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ṅ(t) = NT V (t) r(t) + Win uin(t) − uout(t)
m(t) n(t), n(0) = n0

Operation # constraints Constraint derivation Constraints

Batch q = S −R PT [NT] = 0q×R PTn(t) = PTn0

Fed-batch q = S −R− p PT [NT Win] = 0q×(R+p) PTn(t) = PTn0

Open q = S −R− p− 1 PT [NT Win n0] = 0q×(R+p+1) PTn(t) = 0q

min
n̂(ti)

(
ñ(ti)− n̂(ti)

)T
W(ti)

(
ñ(ti)− n̂(ti)

)

s.t. PT n̂(ti) = 0q,

n̂(ti) ≥ 0S

ẋr(t) = V (t)r(t) − uout(t)

m(t)
xr(t) xr(0) = 0R

ẋin(t) = uin(t) − uout(t)

m(t)
xin(t) xin(0) = 0p

ẋic(t) = −uout(t)

m(t)
xic(t) xic(0) = 1

xiv(t) = 0q

 ⎡
⎢⎢⎣
xr(t)
xin(t)
xic(t)
xiv(t)

⎤
⎥⎥⎦ = T n(t) :=

⎡
⎢⎢⎣
R
F
iT

Q

⎤
⎥⎥⎦ n(t),

T =
[
NT Win n0 P

]−1

n(t) = NTxr(t) +Winxin(t) + n0 xic(t)

min
x̂r(t1), ..., x̂r(tH)

x̂in(t1), ..., x̂in(tH)
x̂ic(t1), ..., x̂ic(tH)

H∑
i=1

(
ñ(ti)− n̂(ti)

)T
W(ti)

(
ñ(ti)− n̂(ti)

)

s.t. x̂ic(ti)− x̂ic(ti−1) ≤ 0 ∀i > 1,

n̂(ti) ≥ 0S , x̂r(ti) ≥ 0R, x̂in(ti) ≥ 0p, x̂ic(ti) ≥ 0

R1: A + B → C r1 = k1cAcBcK
R2: B + B → D r2 = k2c

2
BcK

R3: B → E r3 = k3cB
R4: C + B → F r4 = k4cCcBcK

Species Measurements
Data reconciliation

via concentrations via extents

A 0.9164 0.0332 0.0108

B 0.4615 0.1317 0.0355

C 0.0316 0.0332 0.0109

D 0.0392 0.0268 0.0062

E 0.0162 0.0155 0.0115

PT
[
NT Win n0

]
= 0q×(R+p+1)

(ñ)

(n̂)
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