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Bl vel 53 Q7 YA 1= v/Qrh. ZH AR BT £ 5 VE UHeth A7FC AfZ 0|21 BE
H

dCy Car—Cy I
= — k.C
dt T ™4
dCp
F—kch———kch
dCc
— = k2Cp —

Al ALt 5t B go] AafE] o] dS/dt = (C_Af— S)ath 8% H =7} 140 H S(t) = C_Af+[S(0) —
C_Af] exp(—t/t)th.

S(0)=C_Afol#l go] Aslet, 7] ol h2ml R w2 Ytk

Sunwoo Kim - 37 oS3} 2|4 3}E 913 A 2A|0|E ndT 322} 71AE -2/ 10



dc
a—MC‘l‘b
—1/t-k 0 0 Car/ T
M = kl —1/T—k2 0 ,b= 0
0 k, 1)1 0

Mc* +b =02 c+Z 0] &3} z=c — c+x2 T dz/dt = MztF. 77+ A& o] T 0| ™H z(t+At) = exp(MAL)z(t)T}.
Fa(owq) =c +eMt(c—c*)

AACNA T7} dh ol = 2 A8 2 4 9lek, A G SAI5HI The T7H) Mt o+ 2 A AATSILY,

Sunwoo Kim - 374 |53t 22515 9I3t M 20| E 2dF 372 H71AHR 3710



A o] & AT

330K, T=5min, feed=1.2 mol/LO|®H a=1/t+ki=0.4,b= 1/t + k. = 0.3 min 'TF. ZA AL cx=[0.6,
0.4, 0.2] mol/LT}. At= 0.2 min, co=[1.2, 0, 0]°] H:

Cay = Co" + (CAO — CA*)e_aAt

—alt —bAt

—e
b—a

e

Cp, =Cp" + (CBO -~ (:B*)e—bAt + ey (CAO - CA*)

C C,1=Si—C A,1-C B,10| 22 [1.153870, 0.045672, 0.000458] mol/LC}.

Forward Euler+= [1.152, 0.048, 0]°|c}. 727t Qtol| A BE-S-& =7} v B 2 FFo] th2} a = bo|H E422]
=3H2 At exp(—aAt)C}.
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A% st A2 )
St H4 9] states shape= (151, 3), controls shape+= (150, 3)°|t}. HAE =2 Ea5h F 3 S 4=t}

inputs = np.column_stack((states[:-1], controls))
increments = states[1:] - states[:-1]

# inputs: (150, 6); increments: (150, 3)

X_mean = train_inputs.mean(axis=0)

x_scale = np.maximum(train_inputs.std(axis=0), 1le-8)
d_mean = train_increments.mean(axis=0)

d_scale = np.maximum(train_increments.std(axis=0), 1le-8)

A U e oh A} 72 Aol ch vh2ke cingh ohAI2t 120] T Tabel cisolh. Scalingol st
$AZe Sol7lAl

| -
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Ack = Cr+1 — Cp
Ck+1 =Ck+MA+SA Ggg(vk)

# Of A 7|E oX HEiE HMS
one_step = dynamic_step(model, scaling,
states[:-1], controls)
# =7 JENEE MS
recursive = rollout(model, scaling, controls, states[@])
err_one = one_step - states[1:]
err_roll = recursive[l:] - states[1:]

AcE EYTH H coll gottt, A AJEH RMSE+= 27] JEIE Wl 2= test Al 2= Xof A4St
RMSE _j,h+= horizon S& FA| | Al4tett), & BEE-E2 22 vjg) H S 20t
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ek +1 =f0(£'kruk) — fo(crour) + 8k

8k = fo(cror) = Far(cowi)
S+ mapping©] ¢ k2} ¢ k Ato]ollA] L k-LipschitzO| HH:

lews 1|l < Licllexll + |8l

-1
Jer]| = £*eo | + 2225
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Ae: oj2] Mol & A gH53}7]

Multi-step lossi= 715 AJENOll A AlZFel of| & el & HEA| |
/& scaling= P IE Al 483

1 A
LH NHZ Zh Cn, h—Cn, k|2
Gradient= EXl 2} Mol & A A &5 T 24 Ao & A5kl & o QAR H 2|7}
=1L 8H50] o2 d 4= It} Train A4 ol AT windowE THE 1l HE validation #1402 A9t
#1734 A2 one-step 50| TF. Multi-step H| ul= 214 A &7 2pAjjojw, o]n| = A9
Atz A|ASHA] =t
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AgEAIet e T el

L

1. & AEl7F 1517021712 30800 = 0.28 7t 150709F 2 7] AFef7} Qi

2. m}a}u) €] 4252 224 + 1056 + 99 = 1379t}

3. So7} feed2} T 2H? 7| -2 feed + (So—feed)exp(—t/1)= T LS HS AHAFSIH 2525
Zleolct,

4.3t ¥4 of|e] h =10 23}=2? 0.001(1-0.9'°)/0.1 ~ 0.006513°]C}.

5. T HHEO] At = 1222 AT 4= Y2 Sh5E S8 2 o] 028 Wato|oh oA |
A ‘9"—]'7']‘-']' M 74 2] mapping= &5

6. Rollout Skl 7] & el E Yo ? ol 52 TA] AJ2Fet Zlo|th. Reset Al Zh& 2L 71 397 WA=
A
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A el sequence 3} Y&

—%o] =25 RNN/LSTM hidden state 2 7Hg-9F #HA 4 HE 2 oFe 4~ [T Encoder—decoder—
B o] Hof| A 1|2 sequenceE THEE| 017l vjl dg & 20 2 ARESttt. 0|2 Sk encoderol|
%jxl %=

o Sutskever-Vinyals-Le (2014), 1-2"4: sequence encoding-decoding. ¥ & 2] 3-8 o},

e PyTorch RNN-LSTM: ¥H=- 7341, 13, hidden state@t 23

e SciPy matrix exponential: exp(MAt)2] T} & HHEY,

CSTR SE9} A4 A5 o] TH2-2 93] 217 At
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https://proceedings.neurips.cc/paper_files/paper/2014/hash/5a18e133cbf9f257297f410bb7eca942-Abstract.html
https://docs.pytorch.org/docs/stable/generated/torch.nn.RNN.html
https://docs.pytorch.org/docs/stable/generated/torch.nn.LSTM.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.expm.html

