
Přednáška 11 – Ř́ızeńı s diskrétńım modelem

Informace ke zkoušce:

Posledńı p̌rednáška, konzultace, p̌redterḿıny

Terḿıny

Zkouška – 5 otázek ústně

Doktorandi



Ř́ızeńı s diskrétńım modelem – optimalizace ut (vývoj yt)

Dynamické programováńı

1 Výpočet sťredńı hodnoty
φt = E [φ∗

t+1+Jt |ut , d(t−1)]

2 Minimalizace φ∗
t = minut φt

Pro čas t = N,N − 1,N − 2, . . . , 1

φ∗
N+1 = 0

Výsledek: u∗t = argminφt(d(t − 1))

Př́ıklad: ut ∈ {1, 2} – semafor (zelená, červená), yt ∈ {1, 2} – j́ızdńı pruh

Model f (yt |ut , yt−1,Θ)

ψt

yt 1 2

ut = 1, yt−1 = 1 0.7 0.3

ut = 1, yt−1 = 2 0.2 0.8

ut = 2, yt−1 = 1 0.9 0.1

ut = 2, yt−1 = 2 0.4 0.6

Penalizačńı funkce Jt

ψt

yt 1 2

ut = 1, yt−1 = 1 10 15

ut = 1, yt−1 = 2 15 10

ut = 2, yt−1 = 1 20 25

ut = 2, yt−1 = 2 25 20

Nižš́ı penalizace požadované hodnoty

Př́ıklad 2: ut ∈ {1, 2, 3} – semafor (zelená, žlutá, červená)
yt ∈ {1, . . . , 5} – stupeň dopravy, vt ∈ {1, . . . , 7} – den v týdnu
Model f (yt |ut , vt , yt−1,Θ)



Př́ıklad ř́ızeńı s diskrétńım modelem pro N = 3, t = N
Krok t = N = 3, počátečńı podḿınky φ∗

4 = 0

Sťredńı hodnota: φ3 = E [Jt |u3, d (2)] =
2∑

y3=1

JtΘ =

=


10
15
20
25

 .∗


0.7
0.2
0.9
0.4

+


15
10
25
20

 .∗


0.3
0.8
0.1
0.6

 =


7
3
18
10

+


4.5
8
2.5
12

 =

=


11.5
11
20.5
22


· · · u3 = 1, y2 = 1
· · · u3 = 1, y2 = 2
· · · u3 = 2, y2 = 1
· · · u3 = 2, y2 = 2

Minimalizace:
Pro y2 = 1: min {11.5, 20.5} = 11.5, u∗3 = 1
Pro y2 = 2: min {11, 22} = 11, u∗3 = 1

φ∗
3

ψt

yt 1 2

u2 = 1, y1 = 1 11.5 11

u2 = 1, y1 = 2 11.5 11

u2 = 2, y1 = 1 11.5 11

u2 = 2, y1 = 2 11.5 11



Př́ıklad ř́ızeńı s diskrétńım modelem, t = N − 1
Krok t = N − 1 = 2
Sťredńı hodnota: φ2 = E [Jt + φ∗

3|u2, d (1)] =
2∑

y2=1

(Jt + φ∗
3)Θ =

=




10
15
20
25

+


11.5
11.5
11.5
11.5


 .∗


0.7
0.2
0.9
0.4

+



15
10
25
20

+


11
11
11
11


 .∗


0.3
0.8
0.1
0.6



=


22.85
22.1
31.95
33.2


· · · u2 = 1, y1 = 1
· · · u2 = 1, y1 = 2
· · · u2 = 2, y1 = 1
· · · u2 = 2, y1 = 2

Minimalizace:
Pro y1 = 1:
min {22.85, 31.95} = 22.85, u∗2 = 1
Pro y1 = 2:
min {22.1, 33.2} = 22.1, u∗2 = 1

φ∗
2

ψt

yt 1 2

u1 = 1, y0 = 1 22.85 22.1

u1 = 1, y0 = 2 22.85 22.1

u1 = 2, y0 = 1 22.85 22.1

u1 = 2, y0 = 2 22.85 22.1



Př́ıklad ř́ızeńı s diskrétńım modelem, t = N − 2
Krok t = N − 2 = 1

Sťredńı hodnota: φ1 = E [Jt + φ∗
2|u1, d (0)] =

2∑
y1=1

(Jt + φ∗
2)Θ =

=




10
15
20
25

+


22.85
22.85
22.85
22.85


 . ∗


0.7
0.2
0.9
0.4

+




15
10
25
20

+


22.1
22.1
22.1
22.1


 . ∗


0.3
0.8
0.1
0.6



=


34.125
33.25
43.275
44.4


· · · u1 = 1, y0 = 1
· · · u1 = 1, y0 = 2
· · · u1 = 2, y0 = 1
· · · u1 = 2, y0 = 2

Minimalizace:
Pro y0 = 1:
min {34.125, 43.275} = 34.125, u∗1 = 1
Pro y0 = 2:
min {33.25, 44.4} = 33.25, u∗1 = 1

φ∗
1

34.125, 33.25



Použit́ı optimálńıho ř́ızeńı

Počátečńı podḿınky: y0 = 2

1 Čas t = 1
ψt = [u∗1 = 1, y0 = 2], y1 = 2

2 Čas t = 2
ψt = [u∗2 = 1, y1 = 2], y2 = 1

3 Čas t = 3
ψt = [u∗3 = 1, y2 = 1], y3 = 1

Poznámka: neurčitost

Penalizace po použit́ı optimálńıho ř́ızeńı:

t=1︷︸︸︷
J2|12+

t=2︷︸︸︷
J1|12+

t=3︷︸︸︷
J1|11 = 10+ 15+ 10 = 35

Rozd́ıl oproti φ∗
1 – sťredńı hodnota

Model f (yt |ut , yt−1,Θ)

ψt

yt 1 2

ut = 1, yt−1 = 1 0.7 0.3

ut = 1, yt−1 = 2 0.2 0.8

ut = 2, yt−1 = 1, 0.9 0.1

ut = 2, yt−1 = 2 0.4 0.6

Penalizačńı funkce Jt

ψt

yt 1 2

ut = 1, yt−1 = 1 10 15

ut = 1, yt−1 = 2 15 10

ut = 2, yt−1 = 1 20 25

ut = 2, yt−1 = 2 25 20



clear, clc, close

nh=30; % interval ř́ızeńı
y0=1; % počátečńı podḿınky
om=[10 15; 15 10; 20 25; 25 20]; % penalizačńı funkce
th=[.7 .3; .2 .8; .9 .1; .4 .6]; % model
fi=zeros(1,2); % počátečńı podḿınky
% dynamické programováńı



for t=nh:-1:1

fp=om+ones(4,1)*fi; % penalizačńı funkce + fi
f=sum((fp.*th),’c’); % sťredńı hodnota

% minimalizace
if f(1)<f(3), % pro y(t-1)=1
% optimálńı ř́ızeńı, minimálńı penalizace
uo(t,1)=1; fi(1)=f(1);

else

uo(t,1)=2; fi(1)=f(3);

end

if f(2)<f(4), % pro y(t-1)=2
uo(t,2)=1; fi(2)=f(2);

else

uo(t,2)=2; fi(2)=f(4);

end

end

J=fi(y0); % minimálńı sťredńı hodnota penalizačńı funkce
% použit́ı optimálńıho ř́ızeńı
y(1)=y0;



for t=1:nh

u(t+1)=uo(t,y(t)); % optimálńı ř́ıd́ıćı vstup
j=2*(y(t)-1)+u(t+1); % č́ıslo řádku z modelu
y(t+1)=(rand(1,1)>th(j,1))+1; % výstup
end


