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Abstract: This paper proposes a reference framework for Al education integrating NIST Al
RMF, ISO/IEC 23894-42001, and MLOps to bridge the gap between academic training and
operational practice in Vietnam’s public-sector digital transformation. The framework rests on three
pillars—risk governance, Al management systems, and MLOps—and is applied to benchmark seven
undergraduate Al programs using an artefact-based rubric (Y/P/U) across five clusters (A—E), with
comparison to MOOCs (Coursera, Udemy). Findings show clusters A-B (context, foundations,
domain models) are relatively strong (10/14 evidence), while clusters C—-D-E (MLOps, governance,
production-like capstones) remain weak (2/21 evidence).

Two improvement levels are proposed: Level 1 — quick fix, using online resources but requiring
artefacts executable on campus labs, Level 2 — comprehensive, building in-house modules tailored to
Vietham’s context (public services, local data/legal frameworks, governance standards, capstones
with SLA & postmortem). The CMOC pack (four modules), a 12-week roadmap, and template
artefacts provide a pathway toward a “ready-to-serve” standard for two-level public administration.
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1. Pt van dé

Viét Nam dang thyc thi mé hinh hai cap chinh
quyén. Trong bdi canh d6, chuyén d6i sé khong
con la lya chon ma 1a cong cu bét budc dé bao
dam tinh thong sudt, minh bach, do luong dugc
cia chét luong dich vu cong va kha nang hau
kiém.

O bac dai hoc, tuy da c6 nhiing chuong trinh
dao tao vé AI va khoa hoc dir liéu, nhung phan
16n van thién vé& nén tang ly thuyét va k¥ thuat
thuét toan. Cac nang luc van hanh thuc tién nhu:
xdy dung pipeline, gidm sit va canh bdo hé
théng, rollback, quan tri rui ro theo chuén quéc té
(ISO/IEC 23894:2023', ISO/IEC 42001:20232),
hay trién khai capstone gan san xut, chua duoc
tich hop thanh cau phan bét budc va co thé do
luong. Piéu nay khién sinh vién sau tét nghiép
thuong sin sang cho nghién ciru nhung chua that
su Ready-to-Serve cho yéu ciu chuyén ddi sb

! https://www.iso.org/standard/77304.html
2 https://www.iso.org/standard/42001
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cong.

Tu thuc trang do, van dé dat ra 1a: Lam thé
nao dé xay dung duoc mot khung tham chiéu dao
tao Al dinh huéng van hanh, tich hgp NIST Al
RMF? - ISO/IEC 23894 & 42001 - MLOps, cung
rubric dya trén artefact va géi CMOC kha dung,
nham rat ngan khoang cach tir 16p hoc dén trién
khai thue té, qua d6 tao ngudn nhan lyc Ready-
to-Serve cho mé hinh hai cdp chinh quyén?

2. Téng quan nghién ctru
2.1 Khung chuin quéc té

Khung tham chiéu dya trén ba tru cot: NIST
Al  RMF  (Govern-Map-Measure-Manage),
ISO/IEC 23894 (Huéng dan quan tri rai ro Al) va
ISO/IEC 42001 (AIMS - Hé théng quan 1y AI).
Ba tru cot nay duoc két ndi véi ABET/SFIA
(chuan dau ra niang luc), nguyén tic
SRE/DevOps (SLI/SLO, thtr gigi han, rollback)
va Model/Data Cards dé bao dam minh bach.
Muc tiéu 1a dao tao sinh vién khong chi “hiéu mo

3 https://www.nist.gov/itl/ai-risk-management-framework
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hinh” ma con biét thiét ké - van hanh - chiu trach
nhiém véi dich vu Al trong bdi canh hanh chinh
cong hai cap.

2.2 Cdc tién Ié tiéu biéu quoc té

C6 nhiéu chwong trinh qudc t& da trién khai
dao tao gan voi chuyén doi sb cong:

AI4GOV (EU): Thac si dao tao lanh dao $0,
nhan manh quy hoach - thiét ké - van hanh Al
trong dich vy cong, coi trong dao duc va
Governance-by-Design (Al4Gov Project, 2023).

TalTech - E-Governance (Estonia): Tap trung
kién trac Nha nudc sd va dich vu s6 1ién mach,
tiéu biéu cho truc A va bic cau sang truc C
(Tallinn University of Technology, 2025).

ONS - MDataGov (UK): Két hop thong ké va
khoa hoc dit liéu cho khu vyc c6ng, manh vé chat
luong dir liéu va minh bach - truc B, D (Office
for National Statistics, 2024).

LSE - MPA in Data Science for Public Policy
va Hertie - Master of Data Science for Public
Policy: Phat trién ky thuat dinh lugng, kinh té
lwong, danh gia tic dong va thiét ké chinh sach
dwa theo bang chimg - truc E, nén D (London
School of Economics and Political Science, 2025;
Hertie School, 2025).

MITx/J-PAL (Evaluating Social Programs,
DEDP MicroMasters): Cung cap cong cu vang
cho suy luin nhan qua, chinh sach dua bang
ching - truc E, b tro truc A (MITx Online,
2025).

CMU - B.S. in Al va Edinburgh - BSc AI: Céc
chuong trinh ctr nhan tién phong, nén tang truc B,
béc cau sang truc C va tich hop D/E (Carnegie
Mellon University, 2025; The University of
Edinburgh, 2025).

2.3. Nghién cvwu trong nuwéc

Céac co so dao tao tai Viét Nam d budc dau
tich hop AL Khoa hoc dir liéu va Chinh phu sb
vao chuong trinh, nhung dinh hudéng van hanh
con phén tan. O khdi k¥ thuat, chuong trinh Data
Science & Al (HUST - SoICT) dé cong bé muc
tiéu va 19 trinh 1o rang, tao nén tang dé gén thém
MLOps, Governance theo NIST/ISO (ISO/IEC
23894, ISO/IEC 42001) va artefact nhu Pipeline,
Monitoring, Rollback, SLA (SoCIT - HUST,
2025). Hop tac PTIT - VinAl dua chuan van hanh
cong nghi€p (observability, SLI/SLO, thu gioi
han) vao chuong trinh, hd trg Capstone gan san
xudt (VinAl 2024). Khéi hanh chinh - chinh sach
cling mé 16p Chuyén ddi sé6 & Ung dung Al (Bo

Noi vu, 2025), cung cép hoc li¢u nghiép vu can
chudn héa thanh Capstone c6 hai mdc kiém va
rubric theo artefact (Bo Noi vu, 2025; Nguyén
Thuy & Xuan Phi, 2023). Ngoai ra, Quyét dinh
887/QDb-BNV ngay 02 thang 12 nam 2024 cua
B6 N6i vy ban hanh B6 tai lidu vé Chuyén d6i sb
va An toan, an ninh mang, ¢ thé tich hop vao
hoc phan dao duc/quan tri véi yéu cau risk
register, kiém soat, nhat ky thay ddi, Model/Data
Cards (Bo Noi vy, 2024; Lai Btrc Vuong, 2024).

Nhin chung, du da c¢6 tién bd & nén ting ky
thuat, hop tac doanh nghiép va boi dudng cong
vy, cac minh ching van hanh (MLOps,
governance, capstone gan san xuat) van thiéu
chuén héa. Do d6, can mot khung tham chiéu
théng nhat dé do ludng, d6i sanh va dinh hudng,
s€ duoc trinh bay ¢ muc 3 voi cAu tric A - E va
tiéu chi C1 - C10.

3. Cach tiép can va phuong phap nghién ciru
3.1. Thiét ldp khung tham chiéu

Khung tham chiéu trong nghién ctru nay dugc
hiéu 1a mot hé quy chiéu chuan dé thiét ké, trién
khai va danh gid nang lyc van hanh cua chuong
trinh dao tao Al gin v6i chuyén ddi sb trong linh
vuc hanh chinh céng. Khung nay bdo dam viéc
danh gia khong chi dimg ¢ muc truyén dat kién
thirc ma con phan anh kha ning dua san pham va
dich vu Al vao van hanh c6 trach nhiém.

Khung tham chiéu trudc hét duogc thiét lap
qua hai mdc kiém nham chuén héa qua trinh danh
gi4 dd 4n/capstone theo hudng van hanh.

e Hai moc kiém (Gate #1 va Gate #2)

Mbc 1 - Sin sang thir ndi bo (Gate #1 -
Internal pilot) ding dé xac nhan san pham dat
mirc 6n dinh ti thiéu trong méi trudong thir
nghiém, van hanh dugc véi dir liéu mo phong va
¢6 pipeline co ban cing hd so rai ro nhap. Bo
minh chig gin véi mdc nay gom pipeline.yml,
data contract, risk register so by va dashboard
giam sat.

Méc 2 — Gan thyuc t&/Thir gidi han (Gate #2 -
Near-production/ Limited rollout) huéng dén
viéc chimng minh san phdm du an toan dé chay
thir & quy mo han ché, c6 ké hoach phat hanh an
toan, rollback nhanh, gidm sat—canh bao va hd so
quan tri hoan chinh. Minh chimg bao gém release
checklist, rollback script, monitoring dashboard,
SLA (Service Level Agreement) va bdo cao hau
kiém.

® B¢ tiéu chi van hanh (C1- C10)
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Trong tim cua khung tham chiéu 1a hé tiéu chi
Cl1 - C10, cho phép do ludng mirc do sin sang
van hanh ciia san phim va chuong trinh dao tao.
Nhom C1 - C4 phan anh nang lyc MLOps voi
CI/CD, phat hanh va rollback, monitoring/
observability va pipeline dit li€u; minh ching
dién hinh 14 pipeline.yml, checklist, dashboard va
data lineage. Nhom C5 - C9 thé hién ning luc
governance, bao gém an toan va dé viing, cong
bang va kha ning giai thich, bao mat chudi cung
ung, riéng tu va tudn thu, cung quy trinh phé
duyét—audit; minh ching la bias audit, model
card, SBOM, DPIA va approval log. C10 duogc
danh cho capstone, thé hién kha ning gan san
xuit thong qua SLA, thiét ké A/B hoic kiém dinh
nhan qua, cing co ché hau kiém; minh ching
gdm SLA, runbook va postmortem.

o Cdch ma héa két qua.

Dé bao dam thong nhét khi so sanh giira cac
chuong trinh, bang chimg duoc ghi nhan theo ba
muc: Y (Yes) khi c6 minh ching rd rang, P
(Partial) khi ton tai nhung chwa day du va U
(Unclear) khi chua c6 minh ching cong khai.
Quy udc nay tao nén tang cho phan tich dinh tinh
va ddi chiéu minh chimg mét cach khach quan.

e Anh xa cum A - E véi tiéu chi CI - C10.

Khung tham chiéu ciing quy dinh su gin két
gilta cac cum ndi dung dao tao (A—E) va bo tiéu
chi van hanh. Cum A (Nha nuéc s6/AI4GOV) va

cum B (Nén tang & mo hinh theo mién) dong vai
tro bdi canh va kién thirc nén, khong gan tryc tiép
mé do luong. Cac cum C, D, E lan luot lién két
v6i C1 - C10, phan 4nh day du ning lyc MLOps,
governance-by-design va capstone gan san xut.
Hé artefact tiéu biéu gdm pipeline, monitoring
dashboard, bias audit va SLA, qua d6 tao thanh
cAu tric tham chiéu nhat quan tir nén tang kién
thire dén nang lyc vén hanh.
3.2. Poi sanh trén khung tham chiéu

Nghién ciru thyc hién dbi sanh trén khung
tham chiéu theo quy trinh 4 budc: (1) Anh xa
chuong trinh dao tao/dé cuong/hoc phan sang hé
thdng cac cum A - E va cac chi bao C1 - C10; (2)
Thu thap dit liéu (URL chinh thirc, dé cwong, quy
ché d6 an, biéu mau); (3) Ma hoa Y/P/U theo
tung 6 (cum/chi bdo X chuong trinh), kém chu
thich ngudn; (4) Téng hop theo cum va trudng,
tao bang phan bd Y/P/U.
3.3. Doi twong va tiéu chi chon méiu

Nghién ctru dugc tién hanh trén 07 chuong
trinh cr nhan, lya chon theo cac ti€u chi: (i) dinh
danh 1o rang 1a AI/DS (Al, DS&AI Khoa hoc dit
lidu & Al); (ii) c6 cong bd chinh thirc (URL hop
18); (iii) c6 dd 4an hodc capstone; (iv) cap nhat giai
doan 2023 - 2025; (v) dit liéu du dé ma hoa A - E;
(vi) bao dam can bang loai hinh (cong lap/tu
thuc), viing mién va dinh danh (AI thuan/DS-Al).
3.4. Danh sdach chwong trinh dao tao

Truong/ Pon | Chuwong trinh dao tao/ | Loai Tham chiéu
vi Nganh (rit gon) hinh
FP"lw ' Al (hodc lién quan AI) Tu https:.//dalhoc.fpt.edu.vn/en/artlﬁmal—
University thuc | intelligence/
HUST - Data Science & Al (DS— Cong | https://soict.hust.edu.vn/en/education/undergrad
SoICT Al) lap |uate/elitech-programs/ds-ai
Con https://daotao.ptit.edu.vn/wp-
PTIT Al (hodac DS/AI) . & content/uploads/sites/3/2025/03/2-Chuong-trinh-
lap .
dao-tao-Al Final.pdf
TDU Bo dé cuong hoc phan chi | Tu |https:/thanhdo.edu.vn/dai-hoc-tu-xa/cong-nghe-
tiét duoc cung cip riéng thuc |thong-tin-dai-hoc-tu-xa
VNU — UET A’I/BQ mon Khoa hoc may C(zng https://www.ﬁt.uet.vnu.edu.vn/khoa—hoc—may—
tinh lap |tinh/
VNU-HCM — . . Cong | https://www.fit.hcmus.edu.vn/undergraduate/arti
HCMUS Al (University of Science) | 12 ™ | il intelligence
VNU-HCM - | Ct nhén Tri tu¢ nhan tao Cong | https://daa.uit.edu.vn/content/cu-nhan-nganh-tri-
UIT (AD) 1ap | tue-nhan-tao-ap-dung-tu-khoa-19-2024

Ghi chu: Coursera va Udemy khong thudc mau 7 chuwong trinh dao tao, chi tham chiéu hoc liéu
cho caccum C-D - E.
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3.5. Ngué‘n tham chiéu

Sau truong dai hoc c6 chuong trinh dao tao
(CTDT) cong khai gdm: HUST - SoICT, VNU -
UET, VNU - HCM UIT, VNU - HCM HCMUS,
FPT University, PTIT.

Trudng Pai hoc Thanh P6 (TDU): ding bo dé
cuong chi tiét (nhap moén Khoa hoc dir liéu, Tri
tu€ nhan tao Al, Hoc may (ML), Hoc sau (DL)
xtr 1y anh, thi gidc may tinh, truc quan hoa, chudi
thoi gian...) d& 4nh xa khi website chua cong bd
du.

MOOCs: Coursera (MLOps/ML  in
Production, Responsible/Trustworthy Al, A/B &
causal) va  Udemy (Docker/Kubernetes,
Prometheus/Grafana/Observability,

ML flow/toolchain) déng vai trd bd sung nhanh
cho C1-C3,D1vaE.
3.6. Quy trinh sir dung nguon

Budc 1. Thu thap va lap bang ngudn: vai timg
CTPT, trich muc tiéu, ciu trac hoc phﬁn, mo ta
d6 an/capstone, thuc tap, quy dinh danh gia; ghi
ngay truy cdp va luu snapshot/PDF

Budc 2. Anh xa: d6i chiéu minh chimg vao
cum A - E; riéng cum C chi tiét hoa C1 - C10.

Budc 3. Ma hoéa: Y khi c6 minh chimg 13 rang
(vi du syllabus MLOps, yéu cdu capstone kém
SLA, checklist rollback, Model/Data Cards); P
khi chi ¢6 dau hiéu; U khi chua c¢6 minh ching
cong khai.

Budc 4. Tong hop va kiém chéo: 1ap bang két
qué cho timg trudng; néu thong tin cap nhét sau
khao sat thi gilt nhan U, kém chu thich.

3.7. Xir ly minh chirng va tinh tdi lgp

Moi gan nhin Y/P/U déu c6 trich dan va
snapshot minh chimg; MOOCs chi tham chiéu.
Béang URL gdc, ngay truy cip va ma hoa chi tiét
A -E, Cl - C10 duogc luu dé tai kiém, c6 ghi chi
phién ban va thoi diém.

3.8. Hai mirc b6 sung chwong trinh dao tgo sau
Bang 1. Khung tham chiéu cumA-E

dbi sanh

Nghién ctru d& xudt hai muc can thiép nhim
khép khoang tréng van hanh & C- D - E, bao toan
dac thu hanh chinh cong:

Muic 1 - Va nhanh (quick fix): Tan dung hoc
liéu truc myén chon loc dé bdi dép k¥ thuét trong
yéu (C1 - C3, DI, E), v6i ddu ra bat budc la
artefact chay dugc trén lab va vuogt Gate #1 /
Gate #2 theo khung tham chiéu.

Mirc 2 - Toan dién: Phét trién toan dién céc
module ndi bo gin bdi canh Viét Nam (quy trinh
dich vu cong, dit 1iéw/QPPL tiéng Viét, AIMS
“nhe¢”), tudn NIST AI RMF - ISO/IEC 23894 -
ISO/IEC 42001 va tich hop vao kiém dinh cia
truong.

Muc nay chi st dung hai muc trén nhu khung
ly thuyét dé doc két qua ddi sanh; cach chon
khoa, tiéu chuin dau ra, 19 trinh, rubric, QA trinh
bay o muc 3.6.

3.9. Ghi chi phwong phadp

Coursera va Udemy khong nam trong méu 7
CTDT; chi déng vai tro hoc liéu. Mot sb truong
thé hién tot nén tang (cum B) nhung thiéu minh
chung C - D - E; nhan U chi phan 4nh tinh trang
“chua cong khai” tai thoi diém khao sat. D6i sanh
duoc thyc hién dinh tinh theo hién vat cong khai,
khong quy doi tin chi; két qua co thé tai 1ap nho
bang URL va bang ma hoa A-E, C1- C10.

4. Két qua nghién ciru
4.1. Khung tham chiéu

Khung tham chiéu cho dao tao Al dinh hudng
véan hanh trong bdi canh chuyén d6i sé cong duoc
xdy dung trén 5 cum A - E va 10 ti€u chi van
hanh (C1 - C10). Cac cum A - B cung cap nén
tang va bdi canh; cac cum C - E phan anh truc
tiép nang luc van hanh, dugc do bang C1 - C10.
Mbi tiéu chi gan véi artefact tdi thiéu, lam bang
chtng cuy thé cho danh gia.

- Tieu chi -
Cum Pinh nghia ngan Mleu o Artefact tiéu bieu
lién quan
o . 6 quy trinh E2E, yéu ca
A - Nha nuéc Boi canh, quy trinh dich vu cong, [khong gan thc‘ilg q:;l}l/ Egl danl; ﬁsccgg
s6/Al4Gov chuén/chinh séch, KPI dich vu C- | nEMEP VL, B -

li¢u cong

B — Nén tang & md
hinh theo mién

ngtr

Toan/XSTK, lap trinh, ML/DL, di
liéu & mo hinh hoa theo mién Viét

khong gan bé cuong hoc phﬁn, lab/note,
C- b6 dit liéu mau + data card
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Cum Pinh nghia ngin Ileu chi Artefact tiéu biéu
lién quan
Tu dong hoa, phat hanh an toan, pipeline.yml,
C - MLOps giam sat/quan sat h¢, pipeline dit C1 - C4 |checklist/rollback, dashboard,

li¢u/dac trung

data contract

D - Governance-

An toan, bado mat, riéng tu, tuan

bao cao redteam/OOD, model

by-design thu, phé duyét—audit €5-C9 fj;d’ SBOM, DPIA, approval
E — Capstone gﬁn Db 4n c6 SLA, A/B hoac causal, C10 SLA, ké hoach A/B/causal,

san xuat

hau kiém & bao cao

runbook, postmortem

Bang 2. 10 tiéu chi van hanh (C1 - C10)

Ma Tiéu chi Pinh nghia & artefact t6i thiéu
. Pivcli 1/CD 6 . ‘nh oi4 ~ ~ hi s6):
Cl | CICD + evaluation gates ipeline C'/C ) c6 budc danh gia ty d(gng (ngudng chi s0);
artefact: pipeline.yml, file config ngudng
C2 | Serving/Release + Rollback Chién 'lu’qc phat hanh an toan va quay lui; artefact: release
checklist, rollback.sh
o . .. | Giam sat chi sd, canh bao, kiém drift dinh ky; artefact:
C3 | Monitoring/Observability/Drift dashboard, script kiém PSI/KL
C4 | Data & Feature pipeline Hop dong dir 1iéu, kiém chat lugng, lineage/feature store;
artefact: data contract, feature spec.yaml
C5 | Safety/Robustness Krlem 0OD, stress/adversarial, redteam; artefact: bd test, bao
cdo redteam
. e Do thién 1&ch, kha nang giai thich; artefact: bias audit, model
C6 |Fairness/Explainability card, SHAP/LIME
. . SBOM, quét CVE, quan ly secrets; artefact: SBOM
ly Ch:
C7 | Security/Supply Chain CycloneDX, bao céo quét, vault config
. . DPIA, an danh/gia danh, chinh sach luu giit/x6a; artefact: tai
C8 |Privacy & Compliance liéu DPIA, mau thong bao
C9 | Governance-by-design Vai tro, phé duy?t, au’dlt trall,kk1llsw1tch; artefact: RACI,
approval log, chinh sach quyén
. SLA, thiét k& A/B hoic causal, hau kiém; artefact: SLA, ké
C10 [Capstone near-production
hoach A/B, postmortem

4.2. Doi sanh chwong trinh daio tao
Bang 3. Doi sanh tong hop (A—E, C1-C10; cip nhit 2025)

boi A|B|C|D E/ C1|C2|C3|C4|C5(C6|CT|C8|C9 Ghi chu
tugng C10
CTDT Elitech DS - Al nhéan
manh GenAl, Ung dung thuc té;
HUST- khong c¢6 moén riéng vé nha
SoICT P |Y|U|lUulU |U|U |U U [P |P |U |U |U |nuéc sb, chi partial qua
(DS - Al seminar lién nganh (IT5003
thuc tap DN co thé cham dich
vu cong).
VNU - Nganh Al chung, t}néu chi tié’t
U |lY|U|U|U (U |U |U (U |P |P |[U |U |U [e-governance/chuyén do6i so0
UET (A]) R . L. ,
cong; khong c6 minh chung
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Dot 1 s |B|c|p| ¥ |c1|c2|c3|ca|cs|ce|c7|cs|co Ghi chi
twong C10
cong khai, danh gid Unknown.
YNU- (hong 1 K mon dieh s
HCMUIT|P |Y|U|U|U (U |U (U (U (P [P (U |U |U | . & U
(AD) cong; partial qua nghién cuu
CDS xa hoi (vi du hdi thao AT).
VNU- CTDT 2017 - 2024 tong quat,
HCM thifu mén vé nha nudc sb:
HCMUS R e e L e e L L L e L khong c¢6 minh chiing moi
(AD 2025, danh gia Unknown.
CTDT gin DN, c6 partial (mg
FPT dung AI xd hdi (thuc ta
University [P |[Y|P|U{U [P [P |P |U |P |P |U |U |U [S'8 a nhor (e b
(AD) GenAl cho dich vu), chua 16 vé

e-governance hanh chinh cong.

CTDT AI huéng 2030 thién vé
CNTT, khong d& cap CBS
cong/dich vu cong; thiéu minh
chung, Unknown.

PTIT (AD) |U |Y|U|U|lU |u |u|u |u|p [P |U |U |U

CTPT chit lugng cao nhén
manh kj nang Al (Big Data,
TDU u|Y|U|U{U U |U (U |U (P [P (U |U |U [ML), khéng c6 ndi dung nha
nudc  sd/e-governance; thiéu
minh ching.

Khoéng ap dung truc tiép cho A,

Coursera |n/ |n/ nhung  c6  khoa D1g1t.al

oA Y|Y|Y [Y |Y |Y [P |P |Y [P |P |P |Transformation in
(hoc liéu) |a |a N .
Government” (partial qua case
study).

Mot sb khoa “Al for Public
Y/ P|{U (Y |Y |Y [P |P |P [P |U |U [Sector” co partial e-
governance, tuy khoa.

Udemy |0/ |0/
(hoc ligu) |a |a

Quy wée nhan: Y = C6, P = Mgt phan, U = Chiea 6.

E = “capstone gan san xudt” va tiéu chi do twong iimg la C10. Cét E/C10 chung cho E va CI0.

Lieu Y phwong phdp: Bang phdan danh déi sanh dinh tinh tir nguon cong khai (CTPT/dé én/trang
chinh thirc); khéng cham diém. Cac 6 U khéng khdng dinh “khéng ¢é” ma chi ghi nhdn chwa tim thay
minh chitng cong khai theo cau phan yéu cau ciia khung tham chiéu (vi du: thiéu CI/CD pipeline, SLA
cu thé trong capstone).
Bing 4. Phan bé minh ching theo cum (5 cum A-E; 7 CTPT trong nwéc, khong tinh
Coursera/Udemy)

Cum|Y |P|U|Téng
A |0[3[4] 7
B [7|0]0| 7
Cc |o]|1]|6] 7
D (0]|0|7] 7
E |0]|1|6] 7
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Gidi thich bang 4: A - B dugc phi khé tot (A ¢6 3/7 minh chimg muc P, B dat 7/7 mirc Y), trong
khi C - D - E thiéu hut rd rét (C chi 1/7 muc P, D khong c6 minh ching, E chi 1/7 mirc P). Két qua
phan anh sy thiéu Véng co hé théng & ba cum van hanh C-D-E.
Bang 5. Phin b minh chitng theo trudng (7 CTDT trong nwéc, tinh trén 5 cum A - E)

Trwong Y|P|U|[Tong
HUST-SoICT (1|3 5
VNU-UET 2013 5
VNU-HCM UIT 21013 5
VNU-HCM HCMUS |1 |1|3| 5
FPT University 1{113] 5
PTIT 0|14 5
TDU 005 5

Bang 5 chi ra: Cac truong déu c6 minh chimg
0 cum A - B, song chi mdt s it (HUST, HCMUS,
FPT) dat thém muc P; hau hét thiéu minh ching
& C - D - E, trong d6 PTIT va TDU hau nhu
khong c6. Pidu nay cho thdy mirc do sin sang
van hanh con han ché va khong dong déu giita
cac truong.
4.3. Nhin dinh theo cum (diém néi bt & thiéu
hut dién hinh)
Bédng 6. Nhén dinh theo cum

Phan tich dinh tinh trén 7 CTDT cho thay: cac
cum A - B duoc phu twong ddi tét (10 minh
chimg Y/P trong 14 truong hop, gom A: 3P, B:
7Y), trong khi C - D - E thiéu hut 13 rét (chi 2
minh ching Y/P trong 21 trudng hop, gdm C: 1P,
D: 0, E: 1P). Minh chimg dugc tinh theo s
truong c6 nhan Y (co) hodc P (mot phan); nhan U
duoc coi l1a chua c6 minh ching cong khai.

Cum Noi bat Thiéu hut H¢ qua
CTDT thuong néu muc tiéu | Thiéu tai liéu cong khai mo ta | PJ an kho gan vai
A - Nha nudc gén vo1 CBS, ¢6 hoc ph?m quy trinh dich vu cong end-to- |muc ti€u vén hanh,
s6/Al4Gov phap luat/cong nghé sd nhdp |end, vai tro—trach nhiém va chi |kho do tac dong hanh
mon. s6 dich vu. chinh.
B - Nén tang | Toan/XSTK, lap trinh, Thiéu NLP/QPPL tiéng Viét, |Mb hinh kho 4p dung
& mo hinh ML/DL, tryc quan hda, co s |dit liéu cong chua chuan héa |thuc té dia phuong,
theo mién dir liéu hién dién kha ddy du. |va con chit lugng kém. riii ro sai/thién léch.
Mot s6 CTDT c6 y bu t6 hé Th}eu tu dong h‘oa q}lly trll:lh, Dzio ‘an ’(’hrngxor qay
C - MLOps théng (API, container) phat hanh an toan, gidm sat— | mo hinh”, thiéu ning
gL ' canh béo-drift. Irc van hanh.
D - LA i R Thiéu artefact bat budc: so6 rui © ba‘o qam Ifl n
C6 ndi dung dao dtrc/luét L Z bach va hau kiém
Governance- R e, e ro, model/data cards, dau vét .
. cong nghé¢ 6 mirc khai ni¢ém. 2 , A R trong co quan nha
by-Design kiém toan, vai tro phé duyét. ,
nuoc.
it yéu cau SLA, thir nghiém D6 an chua ching
E_ o i ) . A/B hodic nha s 1, h A
-~ Capstone | s 1ét co db an tot nghigp. |/ B hodc nhan qua, béo cdo | minh duoc gid tri van
gan san xuat hau kiém; hiém mo phong hai |hanh va tac dong
cap chinh quyén. chinh sach.

4.4. Doi sinh nén ting Coursera/Udemy, khi
ning bé sung

Coursera va Udemy hitu ich nhu hoc liéu bd
sung, nhung chi pht hop dé “va nhanh” k§y thuat
(Mirc 1); phan cbt 16i gan bdi canh hanh chinh
cong Viét Nam can tu xay (Mirc 2 — toan dién).
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Mutc 1 — Mwon ngoai (vda nhanh):

C1-C3 (MLOps): Coursera Machine Learning
Engineering for Production (MLOps)
Specialization; Udemy Docker & Kubernetes,
Prometheus & Grafana.

C6-C7 (test/evaluation, SRE):

ndi dung
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CI/CD, SLI/SLO, canh béo tir Coursera MLOps.

D1 (governance co  ban): Coursera
Responsible Al

E (thiét ké thi nghiém): Coursera A/B Testing.

Mikc 2 - Toan dién (khong thé thay thé):

Bam sat ngit canh Viét Nam va hai cip chinh
quyén: quy trinh tha tuc, vai trd - trach nhiém,
KPI dich vu.

Bam sat dir liéu va phap ly dia phuong:
NLP/QPPL tiéng Viét, dit liéu biéu mau/scan
thuc té.

AIMS “nhe¢” trong dao tao: s rui ro, phé
duyét, audit log, minh bach hoa.

Capstone gan san xudt: SLA theo co quan
cong, thir gidi han trén ha tang mo phong, hau
kiém.

Nhdgn xét: Coursera/Udemy hitu ich cho k¥
thudt co ban (C1 - C3, D1, E) [19 - 23], nhung
khong thay thé dugc dinh ché van hanh noi bo
(A, B, D diy du theo NIST/ISO/AIMS, E thuc
chién). Lo trinh can két hgp: muon ngoai dé tang
toc, sau d6 noi dia hoa va déng goi trén ha tang
cong.

5. Ban luin
5.1. Tdc dong thuc tién va goi ¥ chinh sdch

Két qua d6i sanh cho thiy cac chuong trinh
manh & A - B (béi canh, nén tang, md hinh)
nhung thiéu minh ching 16 rang 6 C - D - E
(MLOps, governance-by-design, capstone gan
san xuét). Diéu nay phan anh khoang tréng giira
dao tao hoc thuat va yéu cAu van hanh co trach
nhiém trong hanh chinh cong hai cap.

5.2. Tac dong dén chinh sdch gido duc dai hoc

(1) Chudn dau ra: B6 sung ning luc MLOps,
quan tri rai ro va tudn tha NIST AI RMEF,
ISO/IEC 23894, ISO/IEC 42001, kém minh bach
(Model/Data Cards, Risk Register, Audit Log).

(2) Kiém dinh: Ap dung rubric dwa trén
artefact (Y/P/U) cho A - E; xem capstone gan san
xuit v6i hai mbc kiém 1a tiéu chi bat buge.

(3) Hoc phan tich hop: MLOps bit budc trong
hoc ky dd an; Pao duc/Trach nhiém & Quan tri
gin ISO/IEC 23894, 42001; hoc phan thir
nghiém/chinh sach dya bang chimg (A/B, nhan
quad) véi dit liéu thu tuc cong.

(4) Lién két ba bén: Tin chi thuc tép tai
so/nganh; dong phat trién hoc lidu v6i doanh
nghiép dé dua SLI/SLO, thir gii han, quy trinh
van hanh vao giang day.

5.3. Tac dong dén dao tao nguﬁn nhédn luc Al
cho khu vuc cong

(1) Tang téc trién khai: Van dung g6i CMOC
(4 moé-dun/12 tuan) gitp sinh vién dat miec
ready-to-serve va tham gia thur gidi han tai co
quan nha nudc.

(2) Van hanh théng nhat: Yéu cau SLA, ké
hoach Monitoring/Rollback, co ché hau kiém cho
moi capstone; dung Model/Data Cards lam ngén
ngit chung gitra truong va co quan tiép nhan.

(3) Phat trién doi ngii: Boi dudng giang vién
theo SRE/DevOps va AIMS (ISO/IEC 42001);
hinh thanh nhém huéng dan lién nganh k¥ thuat—
phap ché—nghiép vu.

5.4. Khd nang nhén rong

(1) Chuin mé, thudn loi ap dung nhan rong:
B6 mau SLA/Risk Register/Model-Data Cards va
rubric A - E trung 14p cong nghé.

(2) Adoption Kit & kho artefact: Cho phép
tich hop nhanh vao CTDT, thuan lgi kiém dinh
ngoai.

(3) Train-the-Trainer & cong déng thuc hanh:
TOT dinh ky, nhém hoc-hanh lién truong, kho
lab dung chung.

(4) Co ché phdi hop ba bén: Trudng - Co
quan nha nudc - Doanh nghiép dong thiét ké dé
bai va mdc kiém, mo rong theo mo hinh hub-and-
spoke.

5.5. Khuyén nghi cdc gidi phdp

Tac gia dé xudt cac giai phap bd khuyét cho
chuong trinh dao tao Al, tap trung vao viéc khéc
phuc khoang tréng & cum C — D - E (MLOps,
governance-by-design, capstone gan san xudt) tir
phan d6i sanh trudc. Cac khuyén nghi dugc chia
thanh hai cép: Khai thac (muon) hoc liéu truc
tuyén dé va nhanh k¥ ning (Mt 1), va xdy dung
toan dién cic module ndi bo bam sat bdi canh
Viét Nam (Mtc 2), nham dat "ready-to-serve"
trong chuyén doi s6 hanh chinh cong.

5.5.1. Khai thac hoc liéu truc tuyén (Miec 1 - Va
nhanh ky nang)

Muc tiéu la bd sung nhanh nang lyc van hanh
cho cac cum C (MLOps), D (quan tri NIST/ISO),
E (thir nghiém & SLA) ma khong thay thé phan
dac thu hanh chinh cong. Hoc li€u ngoai phai dap
ung: artefact chay dugc trén lab (khong chi ly
thuyét); khép khung tham chiéu (C1- C3, DI, E,
¢6 bude kiém tra trude ap dung); trung 1ap cong
cu (uu tién mi ngudén mo); danh gia hoc thuat
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qua rubric ctia truong (khong dua vao ching
chi); va an toan dit li¢u (chi dung dir liéu mo
phong/an  danh). Tiéu <chi chon khoa
Coursera/Udemy: Phu hop khung tham chiéu, ¢
thuc hanh tai chay, cap nhat 2025, do dugc chét
luong/dich vy, va thoi luong phu hop.

Nhom hoc liéu khuyén nghi theo C - D - E
(cdp nhdt 2025) gom:

Cl - ty dong hoa quy trinh hoc—danh gia—
dong go6i: Machine Learning Engineering for
Production (MLOps) Specialization;

C2 - trién khai & hdi phuc: Docker &
Kubernetes: The Practical Guide [2025 Edition];

C3 - giam sat & canh bdo: Prometheus &
Grafana for Monitoring;

D1 - quan tri c6 trach nhiém: Responsible Al;

E - thiét ké thi nghiém & cam két dich vu:
A/B Testing.

Céc khoa nay lan luot hd tro Gate #1 - sin
sang that ndi bo (ban nhap pipeline,
DPIA/model/data cards) va Gate #2 — gan thuc
té/thir gioi han (phat hanh an toan, rollback
nhanh, dashboard & canh bao, ké hoach
A/B/nhan qua, SLA va hau kiém).

L6 trinh 12 tuan gon gom ba chang 4 tuan:

(1) Hinh thanh ty dong hoa & quan tri (ban
nhép artefact, dat Gate #1);

(2) Pua vao chay & giam sat 6n dinh trén lab;

(3) Thir nghiém & hoan thién dé dat Gate #2
(thtr gidi han + rollback nhanh).

Tiéu chi dat cudi ky: Chay dugc - Po dugc -
Kiém soét duoc - C6 trach nhiém - C6 hau kiém.

Biao dam chit lwong bing danh gia theo
artefact, kiém tra lich st lam viéc (chéng sao
chép), linh hoat thay thé khoa hoc nhung giir
nguyén dau ra chuan hoéa, va luon ding dir ligu
mo phdng. Céch lam nay giup vd nhanh C-D - E
b?mg hoc liéu ngoai, sau do tién 1én Muc 2 dé noi
dia hoa va dong géi van hanh trén ha tang cia
truong/ddi tac cong.

5.5.2. Xdy dung toan dién cac module noi bo bam
sdt boi canh Viét Nam (Mikc 2)

Muc tiéu 1a chuyén tir “hoc cong cy” sang
“van hanh dich vu AI” trong bdi canh hai cép
chinh quyén (tinh/thanh - xd/phudng), bao dam
cam két chat luong, minh bach - hau kiém va xu
1y sur cd. Sau module bt budc gdm:

- Thiét ké dich vu cong (AI4Gov): xay dung
kich ban nghiép vu tir tiép nhan ho so dén khiéu
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nai; san pham 1a mo ta quy trinh, vai tro va ké
hoach quan tri.

- Xir 1y ngoén ngivhinh anh trong hd so &
QPPL tiéng Viét: chuan héa biéu mau, kiém thir
ngoai pham vi (dia danh, scan kém); san pham la
bd vi du chuin hoa, tiéu chi kiém thtr va béo cdo
sai léch.

- Van hanh gin thyc té cho co quan cong:
trién khai, checklist phat hanh, ) tay su ¢, minh
chung thtr giéi han & quay lui nhanh.

- Giam sat - canh bao - quan sat hé dich vu
cong: xay dung chi sé (p95 xir 1y, % dung han, %
“nop dung lan dau”), ké hoach giam sat,
dashboard va so d6 truy vét.

- Quan tri theo chudn NIST/ISO (AIMS
“nhe™): s6 rii ro, model/data cards, thong bao
minh bach, luu vét kiém toan.

- Thir nghiém chinh sich & cam két chét
luong: ké hoach so sanh/nhan qua, SLA phu hop
giam sat va bao céo hau kiém.

L¢ trinh trién khai gom 4 giai doan:

- Giai doan 0 - chuan bi (2 - 4 tuan): thiét 1ap
quan tri du an (AIMS-lite), cin chinh chuan du
ra (CPR) v6i cum A - E, ky MOU véi don vi nha
nudc dé thir gidi han, phat hanh adoption kit
(syllabus CMOC, checklist NIST AI RMF, mau
risk register/model-data cards/SLA, pipeline
mau).

- Giai doan 1 - thi diém hoc phan (12 tudn):
M1 governance & RMF (risk register, minh bach
- Gate #1), M2 MLOps—CI/CD (pipeline, phat
hanh), M3 monitoring & rollback (SLI/SLO,
canh bao, hau kiém), M4 capstone g'?m san xuAt
(dir liéu mé phong theo quy trinh hanh chinh —
Gate #2). dau ra: pipeline chay duoc, model/data
cards, risk register, SLA, bao céo hau kiém.

- Giai doan 2 - chuan hoa & kiém dinh ndi bo
(3—6 thang): Cap nhat CBR, tich hop MLOps bat
budc, train-the-trainer cho giang vién
(SRE/DevOps, AIMS), 1ap kho artefact van hanh
va danh gia ngoai theo rubric A-E.

- Giai doan 3 - nhan rong lién truong/lién dia
phuong (6 - 18 thang): Trién khai hub-and-spoke
(truong hat nhan < vé tinh), to chirc “chg
capstone” két ndi truong voi so/nganh, chia sé
adoption kit (miu, ma ngudn, bai lab, template
kiém dinh), bao cao KPI dinh ky va bai hoc trién
khai dé m¢ rong lién tinh.

6. Két luan
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Bai bao dd dwa ra mot khung tham chiéu dao
tao Al tich hop NIST Al RMF - ISO/IEC 23894
- ISO/TIEC 42001 cung thyc hanh MLOps,
chuyén trong tdm tir “day mo hinh” sang vén
hanh c6 trach nhiém trong chuyén ddi sé hanh
chinh cong. Khung A - E, thang Y/P/U va bd
artefact toi thiéu (Pipeline, Monitoring/Rollback,
Model/Data Cards, Risk Register, SLA) tao ngén
ngit chung dé thiét ké, danh gia va kiém dinh
chuong trinh. Ttr d6, bao bao da:

- Lam 13 khoang trong ning luc: Dbi sanh 7
CTDT cho thay A - B viing, C - D - E thiéu; tir 6
dinh vi ding chd can bd khuyét.

- Chuan hod cach do luong: Pua ra rubric
Y/P/U theo artefact, hai mdc kiém (sin sang thu
noi bo, gﬁn thuc té) dé do/so sanh duoc gilia cac
chuong trinh.

- Con dudng nang cdp kha thi: D& xuit hai
muc trién khai - Mirc 1 (v4 nhanh qua hoc lidu
tryc tuyén nhung ddu ra 1 artefact chay that trén
lab) va Mirc 2 - Toan dién (tich hop ndi bd gin
bbi canh Viét Nam) - giup cac truong khoi dong
nhanh réi bén virng hoa.

- Bao dam tai kiém ching: Quy trinh thu thap
ngudn/URL/ngay truy cdp, bang ma hoa va phu
luc kém theo cho phép tai 1ap két qua.

Viéc gin chuin quan tri (NIST/ISO) va ky
luat van hanh (MLOps, SLI/SLO, hai méc kiém)
vao khung dao tao da rat ngin khoang cach 16p
hoc — van hanh, tao gia tri do dugc cho dia
phuong va mo ra 1§ trinh nhéan rong 6 quy mo hé
thdng. Pay 1a budc di cu thé dé bién chuyén doi
s6 hanh chinh cong thanh nang luc van hanh bén
ving./.
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Tém tit: Bai bdo dé xudt khung tham chiéu dao tao Al tich hop NIST AI RMF, ISO/IEC

23894-42001 va MLOps, nham thu hep khoang cach giita I6p hoc va vin hanh trong chuyén doi sé
hanh chinh céng Viét Nam. Khung dira trén ba tru cét (qudn tri rii ro, hé thong qudn Iy A, MLOps)
va dwoc dp dung doi sanh 7 chwong trinh cir nhan AI qua rubric artefact (Y/P/U) trén 5 cum A - E,
dong thoi so sanh véi MOOCs (Coursera, Udemy). Két qua cho thdy cum A - B (boi canh, nén ting,
mé hinh) dwoc phi kha tot (10/14 minh chirng), trong khi cum C - D - E (MLOps, governance,
capstone) thiéu hut ré rét (2/21 minh ching).

Bai bdo dwa ra hai mike cdi tién: Mike 1 - va nhanh bang hoc liéu triec tuyén véi artefact chay
duoc trén lab; Muc 2 - toan dién, xdy dung module noi b gcfn béi canh Viét Nam (dich vu cong, dir
liéu, phdp 1y, governance, capstone c¢6 SLA & hdu kiém). Géi CMOC (4 module), 19 trinh 12 tudn va
artefact mau gitip tién t6i chudn “ready-to-serve” cho hai cdp chinh quyén.

Tir khoa: AI; Doi sanh chwong trinh va khuyén nghi; Khung tham chiéu dao tao; NIST/ISO &
MLOps.
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