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2.1 OO00OoOooooobooobooo

000000000000 SHS = (X, L,init,inv,,prob,grd, E)DOODOOOOO0OOO
e State variables X Cc RPO00000O0000OO0O0O0O0O

e Location LODODOOOOODOODOOOODOOOODOSHSODOOOOOOOoOO
Olel0D000xzeXOO (Lx)DDODOOOOO

e Initial state init = (lp,z) 00 0000000000000 O0O00OOOOOO

e Invariants 00 ()00 000000000000 DO0OOOOO0O0OOSHSO
obobooboooboobuooboobobbobo/boobooboobo

e Continuous flow 000000000000 00000O0O0O0O0O0O0O0O z(k+1) =
Aix(k) + Bu(k) + 02z € X0u(k) e U CRO0000000O0U = {u|tumin <
w<umel0000UDDODOOOOO

e Discrete probability distribution OO prob(l) 00 000000000000
gbooboooooboboooobon

e Enabling conditions 00 ¢grd(/) 00 (€ LOOOOO /00000 O0O00OOOO
00000 (gyuard) 000000000 DOO0OOOOOO0O0O0OO0OOODODOOOO
goooooooon



e Probabilistic edges [ € LOp, = p € prob()0Ugrd(l) = ¢g00000 e =
(l,g,p, X,updt, ') DO D DO0000O0CODOOO0O E = {e| p(X,updt, ') > 0} 0
I o o o e
gooooogoo
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steam
sensor sensor

IR JII | R

U_= U_= =
N2 | controller N2 | N2 |
N1 — | — |

L_| [ L_| — L_| [

U 22 0000000000000
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goooon
L<z(k+1)<M

0.
N <z(k+1)<U J W L<a(k+1)< N,
off N on
@ ek + 1) =2(k) —a | 99 05 z(k+1)—z(k)+u(k)aD

Qj z(k+1)<U 0.1J
z<L, z> Emergency stop T<L, z>U

z(k+1) = z(k)

U023 000000000000000O00000000O04

gboboodgbogobboob230booogbobooobboooboboonoood
220000000000 000bbbOOo0bbbOoOoobbboOobLbbOoooboD

O0000o0UooUuououoouoouououoouooo™
e State variables DO O0O0O0OO 20000
e Location D000 0OO0O0OO L=A{off,on,stop} 0000000

e Initial state D0 000 init = (of f,xzo) 0000000

e Invariants 0000000000000 00O000000O0O0O dnv(off)=N; <

z(k+1) < UDinv(on) = L<az(k+1)< N, 0000000000000000

gbooooogaon



e Continuous flow JJ00000000000000000000000000
0000000 off 00 a(k+1)=2(k)—e0 00000000 o000 z(k+1) =
z(k)+uk)—a0 00000000 stop00 z(k+1)==(k)0000

e Discrete probability distribution DO O0O00O000O00OOOOOOOOODOO
00000000 problof f) = {poss}d problon) = {p,,} 000000000 pys O
Por, 00 0000pysr = (x,2(k+1) = (k) —a,0f f) = 010 poss = (z,2(k +
1) = z(k) —a,off) = 090 po, = (z,2(k +1) = x(k) + u(k) — a,on) = 0.10
Pon = (z,2(k +1) = z(k) + u(k) —a,of f) =090000000p,r = {0.1,0.9}0
Pon = {0.1,0.0} 0000

e Enabling conditions 00000000000 0O0OOOOOOOOOOOOOO
grd(offi) =L <z < NiOgrd(offy) =x < LVax>UOgrdlon;)) =Ny <z <UD
grdlong) =z < LV >U00000000000000DOOCOOODOOOOO
D0DO0000000000000000peyy 0 guard0 00000 grd(off1) O
O000pe, 0 guard 000 000g¢grd(on;) 0000

e Probabilistic edges L = {of f,on, stop}0p; =p € prob(l)Ogrd(l) = ¢0 0000
e(l) = (L,g,p, X,updt,I’)DOOOO0OO0OOOe(of f) = (of f, grd(of f1), pors, X, x(k+
1) =z(k)—a,{of f,on})Te(on) = (on, grd(oni), pon, X, x(k+1) = z(k)+u(k)—
a,{on,of f})0 e(stop) = (stop, 0, 0, X, x(k+1)=xz(k),stop) 0000

gboboboogoboboooobbooodon

e LocationdOffand On 00000000000 00000000000000
0000000000000000000000000000000000000
aw(k+1)=z(k)—e0000000000000n00,00000000000
0000000000000000000000000000000000000
z(k+1)=z(k)+ulk)—e000000000000000000000000O0
0000000000000000000000000000000000000

e LocationJemergency stop 0000000000 LOOOODOODODOODOO,O
OO0 U0000000000000000000D00 Location emergency stop



0000000000000000000000000000000000000
000000 z(k+1)=2(k) 0000
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000 10000000000000 (SHS)ODODDOUOOOOooooooooooo z(0) =
roU 0000000 000000000000 00DO0O00DOD0ODO0

b1 000000boboboggebbuogn

00200000 p000000000 (D0D0DODOOODO)0DO00DO0DO0DODOOODOOO

0O

J@KkLU)ZIg;{w@ﬂ—-%ﬁTQﬂdk)—1u}+{UW0—%m}TRﬁKk)—@w} (3.1)

gbobobodgg

0000000000 w(0),u(1),---,w(N-1)00000
0000000000001000000000000000000000000000

gbobooodgoood
gboboooodgobobod

l.ogobobobuoooobobboooon
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4.1 0O00O0OO0OOOOOOOO

0000000000000 00000000000 (MLDS)OO B)oooO,00
OOooooMLDSOODOOOOO

z(k+1) = Ax(k) + Byu(k) + Baz(k) + B3d(k) (4.1)
Cz(k) + Dyu(k) + Daz(k) + D3o(k) < E (4.2)

00000000000ke{0,1..}000000z € R™x{0,1}"0000u € R™- x
{0,1}™¢« 0000z€e R™O6 € {0,1}™ 00000000000000000000O
000 (42)0 p000000 CeRPMOD; € RPZ™(i=1,2,3)0 e RROOOO<O
0000000000000000(32)00000000000000000 204600
000000000000000000000
MLDSOOOOOO0O0 206000000 (41)00(4.2)0000000000000
000000000000000000

OOooooMLDSOOO

x(k+1) = Az(k) + Bo(k) (4.4)
Cxz(k)+ Dv(k) < E (4.5)

gboogboboogobooboboobuoobboobooodbooobuooboon
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OO000Db0bO00o0O0oboobO0oboboooooMLDSOOOOOOoOOooDOooOoDOo

4.2 0O0OO0OO0OOO

5}(1)("’) L<z(k+1) <N

N <z(k+1)<U L<zk+1)< N,

d12(k) N on 82, (k
6%1(") 0.9 22( )
: 0.9 O (k) 1.0
021 (k) \Q}
N, S:r:(k+1)SU/ 01
02o(k
a1 (k) - t 20 ol
e<L,z>U mergency stop z<L,z>U
d3(k)

0 41: 00000000

Oooooboobo0obOobobooooobooMLDSOODOODbDODOobDOooooOoO
gbobub44100bo0og0gbbooobooboobboobobboobbooobboon
gobo-1bbobuoogobbobogoonbo

OO0D0D000O0onDoffOstop0 00 0DOOO0ODOODOODOODOOODOODOODOODOO
OOobOdo-100000bO00obOOobooboobooooooMLDSOOOODOOOOD
googbobobboobboobobo1boobbuoobobbooobbuoobboon
O000000000oo 90

00 16€{0,1}0zeRPO0D000R 000000 A0000000000000
() [§=1+[h(z)>0]0000000000000000000000000

hmin(1 = 0) < h(x) < hmaxd + (6 — 1)e (4.6)

0000 Ay = mingegh(z)0 Iy = maxgesh(z)0 000000000000
(i) 2 =dg(x) 0000000000000

gmin6 S z S gmax5 (47)

12



g(LC) - gmax(l - 6) <z< g(l‘) - gmin(1 - 5) (48)

000000000000000000000 ¢gmin = mingegg(2)0 gmax = maxgepg(z) O
mO0O0O0O0000000

OO0 1000b00boboooooMLDSOOooooogno

[step 1 :.000000000O0O0OOODOOOO]

OO0O000b0o0o0ooooboboobobooboo0ob0oobDUbooffboboonO
gboobodgg

[62,(k) = 1] — [Ny < a(k +1) < U] (4.9)
(01, (k) = 1]V [b1a2(k) = 1] — [L < 2k +1) < N (4.10)

O000onODOO0O0OO0DOOOOOODODO

(03, (k) = 1] — [L < a(k +1) < Ny (4.11)
[021(k) = 1]V [035(k) = 1] — [Ny < x(k+1) < U] (4.12)

gboboobobobooggbobuoogobo

631(k) = 1] — [U < 2(k + D]V [z(k + 1) < L] (4.13)
[632(k) = 1] — [U < 2(k + D]V [2(k + 1) < L] (4.14)

00000 (4900 414000000 1000000000000 DODO.

(02, (k) =1 — [Ny < z(k+1) <UJD0000000

071 (k) = 1] — [ya1 (k) = 1 A [y32(k) = 1] (4.15)

0000 [ys(k) =1] « [[ys(k) = 1A [yse(k)=1000000000000000

13



goooo

611(k) — vs5(k) <0, a1 (k) —5(k) >0
Y32(k) —5(k) >0, y31(k) + 732(k) —vs5(k) < 1 (4.16)

0000[y(k) =1+« [N <z(k+1)]0000000000000000000
1()000

Pin (1 = Y31()) < 1) < hppoy31 (B) + (31(k) — 1)ey (4.17)
000000 (k) =1] & [z(k+1) < U0
hnin (1 = Y32(k)) < h(x) < hyays2(k) + (y32(k) — 1)ey (4.18)

00000 (4.16),(4.17),(4.18) 000000 [0%(k) =1] = [N < z(k+1) < U] C
00000000000000000

(0L, (k) = 1]V [612(k) =1] — [L<a(k+1) < N,]00000000

00 [yu(k) =1] > [64(k) =1]V[f(k)=1]00000000000000000
0000

011(k) = (k) < 0,012(k) — 71 (k) < 0,041 (k) + 0r12(k) = (k) 20 (4.19)
00000000000000 (4.10)00
(k) = 1] ¢ [L < 2k + 1) < Ny (4.20)
0000
(k) = 1] ¢—= [L < z(k+ D] A fz(k+1) < V] (4.21)

000000000[L <z(k+1)] © (k) =1),Jz(k+1) < Ny ¢ [y12(k) = 1] 0

14



0000
(k) = 1] «—= [y (k) = YA na(k) = 1 (4.22)
00000 (422)0000000000000000

Y11(k) —71(k) >0, y12(k) —71(k) >0,

Y1 (k) + y2(k) —n(k) <1 (4.23)

0000 (k)=1)«+— [L<z(k+1))000000000000000000
1()0 0

hin (1 = 11(K)) < A(x) < hya (k) + (qu(k) — e (4.24)

0000k =1+ [zk+1)<N]000000000000000000O
1(0) 00

hnin (1 = 712(K)) < h(2) < hyna (k) + (112(k) — D (4.25)

00000 (4.19)0(4.23)0(4.24)0(4.25)000000 [64 (k) = 1]V [012(k) = 1] —
[L<z(k+1)<N,|000000000000000000

[02,(k) =1] — [L<2(k+1) < N,]00000000

00 [L<a(k+1)] < (k) =1, [z(k+ 1) < N2] < [y(k) =1] 0000
(05, (k) = 1] — [ya(k) = 1] A [ya(k) = 1] (4.26)

000,[ys(k) =1] < [[ya(k) = 1] A[1e(k) =1]000,000000000000
0ooo

05, (k) — v3(k) <0, a1 (k) — (k) >0,
Yaz(k) — v3(k) > 0, a1 (k) + yaz2(k) — (k) < 1 (4.27)

15



0000ha(k) =1« [L<zk+1)]0000000000000000000
1()000

Win(1 = ya1(k)) < h(x) < B uuya (k) + (ar (k) — 1)es (4.28)
000000 [yak) =1] © [k +1) < N2 O
pin(1 = va2(k)) < h(x) < h) o, va2(k) + (va2(k) — 1)es (4.29)

00000 (4.27)0(4.28)0(4.20) 000000 [0%(k) =1] — [N, < x(k+1) < U]
000000000000000000

[021(k) = 1]V [6h(k) =1] — [Na < x(k+1) <U]0D0000000

00 [o(k) = 1] <> [61(k) =1]V[fi,(k)=1]00000000000000000
nfufuln

0p2(k) — (k) < 0,021 (k) = 72(k) < 0,055(k) + a1 (k) —72(k) >0 (4.30)
O00000000oooooo (4.12)00
[e(k) =1] «— [[N2 < z(k +1) < U]] (4.31)
ogooo
[2(k) = 1] = [Ny < a(k + D] Afz(k +1) < U] (4.32)

000000000[N, <z(k+1)] ¢ (k) = 1, Jz(k+1) < U] ¢ [ya2(k) = 1] 0
0000

[V2(k) = 1] <= [v21(k) = 1] A [y22(k) = 1] (4.33)
ogogdg (4.33)DDDDDDDDDDDDDDDD

Yo1(k) —y2(k) >0, v22(k) — 72(k) >0,

16



Yor(k) + y22(k) — 72(k) <1 (4.34)

0000u(k)=1«[L<z(k+1)]000000000000000000 1()
00

Fnin (1 = 721(K)) < 1) < Moy 121 (k) + (721(k) — 1es (4.35)

0000[ye(k) =1« [z(k+1)<N]00000000000000000O0 1()
0o

Pnin (1 = Y22(k)) < h(x) < hipy22 (k) + (y22(k) — 1)ey (4.36)

000,00 (4.30)0 (4.34)0 (4.35)0 (4.36) 000000 [6n (k) = 1]V [6L,(k) = 1] —
[Ny <a(k+1)<U]000000000000000000

[0s1(k) =1] — [U < z(k+1)]V [z(k+1) < L],

[032(k) =1] — [U < x(k+1)]V[e(k+1) < L]00000000

00 [yi(k) = 1] < [U < z(k+ D)[ys2(k) = 1] < [z(k+1) < L)O0O0O00OOO
(4.13)00 (4.14) O

[031(k) = 1] — [ys1(k) = 1] V [y52(k) = 1] (4.37)

[052(K) = 1] — [ys1(k) = 1]V [y52(k) = 1] (4.38)

0000000 [y(k) =1] ¢ [[ys(k) = 1 A[yse(k) = 100000000000
0000000000

031 (k) —y7(k) < 0,032(k) — v7(k) < 0,033(k) —y7(k) <0,
Y51 (k) —7(k) < 0,952(k) —77(k) < 0,7951(k) + vs52(k) — v7(k) > 0 (4.39)

0000s(k) =1« [U<z(k+1)]000000000000000000 1()
00

Fiin (L = 51(K)) < h(x) < hpo0¥51(K) + (951 (k) — 1)es (4.40)

17



0000 [yse(k) =1« [z(k+1)<L)000000000000000000 1()
00

Fimin (1 = ¥52(k)) < h(x) < hpo0¥52(K) + (952() — 1)es (4.41)

00000 (4.39)0 (4.40)0 (4.41) 000000 [0sy(k) = 1] — [U < a(k+ 1)] v
[w(k+1) < L], [632(k) =1 — [U<az(k+1D]V[z(k+1)<L]000000O0
0000000000

[step 2 :000000000000O0O]

z(k+1) = 23: zi(k) (4.42)

)

Oo0O000oDoOooooboboonooD 2200 Ay=A,=A3=1,B,=B3=0,By; =
0100000

Inin01 (k) < 21(k) < ghaxdi (K) (4.43)

Iamin02(K) < 22(k) < g70x02(K) (4.44)

Imin93(k) < 23(k) < gpaxs (k) (4.45)

(k) = @ = Ghax(1 = 01(k)) < 21(k) < 2(k) — a — gpn(1 = 01(K))  (4.46)
2(k) — a+ u(k) — ghax(1 — 62(k)) < 2o(k)

< a(k) — a+u(k) — go (L — 62(k)) (4.47)

2(k) = Gmax(1 = 05(k)) < 23(k) < 2(k) — gpn (1 — 95(k)) (4.48)

goobodgd

[step 3 :0000000000]

OO0D00000b000bo0b0b0dbUbofiDonDstop 0000000 OOOoOoOO
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gboooboogoooboooooon

51(k) + 83(k) + 63(k) = 1 (4.49)

gbbogoobbudgbobboobbobuooobbooobbbuooobobog

Si(k+1) = 01,(k)+ 02, (k) + 021 (k) (4.50)
So(k +1) = (k) + 05y (k) + 012(k) (4.51)
61(k) = 01,(k) + 02, (k) + 01 (k) + 031 (k) (4.52)
6a(k) = Ong(k) 4 62,(k) + b12(k) + 32(k) (4.53)

gooo

stepl 00 step3 000000000 (4.16)00 (4.18)00 (41900 (4.23)00 (4.25)0
0 (4.27)00 (4.29)00 (4.30)0 0 (4.34)0 0 (4.36)0 0 (4.39)00 (4.41)00 (4.43)00
(4.53) O Cx(k) + Dyu(k) + Dyz(k) + D3d(k) < EDDDDDOOOOOO (4.42)00
w(k+1) = Az(k) + Biu(k) + Byz(k) + Bso(k) 00000000000 (4.1)00 (4.2)0
0000000000MLDSOO0O000O0

4.3 0000000 MIQPUOOOOOO

00000000000 2000 (MIQP)O0O00000000000000000000
0000000000000000000000000000000000p={[p,,---,p)"
000000000000 0-1000000 6g(k) = [61(k),---,&k)7 00000000
00000

77(0) 5%(0) N-1
= : Op, m=n(dg(0) Sp(N —1)) =[] n(k) (4.54)
a(N — 1) ST(N — 1) -
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OO000DO0DbO0O0O0O00O0oDobDOobOobuobopbOépbbOnOO

0.9 | 512(k)
0.1 oL, (k)
b= , 0p(k) = (4.55)
0.9 5o (k)
0.1 | | Sh(k) |

00000 (454)0000,1,---,N-1000x000000000.000 (4.54)0000
0000000000002000 (MIQP)DO00000000000 x(8(0),---,05(N—
1) =[N4'#~(k)000000000000000000

I (55(0), - -+, (N — 1)) = ln(l:_[ (k) (4.56)
00000000 (4.56)00 (4.54)00
In7m(0g(0),---,0g(N — Nz_:l Zl: k)ln(p;) (4.57)

gbobbbbbodgogobobbbbuodooooobobbbooooo1l1oooobb1on
OO MIQpOOUOOODOOO

000 AO find v(0), v(l),---, (N—l)

min J(x Z{x ) —za} Q{a(k) — x4} + {u(k) —ug} T R{u(k) —uq}
subject to x(k + 1) = Ax(k) + Byu(k) + Boz(k) + B3d(k)

Cx(k) + Dyu(k) + Doz (k) + Dsd(k) < E

4.4 0O0OO

OO0o0O0o0o0o0o0oooooooMLDSODOODOODOOD1000bO0bD 100000
gobooo
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gbooodbbogobobodbbuooooobooobbuoobboo 41000
gbooboooobobobooooboboooon

041 0000000000000

oooooo 60
oooooo 120
oooooo (U) 91

00 (N2) 62

00 (N1) 41
0ooooo (L) 13
oooooo 0
0000000 |20<u(k) <30

J(x(k),u) = kz_ {2(k) — 2" Q{a(k) — 24} + {u(k) — ug}* R{u(k) — uq} (4.58)

OOOON=/0OR=00Q=10z;,=5000u,=00000000000000000O
HEN

p = —In(0.1'" x 0.9% x 1.0'%) (4.59)

obhoobobooobooobbooobuooobooobboobb 420000000
04200 100000000000000000
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sl Uttt

subuogbbobboobuodgbuougbuooboobbobobobobuooboobo
gboogbobodgbobuooboboobuoobbboobbooboobobooboon
gboogbboobuodgboobbooboboobobodoboobbooboobobon
gboogobuogbbboooboobuoobbooboooboooboobbboon
gboogobuogbdbooobuoobbuogbboobooboboobbobboon
gboboboooobbboogobbobuoooobbbuoobobobooooboo

5.1 OOOOOO

sugggbobuoooobbbuoooobbbuooooboobooaob
gbooobobobooooobboggslibobuooboobooooboboooobn

(stop,[91, 120))

V

(on, [77,91)) 0.1

(on, [49, 53)) (on, [53, 62)) (on, [62, 63))

gsl:0b0b00ugobobooaon

Os10000000b0obooobobobooobobooboboooobDoobobog
oboobobobooobobbbobobobooboobobobobobooobobo
gbobboobooboobooboobobboboobooboobo
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googobogbbodbboooobuoobbuodbbuoedobboobbon
UOOe=0.001000003step0 0 00e=000100000000005.1000

(stop,[91, 120))

0.1

(on, [77,91))

(on, [49, 53)) (on, [53, 62)) (on, [62, 63))

gs2. 00000000

Os20000000000000
e (0n,[62,63)) — (on,[67,77)) — (on,[77,91)) — (stop,[91,20))

000000005200000000000 (on,[62,63)) 0000 (on,[67,77))00 0
(on,[67,77)) 0000 (on,[77,91))0 00 (on,[77,91)) 00 00 (stop,[91,120)) 000 O O
000000000000000000000

0000000 (on,[62,63) 0000 (on,[67,77)) 000 0000000000000
00000000000000020<w(k) <3000000000000000000
D00e=6000000k+10000 z(k+1)0

z(k+1)=z(k)+u(k)—6 (5.1)

0000000 (5.1)0000 k0000 2(k)00000 k+10000 z(k+1)000
0000000000k 00000000000 4000 «(F)00000000000
00 k+1000 «(k+1)000000000000000000000 w(k)0O000
00000000000000000000w«k)O000000000000000

0000 k00000 2(k)=620000000000 k+10 2(k+1)=670000
00000000000000 (5.1)00 wk)—6=67—62=500000000 k+10
¢(k+1)=77000000000000000000 (5.1)00 u(k)—6="77-62=15
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000000000 k000 2(k)=62000000 (on,[67,77)) 0000000000
0000

5<u(k)—6<15 (5.2)

0000000000000 000000020<u(k)<300000 14<u(k)—6<24
gbobobooooboboood

14 < u(k)—6 <15 (5.3)

gooo

D000 kD000 z(k) =63—e0000000000 k+10 z(k+1) =670
00000000000000000 (5.1)00 u(k)—6=67—(63—¢)=4+¢ 00
000000k+104#(k+1)=77000000000000000000 (5.1)00
uwk) —6=77T—(63—¢)=14+000000000 k000 2(k)=62000000
(on,[67,77))00000000000000

d4+e<u(k)—6<14+¢ (5.4)

O00000000000000000000 20<u(k)<300000 4<u(k)—6<24
oboboobooboobd

14 <ulk)—6<14+¢ (5.5)

gooo

O0G1)O000000oooooooo

u(k) — 6 = 2(k + 1) — (k) (5.6)
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O000z(k+1)=770000000000000C0CO
u(k) — 6 = 77 — x(k) (5.7)

0 2(k)0wk)000000000000000 (on,[62,63))0000 (on,[67,77)) 000
0000000000000

14 <u(k)—6 <77 —x(k) (5.8)

gbooodboobboobbotobuoobboobooodoboobobooboon
O100b000b0o0bo
gbuodgbboobuodgbbooboobbooobboobuoobbooboonn
gbogobogbbobobuoobbuoobboobbodoboobooobooboboabn
gb,gbbbooodgbbboooobbbuoooobbbuooob 1bbbooan
gbbbuoooobbbuooobbboooon

5.2 U0OUOOOOOOOOOOOOOOO

gobobbbbodgggoobbobobbodoooooonbobbbooooon
gogooobobob3dddgddddddudddddduddyidUUUUUg g
gogoobbbbboddoodouubboooooooooonbobooooogoa
guooooooooood
Pre 000 XOOOODODOOOODDOO
Prox: OOODOOOOOODO SOOO0OO XOOOO
Step 1: 000000 D,=DxUuQg0ogoon
Step 2: Y, :=Pre(D)—D, 000000

Step 3: Y, := Pre(Prox(Y;—1))0i=2,3,..., NOOOOOO

Step 4: Prox(Y;)0i=1,2,....N—10 Prox(Y;)—U;>;Prox(Y;,) 000000000
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00000Prox(Y;)N(UjsProx(Y;)) 000000000000000j €{1,2,...,N}
000000000000000000 invariantd guerd00000000000000
000000000000000000 POO0O000000000000 X, Xs,...,X,
0000000000 X, 0000000000000000000000000000
0000

Step5: N=1000000000N>20000k=2000 Step600

Step 6: Prox(Pre(Xy)), Prox(Pre(Xs)),...,Prox(Pre(X,)) 00000000000
OO0 NODOOOOOODOOoDOO

Step 7: Prox(Pre(X;))0i=1,2,...,p0 Prox(Pre(X;))—U;siProx(Pre(X;))000
00000000000Prox(Pre(X:))N(Uss:Prox(Pre(X;))) 000000000000
00O0je{l,2,...,p) 00000000 PO00O0OD0O000000 X1, Xs,..., X,
gooooobobb x;gobbooobbuoodbobbooobbooobbboon
gad

Step 8 Step60000000O00OO0OOOOOOOOA=NOOOOOOOOODOO
OO00000D0E=k+1000 Stepb 0000

Step9: 0000000 X,0X,0---0X,0000008Step40 Step7000000O0
gboobdodgbboboobbooooboobboouoobboobbooboon
000000000000 Pre(X;))0000D0OODODOOODOOOO

5.3 0O

0010000000000 000O000O00O00DO0O0DODOOo0DO0oO0DOOo0ODOO
O000000000000000000 20<u(k)<300ae=6000000 N=20
0000000000000 0DO0bO0o0O0

Step 1

0000oo0ooo D, =(stop,[91,120)) 00000
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30

D,
20
0 91 120
053 000000000
Step 2
O00Y,=Pre(D)—D, 000000
30
E Y1 D,
20 |
—
0 67 77 91 120

0 5.4: Y, = Pre(D)— D, 000

Step 3
Y, = Pre(Prox(Y1)) 0O O OO0
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30 |
| ¥ D,
0 =
| | | |
0 4|3 l 617 7|7 91 120
63
Prox(Y1)

0 5.5: Yo = Pre(Prox(Yy)) 00O

Step 4

Pro(Y1)O Pro(Y,) 0O DOOOOODOOCOOOOOODODOOOODOOOOO invariant O

guardDO0DO0O0O0ODOOOO0OOODOODODOOX,O---OX;s0000000 X40---0X;5
gobooooobon

30
Y1 D,
20 : E .
o B
43 3 67 4:7 9:1 120
\ b3 | i | i
| Phox(vi) |
i Prox(Y2) | | !
' ! !
ko mm m
| 5 ST T g ! 0 |

gs6:00000obobooad
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Step 5

N=2000k=20000Step600O

Step 6

Prox(Pre(Xy)), Prox(Pre(Xs)), Prox(Pre(X3))0000000000O0OProx(Pre(Xy)),
Prox(Pre(Xs)) 00 X,0X; 000000000 2000000000

Step 7 Prox(Pre(X;)), Prox(Pre(X3)), Prox(Pre(X3)) 0000000000000
goboboooobbboooobbbo X0 X,0b---O0X,0000000DOOO

30

Dy

20

0 e
43 53 313 67 77 951 120
i i I Prox:(Pre(Xl))
: : Proy ;(Prle(Xz)) :
"ljrox(l’fre(Xa)i L
BRI GRS
Fy 2 ‘5521 1 [ 1 [ 0 [

[0 5.7: Step 600 Step 70 0 O

Step 8 k=N=200000000

Step9 000D 0O0O0O0 X40X,0---0X, 00000000000 000O00O0O0OO
s.e00 5700000 bO0bOo0od20b0b0bO00bOobo0bOoboobOobon
O.0000000000000000000Ss80000000 N=5000000O
obobogs90000
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(stop,[91, 120))

V’

(on, [77,91)) 0.1
0.1T 0.1

(on, [67,77))

1.0 w 1.0

(on,[43,53))  (on,[53,62)) (on, [62, 63))

058 000000000000 (N=2)
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(stop, [91, 120))

V

(on,[77,91)) 0.1
0'1T 0.1
(on, [63, 67)) (on, [67,77))

1.0 . ‘V LR 0.1\01
1.0 >
(on, [49, 53)) (on, [62, 63))
4.0

/
. & | 9‘{
1.0

1.
0 1.0

(on, [35, 38))

059 000000000000 (N=5)

54 0O0O0OODODOOMIQPOOOOOO

gbol1gdbboggoogobodboooboougbbooboobbooboon
gogooboobbbbbboboobbbootbooddugdooouooooooooon
gbobogdegbbodbboobooooobuoobbuoobboobbooboon
goboboboboobooooobbbbbbbtbdddddodoooooooooooooon
OOo0oooooMIQpODOOODOOODOOOOOOOOOODOOODOOODOOODOOOD
goboboooobbboooboboboooobbobuoooobbboooon

Fk)x(k) + G(k)u(k) < H(k) (5.9)
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00000000 F(ROGROHK ODOODODODODODO0O00000000000000
(5.9)000000000000000000003000000000000 MIQPO
000000000000000000BOO0OO0OO0OO0OO0O0O0OOO0000000000O
MIQPODODODOOO

000 BO find v(0),v(1),---
min J(x(k),u) = : {2(k) — 24} Q{a(k) — wa} +{ulk) —uq}" R{u(k) —uq}
subject to x(k+ 1) = Ax(k) + Byu(k) + Boz(k) + Bsd(k)

Cxz(k) + Diu(k) + Dyz(k) + D30(k) < E

N-1

l
> 6i(k)n(p) > p

k;a: k) 4+ G(k)u(k) < H(k)

OoOOooodb BOOOOObODOoOobDOoOobOoobOoobo
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5.5 0UO0OO

00000000000030000000000000000 =(0)=21000000
gbbO31gggbbbogsiougodgbobob3ggubbbiode=0.00200000
gboboboogon

1. (on,[19,24)) — (on,[43,48)) — (on,[62,63)) — (on,[67,77)) — (on,[77,91)) — (stop,[91,120))
2. (on,[19,24)) — (on,[39,43)) — (on,[62,63)) — (on,[67,77)) — (on,[77,91)) — (stop,[91,120))
3. (on,[19,24)) — (on,[38,39)) — (on,[62,63)) — (on,[67,77)) — (on,[77,91)) — (stop,[91,120))

gboobodgbs3suodbodgsbugobbooobbuooobobooboobboon
gooobbooggooobobbbbbboobobbbbbbbobooogs1boon
gboboboooobbbiligob 200030000

gs1: 0000000000000
gogoooo 20

oooooo | 120
0oooooo (V)] a1
00 (N2) 62
00 (N1) 41
oooooo (L) | 13
oooooo 0
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gobbogoobobbooooobbodao

J(w(k), u) = Z__: {w(k) — 2} Q{x(k) — wa} + {u(k) — ua} R{u(k) —uq}  (5.10)

OOON=50R=10Q=102,=500u,=0000000300000000000

gbobobodgo

p = —In(0.1' x 0.9° x 1.0%)

goo3dbbugoboboognoooooboboobboobooobbooobboon

5200 5300 54000000

0s2. 00000000000

g1l ogd 2 od 3
w(0) | 28 || w(0) | 24 || u(0) | 23
w(l) | 25 || w(l) |29 || u(l) | 30
w(2) 120 || w@) 120 || w@) |20
w(3) [ 20 || u(3) | 20 || u(3) | 20
w(4) | 20 || u(4) | 20 || u(4) | 20

gs3: 0000dgboodg

g1 gg 2 od 3
2(0) [ 21 |[=(0) [ 21 || z(0) ] 21
x(1) | 43 || (1) | 39 || z(1) | 38
2(2) | 62 || z(2) | 62 | z(2) | 62
2(3) | 56 || 2(3) | 56 || z(3) | 56
x(4) | 50 || (4) | 50 || z(4) | 50
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0d 23795
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gbboodbbdodgbbugb liogobooobbooboobobb3gbobood
gbbObOe=0002000000000000000000Ob000000O0O0O0O 5500
goboobooblooooodbbbobboooooobbbbbbuodoooooooon
gbobobbouooogbobobbuoosgbbbouooobbbodggde=0.0020000
gboogbobodbooboobboobuoobbooboobbogbobuooboon
gbobobooggoobbsaotdd si120000

Uss: 0bbougooooodag

gobo |obbod (bogg (0o
o1 100000 127 0.001
o 2 100000 127 0.001
oo 3 100000 127 0.001

110

water level

time

0510: 00000 (00 1)
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gbodbogbboboubbobobogbuooboobboobogboobbod
gboobogoboooobbuoobbuoobbuoobboobbooboboooon
gboogbboobuodgboobbooboobboooboobbooboobobon
OOoooboboooooooooboboooooMIQpOOOoDOobDOoOoO

gboodbogbboobuogbogbboooboobbobobodgboobbod
gbooobbobbuodbogbboobobuoobboogbbodgb egbboog
gbooboooon

goodgbboobogbbogbobooboobooobogobbooobbon
gboogobodbogobuogbboobuoobobooobobogbobuooboon
gogooboobbbbbboboobbbbbbobbdgddouooooooooon
ooobobobOoobobooooobobobobobooooob kObOobOobDO
k+1000000000000b0ob0boboobooboboobobobobnooo
goboboooobobbooooobon
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