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Diéu khién hoc (Cybernetics)
= La nganh khoa hoc nghién ctru cac qua trinh diéu
khién, truyén thdong va phan hoéi cta cac hé thong.

= Wiener: “Cybernetics: Or Control and Communication
in the Animal and the Machine” (1948)

= Wiener: “The Human Use of Human Beings” (1950)
Cybernetics: May mdc, sinh vat 2 Con nguoi

. ;
Norbert Wiener (1894-1964)

Hé thong (system) |a mét tap hop cac thanh phan gan két, twong tac vdi nhau theo nhirng quy luat nhat
dinh dé cung thuc hién cdc muc tiéu chung.
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Diéu khién hoc (Cybernetics)

CAU HOI TRUNG TAM
“I am sao dé mot hé thong dat

dwoc muc tieu va duy tri hanh
vi mong muon trong moét moi
trirong luon thay doi?”

4 - .1:"1: M
Norbert Wiener (1894-1964)
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Diéu khién hoc: N§i dung (chirc nang khoa hoc)

Phan héi va Tinh tw can bang (Feedback & Homeostasis): Phan hdi &m, phan hoi duong
- tu diéu chinh dau vao tir dau ra = can bang dong va 6n dinh trudc bién dong.

Thong tin, Truyén thong va Mdrc dd hon: M3 hod thong tin va truyén qua kénh nhiéy,
gidi ma va chuyén héa thanh quyét dinh = trat tu va ciu tric cda hé théng.

D6 da dang can thiét va Tw t6 chirc (Requisite Variety): Thiét k& bd diéu khién cé du
“d0 da dang” = ché ngu su phirc tap cia moi truong.

Tinh tw sinh va Tinh tw chu (Autopoiesis & Autonomy): Nghién cl*u kha nang tu san
xuat, ty tai tao va tw xac dinh ranh = gidi ton tai cda chinh hé thong.

Tinh tw phan tw (reflexivity), va Piéu khién hoc thé hé 2: Tic ddng qua lai gitra tv duy
va thuc tai; nhan thirc tao ra hanh vi va phan héi tir hé théng = thay d6i nhan thirc.
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Diéu khién hoc: Noi dung (hwdng nghién ciru)
Thong tin (Information): “Hé théng biét gi?” = Cach hé théng thu nhén, biéu
dién, truyén dat va x& ly thong tin t&r moi trudng va tir chinh né.

Diéu khién (Control): “Hé théng lam gi dé dat muc tiéu?” = Co ché phan hdi,
diéu khién va diéu chinh hanh vi nham dat muc tiéu mong muén

Thich nghi (Adaptation): “Hé théng dbi thé ndo khi méi trwong thay déi?”—>
Kha ndng hoc hai, thich nghi va tu diéu chinh khi mdi trwdng/muc tiéu thay doi

Tw chd (Autonomy): “Hé théng cd thé tw vdan hanh dén murc nao?” = Nguyén ly
giup hé thong tw cam nhén, tv quyét dinh, tw hanh déng va tv quan ly

Tw phan tw (Reflexivity): “Hé théng hiéu va diéu chinh chinh minh nhuw thé
nao?” = Kha nang tu quan sat, tu diéu chinh minh.
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Diéu khién hoc (Cybernetics)

= Ross Ashby: Dinh ludt D6 da dang can thiét
(Law of requisite variety) = Nguyén ly tdi cao
“Chi cé su da dang mdi ché ngu duoc sy da dang”

= Stafford Beer: M6 hinh Hé théng Séng (Viable
System Mode - VSM), cybernetics = quan tri doanh
nghiép, diéu hanh kinh té qudc gia thoi gian thuec. Catond e (1926.0002

= Heinz von Foerster: Kh&i xwdng Diéu khién hoc
bac hai =2 tinh tyw phan tu (reflexivity).

= Humberto Maturana: Ly thuyét vé Tinh tu sinh,
Ty tao (Autopoiesis) -> ban chat clda su song va

Heinz von Foerster

tinh tw chu (Autonomy) o11-2002)

Humberto Maturana
(1928-2021)
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Khoa hoc hé thong (systems science)

Phuwong Tay phéat trién, van hanh khoa hoc nh& tu duy phéan ra
cla chu nghia gian luvoc (reductionism): hiéu toan thé bang chia
thanh cac phan nhd, nghién ctru tirng phan réi ghép két qua lai.

Tu duy va phuwong phap luan madi: nghién ciru khong phai ¢ tirng
phan tl r&i rac, ma cdch cac phan tir twong tac véi nhau dé tao
nén tinh chat cda toan bo tap hop.

Systems science is a transdisciplinary field that is concerned
with understanding simple and complex systems in nature and
society, guiding the world to be understood as a 'system of

»

systems’”.
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Ludwig von Bertalanffy
(1901-1972)

Thuyét hé théng
téng quat (General
System Theory)



Kh‘oa hoc hé thong (systems science)

'CAU HOI TRUNG TAM

“Lam thé nao ma sw twong tac
gitra cac phan tw don gian lai tao

4 4
/ ‘
Ludwig von Bertalanffy
(1901-1972)

nén mot chinh thé cé té chirc, tri
tué va nhirng dac tinh ma tirng
phan ti riéng 1é khéng bao gi®»
co dwoc?” téng quat
(General System
Theory)

Thuyét hé thong
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Khoa hoc hé thong: N6i dung (chirc nang khoa hoc)

Cau truc (Structure): “Hé théng cd gi?” = Ban chat, cau truc, t6 chirc: thanh phan,
quan hé, kién tric, phan cap, ranh gidi, méi trudng va quy luat té chire.

Hanh vi (Behavior): “Hé théng védn hanh nhu thé nao?” = DPodng lwc va hanh vi: tuong
tac, phan hoéi, dong luc, tw t6 chirc, hién twong ndi, tién hda va thich nghi.

Thiét ké (Design): “Tao ra hé théng nhuw thé nao?” = Nguyén ly , phwong phdp phan
tich, md hinh hda, thiét k&, moé phéng, tdi wu hda ... dap *ng muc tiéu.

Quan tri (Governance): “Diéu khién va phdt trién hé théng nhw thé nao?”
- nghién c&u cac co ché diéu khién, quan tri, phdi hop va phat trién hé théng dé hé
théng dat muc tiéu, duy tri 6n dinh, thich nghi va tién héa trong méi trudng thay déi.
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Khoa hoc hé thong: N6i dung (hwdng nghién cilru)
Tinh chat Hop trdi (Emergence & Emergent Properties): Nguyén ly “Téng thé
|&n hon tong s6 cac phan tdr gop lai” = Gidi ma hién twong.

Pong luc hoc Hé thong & Vong lap Phan héi (System Dynamics & Feedback
Loops): su bién ddi trang thai cia hé --> bung n6 hoac sup dé day chuyén

Hé thong Thich &rng Phirc tap (Complex Adaptive Systems - CAS): Hang
ngan/triéu tac tl&r tv hoc dé thich &ng vdi bién doi méi trudng

Mang lwéi Phirc tap (Complex Networks): Diém chdt ha tang, tinh chat
“thé& gidi nhd”, d6 bén virng cha mang ludi trwdce cac dot tan cong/sw cod

Khung tich hgp Cyber-Physical-Social Systems (CPSS): HGi tu va tuvong tac?

Science of Autonomous—Intelligent Systems
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Khoa hoc hé thong (systems science)

= Jay Wright Forrester: la cha dé System Dynamics, phuong trinh
vi phadn + m6 phdng phén tich cac vong Idp phan hoéi phi tuyén
tinh. Systems Science = doanh nghiép, thanh phé, thé gidi.

= George J. Klir: Ly thuyét hé théng téng quat, ly thuyét tap
ma, va ly thuyét thong tin dua trén do bat dinh. Systems
Science = dang thurc todn hoc chinh xdc hon.

Jay W. Forrester
(1918-2016)

George J. Klir (1932-2016)
= llya Prigogine: chirng minh trat tu va emergence cd thé tu
bung né ti sy hon loan. Systems Science = Hé théng phtrc tap.
= Peter Checkland: Hé phi ciu tric cé yéu té con ngudi. Systems

Science = Khoa hoc xd hdi, quan tri tri thu'c va hoach dinh
chinh sach céng.

Ilya Prigogine (1917-2003)

RO £ ‘? 7
Peter Checkland (1930-2026)
Science of Autonomous—Intelligent Systems 13




Cybernetics & Systems Science & Pong Au

= Cybernetics and Kinh té: Glushkov va Kitov dung
may tinh + mang théng tin quan ly kinh té qudc
dan. Dy an OGAS hang chuc ngan nUt mang =2
that bai vi cat c&r di¥ liéu + B Tai chinh pha ngdm

Andrey Kolmogorov
(1903-1987)

= Cybernetics va Khoa hoc hé thong: nhiéu truwong
phdi song song phat trién

= Cybernetics va May tinh: dau tw manh vao Khoa
hoc may tinh va Piéu khién ty dong, robot, md
hinh hoa

Anatoly Dorodnitsyn
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Cybernetics & Systems Science & Trung Quoc

Tién Hoc Sam vé nudc nam 1955 (Engineering Cybernetics, 1954)
Dv an qudc phong tdi mat (thap nién 1960 — 1970): "Hai bom, M6t
vé tinh”, “Hé thong 3-3”, tén I&ra Dong Phong, Truwang Chinh.

Bung né hoc thuat va chinh sach vi md (thap nién 1980): Hé thdng
hda hoc thuat, hoc thuat riéng, triét hoc vé hé thong.

Qian Xuesen

Hién dai héa va Quan trj khong gian mang (thap nién 1990-nay): (Ten Hoe sim, 1911-2009)
Quan tri xa hoi, diéu phdi kinh té. i

ACP: A (Artificial Systems, eg digital twin), C (Computational
Experiments - Thit nghiém tinh toan), P (Parallel Execution())

CPSS (Cyber-Physical-Social Systems) thanh cong vang doi

e Wang (Vuong
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Cybernetics & Systems Science & Trung Quoc

Linh dao tir cap cao nhat chia Trung Qudc:
tw duy hé thong = Iy luan chinh trj chinh théng.

O cap Trung wong: Hé tu tudng quan tri cta B Chinh tri

— Tu duy hé thdng = yéu cau bat budc ddi vdi can bod cap cao.

— Hoc tap thé cta Bd Chinh tri (Collective study): v&i hoc gid hang dau
— Cac K& hoach 5 nam va Chién lwgc Quéc gia Qian Xuesen

(Tién Hoc Sam, 1911-2009)

O cap Dia phuwong: "Cai trj bang Thuat toan" va Cac nha ky tri
— S dung CPSS dé ra quyét dinh
— Chi s6 dadnh gia can bo (KPIs) dua trén vong 1dp phan hoi

Tai sao ho lai dac biét sung bai Khoa hoc hé théng?

. . Fei-Yue Wang (Vuwong Phi Dugc)
Science of Autonomous—Intelligent Systems 1u



Khoa hoc may tinh

= Nén mong ly thuyét (thap ky 1950)
= Xay dung ngbdn ngit va hé thong (thap ky 1960-1970) ° ?1;%2-:7;’“”
= C4 nhan hda va giao dién d6 hoa (thap ky 1980)
= Internet va Web (thap ky 1990)

= D{ liéu I&n va Dién toan dam may (thap ky 2000)

= Hoc sau (deep learning) va bung n6 Al (thap ky 2010-nay) o E—

Khoa hoc may tinh luc nay thé nao? - tham thau vao
moi linh vuc va tré thanh ngon ngir chung cuia khoa hoc.

Science of Autonomous—Intelligent Systems
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TWw tri tué tw nhién dén tri tué nhan tao

Thi gidc may XU ly ngdn ngit ty nhién Hoc may

Lap ké Il
hoach Giai quyét van dé

Sang tao

Al nham 1am cho may lam dwoc nhivng viéc dodi héi nang lwe tri tué con nguoi.
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Qua trinh phat trién Al Machine Learning

Hoi thdo Ngbnngir Ngon ngir TAc ti Hoc may Data-  Mang xd hoj, Deep CNN GAN Al
Dartmouth LISP PROLOG  thongminh  thong ke drivenAl tinsinhhgoc Learning RNN Transformer tao sinh

1949 1956 1970 1980 1982 1990 1995 1997 2000 2005 2010 2012 2014 2022 2025
May tinh thuong  Hé chuyén D& 4n may tinh Khai pha Al thang v6 Thachthtc  Khoahoc Ungdung ChatGPT
mai dautién  gia dautién th& hé 5 dirliéu  dich covua DARPA dir liéu rong rai
A J
N - N ‘ - N e Yo . . .
Giac mo Al va nhiing budce di thang tram Ky nguyén dit liéu va cudc cach mang hoc may  Hoc sdu dot pha va Al dén v6i moi nguoi
John McCarthy (1956)
“Artificial Intelligence” Norbert Wiener, ”Cybernetics" (1948)
dwa trén logic toan dwa trén thong ké, toi wu, nhan dang...
19
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Al thud ban dau: Suy dién va Tri thirc

Z

= Ae

£/

SUY LUAN
——

A->
A

B

A = chudn chuén bay thap

B

B = muwa

TRI THUC

A
' N

Chuén chuén bay thap thi mua
Moi ngudi ai cling phai chét

Mat vang da vang thi mac bénh gan
Tién Linh vao la sé [am ban

20



Al thué ban dau
Con dwong suy luan (deduction)

Expert
Knowledge

Nguyén tac va Deduction Trwong hop riéng,
quy luat téng quat ——> cd thé
(tri thirc) (dir ligu)

Mat vang va da vang thi cé kha nang cao
gap van dé sirc khoé lién quan dén bénh gan.
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Al thud ban dau

Piém nghén ctia thu nhan tri thirc

Expert
Knowledge

* Huéng dan * Cosddirliéu
« Tailidu « Ghichép

« Thatuc « Ban ghi nh¢
* Video * Ban ghi

Tri thirc hién
Tri thirc an
* Ky ndng cé nhan * Truc giac
* Trai nghiém ¢ Quan sat
» Gidoduc * Niém tin
¢ Kinh nghiém e Giatri
* Th&u hiéu * Thai do RS
* Tinh than 1 i

Tri thdrc hién, tri thire an Lé thuong (Common sense)

Science of Autonomous—Intelligent Systems



Al v&i hoc may
Con dwong quy nap (induction)

Knowledge acquisition (thu nhan tri thirc)

Expert
Knowledge

Nguyén tic va Deduction Trwong hop riéng,
quy luat téng quat ——> cé thé
(tri thirc) €< (di¥ liéu)
Induction

Rat nhiéu

€ qen €
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Hoc may thay déi Al

Hoi thao Ngbnngit Ngon ngit Tac tir Hoc may Data- Mang xa héi, Deep CNN GAN Al
Dartmouth LISP PROLOG  théngminh  thong ke drivenAl tinsinhhoc Learning RNN Transformer tao sinh

1949 1956 1970 1980 1982 1990 1995 1997 2000 2005 2010 2012 2014 2022 2025
May tinh thwong Hé chuyén P& 4n mav tinh Khai pha Al thang vo Thich thtc  Khoahoc Ungd
R e ). ;e : gdung  ChatGPT
mai dautién  gia dautién thé héy 5 div 11p¢u dich co vua DARPA dir liéu rong rai
. AN J
Y V

= 8+

D liéu Hoc may

Tri thic
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Nam truong phai hoc may

E0%0
D0

c
fiby

EORO)
@®©®

c

au sac? au sac?
nha a nha a
T u
2
2 1/ \2

4 D @ @

P(e|H)P(H)
P(e)
P(2 nhén & 2 du6i|Ung thu)xP(Ung thu)

Chame

PeOC8S o, PPO0PP
PROOOP WL OPOCOP

Con chau

CPTl ,Tz T P(H|6) )
%3 %4 S8 nh: P(Ung thu|2 nhdn & 2 dudi)
i) =
U, CU,

929 QR

P(2 nhén & 2 duéi)

Truwong phai Két néi
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Truong phai Théng ké

Trudong phai Tién hod

Thuong uUng thu

Truong phai Twong tv

Pedro Domingos, book “The Master Algorithm”
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Hai nhanh cua Al: Al phan tich va Al tao sinh

Nghé thuat .
— , : Generative Al
Analytical Al fepl  Dwbdo & Thiét ke E %
y 000® tai chinh LA
'\ . Soan 4l B
>~ Dy bao = X
nhu cau (_\ /—’ nhac U =
¢ Q A s —D
Wﬂﬂno Phantich o ‘ . Sangtao =]
| hanh vi noidung (@ ~
khach hang
® . 4 bé : 2250 .
» ° DPoan bénh, Thé gioi =) 2
' 3 / @ Tién lwong g — 20 NES @\\?@

Z=== src khoé

@ \)
= Ang Thoi trang &

7 @\2\ : Phat hién <
It bat thwong pham
i GIUP TAO RA GIUP NOI V&1 TRI

TRI THU'C MO THU'C NHAN LOAI
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Ba loai AlLAl tac tw, Physical Al

ANI - artificial ASI - artificial gt .
% ligence §Utpt|?|f T Al Tactir — et}
intelligence Intelligence - LE(we - &
3 Siéu Al L) (Al agency) A
L Al Chuyén dung _ B : F -}
How Physical Al Works : Techslang

bl AGI — Artificial
—— | .
= General Intelligence

‘@4 Al TONg quat

We can on[_L/ see a shott distance ahead, but we can see p[enty there that needs to be done. Alan T, wing

Science of Autonomous—Intelligent Systems
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Al recent milestones

= Foundation models va Generative Al: Transformer + RLHF, Al
biét gi va giao tiép, sang tao thé nao, Al dén vdi moi nguoi.

= AlphaFold2: Ung dung Deep Learning vao bai todn dy doan cau
trdc protein tir chuoi axit amin. kéo dai hon 50 ndm = kham
pha khoa hoc (vat liéu, toan hoc...)

= Agentic Al va Physical Al: Tién hoa tir cdc md hinh du dodn tur
ti€p theo (next token prediction) sang cdc md hinh c6 kha nang
tw suy ludn nhiéu budc (chain-of-thought) va tw hanh dong
(agentic systems).
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Al va Data Science

Hoi thao  Ngénngir Ngon ngir Tac tl Hoc may Data-  Mangxa hoi, Deep (NN GAN Al
Dartmouth LISP PROLOG  théngminh  thongkeé drivenAl tinsinhhoc Learning RNN Transformer tao sinh
1949 1956 1970 1980 1982 1990 1995 1997 2000 2005 2010 2012 2014 2022 2025
Méy tinh thwong  Hé chuyén De4nméytinh  Khaipha Althdngvo Thachthitc  Khoahoc Ungdung ChatGPT
mai dau tién ~ gia dau tién thé hé 5 dirliéu  dich co vua DARPA dir liéu rong rai
J
\ 5 Y . 3 A Y A b e : . X
Gidc mo Al va nhitng budc di thing tram Ky nguyén dit liéu va cugc cich mang hoc mdy ~ Hoc sdu dot pha va Al dén véi moi ngudi

John McCarthy, “Artificial
Intelligence” (1956)
cht yéu dya trén logic toan

Norbert Wiener, “Cybernetics”
“pjeu khién hoc” (1948)
dya trén théng k&, ti wu...

A

Nhitng nguoi tham dy Hoi nghi Al Darthmouth 1956 ) Tri tué nhan tao
Hang sau tlr trai: Oliver Selfridge, Nathaniel Rochester, Marvin Minsky, va John McCarthy.
Hang trudc tir trai: Ray Solomonoff, Trenchard More, Claude Shannon.

John McCarthy Marvin Minsky Geoffrey Hinton (1947) “ - »
(1927-2011) (1927-2016) Attention Is All You Need” team
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Tai sao cac hé tv chu-thong minh quan trong

Autonomous—Intelligent Do phirc tap cua xa hoi tang rat nhanh
System (AIS): 1a hé thong Toc d6 thay d6i qua nhanh

co kha nang tw nhan thic Thi€u ngudn nhan luc

moi trwong, tuw dua ra ‘

quyét dinh va thuc hién
cac hanh déng dé dat
dwoc muc tiéu ma khoéng

can sy can thiép truc ti€p
cdia con ngudi. Al & DS: Lam sao hé tro nén thong minh?

Cybernetics: Lam sao hé tu diéu khién?
Systems science: Hé van hanh thé nao?
Computer science: Lam sao hién thuwc hoa?
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RoboCup: 2050: Robots thang ddi vé dich thé g

Chung két 6/7/2026 https://www.youtube.com/watch?v=8U5bdhOvHpM va
https://www.youtube.com/watch?v=CwFL3LdkPVY

Science of Autonomous—Intelligent Systems
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SAIS: Science of autonumous-intelligent systems

Cung cap kha nang
nhan thice, hoc héi,
suy luan, 1ap ké hoach
va ra quyét dinh
thong minh.

Cung cap nén tang
tinh toan, thuat toan,
phan mém, kién tric
va ha ting s6 dé hién

thuc hda hé théng.

System Science
(Khung kién trac va
Tuw duy toan cuc)

P—

Al & Data Science
(Tri tué nhan thirc,
Hoc tir di¥ liéu Ion)

Cybernetics
(Théng tin, Phan hdi,
Ty chl, Ty phan tu)

—

Computer Science

(Ha tang tinh toan,
Thuét toan, Hé théng)

\

Hi€u, mo hinh hda,
thiét k€ va quan trj
toan bd hé théng.

-

SAIS

(Autonomous - Intelligent Systems)

Science of Autonomous—Intelligent Systems

Cung cép cac nguyén ly
diéu khién, phan héi,
thich nghi va ty chd.
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Tai sao Khoa hoc cac hé thong ty chi—-thong minh?

Su hoi tu cua cybernetics, systems science, computer science
va Al la mo6t xu thé khach quan do sy xuat hién cta cac
Autonomous—Intelligent Systems.

SAIS la sy dap &ng ¢é chl dich ciia cong dong khoa hoc doi vaoi
xu thé d6, nham nghién ciru mét cach théng nhat cac nguyén
ly, phwong phap va cong nghé clia cac hé thong tu chid va
thong minh, dong thoi thic day qua trinh hdi tu dién ra nhanh
hon, sau hon va hiéu qua hon.
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