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1.1.1 Lich su

e Ly thuyét tdp mo dugc phat trién tir nAm 1965 bdi Lotfi A.
Zadeh [1].
 Bo diéu khién mo ra doi nam 1975 boi E. H. Mamdami [2].

[1] http://www.cs.berkeley.edu/~zadeh/ [2] http://www.iis.ee.ic.ac.uk/~amamdani/
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1.1.2 Tap hop

Vidu 1.1: Tap hop cac ban nir trong 16p A =
{Hoa, Mai, Phwong ..., Thanh}

Vi du 1.2: Tap hop cac sai s6 duong va nho hon 10%
B={e|l0<e<0,1}

* Phuong phap mo ta tap hop:
> Liét ké cac phan tir
> Chi ra tinh chat dic trung cho cac phan tur

« Gia str A la mot tap hop da cho, néu mot phan tir a thudc tap
hop A ta ky hi¢u 1a a € A, n€u khong thudc tap hop A ta ky
hiéu la a & A.
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1.1.2 Tap hop

 Tap hop rong: @
La tap hop khong chtra phan tir ndo.
Vi du 1.3: Tap hop céc ban sinh vién trong 16p c6 tudi nhé hon
12
- Taphopcon:t Ac B Vaa€A=a€B
- Tap hop A duoc goi la tap hop con cua tap hop B néu nhu
mo1 phan tur thudc tap hop A cling thudc tap hop B.
- Néu A khéng phdi la tdp hop con cia B, ta ky hiéu la: A ¢ B
_A =B < A c BvaB c A (hai tip hop bing nhau)
Vidu 1.4:
Tap hop cac s6 nguyén 1a tap hop con cua tap hop cac so thuc
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1.1.2 Tap hop

e CA4c tinh chat:
v A c Avdimoi tap hop A.
v NeuAc BvaBc CthiAcC
v ® c A vdi moi tap hop A.

 Ham lién thuoc (phu thuoc): Hinh 1.1 Tinh chat ctia tap hop con
1,néux € A

Ha(x) = X ol
O,neux &€ A

Vidu 1.5: Tap hop nhiét do mat
A ={x|20°C < x < 25°C}

0 : .

1 (x) = 1,neux €A - _—
A O,néux ¢ A Hinh 1.2 Ham lién thudc cha tap A
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1.1.3 Cac phép todn

* A) Phép giao cua hai tap hop
ANB={x|x € Avax € B}
Hanp(x) = pa(x) .up(x)=min(p,(x), ug(x))

Vidul.6:A={x|1 <x<3}vaB={x|2 <x <4}
ANB ={x|2<x <3}

Ay (x), pp(x) A lang (X)
CN — L, preEsssT= -
: : : : . : : 5
0 1 2 3 4 X 0 1 2 3 4 X

Hinh 1.3 Ham lién thudc cho vi du 1.6
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1.1.3 Cac phép todn

* B) Phép hop cua hai tap hop

AUB = {x|x € A hoac x € B}
taug () = pa(x) + pp(x) — pa(x). pp (x)=max(py (x), pp (x))
Vidu 1.7: (tiép theo Vi du 1.6) uyup(x) = {x|1 < x < 4}

A ls(x), pp(x) A Hayp (X)
Lt 1 .} N .
I : | [ . : : -
0 1 ) 2 3 4 X 0 1 2 3 4 X

Hinh 1.4 Ham lién thudc cho vi du 1.7
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1.1.3 Cac phép toan

* () Phép bu cua mot tap hop
Gia su tap hop A < U, tap hop bu cua A:
A. ={x|x e Uvax & A} (c: complement)

_LnéuxeAd _ .
.UAC(X) = {O,né'ux A 1 — pa(x)
Vidul.8: A, = {x|x < 1 hodc x > 3} (tiép theo vi du 1.6)
A s (x) A, (X)
I : . 1 —— g
0 1 2 3 x> 0 1 2 ; ;

Hinh 1.5 Ham lién thudc cho vi du 1.8
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1.1.3 Cac phep toan

e Cac tinh chat ciia phép giao
v Tinh giao hoan: AN B =B N A
v Tinhkéthop: AN(BNC)=(ANB)NC
v NeuAcBthiANB=AvaAnCcBNC
v (ANB).= A, VU B, (De Morgan)

e Cac tinh chat ciia phép hop
v" Tinh giao hoan: AUB =B U A
v’ Tinh két hop: AU(BUC) =(AUB)UC
v NeuAcBthiAuCcBUC
v (AUB).,= A, N B,
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1.2 Tap mo va ham lién thudc

* Dinh nghia:
Cho tap hop vii tru U, tap hop mo F dugc mo ta bo1 ham lién
thuoc:
Up(x):U - [0;1],x € U
 Vidu 1.9: Tap hop cac sai so xap xi bang khong F v4i ham
11én thudc nhu hinh 1.6.
(—100x + 1,n8u 0 < x < 0.01

Up(x) =<1100x + 1,néu —0.01 <x <0 1
k0, cac trueong hop khac / \

-0.01 O 0.01 X

Atr(X)

Hinh 1.6 Ham lién thudéc cho F
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1.2 Tap mo va ham lién thudc

* Cac dang ham lién thuoc:

Trimf (TRIangular Membership Function) — tam giac

, A Up(x)
( 0,neux <a
x—a
p neua<x<b 1
—a
:uF(x):<C—x )
neub<x<c
c—>b
\ 0,néuc <x
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1.2 Tap mo va ham lién thuoc

* Trapmf (TRAPezoidal Membership Function) — hinh thang

f . 4 fp(X)
O,neux <a
xX—a |
neua<x<b»n
b—a
up(x) =< 1néub<x<c
d—x
,neuc<x<d
d——c

\ 0,néud < x
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1.2. Tap m¢& va ham lién thudc

Gbellmf (Generalized BELL Membership Function) — hinh

chuong
1 ‘ ! ! oo '
] , y ' Gbelmf-1,2, 5
Hr(x) = S S R
X—C% N
1+ e femeans T FENSEENEE. fesasei -
n 0.7 ....................................................................... —
d — dO I'QIlg - | S 1 ST - . N N -
b > 0 do doc ] e . AR .
c — tam T AR M A R
OO 'S VOO U . YU O N—
7] ESSRSROE SRR NSNS USROS 5 NUSRION SUSSNONSE SO
W S Y S VO O S
1 T
-2 0 8 10 12
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1.2. Tap m¢& va ham lién thudc

* Gaussmf (GAUSSian Membership Function)
_l(ﬂ)z

pup(x) =e 2\ o

¢ — la tdm cua ham lién thudc

o —do rong
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1.2. Tap m¢& va ham lién thudc

» Gauss2mf
( 2 T \ 1 T
1 X—Cq1 ~
-5 ,MNEeu Xx<c
Hi(x) =€ (o,") 1
\ 1,néux > c,
(1 X—Cp\?
— NéuU x2cy
Ha(x) =1€ a i ) :

1,néux < c,

up(x) = pg (x)*pp (x)
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1.2. Tap m¢& va ham lién thudc

* Sigmf (SIGmoid Membership Function)

1 . Y S
Up(x) = = = sig(x,a,c), a—do doc tai tam ¢

o Dsigmf: ug(x) =|sig(x,aq,¢cq) — sig(x,a,,cy)|
o Psigmf: up(x) =sig(x,aq,cq) *sig(x,a,,cy)|

| |
mf2 mfl

2/25/2021 10:45 AM Ts. Nguyén H. Nam 20



1.2. Tap m¢& va ham lién thudc

 Zmf (Z-shaped curve MF)

( 1,néux < xq
2
X — X1 . X1 + Xg
1-2 ,neux; < x <
Xo — X1 2
i@ =1 e\ x g = zmf (x1, %)
2 ,neu < x < Xq
Xog — X1 2
0,néu xy < x

\

e Smf (S-shaped curve MF) up(x) = 1 — zmf (xq, xo) = smf (xq, xp)
e Pmf (Pi-shaped curve MF) ugp(x) = smf (xq1,x,) * zmf (x5, x4)
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1.2 Cac phép tinh co ban cua tap mo

* Phép bu ciia mét tap mo

Mot toan tir  dugc dinh nghia la phép bl ctia tip mo A néu thoa
méan cac dieu kién sau:

dn:[0,1] —[0,1];

A 1(0) =1 van(l) = 0; (diéu kién bién)

O pa(x) <pa(y) © n(pa(x)) = n(pa(y)) (tinh khong ting)
d Vx, n(n(ra(x))) = pa(x)
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1.2 Cac phép tinh co ban cua tap mo

« MGt so toan tir bu thong dung:

> N(pa(x)) = HAC(X)
=1—pupa(x) (Zadeh, chuan)

> 12,00 = [1= (1) (Vagen
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1.2 Cac phép tinh co ban cua tap mo

+ Vidu 1.10: —
1 o LB
:uA(x) - 1 + xz 7
(Gbellmf -1, 1, 0) —
xZ — - — - complement set of A
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1.2 Cac phép tinh co ban cua tap mo

* Phép hop cua hai tap hop mo
Mot toa,'m tor U dugce dinh pghia 1a phép hop cua hai tap hop mo A
va B néu thoa man cac diéu kién sau:
d U: [0,1]%[0,1] — [0,1];
O pa ) Upp(x) = pp(x)Up, (%);
O [pa()Upg(x)] Upc(x) = pa(x)U[pup(x) Upc(X)];
Qpax) = o, up(x) =2 &
ua (x)Upp(x) = alUpp(x),
pa(x)Upp(x) = pa(x)UB;
Quax)UL =1, pa (U0 = pua (x)
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1.2 Cac phép tinh co ban cua tap mo

Mot s6 toan tir hop thong dung
taus(¥) = max[ps (x), 1 (9], Zadeh
uaus (%) = pa(X) + pp (%) — pa(X). pp(x)
Haug(x) = min(l, ua(x) + uB(X)) , Lukasiewicz
Vidul1l.11: 1

08

06—
04r-
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1.2 Cac phép tinh co ban cua tap mo

* Phép giao cua hai tap mo

Toéan tir N duoc dinh nghia 1a phép giao cua hai tip hop md néu
thoa man cac diéu kién sau:

Q N:[0,1]x[0,1] — [0,1];
0 VX, pa(x)Npg(x) = pg(x) Npy (x);
A VC, x, (La(x)Nup(x)) Npe(x) = pa (DN (e (X) Nue(x));
dVa, B, x, pa(x) = o, pg(x) = <
ua () Npg(x) = aNpg(x),
ua () Npg(x) = pa(x)NB;
QO pua(x)NT = pa(x), pax)N0 =10
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1.2 Cac phép tinh co ban cua tap mo

Mt so toan tir giao théng dung
Uang (x) = min[us (%), up(x)], Vx € U, Zadeh
uang(X) = pa(x). up(x),Vx € U
Uang (X) = max(pu, (x) + pug(x) — 1,0), L ukasiewicz

Vidul.l2:

3/4/2021 8:25 AM
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1.3 Bién ngdn ngit, luat hop thanh

« Bién ngodn ngir
Bién ngodn ngit gom 5 thanh phan nhu sau:
Biéen ngon ngtt = (y, T(y), U, Gr, Ru)
y: tén bién ngdn ngit
T(y): tap hop cac thuat ngir, 12 gia tri ctia bién
U: tap vu tru
Gr: Qui tac ci phap, tao ra cac thuat ngit

Ru: Qui tac ngit nghia, gan cac thuat ngit véi cac tip mo duoc
dinh nghia trong U.
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1.3 Bién ngdn ngit, luat hop thanh

Vidul.13:

e y:saisod

T(y): very big, big, small, very small, very very small
U: [0; 10]

* Gr:very

* Ru:

Upery big(X) = trimf (x,[7,5 10 12])
i () = trimf (x,[5 7,5 10])
Ueman (X)) = trimf(x,[2,55 7,5])
Hyery smau(x) = trimf (x,[0 2,5 5])
Hvery very sman(x) = trimf (x,[-2 0 2,5])
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1.3 Bién ngdn ngit, luat hop thanh

« Ménh dé hop thanh mo

R:NEU y lAATHI y 1aB
x va y la cac bién ngon ngit.
A va B Ia cac gia tri cua bién ngodn ngi

x 12 A: ménh dé diéu kién, hay tién dé
y 1a B: ménh dé két luan, hay két qua

Ménh dé hop thanh c6 thé viét tat nhu sau:
R:A— B
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1.3 Bién ngdn ngit, luat hop thanh

ug (%, ) = f(ua(x), up(y))
f: ham suy luan mo
f(ra(x), up(»)) = min(pa(x), s (y)) Mamdani
Hoac

f(ra(), ug() = pa(x).up(y)  Larsen - PROD
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1.3 Bién ngdn ngit, luat hop thanh

Trudng hop 1: Pau vao rd x = x,

bat ag = pu(xo) va pg, (y) = ug(xo,y).
ug,(y) = min(ao, uz(y))

Trudng hop 2: Pau vao 13 tip mo A’
2o = max(min(iy (), i ()
up,(y) = min(ao, up(y))
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1.3 Bién ngdn ngit, luat hop thanh

R 4

R 4
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1.3 Bién ngdn ngit, luat hop thanh

¢ a,: d0 théa mdn ménh dé diéu kién, do thoa man

« Khi ham suy luan m¢ la phép nhan (PROD) cua Larsen.

e 4
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1.3 Bién ngdn ngit, luat hop thanh

e Luat hop thanh mo

Xét hé gom nhiéu ménh dé hop:
R,: NEU y 1a 4; THI y 1a B; hoac
R,: NEU y la A, THI y 1a B, hoic

R,:NEU y laA, THI y 14 B,
Khi d¢6 ham lién thudc cua luat hop thanh mo R a:
n

1 (6 y) = | g, G 9)
=1
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1.3 Bién ngdn ngit, luat hop thanh

V6i g, (4, 9) = £ (14,0, 15,(¥)), f— ham sy lugn mo

Phép hop ¢ day co thé 1a ham MAX hoic SUM (phép hop ciia
Lukasiewicz).

Nhu vay, cac phuong phap thuc hién luat hop thanh:
1) MAX — MIN (Phép hop — ham suy luan mo)
2) MAX - PROD
3) SUM-MIN
4)  SUM - PROD
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1.3 Bién ngdn ngit, luat hop thanh

* Vidul.14: Cho mdt hé mo véi cac tap mo
wa, (x) = trimf (x, [1 2 3]),
14, () = trimf (x, [2 3 4]),
15, () = trimf (7,[13 5]).
15, () = trimf (y,[3 5 7])
* Va luat hop thanh

R,:NEU y la A; THI y 14 B; hoic

R,:NEU y la A, THI y 1a B,

o Tim pg(xo,y) stt dung ham suy luan MIN va phép HOAC la
MAX biét x, = 2,75.
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1.3 Bién ngdn ngit, luat hop thanh

a; = pa, (x9) =3 —2,75=0,25
* Ug,(2,75,y) = min(0,25, pg, (¥))
© apy = y,(x) =2,75-2=0,75
* WUg,(2,75,y) = min(0,75, pg, (y))
* ur(x,y) =

MAX (min(0,25, pug, (¥)), min(0,75, ug, (y)))
« Code: problem_fuzzy rule

3/10/2021 5:08 PM Ts. Nguy@n H. Nam
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1.3 Bién ngdn ngit, luat hop thanh

+ Ménh dé hop thanh mo hai dau vao va mét dau ra.

Ry:NEU y,1a Ay VA y,1a A,; THIy 1a B,

Tuong duong vai
Ry1:NEU y; 1A A;; THI y 1a B; VA
Ri,:x21a Ay, THIy 1a B

Trong d6: VA la phép giao dugc thuc hién boi ham MIN
Cho nén:

UR, (X1,%2,¥) = 1‘/”1\’011!1’1,1 (x1,¥), R, , (x2,¥))

Dit ppr (v) = pg, (1, 22,¥) = pg, ()
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1.3 Bién ngdn ngit, luat hop thanh

» Khi dau vao rd: x; = X10 VA Xy = X2
batag 1 = pa,, (x1,0) va g, , () = MRM(M,O;J’)-
l’lB’Ll (y) = mln(al,ll uBl (y)) T Zadeh

Dat a1,2 = l‘lAz’l (xZ,O) vé l’lB’Lz (y) = u'Rllz (x2,0r y)'
Mg, ,(¥) = min(ay,z, up, (¥)) ---- Zadeh

ugr = MIN(pgr  (¥), ugr, , (¥))
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1.3 Bién ngdn ngit, luat hop thanh

Up! = MIN[min(a 1, U (), min(am, Up, (J’))]
=MIN[min(ay,1, @1,2), Hp, (¥)] ------ Zadeh

« Két luan:
v’ D6 thoa man cua ménh dé diéu kién cho hé mo MISO
aq =M1N(Cfl’1,a1’2,...alii, ) (11)
@1 i: Ao thoa man cua dau vao thu i

v Truong hop cac dau vao 1a mo, do théa man van duoc tinh
theo CT (1.1).
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1.3 Bién ngdn ngit, luat hop thanh

* Luét hop thanh nhic¢u dau vao va mét dau ra
Ri:NEU y;1a Ay 1 VA 2128 Ay 1 VA ... VA yp 1a Ay 4
THI y 1a B, HOAC
R,: NEU y;1a A1, VA x5 18 Ay VA ... VA yp 12 Apy o
THI y 1a B, HOAC ...
Ry:NEU y;1a Ay, VA y,1a Ay VA ... VA y 12 Ay
THI y 1?1 B,

ur(x,y) = U ug,(¥)
=1

X = [Xl X9 ... Xm]
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1.3 Bién ngdn ngit, luat hop thanh

ug,(y) = min(a;, uBi(y)) --- Zadeh

a; = MIN(«; 4, @; 2,...0; ) — d0 thoa man cua R;
a; j - 40 thoa man do1 vo1 dau vao thir j cua R;

ug(x,y) = MAX (Mg, (¥), ug, V), -’ Hg,, (V)
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1.3 Bién ngdn ngit, luat hop thanh

* Vidu 1.15: Cho mdt hé¢ mo véi

Ma,,(x1) = trimf (x4, [1; 2; 3]),

Wa,,(x1) = trimf (xy,[2;3; 4]),

Wa,, (x2) = trimf(x,, [-3; —2; —1]),

Wa,,(x2) = trimf (x, [—4; —3; —2]),

ug, (v) = trimf (y,[1; 3;5]), ug,(y) = trimf (y,[3;5; 7)),
Ry:NEU y 12 Ay 1 VA x, 1a A, ; THI y 1a B; hoic

R,: NEU y; 1a A1, VA y, 1a A,, THIy 1a B,

Tim pgr(x,v) st dung ham suy luan MIN va phép HOAC la
MAX biét xg = [2,75; —2,5]
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1.4 Cac phuong phap giai mo

* Qua trinh xac dinh gia tri rd y’ tr pg (x, y) duoc goi la qua
trinh giai mo.

* (6 ba phuong phap giai mo chinh:

v'Phuong phap cuc dai (Maximum)

v'Phuong phap diém trong tam (Centroid)

v'Phuong phap duong phan tich (Bisector)
* Phwong phap cuc dai

H = max(ug(x,y)) --- d0 cao cua tap mo
G=1{ycYl(ur(y) =H}

y’ duogc xac dinh tr G vo1 gia tri ¢ thé chap nhan duogc

bit y; = min(G) va y, = max(G).
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1.4 Cac phuong phap giai mo

* Co 3 phuwong phap xac dinh y’ tr G:
» (Gia tri trung binh (MOM) — mean value of maximum
, Y1t Y2
2
> Gia tri nho nhat (SOM)
Y =n
> Gia tri 16n nhat (LOM)

!

y =W
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1.4 Cac phuong phap giai mo

 Phwong phap diém trong tim
bat S = {y € Y|ug(y) > 0}

r _ Is YrrRO)dy
[¢ mr()dy

* Phwong phap dwong phan tich BISECTOR (duong chia doi
dién tich)

v’ thoa man diéu kién sau

fa " e ()dy = | ur () dy

yf

3/18/2021 8:23 AM Ts. Nguy@n H. Nam 10



1.4 Cac phuong phap giai mo

* Vidu 1.16: Cho mdt h¢ mo voi

Ma,, (x1) = trimf(xq, [1 2 3]),

Wa, ,(x1) = trimf (x4, [2 3 4]),

MAzjl(xz) = trimf (xz,[-3 — 2 — 1]),

Ma,,(xX2) = trimf(xz, [-4 — 3 —2]),

ug, (¥) = trimf (y,[13 5]), ug,(y) = trimf (y,[3 57)),
Ri:NEU y;1a A1 VA x, 1a A, 1 THI y la B hoac

R,:NEU y;1a A1, VA y, 1a A,, THIy 1a B,

Tim y’ st dung ham suy luan MIN va phép HOAC 1a MAX biét
xo = [2,75 — 2,5]

3/18/2021 8:23 AM Ts. Nguy&n H. Nam 11



1.4 Cac phuong phap giai mo

* Mg, ,(01) =3 -x0002<x; <3

* X190 = 2,75

* a1 = “Al,l(xl,ﬂ) =3—-2,75=10,25

* Mg, (2) =x; +3 061 -3 <x; < -2

* Xp0=—2,5

* Uy = qu’l(leo) =-254+3=05

c = min(alll,allz) = min(0,25;0,5) = 0,25
* Mg, (x0,¥) = min(0,25, pp, (¥))

3/18/2021 8:23 AM Ts. Nguyén H. Nam
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1.4 Cac phuong phap giai mo

* Mg, (1) =x; 20602 <x <3

* X190 = 2,75

* a1 = a,,(x10) =2,75-2=0,75

* Ha,,(2) = -2 —x 00 —3 < xp < -2

* Xp0=—2,5

* Q22 = Ha,, (xz,o) =—=2-(-25)=0,5

* a, = min(azjl,azjz) = min(0,5;0,75) = 0,5

¢ ”Rz(x{)r y) = min(0,5; UpB, )

3/18/2021 8:23 AM Ts. Nguy@n H. Nam 13



1.4 Cac phuong phap giai mo

* llR(xo» y) -
MAX (min (0,25; U, (y)) ; min(0,5; up,(y)))

1
Uy

08 / \ — alphal1 ] 08 / — alphal2|] 0.8 g1 |l

0.6 / \ 0.6 \ 0.6

0.4 / 0.4 / \ 0.4

0.2 0.2 0.2

0 0 0
0 1 2 3 4 5 -5 -4 -3 -2 -1 0 0

A22 —— Mu

1
0.8 \ — alpha21 || 0.8 \ — alpha22 || 0.8 —
0.6 0.6 0.6

3/18/2021 8:23 AM Ts. Nguy@n H. Nam 14



1.4 Cac phuong phap giai mo

Phwong phap cuc dai

H = max(pg (x9,¥))=0,5
G={ycY|(w(y)=H}={ycYl4<y<6}
y; = min(G) = 4
y>, =max(G) =6
Gia trirdo y’ co thé duoc chon:
y’ =4, hoac
y’ = 6, hoac
y =35

3/18/2021 8:23 AM Ts. Nguyén H. Nam
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1.4 Cac phuong phap giai mo

S={yeY|uir(y) >0} ={yeY|1<y<7}

7
Sd = J.S UR(Y)dy — f]_ UR(XO;Y)dy
=05%05%0,25+2%0,25+0,5%(0,25+0,5) x0,5 + 2 %

0,5+ 0,5%0,5* 0,5 = 2
7

sn= [, yur(¥)dy = [, yur(xe,y)dy =

1,5 3,5
)7 y.05.(y - Ddy + [, 5 ¥.0,25dy +

4 6 7
f35¥-05.(y =3)dy + [, ¥.0,5dy + [, ¥.0,5.(7 — y)dy
= 8.625

* y'=8n/85d=4.3125

3/18/2021 8:23 AM Ts. Nguy@n H. Nam 16



Diéu khién mo va mang no ron
Ts. Nguyén H. Nam
Bo mon Piéu khién tu dong — Vién Dién — BKHN

https://sites.google.com/view/n2c
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MO hinh mo Sugeno (TSK)

 H¢ nhiéu dau vao va mot dau ra
Ri:NEU y;1a A1 VA x5 1a Ay 1 VA ... VA yp 1 Ay
THIy = g,(xq, X3, ..., X;,) HOAC
R,:NEU y;1a A, VA x, 13 4,5, VA ... VA yp 1a Ay,
THIy = g,(xq, %5, ..., X,,) HOAC ...
Ry:NEU y;1a A1, VA y,1a A5 VA ... VA yp 1A A
THIy = g,,(x{, X9, oo, Xm)

(TSK) T. Takagi and M. Sugeno, "Fuzzy identification of systems and its applications to modeling
and control," in IEEE Transactions on Systems, Man, and Cybernetics, vol. SMC-15, no. 1, pp.
116-132, Jan.-Feb. 1985
3/24/2021 5:43 PM



MO hinh m¢o Sugeno

* Pau raro:
, Y1 T azy; + o+ App
o, +a, ++a,

Weighted Average — wtaver
‘ Yi ‘= 9i (X1, X2, o, Xm)
* y; dau ra cua ménh de hop thanh thir i
* a; = MIN(a;4,;3,...0; ,) — d0 thoéa man cua R;
* q; ;- d0 thoa man doi véi dau vao thtr j cla R;
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MO0 hinh m¢ Sugeno

V' = a1y + azy, + o+ apyy
Weighted Sum — wtsum

Khi y; 1a hang s6, ky hiéu:
0=[y1y2... ynl"

va

p(x) = [“1“2---“n]T

e Taco:

« ¥y =0TpX)

3/24/20215:27 PM Ts. Nguyén H. Nam



MO0 hinh m¢ Sugeno

* Vidu:
ta,, (x1) = trimf (xq, [1 2 3]),
la,,(xX1) = trimf (xq, [2 3 4]),
Ma,, (x2) = trimf (xz,[-3 — 2 —1]),
la,, (X2) = trimf (xz, [-4 — 3 —2]),
g1(x1,x7) :'31 g2(x1,x2) =5
Ri: NEUy; laA;; VA x, la A, THI y = 3 HOAC
R,: NEUy, 1a A1, VA y, 128 A,, THIy =5
Tim y’ st dung ham suy luan MIN, biét xo = [2,75 — 2,5].

3/24/20215:23 PM Ts. Nguyén H. Nam



MO0 hinh m¢ Sugeno

o al —_ 0,25
e o, =0.5
2 )
. y, — a1y1+0(2y2 — 0,25*3 + 0,5*5 — 3,_25 — 4 33 _Wtaver
al+a, 0,25+0,5 075

¢ y, = a1 V1 + Xy, = 3,25 - wisum

3/24/2021 5:23 PM Ts. Nguyén H. Nam



Xap xi ham

X

] = Zn e?(k) » min
k=1

e(k) = y(k) — yr(k)

Tham s6 cua ham lién thudc: a; ;
Tham s6 cua ham 13: b; j

0
a;;(d+1)=ay;(d) - L2

aai,j

0
by j(d + 1) = b; j(d) -xab’ij

A: toc d6 s6 hoc
d: s6 lan hoc (0, 1, 2, ...)

Dr. Nam H. Nguyen
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Xap xi ham

' ANFIS (Adaptive Neuro Fuzzy Inference System)
Rl: NEU A1 la Al THi y = bl,lx + b1,2 HOAC
R2: NEU X1 la Az THi y = b2’1x I bz’z HOAC

Ry:NEU y; 1a A, THIy = by 1x + by 5

Ha;(x) = gbellmf(x,a;1,a;2,a;3)
Y1t azy; + ot apyp
yf— a'1+a2+’“+an
Yi = bi1x + b; 2
a; = :uAi('x)

Dr. Nam H. Nguyen
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Xap xi ham

* Cho mot ham tinh y=f{x) bat ky.

e Hé mo co thé xap xi ham fvdi do chinh xac bat ky.
e Vidu 1.20:

x =(0:0.1:10)";

. y = sin(2*x).*exp(x/5);

o epoch n = 20;
° in_fis = genfisl([x y],5,'gbellmf");

o out fis = anfis([x y],in_fis,epoch n);
. plot(x,y,x,evalfis(x,out fis));
° legend('Training Data','anfis Output');

Dr. Nam H. Nguyen
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Co sd hé mg va mang no-ron

Nguyén Hoai Nam

B6 mon Diéu khién tu dong, Vién Dién, Trudng Pai hoc Bach Khoa Ha Ndi

Email: nam.nguyenhoai@hust.edu.vn

Ngay 8 thang 4 nam 2021
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Overview

@ Thiét ké bo diéu khién mo PID
© Bo diéu khién mo i 1

© Bo diéu khién mo PD

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021 2/8



B6 diéu khién ma PD

Thiét ké bo diéu khién ma PID

u(t) = Kpe(t) + Ki/ot e(r)dr + Kdd%gn,

Hinh 1: So dd c4u trdc hé théng diéu khién moP 1D

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021



B diéu khién mo PD

B& diéu khién mo ti 1&

@ Tin hiéu dau vao thda man diéu kién Ui, < U < Umax-
@ Tin hiéu dau ra théa man diéu kién Ymin < ¥ < Vmax-
@ Dinh nghia sai léch giita gia tri dat r va dau ra cla dbi tuong y 12 :

e=r—-y
@ Dai dau vao clia hé md (tap vii tru cho dau vao): [-d; 6], trong d6
0 = Ymax — Ymin-

o Dai dau ra clia hé ma: [Upmiy; Umax]- Khong mat tinh téng quat, ta
c6 thé chuyén dai dau ra vé dang [-X; )], véi A > 0.

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021 4/8



B diéu khién mo PD

B& diéu khién mo ti 1&

Mo hda dau vao:

negative(€) =trimf(e, [—4; —4; 0]),
tzero(€) =trimf(e, [—4; 0; 0]), (2)
Npositive(e) =trimf(e, [0; J; d]).

Mo hoda dau ra:

Inegative(U) =trimf(u, [—A; —A; 0]),
tzero(U) =trimf(u, [—X; 0; A]), (3)
Ipositive(U) =trimf(u, [0; A; A]).

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021 5/8



B diéu khién mo PD

B& diéu khién mo ti 1&

Néu sai l&ch 1a negative Thi tin hiéu diéu khién la negative Hodc
Néu sai léch Ia zero Thi tin hiéu diéu khién la zero Ho3c
Néu sai léch 1a positive Thi tin hiéu diéu khién la positive

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021 6/8



B6 diéu khién md PD
Mg héa dau vao de:
Inegative(d€) =trimf(de, [—¢; —¢; 0]),
Mzero(de) :trlmf(de, [—6, O, E]),
M& héa dau ra:
Pnegative(U) =trimf(u, [-\; —A; —A/2]),
[tsmall—negative(U) =trimf(u, [-X; —)/2;0]),
,Ltzero(u) :tr/mf(u, [—)\/2, O, A/Z]),
(u
(u

Msma//—positive(U) =trimf(u,[0; A\/2; A]),
Mpositive(u) =trimf(u,[A/2; A; A]).

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021
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B& diéu khién mo PD

Céac ménh dé:

Ry : Néu E 13 negative Va DE | negative Thi U & negative Hoéc,

R, : Néu E la negative Va DE |a zero Thi U la negative Hoac,

R; :Néu E 1a negative Va DE 13 positive Thi U |a small negative Hoéc,
R, : Néu E 1a zero Va DE la negative Thi U Ia zero Hoéc,

Rs : Néu E 13 zero Va DE la zero Thi U 1a zero Hoac.

Rs : Néu E 13 zero Va DE |a positive Thi U |a zero Hodc,

Ry : Néu E 13 positive Va DE 1a negative Thi U la small positive Hoac.
Rg : Néu E 13 positive Va DE 1a zero Thi U Ia positive Hoac,

Ry : Néu E 13 positive Va DE 13 positive Thi U |a positive.

Nguyén Hoai Nam Fuzzy and Networks Ngay 8 thang 4 nam 2021 8/8



Mang no-ron

Ts. Nguyén Hoai Nam

4/15/2021 Dr. Nam H. Nguyen



Mang no-ron

« 1. Tong quan vé mang no-ron
e 2. Phuong phap huan luyén mang noron.
e 3. St dung coéng cu Matlab huan luyén mang noron.

* 4. Vi du irng dung mang noron cho nhan dang.

4/15/2021 Dr. Nam H. Nguyen



1 Tong quan vé mang no-ron

1.1 Sy phaét trién ciia mang no-ron

1.2 Ung dung ctia mang no-ron
1.3 M0 hinh no-ron

1.4 Cac loai mang no-ron

1.5 Quan hé gitra mo va no-ron

4/15/2021 Dr. Nam H. Nguyen



1.1.1 Su phat trién cia mang no-ron

* Warren McCulloch va Walter Pitts [1943] da chi ra rang mang no ron nhan tao
c6 thé thuc hién bat ky ham 16 gic hodc ham so nao.

* Donald Hebb [1949] da dé xuét ra mdt co ché hoc cia cac no-ron sinh hoc.

« Rosenblatt [1958] va cac dong nghiép da xay dung mang Perceptron cung véi
luat hoc tuong trng va chirng to kha nang thuc hién viéc phan loai mau.
* Widrow va Hoff da dua ra thuét toan huan luyen moi va dung n6 dé huan luyén

mang tuyén tinh thich nghi, mang ndy c6 cing cau trac va kha niang nhu mang
perceptron.

4/15/2021 Dr. Nam H. Nguyen 4



1.1.1 Su phat trién cia mang no-ron

* Mang cua Rosenblatt va Widrow déu co chung nhiing han
ché. Cac tac gia nay da dua ra mang moi khac phuc dugc cac
han ché d6, tuy nhién ho di khong cai tao duoc luat hoc dé
huan luyén mang phtc tap hon.

* Teuvo Kohonen [1972] va James Anderson [1972] da phat
trién mang no-ron co thé hoat dong nhu bo nho.

« Stephen Grossberg [1976] d3 nghién ctru mang no ron tu to
chtrc.

e John Hopfield [1982] d3 dua ra mang no-ron hoi qui.

« Mot so tac gia (David Rumelhart va James McClelland) da
dua ra thuat toan lan truyén nguoc dé huin luyén mang
Perceptron nhiéu 16p.

4/15/2021 Dr. Nam H. Nguyen



1.1.1 Su phat trién cia mang no-ron

e Mang tich chap CNN ra doi 1990s

« Martin Hagan [1994] dua ra phuong phap huan luyén mang st dung thuat toan
Levenberg (1944)— Marquardt (1963).

« 2013- nay: Mang sau (deep learning) phat trién manh trong linh vuc Al va hoc
may.

4/15/2021 Dr. Nam H. Nguyen



1.1.2 Ung dung ctia mang no-ron

* Dién tu: Sy bo tri ch1p IC, diéu khién qua trinh, phan tich 161 chip, thi lyc may,
tong hop tiéng nodi, mo h1nh hda phi tuyén.

* RO bot: Piéu khién quy dao, xe nang hang, cac bo dicu khién tay may,, cac hé
thong thi giac, xe tu hanh

-0 to: Cac he thong dan hudng tu dong, diéu khién bom nhién liéu, cac hé thong
chong bo phanh, cac cam bién do su phat khi ao.

4/15/2021 Dr. Nam H. Nguyen 7



1.1.2 Ung dung ctia mang no-ron

» San xuat: Diéu khién qua trinh san xuat, phan tich va thiét ké san pham chuan
doan may va qua trinh, nhan dang hat tho1 gian thuc, cac hé thong kiém tra chat
luong, thir bia, phan tlch chat lu’cmg han, du doan chat lwgng giay, phan tich chat
lwgng chip may tinh, phan tich cac hoat dong nghlen phan tich th1et ké san pham
hoa hoc, phan tich bao dudng may, dau thau du an, quan 1y va ké hoach hoa, mé
hinh dQng cua cac qua trinh hoa hoc.

* VU try, ngan hang, quoc phong, giai tri, tai chinh, bao hiém, y té, dau khi, an ninh,
g1ao thong va truyén thong.

4/15/2021 Dr. Nam H. Nguyen 8



1.1.3 M6 hinh no-ron

4/15/2021

No-ron sinh hoc: Dendrites (ST nhanh)
So1 nhanh, so1 truc rar—
Vé kh ) Axon
Gp O Cell Body
Nio: 10! no —ron (thén té bao)

No-ron: 10% lién két

Chitc nang cua
mang no-ron duogc
hinh thanh béi su
sap Xép CAC no-ron
va do 16n cua cac
khép than kinh, gay
ra boi mét qua trinh
hoa hoc phirc tap.

Synapse

khop

Mang no-ron sinh hoc

Dr. Nam H. Nguyen



1.1.3 M6 hinh no-ron

* Mot phan cta bd ndo dugc hinh thanh khi sinh ra.

» Nhitng phan khac s& phat trién thong qua hoc, do co nhiing lién két méi duogc hinh
thanh va cac lién ct mat di.

e Cau tric mang no-ron tlep tuc thay doi theo thoi glan trong do1. Nhitng thay doi
sau nay ¢ xu hudng chi yéu 1am manh hoic yéu di cac khop than kinh.

* C6 2 su giong nhau giita mang no-ron sinh hoc va mang no-ron nhén tao:
v Cac khoi tao ra mang no-ron la nhiing thiét bi tinh toan don gian.

v" Cac lién két gitra cac no-ron tao ra chirc nang clia mang.

4/15/2021 Dr. Nam H. Nguyen 10



MO hinh no-ron nhan tao

e No ron mot dau vao Dauvao  No-ron

3 p — dau vao ctia no-ron N R

3 w — trong s6

O b —ngudng (bias) re—— > — / —»

QY —bdtong lb

3 n — dau vao net (net input) ) ! — P,
a=fwp+

d a— dau ra ciia no-ron
Q f — ham truyén
* Vidu: (nnd2nl) p = 0,4;,w = 1;b = 0,6; f la ham tuyén tinh.
e n=wp+b=1%x04+06=1,a=f(n)=1

4/15/2021 Dr. Nam H. Nguyen 11



Ham truyén

a = hardlim(n) {0) néun <0 Mang perceptron

1,néu0<n

a = purelin(n) a=n Mang Adaline

a = logsig(n) . 1 Mang nhiéu 16p,
1+ e thuat toan lan

a = tansig(n) 0= e —e ™" truyén nguoc
e +e™™

a = poslin(n) _(o,néfun<0 Mang Hamming
¢ n,néu 0 <n
a=satlins(n) [ —1,n< —1 Mang Hopfield
a=<n-1<n<1
4/15/2021 kDr' Nam‘ﬂl.’Nﬁye> 1 12




No-ron nhiéu dau vao

(D1 ] wy 117
P2 Wi,2 R
cp=|W=| [ |in=b+xw,pi=Wp+b
%:3 \W1iR
Pau vao - No-ron Pau vao No ron
A\ r N0 A\
P y a
T “\x E77 L
a 1XR n
» j 1x1 tf‘
1-P b
R Bl 1
) __J L J

a=f(Wp+b) a=f(Wp+h)
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Lop no-ron

Pau vao Lép S no-ron Wi Wig .o Wip _21_
2
e B W o= |21 WED Wk p—|:
e 5 Wog g o= Wignp | b |
Pau vao - Lop S no ron
( = A\
P I a ;
Rx1 W \ Sx1
SXR n
a=f(Wp+b) 1-» b
R Sx 1 S
N A N J

a=f{(Wp+b)
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Mang nhiéu 16p

Pauvao Ldp 1
C N0

y 1
" 1.1

ny

—

P b,
P> ni, a,

—
Ps blz |
}.)R nig! a’s?

R—

blsl
|
N JK P,
al =f1(Wip+b?) a2 = f2(W2al+b2) a3 = f 3(W3a2+b3)

a3 =13 (W3f2(W2f1(Wip+bt)+b2)+b3)
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Mang nhiéu 16p

Pduvao  Ldp 1 Lép 2 Lép 3
O N Nl N\ N
al 72 a2 T2 as '
\ n! S1x1 W2 \ = $2x1 W 3 $x1
fl S2x st f3 S3x 52 f3
} S1x1 _/ $2x1 $2x1
=P b: 1->| b3
R S1x1 S-] 52x1 S~2 Sex1 Sv3
o R SR, g N J
al=f11(Wip+b) 2=f2(W2al+h?) a3 = £3(W3a2+b?)

a>=13(W3f2(Waf 1 (Wip+Dbt)+b2) +b3)

4/15/2021 Dr. Nam H. Nguyen
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Mang hoi qui

Khau tré

‘
u(r)

N
a(r)

—

-

e

D
T
a(0

)

J

ain=u(r-1)

4/15/2021

Diéu kién ¥ i Bl et
b ? : 01 gu1
dau P 1
N 'd N
p —— pr—
o g A Ng -+ Jac+D) a(h)
e + Sx1>' Sx1 D ¢ Sx1>
1= b j
S Sx1
N/ N 3
a(0)=p a(r+1)=satlins(Wa(zr)+b)

Dr. Nam H. Nguyen
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Luat hoc

* Luit hoc: La mdt thu tuc dung dé thay d6i cAc trong s6 va bias nham muc dich
huAn luyen mang dé thuc hién mot s6 nhiém vu.

* C0 3 loai luat hoc:
1 Hoc co giam sat
[ Hoc khong co giam sat
O Hoc giacod
* Hoc c0O giam sat:
O Mau huan luyén {py; t1}, {p,; t5}, .. {pQ ; tQ}

Luat hoc s€ diéu chinh cac trong sO va bias sao cho dau ra cuia mang no-ron
bam lay dau ra mau.

4/15/2021 Dr. Nam H. Nguyen
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1.1.4 Cac loal mang no-ron

 Mang perceptron
« Ung dung: CO thé giai quyét cac bai toan phan loai véi duong bién tuyén tinh.

r N f N W
p a &
ig il AW P W= |

n
SXR @m’_[ !
1= b j Kl
R Sx1 S
N N >

a = hardlim(Wp—+b)

a; = hardlim(n;) = Imrdlim(‘.w7p+b,-)

4/15/2021 Dr. Nam H. Nguyen



1.1.4 Cac loai mang no-ron

« Mang nhiéu 16p (mé rong ctia mang perceptron)
* Ung dung:
O C6 thé giai quyét bai toan phan loai bat ky
O C6 thé xap xi mot ham phi tuyén bat ky

Dau vao Lép 1 Lép 2 Lép 3
N N a4 p
—bal W2 2 \LE
\ ni fl STx1 ngm\ n2 f: S2x1 —
j<:>S1X1| _j $2x1 —
1= b 1=Pf bs
R S1x1 51 S2x1 5-2 S3x1
__J PEY 2 &

at=f1(Wip+b) a2 =f2(Waat+h2) a3 = 3 (W3a2+h3)

4/15/2021 Dr. Nam H. Nguyen
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1.1.4 Cac loai mang no-ron
* Mang no-ron dOng
. Ung dung: Nhan dang va diéu khién cac hé théng dong hoc va
phi tuyén
Dau vao Lép 1 Lép 2 Lép 3
N N\ 7 N7 N\

a (1)
T a’(7) ‘ a'(f)
DI LW §’x1» LW~ \ n'(7) R
L 2 ! v2 ‘ 3 » .3 S.1X1
S'x1 it i e 5 x1 :
19 b 1Pl b j
§ix 1 g? S'x1 ¢’
-
D LW
L
A N 7\ A

4/15/2021 Dr. Nam H. Nguyen
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1.1.4 Cac loal mang no-ron

* Mang nhd¢:

A Ung dung dé phan loai mau (chit viét, anh)

 Dung luat hoc Hebbian

4/15/2021

Inputs Linear Layer

f X X
P n / a
Rx1 W Sx1>/ Sx1}
SXR
R S
“W A X »

a = purelin(Wp)

Dr. Nam H. Nguyen
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1.1.4 Cac loai mang no-ron

 Mang ADALINE :

BO loc thich nghi.

dDung luat hoc Widrow — Hoff

Input

Linear Neuron

N

P
Rx1

™

SXR

1 =

b

Pl

R
S

Sx1

Sx1

N

74

a

Sx1I

S

%4

ADALINE Network

4/15/2021

a = purelin(Wp+b)

¥k

Inputs ADALINE
N\ A

n(k) a(k)

— D,
a(k) = purelin(Wp(k) +b)

Adaptive Filter ADALINE

Dr. Nam H. Nguyen 23



1.1.4 Cac loai mang no-ron

2

« Mang RBF (Radial Basis Function). a = e™"
A Ung dung xap xi ham, phan loai mau
3 Dung phuong phap binh phuong nho nhat

Inputs Radial Basis Layer Linear Layer
£ X r N A\
a a’
—P W =P
nl S'x1 - \ n: S x1
S'x1 A j 5
1P b
: 5'x1 : §'x1 Z
Sl B e ull 4 Wi J
a', = radbas(||w'-p||b") a’=Wa'+b’

4/15/2021 or. nRadial Basis Network
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Vidu

* Phan loai tdo va cam dung mang perceptron (nnd3pc)

e Cac cam bién:
Q Hinh dang: 1 néu gan nhu tron, -1 néu gan nhu e lip
O Bé mit: 1 néu nhu tron, -1 néu go ghé

3 Khoi luong: 1 néu khdi luong 16n hon 1 pound (0,45kg), -1 néu nhd hon 1
pound

* Taco the chon dau ra ciia mang perceptron 1a 1 khi dau vao 1a qua tdo va dau ra la
-1 khi dau vao 1a qua cam.

* Vi chi phan loai 2 san pham ta co thé dung mang perceptron c6 1 no-ron. O day
dung 3 cam bién, do d6 sé& c6 3 dau vao.

4/15/2021 Dr. Nam H. Nguyen 25



1.2. Phuong phap huan luyén mang noron.

« 1.2.1Vidu
» 1.2.2 Luat hoc perceptron
« 1.2.3 Thuat toan lan truyén nguoc

4/15/2021 Dr. Nam H. Nguyen
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1.2.1 Vi du

pi=lp) = 1fpe =[]t =0} fpa=[ ] = 0]

Pauvao No-ron khong co bias

N k. j P2 W=l -08]
1
P Wi, 20 |1 @
n a P1
il :
P Wi O
_J \ J |
a = hardlim(Wp) a = hardlim(n)
P1 0,nfun <0
— —[Wiq W — Y
P Pz]'w W11 2] {1,né'u 0<n

4/15/2021 Dr. Nam H. Nguyen n = Wp
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1.2.1 Vidu

ce=t—a
e t: dau ra mau tuong tng véi dau Vao mau

e a: dau ra cua no-ron tmg véi dau vao mau

* Neue=1,thl w4 = W+ pT
e Néu e = —1, thi o = —pT
cu e = y | Wmoi = Wei p
e Néue = 0, thi Wmsi = Wei
. T
* Wnsi = Wegt€p

bmsi = Dbeg +e



1.2.2 Luat hoc perceptron

4/15/2021

Wy 1 Wi
Wo 1 Wo 9
[Wee Wgs
Wi
W. 4

Wi.R
Wo R
L ]
T
(W
T
= [2W
T
Bl

Dr. Nam H. Nguyen

_[ Sx1

a = hardlim (Wp+b)

iWmeoi = Wea T €D

ibmei = ibew T €;

Wiei = Wea + epT
= bcﬁ + e

b moéoi

29



Bai tap

* 1. Gia1 cac bai toan phan loai sau bang cach vé cac duong bién

va tim cac trong soO va bias.

4/15/2021 Dr. Nam H. Nguyen
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4/15/2021

1pr+b =0

@b =-[2] =0.000 = [p-3|°) -

Dr. Nam H. Nguyen
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Bai tap

nhu hinh sau:

Mang c6 2 noron=> 2

dwdng bién
@
3
@
| |
| |
[
4
n
4/15/2021

Dr. Nam H. Nguyen

e 2. Thiét ké mang no-ron dé phan loai cdc mau duoc biéu dién

32


ht
Textbox
Mạng có 2 noron=> 2 đường biên


Bai tap

° 3. ChO mét béi tnhin nhhAn TAants ynThiavy canre

R T P
L

* a, V€ so d0 mang perceptron 1 no-ron ma ban s¢€ sir dung dé giai bai toan nay. Can
cO bao nhi€u dau vao?

¢ b, Biéu d,ién cac mau trén mat phéng cO h¢ truc toa do 1a Op,p,. V&1 mang da
duoc thiét ké ¢ y (a) bai toan trén co6 101 giai hay khong? Tai sao?

4/15/2021 Dr. Nam H. Nguyen 33
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Overview
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N
Phuong phap huan luyén mang

@ Thuat toan lan truyén nguoc
@ Phuaong phap gradient
@ Phuang phap chinh hudng hoc

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 3/19



Thuat todn lan truyén nguagc

@ Mang nhiéu I6p: Xét mang c6 M I6p, R dau vao va SM dau ra.

® Tap mau: Q = {p;; t;},i =1+ Q, p; - dau vao mau va t; - dau ra
mau (dich).

@ Ham muc tiéu:

Q
1 .
J= fe) q§_1 Jg — min, (1)

trong d6 J, = el eq, e =ty —all, a - dau ra tuong (ing vai dau
vao p,.-

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 4/19



Thuat todn lan truyén nguagc

@ Phuaong phap gradient

wii(k+1) = wij(k) — a (2)
w/™: trong s6 clia na ron thit i thudc 16p m, lién két véi dau ra clia

na-ron thit j thudc 16p m — 1; k: thé hién gia tri hién tai; k + 1: thé

hién gia tri md&i, « > 0: toc d6 hoc.

0Jg

b (K +1) = B°(K) — a5t

(3)

b™: ngudng clia no-ron thit i thudce 16p m.

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 5/19



Quy tac chudi

Nguyén Hoai Nam

0Jg  0Jg OnP
ow/! ~onm owfy

Sm—1
m __ pym m om—1
n=b"+ > whay ',
v=1
m
8ni — am—1
m J
BW,.J
onm

I
ob™

Fuzzy and Network

Ngay 6 thang 5 nam 2021
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|
Dd nhay

Do nhay cla no-ron thit i thudc I16p m:

oJ,
m_ 74
ST onp (®)
wij(k +1) = wfj(k) — asl"a"" 9)
Qua trinh cap nhap
cac tham sb cua b7k + 1) = b"(k) — as]” (10)
W™k +1) = W™(k) —as™(@" "7 (11)
b™(k +1) = b™(k) — as™, (12)
0Jq ddg 9, 0dg 1T
M=o = | o a (13)

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 7/19


ht
Textbox
Quá trình cập nhập các tham số của mạng
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Dd nhay

anqn+1 anqnﬂ anqﬂ+1
ony ony onln,
8nm+1 6nm+1 8nm+1
2 2 7
onm™ | o ong anT,
onm :
1 1 1
8”;”;4-1 8'7;”;4-1 3”3%
onf ongy ongn |
() 0
m(nm
.m 0 fm(ng")
F (n") = _ _
0 0

Nguyén Hoai Nam

Fuzzy and Network

=W™F"(n™)  (14)

fm(ng,)

Ngay 6 thang 5 nam 2021 9/19



Dd nhay
_ _ 0Jdq
[Pé nhay caalop | 8™ = anm
B onm+1 T 0dqg
= onm 8nm+1
M +1\T 6‘]0
=F (nm)(wm ) onm+1
=F"(n™)(W )T,

T cdng thiic nay ta cé thé tinh dugc dd nhay cla céc 16p lan luot tir

I6p dau ra ngugc trd vé I6p dau vao nhu sau:

M M—1

s —S

Nguyén Hoai Nam Fuzzy and Network

... s® sl

Ngay 6 thang 5 nam 2021
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ht
Textbox
Độ nhạy của lớp


Dd nhay
w_ g
~  onM
T
D06 nhay noron thi | :8 (tq — aCI) (tq — aOI)
thudc |16p M 8n,M
(17)
sM 2
_ 92 (4 - a)
onM
0a;
= —2(t — &)= TTach gicra a3
(t ’)an,M Sai léch gitra dau ra

m&u va dau ra tvong
\Vector d6 nhay I6p (rng v&i dau vao g

B ra sV = —2F" (nM(t, — aj\ (18)

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 11/19



ht
Pencil

ht
Pencil

ht
Textbox
Độ nhạy noron thứ i thuộc lớp M

ht
Textbox
Vector độ nhạy lớp đầu ra

ht
Textbox
Sai lệch giữa đầu ra mẫu và đầu ra tương ứng với đầu vào q

ht
Pencil

ht
Pencil

ht
Pencil


Thuat todn lan truyén nguagc

@ Qua trinh khéi tao mang: Chon gid tri ban dau cho céc tham sb.
@ Qua trinh lan truyén thuan

a’ = p, (19)
a™! =t (W e L™ v m=0,1,..,M—1. (20)
a=aM. (21)
@ Qua trinh lan truyén nguoc do nhay

= 26" (nM)(t - a), (22)
s™ =F"(nNM)(W™NTs™ v m=M-1,...21. (23)

@ Qua trinh cap nhat cac tham s6 clla mang
W™ (k +1) = W™(k) — as™(@™ "7 (24)
b"(k +1) =b™(k) — as™ (25)

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 12/19



|
Vi du

Xap xi ham sé sau
T

y =1+ cos(—x)

NS

vl —2 < x < 2.
Chon mang c6 cau tric gom 2 16p, 16p 1 ¢6 ham truyén la logsig va |6p
2 ¢6 ham truyén purelin.
Pau vao mau thu i:

Xi=—-2+4i/(Q—1), vdii=0,1,2...Q —1. (26)
DAu ra mau tuong ng vdi x; 1a:

yi=1+ cos(%x,-). (27)

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 13/19



|
Vi du

MAau thi nhat la: x; = —2, y; = 1.
@ Khéitaomang:w' =[1 1]7,b'=[2 2]7, w2 =[1 1], %2 =—1
va tbc do hoc 1a o = 0.1.
@ Qua trinh lan truyén thuan: a° = —2,

a' =f'(w'a®+b")

~iogsig( |}] -2+ 3] ) 28)
~oasi( [3] ) =[]

& =fA(w?a' + b?)

=purelin([1 1]

| ——|

0,5
-1 29
ER) (@9)
=0
Fuzzy and Network Ngay 6 thang 5 nam 2021 14/19



|
Vi du

@ Qua trinh lan truyén nguoc:
a = purelin(n) — 92 = 1, a= logsig(n) — 92 = a(1 — a).
Sailéchla:e=y; —a® =1.
Do nhay cla Igp 2:

s2 = — 2f3(rP)(t — &°)
_ 2

Do nhay cla Igp 1:

- | (n#)(w?)7 2
[o 25 0 [ ] [—0,5] (31)
0,25 -0,5

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 15/19


ht
Pencil

ht
Pencil

ht
Pencil
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ht
Placed Image


@ Qua trinh cap nhat cac tham sé clia mang.

w'(1) =w'(0) — as'a®

1 -0,5 0,9 (32)
-[i] -or[ el ca-os
b'(1) =b'(0) — as'
2 -0,5 2,05 (33)
- [2] —01 [—0,5} - {2, 05]
w2(1) =w?(0) — as?(a’)’
[ 1]-01(-2)[0.5 0,8 = [1,1 1,4] Y
b?(1) =b%(0) — as?
=—1-01(-2) (35)

=-0,8

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 16/19



Vi du

——Phuramiu
— — ~PAu ramang|

Dau

~ = ~PAu ra mang sau khi hudn luyfn

Ngay 6 thang 5 nam 2021
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N
Phuaong phap gradient ngau nhién - Stochastic
Gradient Descent (SGD)

@ Cho ham muc tiéu F(x), trong d6 x la véc to cac tham sb (trong s,

ngudng). Tim nghiém t6i vu x* sao cho F(x*) — min.

@ Cong thurc lap Lap lai nhiéu lan sé tién
) dén nghiém t6i wu x*

Xi41 = Xk — OzVF \_)\

36)

trong doé x, la véc td tham sb hién tai, X1 1a véc to tham s6 mdi & lan

lap thit k, VF = la véc to gradient, va o > 0 1a tbc do hoc.
8x

=Xk

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021
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ht
Pencil

ht
Pencil

ht
Textbox
Lặp lại nhiều lần sẽ tiến đến nghiệm tối ưu x*


N
Phuong phap SGD véi hé s6 chinh huéng hoc!

|P2 Gradient ngau nhién v&i hé so chinh hwéng hoc |

Xk1 = Xk — aVF + (X — Xk_1), (37)
trong d6 v > 0 |a hé sb chinh huéng hoc.

X+t = Xi — aVF + 5(Xx — Xk—1),

la hé s6 chinh hudng hoc.
'[2] Murphy, K. P. i s Y A . — R AV [ 3. The MIT Press,
Cambridge, Massac OWe = 0 “Fe-a

Nguyén Hoai Nam Fuzzy and Network Ngay 6 thang 5 nam 2021 19/19


ht
Placed Image

ht
Textbox
P2 Gradient ngẫu nhiên với hệ số chỉnh hướng học


HOC SAU

Nguyén Hoai Nam
B6 mén Biéu khién tu dong, Vién Dién, Trudng Pai hoc Bach Khoa Ha Ndi

Email: nam.nguyenhoai@hust.edu.vn
Trang cd nhén: https://sites.google.com/view/n2c

Ngay 27 thang 5 nam 2021
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Overview

@ Céc 16p clia mang sau
e Tao mang va huan luyén mang

© Nhan dang 10 chit sb viét tay

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 ndm 2021 2/16



C4c 10p clia mang sau

e Anh dau vao.
- Anh 2 chiéu (2-D): w x h x ¢, trong dé w 1a dd rong, h 1a do dai
va c 1a s6 kénh clia anh. ¢ = 1-anh den trng, ¢ = 3 - 4nh mAu.
- Anh 3 chiéu (3-D)w x h x xd x ¢, trong d6 w la do rong, h la do
dai, d 1a do sau va c 1a s6 kénh cla anh.
- Vidu anh 2-D:
moon = imread(’'moon.tif’); imshow(moon);

Hinh 1: Anh 2-D, d6 phan giai 537 x 358

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 3/16



C4c 10p clia mang sau

»>> moon (100:105,200:205)
ans =

&xg nintf matrix

207 208 208 207 214 215
204 207 205 Z09 217 221
208 213 208 214 217 224

2 2 211 211 218
215 2186 212 209 216 215|
21l 225 211 210 214

Hinh 2: Mét s6 diém anh clia hinh mét tring

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 ndm 2021 4/16



C4c 10p clia mang sau

@ Ld&p tich chéap
- Dau vao: Poyn
- Wy, - ma tran trong sb clia no-ron, con duoc goi 1a b loc cé
kich thuéc la f < min(m, n).
-Daura:A=Px W.

Hinh 3: Stride = 1

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 5/16



L&p tich chap

Hinh 4: Stride = 2

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 6/16



L&p tich chap

Padding = 1. C6 thé thay ddi kich thudc dau ra cla 16p.

Hinh 5: Padding = [1 1]

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 7/16



C4c 10p clia mang sau

L6p chudn hoa

g = KB (1)

\/023—1—6

wp-gia tri trung binh, 0,23 - phuong sai (mini batch, méi kénh)

Yi=X+p (2)
~, B - cac tham sb hoc

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 8/16



Lép RelLu

f(x) =x,néu x > 0
=0,néu x <0

Nguyén Hoai Nam DEEP LEARNING
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LSp poopling

- Lam giam kich thudc dau vao. ]
- Chia dau vao thanh cac vung c6 dang hinh chir nhat va lay gia tri
trung binh hoac cuc dai moi vung.

@ Ham max
@ Ham average

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021
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Lép dau ra

@ Ham softmax.
eaj(x)

Yi(x) = 42,"(:1 2ai(x)

a;(x) - 1a dau ra thi j cla 16p lién két dd trudc do.

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 11/16



Tao mang va huén luyén mang

o Lép dau vao:
input_layer = imagelnputLayer(inputSize)
inputSize=[h w c|, (5)
h - d6 cao, w - d¢ rong, ¢ - s6 kénh
¢ = 1 anh den trang
¢ = 3 anh mau.

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 12/16



Tao mang va huén luyén mang

@ Ldp tich chap:
conv_layer = convolution2dLayer(filterSize, numFilters)
filterSize = [h  w],
numFilters = sb filter
h - d6 cao, w - d6 rong, ¢ - s6 kénh
@ conv_layer =
convolution2dLayer (filterSize, numFilters, P1', V1, P2' V2, ...).
@ 'Stride’: [u v], u - budc doc, v - budc ngang
@ ’Padding’: 'same’, 'scalar’,[a b],[t b | r].

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 13/16



Tao mang va huén luyén mang

Tao mang va huan luyén mang

@ batchNormalizationLayer

@ reluLayer

@ fullyConnectedLayer(outputSize)
@ softmaxLayer

@ classificationLayer

Nguyén Hoai Nam DEEP LEARNING Ngay 27 thang 5 nam 2021 14/16



Nhan dang 10 chit s viét tay

@ Nhan dang 10 chii s6 viét tay 0 < 9.
@ Tap mau gébm 10000 anh, méi chit s6 c6 1000 &nh mau.

EEORG
BEEE00
T
NEEHD

Hinh 6: Mot s6 anh chii sb viét tay
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Nhan dang 10 chii sb viét tay
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