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Combined m1 and m5 controller motifs and their cooperative and
wind-up behaviors

Fig S1 shows the scheme of combined controller motifs m1 and m5 with A
being the controlled variable.
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Figure S1. Combined controller motifs m1 and mb.

The rate equations for the combined inflow (m1) and outflow (m5) controllers
for nonoscillatory conditions are:
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The set-points for the two controllers are determined from the steady state
condition of the system. From the condition F,,; = 0 the set-point of the
outflow controller is calculated to be

ks

A% = % (54)



while for the inflow controller we have
kg

A= (55)

At their respective set-points the signs of Em and E;ut changes according to
ml and m5 shown in Fig 11.

a b

— _ — + —
+ Ein Elout + A I?out + Ein A
I | I T
In out out in
Aset Aset Aset Aset
4 k1:‘1‘0, k2:‘10.0 ‘ 10 4 k1:‘1.0, kz‘:10.0 10
35¢ 1 E g
Ei, is 3.5 1s
3 b \ ””””””””””””””””” R K U S ’g\
S 25¢ A 16 — =525 16 —
S set 5 E =
< 2 Ain E o ~ 2F E o
14 W < 14 W
1.5 / set | - 15F A B é
1§ A————, I W A e S i St L
12 12
0.5 [/— Eout ] 05 S\_/ Eout \Aout 1
O ! ! ! / ! 0 0 L 1 1 1 set 0
0 2 4 6 8 10 0 0.4 0.8 1.2 1.6 2
time (au) time (au)
k,=10.0, k,=1.0 k,=10.0, k,=1.0
4 1 z ; 10 L A
35¢F <ot 1
3L A 28 5 3
525 1 < =
& 2 5 =
< in E LI? LI<J)
1.5 / set 14 C. C_
LI A N~ S S 4, W i
0.5 Eout Ein 1 5F
0 I I /\ I 0 0 I I I I 0
0 2 4 6 8 10 0 0.4 0.8 1.2 1.6 2
time (au) time (au)

Figure S2. Sign structure of Em and E(.,ut determine whether controllers
cooperate or not. Column a: cooperative controllers. Column b: con-
trollers work against each other. Rate constants panels a: k3=10.0, k4=30.0,
ks=1 x 1075, ks=k7;=1.0, ks=ko=10.0, k1p=1 x 107%. Rate constants panels
b: k3:k4:10.0, ks=1x 1076, k6:k7:1.0, k8:300, k?gleO, kio=1x 107, k1
and ko are perturbations. Initial concentrations for all calculations: Ag=1.0,
E’in,O:Eout,OZO-l-



The relative placing of A™, and A% in the A concentration space is of
importance on whether the two controllers cooperate or whether they work

against each other.

Fig S2a, upper panel, shows the sign structure when the inflow and out-
flow controllers cooperate. In this case the negative sign are adjacent to
each other and each controller "pulls” A to its set-point dependent whether
outflow perturbation ks (Fig S2a, middle panel) or inflow perturbation k;
(Fig S2a, bottom panel) dominates. In this configuration the set-point of the
outflow controller, A%, is larger than the set-point of the inflow controller,
E;,.

In case Em is larger than A% the sign structure of E;m and E;ut leads to
controllers which work against each other (Fig S2b, top panel). The controller
variables E;, and E,,; show wind-up, i.e., they increase continuously and the
steady state of A will lie somewhere between the two controllers’ set-points
(Fig S2b, middle and bottom panels). For additional information on wind-up
behaviors, see supplementary material of Ref (1).
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