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Equality solve mismatch and order details, for

RESIDUAL-DRIVEN ADAPTIVE MULTI-RATE QUADRATIC PROGRAMMING
FRAMEWORK FOR NONLINEAR ANALOG AUDIO CIRCUIT EMULATION

Starting from eq. (20) in the paper, we re-state the equality solve mismatch
AéZ)AZk = ek, Azk =2 — Zf_1.

where the equality matrix and the corresponding vector are

I-hA —h.G Xp—1 + hipBuy
AD=| -D H |, b= Euy
0 Ji1 hiKim(ag-1) + Jk—19k-1

Therefore,

ANz, = APz, — Az =bl) — Al)z, .
Now,

I-hA -G < Xp—1 — hpAXp—1 — hiGqg—1

Agc?zk—l = -D H {qkl] = —Dx; 1+ Hqgp 1
0 Jr_1 kol Jr—_19k-1

Hence,

Xp=1+ hpBup — X1+ hp Axp_1 + h Gqr_1
ep = bé’;) _ AEZ)Zk—l = Eui + Dxj—1 — Hqg—1

heKgm(ag—1) + Je—rer=1 — Jrar1

Using the constraint at the previous step (eq. (10b) in the paper),
—Dxj-1 + Hqgx—1 = Eug,

and taking eq. (18)

I
K, — - —
k hkv
we obtain
hy, (Axk,1 + Buy, + qufl) e
e, = E (ug —ug_1) = |ey
—77(011@71) €3



Bounds on the three mismatch terms

For the first term,
leill = Ak (Axk—1 + Bug + Gag_1)|| = hy [|Axs—1 + Bug + Ggi_1]| ,
lexl] < hx ([[Axg 1]l + [Bugl| + |Gar-1l) = A ([[Al[lxe-1l] + [Bl[ug]| + [[Glllar-1])) ,
then, from the bounds on the signals (Section 3.1 in the paper)
= llell < hx (JAl[ Xmax + [[B]|[Unax + |G| Qmax) -

Thus,
lex]] ~ O(hy).

For the second term, using again the bounds on the signals established in Section 3.1 of the paper
[E(ur — we—1)|| < [|E[ lup — w1 < |E[UsLhx.
Therefore,
le2]| ~ O(hy).
For the third term,
I=n(ar-1)ll = In(ar-1)Il ~ O(Z_1),

by induction, i.e., if we assume the proposition that the residual scales quadratically with respect
to the step-size to be true, then the previous statement holds, inductively.
Moreover, if (from eq. (17) in the paper)

hi 1
Z IR
hi—1 =
then
Ynhi > hi—1.
Hence,

lesll ~ O(hi—1) = lles|| < Chi_y < Crjhi,
and therefore
les|| ~ O(A3).
Finally,
lexll < llexl + llez]| + llesll < O(hy) + O(hx) + O(hj).

Hence, the order of ||eg|| will be the max order of the three terms which, given 0 < hy < 1, is O(hy).
Consequently,

ekl ~ O(hy). |




