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1 A Method for Checking Reachability

In this section we describe an algebraic technique for checking the global reachability of a desired attractor
using the controllers identified with the methods described in Section 3 of the paper. These methods are
similar to those described in [2].

Consider xg,y, € K" as in Section 3 of the paper, that is, y, is the newly created desired attractor,
and set the following ideal

Igo = <f{l(m17 s ,l‘m) — Yoi, - - - >f#1(x17 cee ,l‘m) - y0n> (1)

defined over the quotient ring Fa[x1, ..., 7,]/J, where J = (23 — 21,..., 22, — 7).

Notice that the variety V(I’;O) of the ideal I;fo represents all predecessor states of y,, that is, all
the states x € K" such that F,(x) = yo. Let Fyr(x) = F,(--- (Fu(x))) (r times composition) and let
f]“r (x1,...,Tm) be the jth-component function of F,-(x). Then define

I;f; = <f{ﬂ($1,...,xm) — y01,...,frlﬁr(x1,...,xm) — Yon) (2)

Similarly, the variety V(Iﬁf;) of the ideal I‘% represents all states that are r-steps away from y,, that is,
all the states x € K" such that F,-(x) = y,.

Proposition 1.1. Let xzy, yy € K". Then y, is reachable from xy if g € V(I?’f(:) for some r > 1.
Proof. Tt follows from the definition of V (I} ). O

Now consider the ideals
Ju=14 and J, = I} J,y, forr=2,...,n. (3)

Notice that the variety V(J,) represents all the states that are at most r-steps ways from y,. It is easy to
see that
DD DS DJpy1 D (4)

Since K" is finite, the descending chain in Equation 4] stops at some index r = N. That is,
IN =JNt1 =N = (5)

The following proposition uses equations to establish a test for global reachability of the new attractor
Yo-



Proposition 1.2. Let y, € K. Then y, is globally reachable if the chain in Equation [9 stops at the
zero-ideal. That 1s,

Proof. Tt follows from the fact that V({0}) = K". O

2 P53-mdm2 Network Polynomials

Consider the network at Figure 2 of the main text for the signaling pathway of p5% that was published
in [I]. This is a discrete dynamical system F = (f1,..., fig) : F3% — F16 with 16 nodes and binary states
Fy = {0,1}. Let us represent the nodes by

x1 = ATM, To9 = pH3,
r3 = Mdm?2, x4 = MdmX,

x5 = Wipl, xg = cyclinG,
x7 = PTEN, xg = p21,

x9g = AKT, x10 = cyclinFk,
r11 = Rb, x12 = E2F1,
r13 = p14ARf, T14 = BClQ,
r15 = Bax, T16 = caspase.

The polynomial functions for this network are given below. For the cancer cell model where PTEN and

pl14ARf are inactive (fixed to zero) and cyclinG is always active (fixed to 1) make the value of these

variables equal to the corresponding constant.
fl = 14+x5+x1*x5+x12*x54+x1*x12*x54+x6+x1*x64x12*x6+x1*x12*x6+%x5%*x6,
2 = 14+x3+x1*x2*x3+x4+x1*x4+x3*x4+x1*x3*x4+x1*x2*x3*x4,
f3 = 14+x1+x10+x1*x10+x11+x1*x11+x10*x11+x1*x10*x11+x13+x1*x13+x10*x13+
x1*x10*x134+x11*x134+x1*x11*x134+x10%*x11*x13+x1*x10*x11*x13+x1*x2*x3+x10*x2*x3+
x11*x2*x3+x1*x10*x11*x2*x3+x1*x13*x2*x3+x10*x13*x2*x3+x11*x13*x2*x3+
x1*x10*x11*x13*x2*x3+x1* x4 +x10*x4-+x11*x4+x1*x10*x11*x44+x1*x13*x4-+x10*x13*x4-+
x11*x13*x4+x1*x10*x11*x13*x4+x13*x2*x4+x1*x13*x2*x4+x10*x13*x2*x4+
x1*x10*x13*x2*x4+x11*x13*x2%*x4+x1*x11*x13*x2*x4+x10*x11*x13*x2*x4+
x1*x10*x11*x13*x2*x4+x13*x3*x4+x1*x13*x3*x4+x10*x13*x3*x4+x1*x10*x13*x3* x4+
x11*x13*x3*x4+x1*x11*x13*x3*x4+x10*x11*x13*x3*x4+x1*x10*x11*x13*x3* x4+
x1*x2*x3*x4+x10*x2*x3*x4+x1*x10*x2*x3*x4+x11*x2*x3*x4+x1*x11*x2*x3*x4+
x10*x11*x2*x3*x4+x13*x2*x3*x4+x1*x10*x11*x13*x2*x3*x4+x1*x5+x10*x5-+
x11*x5+x1*x10*x11*x5+x1*x13*x5+x10*x13*x5+x11*x13*x5+x1*x10*x11*x13*x5+
x13*x2*x5+x1*x13*x2*x5+x10*x13*x2*x5+x1*x10*x13*x2*x5+x11*x13*x2*x5+
x1*x11*x13*x2*x5+x10%x11*x13*x2*x5+x1*x10*x11*x13*x2*x5+x13*x3*x5+x1*x13*x3*x5+
x10*x13*x3*x5+x1*x10*x13*x3*x5+x11*x13*x3*x5+x1*x11*x13*x3*x5+x10*x11*x13*x3*x5+
x1*x10*x11*x13*x3*x5+x1*x2*x3*x54+x10*x2*x3*x54+x1*x10*x2*x3*x5+x11*x2*x3* x5+
x1*x11*x2*x3*x5+x10*x11*x2*x3*x5+x13*x2*x3*x5+x1*x10*x11*x13*x2*x3*x5+x1*x4*x5+
x10*x4*x5+x1*x10*x4*x5-+x11*x4*x5+x1*x11*x4*x5+x10*x11*x4*x5+x13*x4*x5-+
x1*x10*x11*x13*x4*x5+x1*x13*x2*x4*x5+x10*x13*x2*x4*x5+x11*x13*x2*x4*x5+
x1*x10*x11*x13*x2*x4*x5+x1*x13*x3*x4*x5+x10*x13*x3*x4*x5+
x11*x13*x3*x4*x5+x1*x10*x11*x13*x3*x4*x5+x1*x2*x3*x4*x5+x10*x2*x3*x4*x5+
x11*x2*x3*x4*x5+x1*x10*x11*x13*x2*x3*x4*x5+x1*x2*x6+x10*x2*x6+x11*x2*x6-+
x1*x10*x11*x2*x6+x1*x13*x2*x6+x10*x13*x2*x64+x11*x13*x2*x6-+x1*x10%*x11*x13*x2*x6+
x1*x3*x6+x10*x3*x6+x11*x3*x6+x1*x10*x11*x3*x6+x1*x13*x3*x6+x10*x13*x3*x6+
x11*x13*x3*x6-+x1*x10%*x11*x13*x3*x6+x13*x2*x3*x64+-x1*x13*x2*x3*x6+
x10*x13*x2*x3*x6+x1*x10*x13*x2*x3*x6+x11*x13*x2*x3*x6-+x1*x11*x13*x2*x3*x6-+



x10*x11*x13*x2*x3*x6+x1*x10*x11*x13*x2*x3*x6+x13*x4*x6+x1*x13*x4*x6+
x10*x13*x4*x6-+x1*x10*x13*x4*x6+x11*x13*x4*x6-+
x1*¥x11%x13*x4*x6+x10*x11*x13*x4*x6+x1*x10*x11*x13*x4*x6+x1*x2*x4*x6+
x10*x2*x4*x64+x1*x10*x2*x4*x6+x11*x2*x4*x6+x1*x11*x2*x4*x6+x10*x11*x2*x4*x6+
x13*x2*x4*x6+x1*x10*x11*x13*x2*x4*x6+x1*x3*x4*x6+
x10*x3*x4*x6+x1*x10*x3*x4*x6+x11*x3*x4*x6+x1*x11*x3*x4*x6+x10*x11*x3*x4*x6+
x13*x3*x4*x64+x1*x10*x11*x13*x3*x4*x6+x1*x13*x2*x3*x4*x6+
x10*x13*x2*x3*x4*x6+x11*x13*x2*x3*x4*x6+x1*x10*x11*x13*x2*x3*x4*x6-+x13*x5*x6+
x1*x13*x5*x64+x10*x13*x5*x6+x1*x10*x13*x5*x64+x11*x13*x5*x6-+x1*x11*x13*x5*x6+
x10*x11*x13*x5*x6+x1*x10*x11*x13*x5*x6+x1*x2*x5*x6+x10*x2*x5*x6+x1*x10*x2*x5*x6+
x11*x2*x5%x64+x1*x11*x2*x5*x64+x10*x11*x2*x5*x6+x13*x2*x5*x6-+
x1*x10*x11*x13*x2*x5*x6+x1*x3*x5*x6+x10*x3*x5*x6+x1*x10*x3*x5*x6+
x11*x3*x5*x64+x1*x11*x3*x5*x6-+x10*x11*x3*x5*x6+x13*x3*x5*x6+x1*x10*x11*x13*x3*x5*x6-+
x1*¥x13*x2*x3*x5*x6+x10*x13*x2*¥x3*x5*x6+x11*x13*x2*x3*x5*x6+x1*x10*x11*x13*x2*x3*x5*x6-+
x1*x13*x4*x5*x6+x10*x13*x4*x5*x6+x11*x13*x4*x5*x6+x1*x10*x11*x13*x4*x5*x6-+
x1*x2*x4*x5*x6+x10*x2*x4*x5*x6+x11*x2*x4*x5*x 6+
x1*x10*x11*x13*x2*x4*x5*x6+x1*x3*x4*x5*x6+x10*x3*x4*x5*x6+x11*x3*x4*x5*x6+
x1*x10*x11*x13*x3*x4*x5*x6-+x13*x2*x3*x4*x5*x64+x1*x10*x11*x13*x2*x3*x4*x5*x6-+
x1*x2*%x94+x10*x2*x9+x11*x2*x9+x1*x10*x11*x2*x9+x1*x13*x2*x9+
x10*x13*x2*x9+x11*x13*x2*x94+x1*x10*x11*x13*x2*x9+x1*x3*x9+x10*x3*x94x11*x3*x9+
x1*x10*x11*x3*x9+x1*x13*x3*x9+x10*x13*x3*x9+x11*x13*x3*x9+
x1*x10*x11*x13*x3*x9+x13*x2*x3*x9+x1*x13*x2*x3*x9+x10*x13*x2*x3*x9+
x1*x10*x13*x2*x3*x9+x11*x13*x2*x3*x9+

x1*x11*x13*x2*x3*x94+x10*x11*x13*x2*x3*x9+
x1*x10*x11*x13*x2*x3*x9+x13*x4*x9+x1*x13*x4*x9+x10*x13*x4*x9+
x1*x10*x13*x4*x9+x11*x13*x4*x9+
x1*x11*x13*x4*x9+x10*x11*x13*x4*x9+x1*x10*x11*x13*x4*x9+x1*x2*x4*x9+x10*x2*x4*x9+
x1*x10*x2*x4*x9+x11*x2*x4*x9+x1*x11*x2*x4*x9+x10*x11*x2*x4*x9+x13*x2*x4*x9+
x1*x10*x11*x13*x2*x4*x94-x1*x3*x4*x9+x10*x3*x4*x9+x1*x10*x3*x4*x9+x11*x3*x4*x9+
x1*x11*x3*x4*x9+x10*x11*x3*x4*x9+x13*x3*x4*x9+x1*x10*x11*x13*x3*x4*x9+
x1*x13*x2*x3*¥x4*x9+x10*x13*x2*x3*x4*x9+x11*x13*x2*x3*x4*x9+
x1*x10*x11*x13*x2*x3*x4*x9+x13*x5*x9+x1*x13*x5*x9+x10*x13*x5*x9+x1*x10*x13*x5*x9+
x11*x13*x5*x9+x1*x11*x13*x5*x9+x10*x11*x13*x5*x9+x1*x10*x11*x13*x5*x94-x1 *x2*x5*x9+
x10*x2*x5*x9+x1*x10*x2*x5*x9+x11*x2*x5*x9+x1*x11*x2*x5*x9+x10*x11*x2*x5*x9+
x13*x2*x5*x94-x1*x10*x11*x13*x2*x5*x94+x1*x3*x5*x9+x10*x3*x5*x94+x1*x10*x3*x5*x9+
x11*x3*x5*x9+x1*x11*x3*x5*x9+x10*x11*x3*x5*x9+x13*x3*x5*x9+
x1*x10*x11*x13*x3*x5*x9+x1*x13*x2*x3*x5*x9+x10*x13*x2*x3*x5*x9+
x11*x13*x2*x3*x5*x9+x1*x10*x11*x13*x2*x3*x5*x9+x1*x13*x4*x5*x9+x10*x13*x4*x5*x9+
x11*x13*x4*x5*x9+x1*x10*x11*x13*x4*x5*x9+x1*x2*x4*x5*x9+x10*x2*x4*x5*x9+
x11*¥x2*x4*x5*x9+x1*x10*x11*x13*x2*x4*x5*x9+x1*x3*x4*x5*x94+x10*x3*x4*x5*x9+
x11*x3*x4*x5*x9+x1*x10*x11*x13*x3*x4*x5*x9+x13*x2*x3*x4*x5*x9+
x1*x10*x11*x13*x2*x3*x4*x5*x9+x1*x6*x9+x10*x6*x9+x11*x6*x9+x1*x10*x11*x6*x9-+
x1*x13*x6*x9+x10*x13*x6*x9+x11*x13*x6*x9+x1*x10*x11*x13*x6*x9+x13*x2*x6*x9+
x1*x13*x2*x6*x9+x10*x13*x2*x6*x94+x1*x10*x13*x2*x6*x94+x11*x13*x2*x6*x9+
x1*x11*x13*x2*x6*x9+x10*x11*x13*x2*x6*x9+x1*x10*x11*x13*x2*x6*x9+x13*x3*x6*x9+
x1*x13*x3*x6*x9+x10*x13*x3*x6*x94+x1*x10*x13*x3*x6*x94+x11*x13*x3*x6*x9+
x1*¥x11%x13*x3*x6*x9+x10*x11*x13*x3*x6*x9+x1*x10*x11*x13*x3*x6*x9+
x1*x2*x3*x6*x9+x10*x2*x3*x6*x9+x1*x10*x2*x3*x6*x9+x11*x2*x3*x6*x9+
x1*¥x11*x2*%x3*x6*x9+x10*x11*x2*x3*x6*x9+x13*x2*x3*x6*x9+x1*x10*x11*x13*x2*x3*x6*x9+
x1*x4*x6*x9+x10*x4*x6*x9+x1*x10*x4*x6*x9+x11*x4*x6*x9+x1*x11*x4*x6*x9+



x10*x11*x4*x6*x9+x13*x4*x6*x9+x1*x10*x11*x13*x4*x6*x9+x1*x13*x2*x4*x6*x9+
x10*x13*x2*x4*x6*x9+x11*x13*x2*x4*x6*x9+x1*x10*x11*x13*x2*x4*x6*x9+
x1*x13*x3*x4*x6*x9+x10*x13*x3*x4*x6*x9+x11*x13*x3*x4*x6*x9+
x1*x10*x11*x13*x3*x4*x6*x9+x1*x2*x3*x4*x6*x9+x10*x2*x3*x4*x6*x9+
x11*x2*¥x3*x4*x6*x9+x1*x10*x11*x13*x2*x3*x4*x6*x9+
x1*x5*x6*x9+x10*x5*x6*x9+x1*x10*x5*x6*x9+x11*x5*x6*x9+x1*x11*x5*x6*x9+
x10*x11*x5*x6*x9+x13*x5*x6*x9+x1*x10*x11*x13*x5*x6*x9+x1*x13*x2*x5*x6*x9+
x10*x13*x2*x5*x6*x9+x11*x13*x2*x5*x6*x9+x1*x10*x11*x13*x2*x5*x6*x9+
x1*x13*x3*x5*x6*x9+x10*x13*x3*x5*x6*x9+x11*x13*x3*x5*x6*x9+
x1*x10*x11*x13*x3*x5*x6*x9+x1*x2*x3*x5*x6*x9+x10*x2*x3*x5*x6*x9+
x11*x2*x3*x5*x6*x9+x1*x10%*x11*x13*x2*x3*x5*x6*x94+-x1*x4*x5*x6*x9+
x10*x4*x5*x6*x9+x11*x4*x5*x6*x9+x1*x10*x11*x13*x4*x5*x6*x9+
x13*x2*x4*x5*x6*x9+x1*x10%x11*x13*x2*x4*x5*x6*x9+x13*x3*x4*x5*x6*x9+
x1*x10*x11*x13*x3*x4*x5*x6*x9+x1*x2*x3*x4*x5*x6*x9+x10*x2*x 3 *x4*x5*x6*x9+
x1*x10*x2*x3*x4*x5*x6*x9+x11*x2*x3*x4*x5*x6*x9+x1*x11*x2*x3*x4*x5*x6*x9+
x10*x11*x2*x3*x4*x5*x6*x9+x1*x10*x11*x2*x3*x4*x5*x6*x9+x13*x2*x3*x4*x5*x6*x 9+
x1*x13*x2*x3*x4*x5*x6*x9+x10*x13*x2*x3*x4*x5*x6*x9+
x1*x10*x13*x2*x3*x4*x5*x6*x9+x11*x13*x2*x3*x4*x5*x6* %94
x1*x11*x13*x2*x3*x4*x5*x6*x9+x10*x11*x13*x2*x3*x4*x5*x6%x9,

f4 = 14x14+x134+-x1*x13+x3+x1*x34+x13*¥x3+x1*x13*x3+x1 *x4*x5+x1*¥x13*¥x4*x5+
x1*x3*x4*x5+x1*x13*x3*x4*x5+x1*x9+x1*x13*x9+x1*x3*x9+x1*x13*x3*x9+
x13*x4*x9+x1*x13*x4*x9+x13*x3*x4*x9+x1*x13*x3*x4*x9+x13*x5*x94
x1*x13*x5*x9+x13*x3*x5*x9+x1*x13*x3*x5*x9+x1*x4*x5*x9+
x13*x4*x5*x9+x3*x4*x5*x9+x1*x13*x3*x4*x5*x9,

f5 = x2,

f6 = x2,

f7 = x2,

f8 = x2 + x2*x3*x9 + x2*x3*x8*x9,
f9 = 14+x7,

£10 = 1+x8,

f11 = x1+x114+x1*x114+x10*x11+x1*x10*x11+x1*x16+x11*x16+x1*x11*x16+x10*x11*x164
x1*x10*x11*x16+x1*x10*x3+x11*x3+x1*x11*x3+x10*x11*x3+x1*x10*x16*x3+x11*x16*x3+
x1*x11*x16*x3+x10*x11*x16%x3,

f12 = 14x114+x1* 531 14+x11*x124x1*x11%x124+x13+x11*x134+x1*x11*x13+x11*x12*x13+
x1*x11*x12*x134+x11*x3+x1*x11*x3+x11*x12*x3+x1*x11*x12*x3+x11*x13*x3+
x1*¥x11*x13*x3+x1*x12*x13*x3+x11*x12*x13*x3,

f13 = x12+x13+x12*x13+x12*x24+x13*x2+x12*x13*x2+x12*x5+x13*x5+
x12*x2*x5+x13*x2*x5,

14 = x14+x14*x16+x14*x2+x14*x16*x2+x9+x14*x9+x14*x16*x9+x2*x9,

f15 = x2 + x14*x2 + x14*x15*x2,

f16 = x15+x12*x16+x12*x14*x16+x12*x15*x16+x12*x14*x15*x16+x14*x15*x8+
x12*x14*x15%x84-x12*x16*x84-x12*x14*x16*x84+x12*x15*x16*x84
x14*x15*x16*x8+x14*x15*x9+x12*x14*x15*x9+x12*x16*x9+
x12*x14*x16*x94+-x12*x15*x16*x94-x14*x15*x16*x94-
x15*x8*x9+x12*x15*x8*x9+x12*x14*x15*x8*x9+x12*x16*x8*x9+
x12*x14*x16*x8*x9+x15*x16*x8*x9+x14*x15*x16*x8*x94+x12*x14*x15*x16*x8*x9.



3 P53-mdm2 network control combinations

Here we list the top 10 controllers for the cancer cell model where PTEN and p1/ARf are inactive (fixed
to zero) and cyclinG is always active (fixed to 1), see Table 5 of [1].

The 10 control sets that give the largest basin for y, are given in Table [1| and the 10 control sets that
give the smallest basin for y, are in Table [2| For each solution, the edges that are crossed-out (in red) are
edges that become nonessential after the other controllers in the set have been applied.

Sets Controllers Basin %
1 P53 — Wipl, Mdm2 — p21, Mdm?2 — pb3, p21 — Caspase. 60.815
2 | pb3 — Wipl, Mdm?2 — p21, p53——p53, Mdm2 — p53, p21 — Caspase. 60.815
3 pd53 — Wipl, p21——921L, Mdm2 — p21, Mdm2 — pb3, p21 — Caspase. 60.815
4 ph3 — Wipl, p2t——p21, Mdm2 — p21, p53——p53, Mdm?2 — p53, 60.815
p21 — Caspase. '
5 p53 — Wipl, ATM — Rb, Mdm?2 — p21, Mdm2 — p53, p21 — Caspase. 60.815
6 p53 = Wipl, ATM — Rb, Mdm?2 — p21, $53—p53, Mdm2 — pb3, p21 — Caspase, 60.815
p21 — Caspase. '
pb53 — Wipl, ATM — Rb, p2t——921, Mdm2 — p21, Mdm2 — p53,
7 60.815
p21 — Caspase.
p53 = Wipl, ATM — Rb, p2+——p21 Mdm2 — p21, p53——p53,
8 60.815
Mdm2 — p53, p21 — Caspase.
p53 — Wipl, Caspase — Rb, ATM — Rb, Mdm2 — p21, Mdm2 — p53,
9 60.815
p21 — Caspase.
53 — Wipl, Caspase — Rb, ATM — Rb, Mdm2 — p21, $53—p53,
10 60.815
Mdm?2 — pb3, p21 — Caspase.
Table 1: Control sets that give the largest basin for y,,.
Sets Controllers Basin %
936 | pb3 — Wipl, Mdm2 — p21, ATM — ATM, E2F1 — Caspase. 0.42725
937 | pb3 — Wipl, p21—21 Mdm?2 — p21, ATM — ATM, E2F1 — Caspase. 0.42725
‘ 9 9 9 i ) 9
938 pb53 — Wipl, ATM — Rb, Mdm2 — pb3, AL M —53, E2F1 — ATM 0.41504
E2F1 — Caspase.
030 | P93 = Wipl, ATM — Rb, p53—53, Mdm2 — p53, AFH—553, 041504
E2F1 — ATM, E2F1 — Caspase. '
940 53 — Wipl, Caspase — Rb, ATM — Rb, ATM — ATM, 0.41504
E2F1 — Caspase.
041 pd53 — Wipl, Caspase — Rb, ATM — Rb, Mdm2 — pb3, ALTM —553, 0.41504
E2F1 — AT M, E2F1 — Caspase. '
942 p53 — Wipl, Caspase — Rb, ATM — Rb, p53——953, Mdm2 — p53, ALI—p53, 0.41504
E2F1 — ATM, E2F1 — Caspase. '
943 | pb3 — Wipl, ATM — ATM, E2F1 — Caspase, 0.3418
944 | p53 — Wipl, Mdm?2 — p53, ATM —»53, F2F1 — ATM, E2F1 — Caspase, 0.31738
945 | pb3 — Wipl, $53——p53, Mdm?2 — p53, ALM 53 E2F1 — ATM, E2F1 — Caspase. | 0.31738

Table 2: Control sets that give the smallest basin for y,.




4 T-LGL network

Here we show details of the computation of the control targets shown in Eq. 13 (main text) and Table 2
(main text).

First, we consider the polynomials g; := (u; +u} +1) f;(x) +u;” —z;. We are interested in the solutions
of the system of 18 equations g1 = 0,..., 916 = 0,216 = 0,219 = 0. Since the combination of node deletion
and constant expression of the same node is not biologically relevant, we require that at least one of the

control parameters uf, u; is zero; that is, we require u;uj = 0. The algebraic representation of the

1
solutions is then encoded as the ideal of polynomials I = (g1, g2, - - ., G16, T16, T10, Uy U7, Ug U 4 - - -, UTgU7g)-

Using the algebra software Macaulay2, we find that the Grobner basis in lexicographical order of this
ideal is

G = {ujy, wfg (upg+ Dug, (ugg+ (g + Dud,  (ugg + D(ufs + Dy, ugs(uge + 1)(ug
D(ug +1)(ug +1)(ug +1), upy (g + (ug + ur (ug +1), gy + Dlurg + D(ufy +1), upg(ugg
Dy, uggup (ugg + D(ug + D(ug +1)(ug + 1), ugs(ug + 1) (ug + 1)(ug + Dug (ug +1), ugs(ug
D(ug +1)(ug + Dug, uggups(ug + 1)(ugg +1), gy (uge + 1)(ug + ug,... }

The polynomials not shown in the list above consist of polynomials that contain variables z;’s, or
polynomials of the form ujui_, which give no new information. We make two important remarks. First,
the list of polynomials in G encode the same solutions as the ideal I. Thus, if we can choose parameters such
that the system of equations defined by G has no solution, then the original system will have no solutions.
Second, the polynomials shown above depend only on the control parameters. Thus, for appropriate choices
of uf and u; , we can make one of such polynomials equal to 1 (e.g. for ufo = 1), which guarantees that
the original system has no solutions regardless of the value of the variables .

Then, the control policies that we obtain are the following:

+
+
+

1. ufﬁ =1, no restriction on other controls
2. “1+0 = 1, no restriction on other controls

3. uyy =0, u;{ = 1, no restriction on other controls

e~

Uy = 0,uy =0, ug = 1, no restriction on other controls
5. upy =0, uf?, =0, uE = 1, no restriction on other controls
6. uys =1Lug=0,ug =0,ug =0,u5 = O,u? = 0, no restriction on other controls
7. upy = 1,u, = 0,ujy = 0,u;3 = 0, no restriction on other controls
8. up; =1u;g=0,uy =0, ug = 1, no restriction on other controls
9. u;; = Luj, = 0,ug = 0,u; =1,ug = 0, no restriction on other controls
10. uy3 = 1,u;y =0, qu = 1, no restriction on other controls
11, wis = 1,u;; = Luyg=0,uy =0,uy = O,u;r = 0, no restriction on other controls
12. ujy = 1,ujy = 0,ug = 0,ug = 0,u; = 1,ug = 0, no restriction on other controls
13. ujs = Luy =0,uy =0,ug = O,Ug = 1, no restriction on other controls
14. uyy = 1,uy3 = 1,ujy = 0,u;y = 0, no restriction on other controls

Note that some control policies are better than others. For example, control policy 5 needs only one
active control (qu = 1, all the others can be zero), but control policy 10 requires 2 active controls (qu =1
and uj; = 1). By inspection, we see that the best control policies are the following:

1. ufG =1, all other controls equal to zero



2. ufo =1, all other controls equal to zero
3. ug =1, all other controls equal to zero
4. ué" =1, all other controls equal to zero
5. uE =1, all other controls equal to zero
6. uys = 1, all other controls equal to zero
7. uy, = 1, all other controls equal to zero
8. uj; = 1,ug = 1, all other controls equal to zero
9. uj; = 1,u; =1, all other controls equal to zero

These are the controls reported in Table 2 (main text). Note that control ufG = 1 corresponds to the
constant expression of the conceptual node x14 =Apoptosis, so it is not explicitly reported.
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