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Tom tat

Trong nhiing nim gan day, mo6 hinh mang hoc sau vat 1y (Physics-Informed Neural Nhan 16/04/2025
Networks - PINNs) da tré thanh huéng di méi trong linh vuc tinh toan khoa hoc, khi  Pugc duyét 11/07/2025
ket hop tri tué nhén tao v6i cac m6 hinh vat Iy. PINNs cho phép tich hop truc tiép cic  Cong bé 30/10/2025

phuong trinh vi phan (ODES, PDES) vao qué trinh huan luyén mang no-ron, giup tao
ra cac mo hinh vira chinh x4c vé mit vat 1y, vira c¢6 kha ning xt 1y dit liéu thuc té.
Bai bao cung cép céi nhin tong quan vé PINNS, tir nén tang 1y thuyét, kién tric mang,
dén co ché huén luyén va cac ing dung dién hinh nhu giai PDES, mé hinh nghich
dao, mo phong hé dong luc va da vat 1y. Ngoai ra, bai viét ciing phan tich cac wu
diém, thach thirc k¥ thuat hién nay va dinh huéng nghién ctru twong lai nhu adaptive
PINNSs, phan rd mién (domain decomposition), va cac bién thé nhu XPINNs, hp-
VPINNs, MgFNO. Két luan, PINNs 1a cong cu tiém ning trong cac bai toan c6 dir
liéu han ché nhung doi hoi d6 chinh xac vat 1y cao. Viéc phat trién va tng dung PINNs

Tt khoa

Mang hoc sau vat ly, mo
hinh vat ly, phuong trinh
vi phan, hoc may khoa
hoc, mo6 phong hién tuong
vat ly, bai toan nghich dao.

tai Viét Nam 1a can thiét, gop phﬁn thuc déy linh vuc khoa hoc tinh toan va tri tué
nhan tao.
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1. Pit van dé

1.1. Bbi cianh va dong lue

Trong thoi dai s6 hoa khoa hoc va cong nghé, nhu cau
xay dung cdc mo phong hién tugng vat ly ngay cang
tang cao trong nhiéu linh vuc: tir du bao khi tuong, thity
van, mo hinh y sinh, dia chét, vat liéu cho dén k¥ thuét
hang khong va nang luong. Tuy nhién, cac phuong
phap md phong truyén thong nhu phan tir hitu han
(FEM), sai phan hitu han (FDM) hay phuong phap thé
tich httru han (FVM) thuong doi hoi chi phi tinh toan
l6n, khé mo rong cho bai toan nhiéu chiéu hodc mién
tinh toan phc tap.

Trong khi d6, hoc sau da dat dugc nhitng thanh tyu vuot
béc trong nhan dién hinh anh, xir Iy ngén ngit va chudi
thoi gian. Tuy nhién, cac mé hinh hoc sau thuan tuy lai
gap kho khan khi ap dung vao céc linh vuc ky thuat va
khoa hoc tu nhién, noi ma dit liéu huin luyén thuong
khan hiém, va tinh dung dan vat 1y 1a yéu té bét bude.
Mang hoc sau vat 1y ra doi nhu mot giai phap trung hoa
giita hai thé gidi: két hop cdu triic mang hoc siu véi
rang budc tur cac phuong trinh vat ly (ODEs, PDEs),
cho phép mo hinh vira hoc tir dit liéu, vira dam bao tuan
thu cac dinh luat vat 1y co ban. Y tuong nay do Raissi
et al. [1] dé xuét vao nam 2019, va nhanh chéng mé ra
mot hudng méi cho linh vue Hoc may khoa hoc.

biac biét, sy phat trién cua cac bién thé méi nhu
XPINNSs, hp-VPINNs, MgFNO va PINO/FNO cho thiy
tiém ning mo rong tng dung manh mé ciia phuong
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phap nay trong méi trudng nhidu ti 18, da truong vat 1y,
va mién tinh toan 16n.

Do d6, viéc nghién ctru tong quan vé PINNs khong chi
c6 y nghia hoc thuat, ma con mang tinh thuc tién cao
trong vi¢c dinh huéng irng dung hoc may vao cac nganh
khoa hoc, k¥ thuat tai Viét Nam, noi dir li€u con han
ché nhung nhu ciu mé phong chinh xac ngay cang 1on.
1.2. Péng gop cia bai bao

Bai b4o nay dugc xiy dung nhdm dap ing ba myc tiéu
chinh:

(i) hé thong hoa tién bd ctia PINNs tir nim 2019 dén
nam 2025;

(i) phan tich diém manh, han ché va dic trung ctia timg
nhanh giai thudt chinh;

(iii) d& xuat kha nang tng dung thyc tién ciia PINNs va
cac bién thé trong bdi canh nghién ciru va cong nghiép
tai Viét Nam.

1.3. Pham vi va phuwong phap khio sat

1.3.1. Muc tiéu khao sat

Bai béo hudng dén viéc tong hop va hé thdng hoa cac
huéng phat trién chinh ctia PINNs va cac bién thé mé
rong giai doan 2019-2025. Do han ché vé ha tang tinh
toan, tac gia khong tién hanh thyuc nghiém lai, ma thay
vao do sir dung két qua cong bd trong cac bai bao khoa
hoc uy tin dé dinh luong so sanh hiéu qua cac mo hinh.
Céch tiép can nay nhiam dam béo tinh khach quan va
mé rong pham vi khao sat trong diéu kién tai nguyén
phu hop.
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1.3.2. Pham vi ngi dung
¢ Pham vi m6 hinh: bao gdm cic mang PINNs ¢ dién,
c4c bién thé nhu XPINNs, hp-VPINNSs, gPINNs ciing
nhu cdc nhanh hoc todn tr sdu nhu FNO, PINO,
MgFNO va PINTO.
e Loai bai toan: gioi han ¢ cac bai toan PDEs/ODEs
pho bién c6 benchmark cong bd rong rai nhu Burgers
1D, Allen-Cahn 2D, Darcy Flow va Navier-Stokes.
e Tiéu chi lya chon tai liéu:
v Bai bao qudc té tir nim 2019 dén thang 6/2025.
v Uu tién cac nghién ciru c6 két qua dinh lugng rd rang
(Rel. L2 error, MAE, inference time).
v Ul tién cong bd tai cac hoi nghi (ICLR, NeurIPS,
ICML) va tap chi Q1 theo SCImago.
1.3.3. Phwong phap thu thap va téng hop dir liéu
e Cong cu truy xuat: Google Scholar, Scopus, arXiv
API, Zotero.
e Tir khoa tim kiém: "PINNs", "Physics-Informed
Neural Networks”, "XPINNs", "FNO", "PINO",
"PINTQ", "scientific machine learning".
e Chién luge chon loc:
v Poc toan vin dé x4c nhan mé hinh c6 ap dung PDEs,
trinh bay cong thirc loss rd rang, c6 bao cdo s6 lidu thuc
nghiém.
v Luu trir théng tin gdm: md hinh, cdu tric mang, ham
mat mat, bai toan, dir liéu, d6 15i Rel. L2, thoi gian huan
luyén (néu c6), phan ctng sir dung.
v Chuan héa so sanh: véi mdi bai toan (vi du Burgers
1D), néu c6 nhiéu bao cdo, chi chon két qua tot nhat tir
mdi mé hinh dé tao bang so sanh. Cac gia tri dugc ghi
nhan kém ngudn trich dan rd rang trong phan Tai liéu
tham khao.
1.3.4. Giéi han khao sat
e Do khong thuc hién huéin luyén lai, bai bao khong
danh gia d6 6n dinh md hinh theo timg 1dn chay ma chi
ghi nhén gi4 tri trung binh t5t nhat tir cac bao cio gbe.
e Sai khac vé diéu kién bién, ludi khong gian, thoi
gian hoac cach chon diém dbi chiéu vat Iy co thé lam
cac két qua khac biét; vi vy bang dinh lugng chi mang
tinh chat tham khao th béc.
2. Kién thirc nén
2.1. Quy wée ky hiéu

Bang 1. Quy uac ky hiéu

Ky hiéu Dién giai
x € Q0 c R? Bién khong gian trong mién tinh
toan
t €[0,T] Bién thoi gian
u(x,t) Nghiém thuc caa hé vat ly

Mang no-ron bao gdm cac bién
N(xt, 0) khong gian x, thoi gian t, va tham
$6 6.
ug(x,t) Nghiém xap xi bsi mang no-ron,
tham s boi @
N[u] Toén ti vi phén (PDEs)
f(x1) Thanh phan nguon ngoai sinh
Rphys Phan du phuong trinh vat ly
Ak Trong s6 ham mat mat
Laata Loes Lpnys | Cac thanh phan trong ham mat mat
Ng, Ny S6 lwong diém dir ligu va diém doi
chiéu vat Iy

2.2. Phwong trinh vi phin va bai toan mé phong
Phuong trinh vi phan 13 cong cu cdt 15i trong mé hinh
hoa cac hé thong dong hoc, vat Iy tinh todn va sinh hoc.
Chung mé ta su thay d6i ctia dai lwong vat 1y theo khong
gian va thoi gian, vi du: nhiét do, 4p suat, nong do, van
toc, ...
Nhitng bai toan nay thudng duoc biéu dién tong quat
nhu sau: Nu](x,t) = f(x,t),x€ Q,t € [0,T]
Tuy vao thong tin diu vao, bai toan dwoc phan loai
thanh:
e Bai toan gia tri ban dau (Initial Value Problem): xac
dinh nghiém tir diéu kién khoi dau tai t = 0 .
e Bai toan bién (Boundary Value Problem): xac dinh
nghiém thoa man diéu kién tai bién khong gian cua
mién tinh toan.
Vi du mot s6 phuong trinh phé bién:
e Phuong trinh nhiét:
ou  0%u
%%
M ta khuéch tan nhiét, duoc dung trong md hinh
truyén nhiét, dong khuéch tan héa hoc.
e Phuong trinh song:
*u 0%

, FE
Ap dung cho soéng co hoc, dao dong cau trdc.
e Phuong trinh dong luc hoc chét long:

Jdu )
p(a+u'Vu)=—Vp+,uV u

M0 ta chuyén dong cia chat long khong nén, c6 do nhét
Karniadakis, G. E., Beskok, A., & Aluru, N. [2].

Céc phuong phap truyén théng dé giai phwong trinh vi
phan bao gdm: phan tir hitu han, sai phan hiru han va
thé tich hitu han. Tuy nhién, nhimg phuong phap nay
gip kho khan khi mo rong sang khong gian nhiéu chiéu
hoic khi dit liéu do thuc nghiém khong day du.

2.3. Mang no-ron nhan tao
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PINNSs tiép can bai toan bang cach dung mét mang no-
ron ug (x, t) dé xap xi nghiém ciia hé vi phan. Mang hoc
ham éanh xa:

(x,t) »ug(xt)
Mang nay duoc huan luyén sao cho dau ra cua né khong
chi phi hop véi dir liéu ddu vao, ma con thoa man
phuong trinh vat 1y dudi dang phan du:

:Rphys(x' t;0):= Nugl(x,t) — f(x,t)
Sai s6 nay duoc dua vio ham mét mat nhu mot rang
bugc vat ly, bén canh sai s6 dir liéu va diéu kién bién.
Céac dao ham cua ug duoc tinh qua vi phan te dong, cho
phép mang “chén” vao biéu thirc phuong trinh vt ly.
2.4. Ham mét mat tong quat
Ham mat mét huan luyén PINNs c6 cau trc tong quét
goém ba phan:
L(e) = Adataﬁdata + )LbCLbC + )lphysﬁphys

Trong do:
o Lga: Sai s tai diém dir lidu quan sat.
o L, :saiso tai cac didu kién bién hoic khoi tao.
® Lppys @ Sal s6 giita nghiém mang hoc duoc va
phuong trinh vi phén.
* Adatar Aber Aphys' trong s6 diéu chinh mirc wu tién
clia ting thanh phan.
3. Kién trac va nguyén Iy hoat déng ciaa PINNs
3.1. Kién trac téng quét ciaa PINNs
PINNs 12 mét kién trac lai két hop gitta mang no-ron va
m6 hinh vat 1y dudi dang phuong trinh vi phan. Khong
gidng cac md hinh hoc sau thuan tly chi hoc tir di liéu
gan nhan, PINNs duoc huan luyén dua trén ba ngudn
thong tin: (i) dix liéu thuc nghiém (néu co), (ii) diéu kién
bién/khdi tao, Vva (iii) tri thirc vat Iy bidu didn dusi dang
phuong trinh dao ham riéng (PDES).
Y tuong nay dwoc gidi thiéu lan dau tién trong cong
trinh cua Raissi et al. [1] — mot trong nhitng bai bao nén
tang dat tén cho thuat ngi “PINNs”:
Kién trdc caa PINNSs c6 thé chia 1am ba khéi chirc ning
chinh duoc thé hién rd trong Hinh 1 bén dudi:
e Mang no-ron du doan nghiém vat ly V' (x, t, 6);
e Mang thdng tin vat ly: noi danh gia sai sb theo ting
ngudn: dir liéu thuc nghiém, diéu kién bién va phan du
vat ly.
e Ham mit mét huin luyén téng quét: 1a t6 hop tuyén
tinh cua cac thanh phan mat mat vai cac trong sé dé can
bang tim quan trong cua timg thanh phan.
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Mang no-ron

LA Mang théng tin vt If

L 5
\ ‘—Saisﬂnidﬂ‘h&nq\nns&t z.,,..=n5:._.=i2lwtamfmll

\" * - S s i i i bidn /i kot 1k=”ﬂb¢="%£|'i(xt-m’"uﬁm: |
4

¥
Lnys = MSE gy = "iri\x[u.]hp‘x}-fwn”‘
=|

Ham mét mat tong quit
o | £09) = AdaroLaara + AveLnc + dpiyepiys
@ = argmjul (4)

Hinh 1. Kién trdc tong quat caa mang PINNs
3.2. Mang no-ron xip xi nghiém
Mang no-ron ug(x,t), nhan dau vao la cap toa do
khéng gian, thoi gian (x, t), va tra vé dau ra 1a nghiém
vat ly uéc luong u.
Biéu thuc toan hoc duoc mé hoé trong ham NV (x, t; 8),
voi:
e 0:tap trong s6 cua mang no-ron;
® Xq,..,X,: toa do khong gian dau vao:
e t: bién thoi gian.
Pau ra ug(x,t) sé duoc dung dé tinh dao ham theo
khong gian va thoi gian thong qua vi phan ty dong,
dugc biéu dién trong so dd véi biéu tugng “O
AutoDiff”.
3.2. Mang thong tin vat ly
Tir dau ra ug, hé théng tinh toan ba loai sai sé chinh:
3.2.1. Sai so tir dir liéu quan sat:

T ﬁ - Sai 56 phin du vit I (residual):

1
Laagta = MSEqqtq = N_dZ|ue(xi:ti) —uy?
=1

Trong do:

e N,: sb diém dir liéu thuc nghiém.

e u;: gidtri do tai (x;, t;).

Muc tiéu: day 1a sai s6 binh phuong giira dau ra mang
va gia tri quan sat thuc té. Sai s6 nay dam bao mang hoc
dugc mbi quan hé tir dit lidu dau vao dén gia tri vat ly
guan sat.

3.2.2. Sai sb tai diéu kién bién / diéu ki¢n dau:

Np
1
Ly, = MSEy. = N—b2|u9(xi; 0) - uo(xi)lz
i=1

Trong do:

e N, s6 diém bién hoac thoi diém ban dau.

e u,(x): nghiém da biét tai bién hoic khai tao.

Muc tiéu: day Ia sai s6 binh phuwong giita gi4 tri du doan
u(x;) va diéu kién bién/diéu kién ban dau tai cac diém
x;. Sai s6 nay gilp mang hoc dugc diéu kién khai tao
hoac gia tri tai bién khéng gian. Mang phai thoa mén
cac diéu kién ban dau nhu nhiét d¢ tai t = 0 hoic diéu
kién Dirichlet tai bién.
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3.2.3. Sai s6 phan dw vat ly:

Day 14 thanh phan cdt 18i cia PINNS, chinh 1a tu tuong

"Al hiéu vat 1y".

Gid st phuong trinh dao ham riéng dugc mo ta béi toan

ta:

‘ N[l t) = f(x,t)
thi phan du 1a sai s6 gitra nghiém mang va nghiém dung:
Rpnys(x, ) : = Nug](x,t) — f(x, 1)

Vi dy: voi phuong trinh nhiét:
ou 0%u dug 0%ug
Frin aﬁ = Rphys(x,t) = o am

Pao ham nay duoc tinh bang vi phan ty dong thdng qua

d6 thi tinh toan ciia mang no-ron. Ham mat mat phan

du:
Ny

1 2

Lonys = § |Rpnys Cerer )|
f &=
=1

Trong do:
e N;:sb diém déi chiéu vat Iy, duoc chon ngau nhién
trong toan mién khong gian, thoi gian.
Muc tiéu: day Ia phan du cia phuong trinh vi phan,
kiém tra mirc do tudn tha vat ly caa nghiém mang. Sai
s6 nay giip md hinh hoc duoc nghiém sao cho théa man
phuong trinh vat ly tai moi diém khdng c6 nhan.
3.3. Ham mat mat téng
Toan bo qué trinh huan luyén téi wu tham sb 6 cia mang
bang cé4ch téi thiéu hoa ham mat mat tong hop:

['(9) = AdataLdata + Abc['bc + )lpbysﬁplzys

6* =arg mein L(8)

V6i Agatas Aber Aphys: trong s6 diéu chinh muc wu tién
clia timg thanh phan. Vi du néu dir liéu it ting A,
Néu diéu kién bién quan trong ting A,,.

Raissi et al. [1] da trinh bay rd cach xay dung toan tir vi
phan tir mang no-ron thdng qua vi phéan tu dong va tinh
toan ham mat mat vat 1y tai cac diém ddi chiéu vat ly.
Phuong phap nay cho phép moé hinh "hoc" phuong trinh
vat Iy ma khong can roi rac hoa mién.

Theo Faroughi et al. [3], cac phién ban PINNs hién dai
con thém vao ham mit mat bién (boundary condition
loss) dé xur 1y cac rang budc Dirichlet hoic Neumann.
3.4. Tinh dao ham bang vi phan ty déng

PINNs dya vao co ché vi phan ty dong (automatic
differentiation) trong cac thu vién nhu TensorFlow
hodc PyTorch dé tinh dao ham béc cao. Diéu nay giup
giam thiéu 11 rdi rac va cho phép xdy dung ham mat
mat tir phuong trinh vat 1y mdt cach linh hoat. Ta co
thé:

e Tinh dao ham theo khong gian va thoi gian 1én dau
ra cla mang.

e Ap dung phuong trinh vat Iy vao ham mét mat ma
khong can viét tay dao ham.

e (Cac dao ham nay duoc st dung dé kiém tra phﬁn du

vat 1y ciia phuong trinh dao ham riéng.
Toscano et al. [4] cho rang kha ning ty dong tinh dao
ham chinh 1a 1y do khién PINNSs tr¢ thanh lIva chon uvu
viét so v6i phuong phép sb truyén théng trong nhiéu
tinh hudng c6 diéu kién bién phirc tap.
3.5. Phin loai cac nhanh phit trién va so sanh wu,

nhwoc diém

3.5.1. Phén loai cac nhanh PINNs
Céac nhanh phat trién ctia PINNs c6 thé dugc phén loai
thanh ba hudng chinh:

Bing 2. Phan loai cac nhanh phat trién PINNs

Nhanh phat

Tén goi tiéu

Muc tiéu cai tién

trién biéu
. . Khé niang md rong
Chia mién / phan | o)\ iNs khong gian lom,
vling N L .
giam chi phi cuc bo
Tang kha nang hoi Gla} quyet . bat
, . | hp-VPINNSs, | thuong  gradient,
tu / thich nghi . R ’ ]
R . gPINNs tang d6 chinh xac
khbng gian N
hoi tu
o FNO, PINO, | Tong quat hoa trén
Hoc toan tir sau / A . Z
Fourier-based MgFNO, mién moi, tdng toc
PINTO suy dien
3.5.2. So sanh tong hop wu va nhwoc diém cac nhanh
cia PI
Bang 3. So sanh tong hop wru va nhugc diém cac nhanh
cua PINNs
Bién | Ngudn | Y twong cai | Uu diém | Nhwoc diém
thé | tham | tién chinh
khao
PINN | Raissi | Anh xa ham | Pon gian, | Bat thuong
s etal.[1] | +phandu | d& hudn | gradient,
(g6c) luyén khong  md
rong.
XPIN | Jagtap | Phan chia | HG  trg | Thiét ké giao
Ns etal. [5] | mién tinh | song song | tuyén va
toan thanh | hoa tbt. dong bo hoa
cac tiéu | Kha ning | phic tap.
mién, mdi | mé rong
mién hudn | cho mién
luyén mot | tinh toén
mang riéng | 16n.
biét, ghép lai
bang diéu
kién  tiép
nbi.
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hp- Kharaz | Két hop tinh | Tang d¢ | Doi hoi chién
VPIN | mietal. | chinh cuc bd | chinh xac | lwugc  phén
Ns [6] kich thudc | cho  bai | ving va tbi
luéi (h) va | todn  c6 | uu thich nghi
bac ndi suy | dac trung | tinh vi.
(P),  gilp | cucbd.
mang thich | HoOi tu
ung véi | nhanh
nghiém c¢o6 | hon
bién  thién | PINNs ¢
nhanh hodc | dién.
nghiém
nhon.
gPIN | Yuetal. | B6 sung cac | On dinh | Tang chi phi
Ns [7] dao ham bic | gradient, | tinh toan do
cao vao ham | ting kha | phai ldy dao
mat mét, | ning hoi | ham  nhiéu
giup cai | tu. bac.
thién dong
gradient va
giam  tinh
trang mét 6n
dinh khi
huén luyén.
FNO/ | ¢ FN | Khong hoc | Suy dién | Can luong
PINO | O: Li et | nghiém nhanh, dir liéu day
/PIN | al.[8] | diém dic biét | do va phan
TO e PIN | u(x,t), ma | phu hop phéi tdt.
O: hoc 4nh xa | cho  hé
Chen, toan te | PDEs
Xu, et|Gfwru, tham  s6
al. [9] cho  phép | hoa.
e PIN |tong  quat Tong quat
TO: hoatréntoan | hoa  tdt
Boya & mién. trén mién
Subram chua
ani [10] thay.
MgF | Guo & | M¢  rong | Saisdcuc | Doi hoi tai
NO Li[11] | FNO  véi | thdp  so | nguyén GPU
phuong voi manh va tién
phép da | PINNs cb | xtr ly dit liéu
ludi, két hop | dién. tot.
bién d6i | Hiéu qua
Fourier va | cao  voi
phdn  giai | cac  bai
nhidu ti 1¢, | toan da
dat do chinh | chiéu,
xac vuot trdi | phuec tap.
trong cac bai
toan vat ly
khdng gian
cao.

3.5.3. So sanh dinh lwong giira cac bién thé
Béng 4, so sanh dinh luong cic bién thé PINNSs, tong
hop tir cac bai bao cong bd chinh thirc trong giai doan
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2019-2024. Bang trinh bay sai s6 twong dbi chuin hoa
(Relative L2 Error %) trén mot s6 bai toan chuin trong
cong dong PINNs: Burgers 1D, Darcy 2D, va Navier—
Stokes 2D khong nén. Cac con sé dugc lay nguyén vin
tir két qua thuc nghiém trong cac bai bao, giup minh
hoa mirc d6 cai tién qua tirng bién thé.
Bang 4. So sénh hiéu suit dinh lugng cua céc bién thé
(Chi 56: Sai 56 twong doi chudan héa L2 — %)

Phwong | Burgers | Darcy | Navier— [ Ngudn
phap 1D 2D Stokes tham
2D khao
PINNs 0,067 - 6,99 Raissi et
(gdc) al. [1]
XPINNs | 0,593 - 2,10 Jagtap et
al. [5]
hp- - 0,88 1,47 Kharazmi
VPINNSs etal. [6]
gPINNs | 0,052 - 1,98 Yu et al
[7]
FNO 1,60 0,96 1,28 Lietal. [8]
PINO 0,742 - - Chen, Xu,
etal. [9]
PINTO 0,48 - 0,52 Boya &
(seen) Subramani
[10]
MgFNO 0,17 0,28 0,22 Guo & Li
[11]

Tong két hiéu suat:
Bang 5. So téng hop hiéu suit cac bién thé cua PINNSs

Bién thé | Thé manh chinh | Hiéu suit tong
quat
PINNs Bai toan 1D don | T6t(1D), yéu (2D)
(g6¢) gian
XPINNs | Mién 16n, song song | Vura
hp- Nghiém bién thién | Tot (2D)
VPINNs | manh
gPINNs | On dinh gradient Tét (1D, 2D vira
phai)
FNO Hoc toan tur Trung binh
PINO Méi, chua di dit | Can thém kiém
liéu chung
PINTO | Tbiwu 2D chit luu | Rat tht
MgFNO Tbt moi chiéu Xuét sic toan dién

4. Phan tich wu diém, thich thirc va hwéng phat
trién

4.1. Uu diém, thach thirc khi trién khai

PINNs mang lai nhiéu tiém nang vuot troi voi nhiéu uu
diém:

Thir nhdt, tdn dung tri thiec vat ly hiéu qud: PINNs
khéng yéu cau lwong 16n dit liéu thuc nghiém nho khai
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thac tri thire tir phuong trinh vat 1y, didu nay dic biét
hiru ich trong cac linh vyc nhu khi tuong, dia vat ly, y
sinh, noi dir liéu khan hiém Cuomo et al. [12] va Raissi
etal. [1].

Thit hai, tw dong dam bdo tinh diing dan vét 1y: thong
qua ham mAt mat vat 1y, PINNs ddm bao nghiém luén
tuan thu cac dinh luat co ban, gitp loai bo cac nghiém
"a0" Raissi et al. [1] va Toscano et al. [4].

Thit ba, linh hoat véi cic dang bai todn: c6 thé xu ly
dong thoi nhiéu phuong trinh va didu kién bién rang
budc Cuomo et al. [12].

Cudi cing, giam thiéu roi rac héa khong gian, thoi
gian: nho st dung vi phan ty dong, PINNs khong can
xay ludi roi rac nhu phuong phap phan tir hiru han, gitp
tiét kiém bo nhd De Ryck & Mishra [13].

Tuy nhién, PINNs ciing d6i mat v6i nhiéu thach thic
k¥ thuat:

Thir nhdt, mat cdn bang trong ham mdt mat: huan luyén
PINNSs 12 mot qué trinh t6i wu da muc tiéu (dir liéu,
phuong trinh, va diéu kién bién), néu can chinh cac
trong s A khong t6t ¢6 thé khién mé hinh hoi tu kém
Toscano et al. [4], De Ryck & Mishra [13], Faroughi et
al. [3].

Thi hai, thoi gian hudn luyén dai: do viéc tinh dao ham
nhiéu 1an bang vi phan ty dong, dic biét voi bai toan
nhiéu chiéu Cuomo et al. [12], Kim, D et al. [14].

Thir ba, hién twong bat thuwong gradient: do phai tinh
dao ham béc cao qua nhiéu 16p mang, do d6 co thé giy
ra hién twong suy giam hodc bung nd gradient, anh
hudng dén do hoi tu De Ryck & Mishra [13], Faroughi
etal. [3].

Cudi cung, k6 Khan trong chon diém doi chiéu vit Iy:
chét luong nghiém phu thude nhiéu vao viéc chon cac
diém nay trong mién tinh toan Cuomo et al. [12], De
Ryck & Mishra [13].

4.2. Cac hwong nghién ciru twong lai

Céc hudng nghién ciru chinh trong tuong lai bao gom:
PINNs thich vng (Adaptive PINNs), sit dung phuong
phap 1dy mau thich ing dé ty dong chon diém ddi chiéu
vat 1y tai ving sai s6 cao Toscano et al. [12]; chia mién
tinh toan (Domain decomposition), nham chia nhé mién
bai toan thanh cac mién con (DD-PINNs) dé huin luyén
song song hiéu qua De Ryck & Mishra [13]; hoc chuyén
giao (Transfer Learning), tin dung két qua tir bai toan
don gian dé khéi tao mo hinh phirc tap, gitp giam thoi
gian huén luyén Toscano et al. [4]; PINNs cho hé da vit
Iy va da ti 1é, m& rong md hinh dé giai cac hé phirc tap
c6 nhidu truong tuong tic Kim, D et al. [14]; va
MgFNO, phuong phap két hop FNO véi thuit toan da
lusi V-cycle dé khic phuc hién tuong bét thuong
gradient.

5. P& xuét trng dung tai Viét Nam

PINNS va cac bién thé ciia né khong chi mang lai tiém
nang 1y thuyét trong viéc giai phuong trinh dao ham
riéng, ma con mé ra nhiéu hudng ung dung thuc tién
trong bdi canh Viét Nam, noi thuong gip thach thirc vé
dir liéu khan hiém, diéu kién bién khong diy dii va ha
tang tinh toan han ché.

Dua trén nhu cau thuc té va cac két quéd dinh luong dugc
tong hop & cac muyc trén, chiing toi dé xuat ba nhom linh
vuc tng dung wu tién cho PINNs va cac bién thé nhe tai
Viét Nam, cu thé nhu sau:

5.1. Mo phéng khi tuwgng, thiy van

Viét Nam 1a quéc gia chiu anh hudng ning né boi bién
ddi khi hau, véi cac hién tugng nhu mua cyc doan, xam
nhap mén, va 1i quét gia ting vé tan suit va cuong do.
Céc hé thong canh bao sém thuong gip khé khin do:

e Thiéu dir liéu quan tric déu din theo khong gian,
thoi gian;

e M5 hinh vat Iy truyén théng can luéi tinh va chi phi
tinh toan 1on;

e Do phan giai khong gian con thip, dic biét & ving
nui hodc ven bién.

Trong bdi canh nay, cac md hinh PINNs va cac bién thé
hoan toan cé thé tich hop dé:

e Mo phong myuc nudc lii, truong nhiét d6 mat nudc
(SST), hoic dong chay bé mit;

e Du bdo lan truyén 1ii trén nén dir liéu dau vao giGi
han;

e Tbng quat hoa theo didu kién bién va dia hinh bién
d6i, didu ma PINNs gbc co thé thuc hién thong qua
residual vat 1y.

5.2. M hinh dia chit, dia vat Iy

Trong linh vuc tham do dia chét, viéc xac dinh céu trac
tang d4 tir tin hidu song dia chan (seismic wave) 1a mot
bai toan ngugc dién hinh, thuong dwoc giai bing
phuong phap nghich ddo hodc mé hinh hoa song
2D/3D. Tuy nhién, cic phuong phap truyén thong
thuong gap tro ngai do:

e Khong du d6 phan giai khong gian, dac biét ¢ khu
vyc mién nii phia Bac va Tay Nguyén;

e M0 hinh héa nghich dao toan séng (FWI) doi hoi
siéu may tinh;

e Dit liéu do séng c6 nhiéu va khong lién tuc.

PINNs, dic biét khi két hop v6i mo hinh gPINNs hodc
hp-VPINNS, c6 thé:

e MO phong lan truyén song dia chan 2D;

e Hoc anh xa tu tin hi¢u bién sang trudong soéng trong
long dat;

e Ap dung trong bai toan nguoc: suy doan toc do lan
truyén, mat d6 hodc cac di thuong dudi long dat.
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5.3.Y sinh hoc, md phéng lan truyén

Trong y hoc mo6 phong, déc biét voi cac ung dung phi
truyén théng nhu:

e M5 hinh khuéch tan thudc trong mé hoc (tissue-
based drug transport);

e Lan truyén bénh truyén nhiém (dich t& hoc PDEs-
based nhu SEIR-PDES);

e M5 phong dan truyén tin hiéu than kinh hodc dong
mau vi mach;

PINNs cho phép mo phdéng cac hé¢ PDES phan ung —
khuéch tan (reaction—diffusion) trong trudng hop:

e Thiéu dir liéu day du trén toan mo hinh sinh hoc;

o Diéu kién bién dugc do dac tai mot vai 1at cit hodc
thoi diém;

e Nghiém that khong thé truy cap truc tiép (vi du: dan
truyén thudc trong mo sau).

6. Két luan va kién nghi

6.1. Két luén

PINNs 1a mét trong nhitng hudng tiép can tién tién
trong linh vuc hoc may khoa hoc, cho phép két hop hiéu
qué gitta m6 hinh hoc sau va tri thirc vat ly. Véi kha
ning tich hop cac phuong trinh vi phan tryc tiép vao
qué trinh huén luyén mang no-ron, PINNs dd m¢ ra mét
16i di moi trong viée giai quyét cac bai toan mod phong
vat 1y truyén thong ma khéng cin dén roi rac hoa hodc
ludi tinh toan phuec tap.

Tai liéu tham khao
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Bai b4o nay d trinh bay téng quan vé kién trdc, nguyén
1y hoat dong, wu diém, thach thirc va xu hudng phat
trién cia PINNs. Cac nghién ctru gan ddy cho thay
PINNSs khong chi giai quyét duoc cac bai toan truc tiép
va bai toan nghich dao trong moi truong dit li€u khan
hiém, ma con c6 tiém ning 16n trong cac linh vuc nhu
mo phong da ti 18, hé thong da vat Iy, va bai toan nghich
dao trong thuyc tién.

6.2. Kién nghi

Tuy nhién, dé PINNs c6 thé duoc tng dung rong rai hon
trong cong nghiép va nghién ciru, cac van dé nhu t6i uu
hoéa hiéu qua, lva chon diém ddi chiéu vat 1y, chuan hoa
ham mat mat va giam thoi gian huan luyén can tiép tuc
dugc quan tim. Nhimg huéng nghién ctru nhu ldy mau
thich ng, phan chia mién, va phat trién cac bién thé
nhu XPINNSs, hp-VPINNs, MgFNO dang mé ra nhiéu
trién vong.

Tai Viét Nam, PINNs 1a mot chu dé con méi nhung day
tiém nang, dac biét trong cac linh vgc nhu mo hinh khi
tuong, thuy van, dia chat, moi truong va y sinh hoc.
Viéc tiép can, nghién ciru va tng dung PINNs sé& gitp
nang cao nang lyc mod phong, du bao va ra quyét dinh
ctia cac hé théng khoa hoc k¥ thuat trong nudc.
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Chung t6i xin cam on Trudng Pai hoc Nguyén Tt
Thanh, Thanh phé H5 Chi Minh da hd tro cho nghién
curu nay.

1. Raissi, M., Perdikaris, P., & Karniadakis, G. E. (2019). Physics-informed neural networks: A deep learning
framework for solving forward and inverse problems involving nonlinear partial differential equations. Journal of
Computational Physics, 378, 686-707.

2. Karniadakis, G., Beskok, A., & Aluru, N. (2006). Microflows and nanoflows: fundamentals and simulation (Vol.
29). Springer Science & Business Media.

3. Faroughi, S. A., Pawar, N., Fernandes, C., Raissi, M., Das, S., Kalantari, N. K., & Mahjour, S. K. (2022). Physics-
guided, physics-informed, and physics-encoded neural networks in scientific computing. arXiv preprint
arXiv:2211.07377.

4. Toscano, J. D., Cueto, E., & Gonzalez, D. (2024). From PINNs to PIKANSs: Recent advances in physics-informed
machine learning. arXiv preprint arXiv:2410.13228.

5. Jagtap, A. D., & Karniadakis, G. E. (2020). Extended physics-informed neural networks (XPINNSs): A generalized
space-time domain decomposition based deep learning framework for nonlinear partial differential equations.
Communications in Computational Physics, 28(5).

6. Kharazmi, E., Zhang, Z., & Karniadakis, G. E. (2021). hp-VPINNSs: Variational physics-informed neural networks
with domain decomposition. Computer Methods in Applied Mechanics and Engineering, 374, 113547.

7. Yu,J., Lu, L., Meng, X., & Karniadakis, G. E. (2022). Gradient-enhanced physics-informed neural networks for
forward and inverse PDE problems. Computer Methods in Applied Mechanics and Engineering, 393, 114823.

8. Li, Z., Kovachki, N., Azizzadenesheli, K., Liu, B., Bhattacharya, K., Stuart, A., & Anandkumar, A. (2020).
Fourier neural operator for parametric partial differential equations. arXiv preprint arXiv:2010.08895.

9. Chen, X,, Yongjie, F. U., Liu, S., & Di, X. (2023, July). Physics-informed neural operator for coupled forward-
backward partial differential equations. In 1st Workshop on the Synergy of Scientific and Machine Learning
Modeling@ ICML2023.

@ Pai hoc Nguyén Tit Thanh
U™

NGUYEN TAT THANH



Tap chi Khoa hoc & Cdng nghg¢, Vol 8, S2, Nim 2025

10.Boya, S. K., & Subramani, D. N. (2025). PINTO: Physics-informed transformer neural operator for learning
generalized solutions of partial differential equations for any initial and boundary condition. Computer Physics
Communications, 109702.

11.Guo, Z. H., & Li, H. B. (2024). MgFNO: Multi-grid Architecture Fourier Neural Operator for Parametric Partial
Differential Equations. arXiv preprint arXiv:2407.08615.

12.Cuomo, S., Di Cola, V. S., Giampaolo, F., Raissi, M., Piccialli, F., & Calabro, F. (2022). Scientific machine
learning through physics-informed neural networks: Where we are and what's next. arXiv preprint arXiv:2201.05624.
13.De Ryck, T., & Mishra, S. (2024). Numerical analysis of physics-informed neural networks and related models
in physics-informed machine learning. Acta Numerica, 33, 633-713.

14.Kim, D., & Lee, J. (2024). A review of physics-informed neural networks for multiscale analysis and inverse
problems. Multiscale Science and Engineering, 6(1), 1-11.

An Overview of Physics-Informed Neural Networks
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Abstract In recent years, Physics-Informed Neural Networks (PINNs) have emerged as a promising approach in
scientific computing by integrating artificial intelligence with traditional physics-based models. PINNs incorporate
differential equations (ODEs, PDEs) directly into the training process of neural networks, enabling the construction
of models that are both physically consistent and capable of handling real-world data.

This paper provides a comprehensive overview of PINNSs, including their theoretical foundations, network
architecture, training mechanisms, and typical applications such as solving partial differential equations, inverse
modeling, dynamical systems, and multiphysics simulations. It also discusses key advantages, current technical
challenges, and future research directions, including adaptive PINNs, domain decomposition strategies, and advanced
variants such as XPINNSs, hp-VPINNSs, and MgFNO.

In conclusion, PINNSs represent a powerful tool for problems involving limited data but requiring high physical
fidelity. Their development and application in Vietnam are both timely and essential, contributing to the advancement
of scientific computing and artificial intelligence research.

Keywords Physics-Informed Neural Networks, physical modeling, differential equations, scientific machine
learning, physical simulation, inverse problems.
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