|dentifiability of an SIR model

Model Equations

(moved the derivatives to the right hand side, so each equation = 0)

Seqn[t_] = uNN - BS[t] II[t] -uS[t] - D[S[t], t]
Ieqn[t_] = BS[t] II[t] - (u +v¥) II[t] - D[II[t], t]

NNp-pS[t] -BII[t] S[t]-5"[t]

- (y+p) II[t] + BII[t] S[t] - IT'[t]

Substitute | = y/k into the | equation

yeqn[t_] = Ieqn[t] /. {II[t] » y[t]/k, II'[t] >y '[t]/k}

CGrew yle] BS[E]y[e] Y[t

k k k

Solve for S

Solve[yeqn[t] == 0, S[t]]

Yy[t] +uyl[t] +y'[t]
e )

D[Solve[yeqn[t] == 0, S[t]], t]

+

{{s’[t] %7y’[t] (vy[tl +uylt] +y'[t]) vy [t]+uy [t] +y"[t] }}
Bylt]? Bylt]

Plug in to the S equation and clear denominators to get our

input - output equation

AlmostIPOP[t_] = Seqn[t] /. Solve[yeqn[t] ==0, S[t]][[1]] /.
D[Solve[yeqn[t] == 0, S[t]], t]1[[1]] /. {II[t] » y[t] /k}

YY[t] +uylt] +y'[t] w(yylt] +uylt] +y'[t])
NN u - - +

k Bylt]
y[t] (vylt]l +uylt] +y'[t]) vy [t] +uy [t] +y"[t]

Bylt]? Bylt]
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IPOP[t_] = Denominator[Together [AlmostIPOP[t]]] Together [AlmostIPOP[t]]

KNNBuyl[t]?-kypuy[t]®-kplylt]®-Byylt]®-
Bruylt]®>-kuylt]l y[t] -Bylt]?y [t] +ky [t]*-ky[t] y'[t]

Next we collect common terms and make the equation
monic. The monomial terms of the input-output equation
are:

MonomialList [IPOP[t] / k, {y[t], vy'[t], ¥ ' '[t]}]

By Bu . BY[t]?y[t]
([ 8) grags, EYY L0,
k k k

(NN Bu-vu-u?) yIE1?, ~uy (€] ¥ It], -y(t] y'[t], v [t]?}

Here you can see the coefficents of the terms and how they lead us to having L,
v, B/k, and B N as the identifiable combinations.



