries
-n dvc_mnist python=3.11

-r requirements.txt

Initialize Git and make the first commit

"Init,project"

Step 1: Set Up Project

Gt master \ |
Init Project
data

B mode
B scn|
A dowr ad vl py

PP requirements.txt

4.2 Buéc 2: Tai Dataset V1 va Theo déi bang DVC

Tiép theo, chiing ta tai phién ban dau tién ctia dataset (Full MNIST) va ding DVC dé bit dau theo

doi no.

$ # 1.

Download data (60000 samples)

$ python scripts/download\_vl.py

»

# 2.
dvc init

©“

Initialize DVC in the project

$ # 3. Ask DVC to track the large data files
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¢ $ dvc add data/raw/x_train\_vl.npy data/raw/y_train\_v1l.npy data/raw/x_test.npy data/
raw/y_test.npy

Lénh dvc add sé tao ra cac tép .dvc (con trd) sieu dit lieu va ty dong thém cac tép .npy 16n vao
.gitignore.

4.3 Budc 3: Commit Phién ban D liéu V1

Gis chiing ta commit cac tép .dvc (con trd) vao Git dé luwu lai "phien ban" dit lieu nay.

1 $ # Add .dvc files (pointers) and the .gitignore file updated by DVC
2 $ git add data/raw/.gitignore data/raw/x_train\_vl.npy.dvc data/raw/y_train\_vl.npy.
dvc data/raw/x_test.npy.dvc data/raw/y_test.npy.dvc

$ # Commit to finalize Version VI
$ git commit -m "Version,1:,Full_ MNIST dataset"

T W

Step 3: Commit to Git

Version 1: Full MINIST dataset

DVC master '/\
Git master ::\_ " )
Init Project Version 1: Full MNIST dataset

Figure 13: Lich sit Git va DVC song song sau khi commit di liéu V1

4.4 Buéc 4: Huan luyén va Theo déi M6 hinh V1

V6i dit lieu V1, ching ta huan luyén mo hinh dau tién va lai ding DVC dé theo doi cac tép mo hinh va
chi s6 (metrics) dau ra.

1 $ # 1. (Optional) Create symbolic link for train.py script to read data

2 $§ cd data/raw

3 $ mklink x_train.npy x_train\_vl.npy

4 ¢ mklink y_train.npy y_train\_vl.npy
$ cd ../..

7 $ # 2. Run training (on 60000 samples, achieved 0.9319 accuracy)

12



python scripts/train.py

# 3. Ask DVC to track output files (model and metrics)

dvc
dvc

# 4.
git
git

add models/model.npy
add models/metrics.json

Commet V1 model’s .dvc pointers to Git
add
commit -m "Model,v1l:_,Full dataset accuracy"

Step 4: Training

Version 1: Full MNIST dataset

DVC master O —

Git master Q »O

Init Project Version 1: Full MNIST dataset

> data
> & models
~ @ sripts
A download_v1.py

P requirements.txt

Figure 14: Toan bo lich st Git va DVC sau khi huan luyén v& commit M6 hinh V1

4.5 Budc 5: Tao Phién ban Dt liéu V2

Bay gig, ching ta gid 1ap mot thit nghiém mdi bang cach tao phién ban di ligu thit hai (chi 1000 mau).

$
$

©“

+

# 1.

Run download\_v2.py script to create V2 data

python scripts/download\_v2.py

# 2.
dvc
dvc

# 3.
git
git

Ask DVC to track the new V2 data files
add data/raw/x_train\_v2.npy
add data/raw/y_train\_v2.npy

Commet V2’s .dvc pointers to Git

add
commit -m "Dataset V2"

13
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N

~ W

¢ Step 5: Download Dataset V2

DVC

Git master O

Init Project

master

> ¥ data

> & models

v @ scripts
@ download_v1.py
#F requirements.tit

~ & models

®

=z,

Version 1:

% model.npy

gitignore
metricsjson

metrics json.dvc

model.npy.dve

O
O

Full MNIST dataset

Model v1: Full dataset

accuracy

O
O

O

Dataset V2

Figure 15: Lich sit Git va DVC sau khi thém "Dataset V2"

4.6 Buéc 6: Huan luyén M6 hinh V2

Chiing ta lap lai quy trinh huan luyén, nhung lan nay sit dung dit lieu V2 (bing cach thay déi symbolic

link) dé tao ra md hinh V2.

$
$
$
$
$
$

@ P

# 1. Update
cd data/raw
del x_train

symbolic

.npy y_train.npy

mklink x_train.npy x_train\_v2.npy
mklink y_train.npy y_train\_v2.npy

cd ../..

# 2. Run training (on 1000 samples,

python scripts/train.py

4.7 Buéc 7: Theo doi M6 hinh V2

link to point to V2 data

Gio ching ta theo doi cac tép mo hinh va chi s6 V2 mdi.

$
$
$

©“

# 1.

dvc

dvc

# 2. Commit
git add

git commit

V2 model’s

.dvc pointers

Ask DVC to track V2 model and metrics files
add models/model.npy
add models/metrics. json

-m "Model_ v2:,Smalldataset accuracy"

14
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<+ Step 7: Add model ver 2 to DVC ¥ & models
@ gitignore

o

metricsjson.dvc

Wit model.npy Model v1: Full dataset c ( p
model.npy.dve accuracy R
DVC master O FO FO FO
Git master Q O O O O
Init Project Version 1: Full MNIST dataset Dataset V2 Model V2

Figure 16: Lich sit Git/DVC hoan chinh v6i 2 phién ban di liéu va 2 phién ban mo hinh

4.8 Budc 8: Cau hinh Kho luu trit (Storage)

Céc tép dit lieu 16n thyc sy nam trong cache (.dvc/cache). Dé chia sé chiing, ta can thiét 1ap mot kho
luu trit tit xa (remote storage).

4.8.1 Si& dung Local Storage (Luu tri@ Cuc bo)

Day la cach don gidn dé chia sé cache trong cting mot méy hodc qua mang noi bo.

$ # 1. Create a directory outside the project to act as "storage"

$ mkdir dvc_storage

$ # 2. Add it as the "localremote" (save configuration to .dvc/config)
dvc remote add -d localremote ./dvc_storage

# 3. Push data from cache (.dvc/cache) to localremote

dvc push

@ P P

4.8.2 Si& dung Cloud Storage (vi du: AWS S3)

Day la cach lam phd bién nhat khi lam viéc nhom.

# 1. Install the S3 support library

pip install dvc-s3

# 2. Add the S3 bucket as the "mys3" remote

dvc remote add -d mys3 s3://dvc-mnist-demo-bucket/data
# 3. Push data from cache to S3 (the default remote)
dvc push

B P P P PH &P

4.9 Buédc 9: Kiém tra Chuyén do6i Phién ban
Day 13 stic manh 16n nhat ctia DVC. Ching ta c6 thé quay lai bat k¥ thit nghiem nao trong qua khi.
Vi duy, dé quay lai commit ctia Mo hinh V1:

$ # 1. Find the commit_id of V1 (e.g., "Model wl: Full dataset accuracy")
$ git log

$ # 2. Revert to the code state of that commit
$ git checkout <commit_id_cua_V1>
$ # 3. Ask DVC to sync the corresponding data/model for that commit

$ dvc checkout

15



9
10
11

$ # 4. Check (will see V1 shape is 60000)
$ python -c "importynumpy,as,np;,print(’V1 ,Data,shape:
’>) .shape)"

>,unp.load(’data/raw/x_train.npy

Néu ban git checkout master va dvc checkout mot lan nita, dit lieu sé quay vé V2 (1000 mau).

4.10 Budc 10: Push va Clone (Lam viéc nhém)

Quy trinh lam viéc nhém dién hinh:

$ # --- Person A (Pushing the project) ---
$ # 1. Push code and .dvc pointers to GitHub
$ git remote add origin <your-repository>
$ git push origin master
$ # 2. Push the actual data to Cloud Storage
$ dvc push
# --- Person B (Cloning the project) ---
# 1. Clone code and .dvc pointers from GitHub

git clone <your-repository>
# 2. Connect to Cloud Storage

P P P PH PH P &P

dvc pull

4.11 Budc 11: Téng két Thao tac DVC co ban

dvc remote add -d mys3 s3://dvc-mnist-demo-bucket/data
# 3. Pull the actual data from Cloud Storage to cache

Workflow trén minh hoa cac lénh DVC co ban ban sé st dung hang ngay:

Step 11: DVC Operations

$dve list.
$ dvc status
$ dvc pull

(dvc_mnist) D:\OneDrive\TA AIO\AIO2025\Module @5\dvc-mnist-demo>dvc list .

.dvcignore

data

models
requirements.txt
scripts

$ dvc add data/raw/file.npy # Track data file
$ dve checkout # Switch data versions
$ dvc push # Send to remote

$ dve pull # Get from remote

$ dvc status # Check changes

Figure 17: Cac lénh DVC workflow cg ban

Note: Track data file

©“

# Ask DVC to track a file.
$ dvc add data/raw/file.npy

$ # Sync data from cache to
data versions
$ dvc checkout

$ # Push data (large files)

remote
$ dvc push
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©»“

# Pull data (large files) from remote storage to cache. Note: Get from remote
$ dvc pull

©»“

# Check status of data files compared to Git commit. Note: Check changes
$ dvc status

©“

# List files currently tracked by DVC in the project
dvc list

©“

Phan 5: Ty dong héa Pipelines va Cac khai niém Versioning

Mot trong nhitng tinh ning manh mé nhat ctia DVC 14 khé nang ti dong héa toan bo quy trinh Machine
Learning (ML pipeline) thong qua céc tép cau hinh (Configure File).

Tép cau hinh chinh 14 dvc.yaml. Ban c6 thé coi né nhu mot "ban cong thitc" hay mot "ban ké
hoach chi tiét" cho dy 4n ctia ban. N6 1a mot tép van ban don gidn ma con ngudi c6 thé doc dugc,
thuong ndm & thu muc goc (root) ctia dy an. Teép nay dinh nghia tat cd cAc stages (giai doan) trong
quy trinh ctia ban, vi du: "budc 1: tai dit lieu", "buée 2: xit Iy dit lieu", "budce 3: huan luyén mo hinh".

Muc dich ciia né la gidi quyét van dé "phai chay thi cong" (manual work) va ddm béo kha ning
tai lap (reproducibility). Thay vi phai nhé chay 5 tép Python theo ding thi tw, ban chi can dinh
nghia ching mot lan trong dvc.yaml. Sau d6, DVC sé tu dong biét phai chay gi, theo thit ty ndo, va

quan trong nhat: chi chay lai nhitng budc bi dnh hudng khi code hodc dit lieu ctia ban thay déi, gitp
tiét kiem rat nhiéu thoi gian.

5.1 DVC Automation Pipeline (Quy trinh Ty dong héa DVC)

Hay xem cach tép dvc.yaml dinh nghia mét pipeline.

Configure File: dvc.yaml

Figure 18: Céau hinh céc giai doan (stages) trong dvc.yaml
Trong tép dvc.yaml, moi thit dugc td chiic trong stages:
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e ‘stages:‘: Khai bao bat dau danh sach cac giai doan.
e ‘download v1:‘: Day la tén ctia mot stage.
e ‘cmd:‘: Lénh (command) sé duge thuec thi khi chay stage nay (vi du: python scripts/download_v1.py).

e ‘deps:‘: Cac tep phu thuoc (dependencies). DVC sé theo doi cac tép nay. Néu tép scripts/download_v1i.py
thay doi, DVC sé biét stage nay "16i thoi" va can chay lai.

e ‘outs:‘: Cac tép dau ra (outputs). Day la két qua clia stage (vi du: data/raw/x_train_v1.npy).
DVC sé tu dong theo doi (giéng nhu dve add) cac tép nay.

Ban c6 thé thiy céac stage train_vl va train_v2 phtic tap hon, ching phu thudc vao ci script
(train.py) va dit lieu dau vao (vi du: data/raw/x_train_v1.npy). Diéu nay tao ra mot chudi lien
két, hay mot DAG (Directed Acyclic Graph), noi DVC hiéu ring phai chay download_v1 trudc roi
méi duge chay train_vi.

5.1.1 St dung params.yaml dé Téi wu Pipeline

Viéc sao chép v dan cic stage train_v1 vd train_v2 (nhu trong hinh trén) rat dé gay 16i. Mot cach
t6t hon 1a st dung tép params.yaml dé Iuu trit cac tham s6 (hyperparameters).

Configure File: params.yaml

eoe® {data }
{ ]
- da v on: ["vl", "w2"] £ ts/train.py -- 1{ }
! Y
1/ raw/ { }.npy
ts/ Py 1/ raw/ { }.npy

1/ raw/ - Npy

= ts/d p = / raw/ npy

= a/raw/x 1.npy -

1/ raw/ np
= /raw/ npy / {1 }.npy
= ta/raw/y npy
= /! { 1}. jsor
]
/ Py

- ipts/d Le .py

_ data/raw/x_trat 1.npy

- data/raw/y i 1.npy

_ data/raw/x_t i 2.npy

- data/rawfy_train v2.npy

Figure 19: Két hop dvc.yaml (phai) vA params.yaml (trai)

Thay vi dinh nghia hai stage riéng biét, ching ta sit dung "templating" (tao mau):
1. ‘params.yaml‘: Ching ta dinh nghia mot bién data_version: ["v1", "v2"].
2. ‘dvc.yaml‘: Chung ta tao mot stage train_$data_version (tén stage dong).
3. ‘foreach:*: DVC sé lap qua tiing muc (item) trong data_version.
4. ‘$item*: Bién giit chd nay sé duge thay thé bang "v1" va "v2" khi chay.
Véi cach nay, ban chi can dinh nghia stage train mot lan. Néu sau nay ban mudén thém "v3", ban chi

can them "v3" vao tép params.yaml ma khong can sita dvc.yaml.
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5.2 Y tudng ciia Versioning (Phién ban héa)

Khai niém c¢ot 16i ctia DVC 14 mé rong Git workflow (quy trinh lam viec ctia Git) cho dit ligu va cac
thit nghiém (experiments). Cach hoat dong tuong tu git, mdi nhanh tuong ting véi 1 huéng phat trién.

Data Version Control (DVC)

feature O O datasetb O O
master o 'O ’O ’O 'O change mixup rate O —O

feature O .O master O O ><) O 'Q O

\ Change mask rate O ’O 'O
dev O ’O ’O ’O 'O ’O

master O -O --O -‘O

Git Workflow Data Workflow

Figure 20: So sdanh Git Workflow (trai) va Data Workflow (phai)

e Git Workflow (Bén trai): Trong phat trién phan mém, khi muén phat trién mot tinh nang
mdi (feature), ban tao mot nhanh (branch) mdi tit master, thém code (cac commit mau xanh),
va khi hoan thanh, ban gop (merge) né tré lai.

e Data Workflow (Bén phai): Chung ta 4p dung § tudng tuong tu cho cac thit nghiem ML.

— Nhéanh master 1a mo6 hinh chinh (production model) ctia ban.

— Khi ban muén thit mot ¥ tuéng méi, vi du thay doi tham s6 mask_rate, ban tao mot nhanh
Git méi tén la Change_mask_rate.

— Trén nhanh nay, ban thay doéi tép params.yaml, sau d6 chay dvc repro. DVC sé tao ra mo
hinh v& chi s6 mdi, sau d6 ban git commit cac thay doi d6 (vi du: dvc.lock).

— Tuong tu, ban c¢6 thé tao nhanh change_mixup_rate hodc nhanh datasetb dé thit nghiem
di liéu moi.

Biang cach nay, mdi nhanh Git dai dién cho mot thit nghiem ML hoan chinh va c6 thé tai lap. Ban c6
thé d& dang chuyén doi giita cac thit nghiém (git checkout) va so sanh két qua (dvc metrics diff)
ma khong lam 1on xon nhanh master chinh.
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