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In this supplement, bounds on certain terms of the Lya-
punov function derivative are computed. The results of these
bounds are used in the main paper.

APPENDIX A
DEVELOPMENT OF A BOUNDS ON P; , P, AND P;

The time derivatives of the LK functional terms using
Leibniz rule yield
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where ¢; > %th(t)ﬂ2 € R* is a constant. Similarly,

the derivative of P, can be computed as follows
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where ¢(e,), and ¢(e,) denote diagonal matrices containing
terms ¢(ep;), and (ﬁ(em‘), Vi = {1,..,n}, respectively.
Substituting for q.S, 7 and é,, using triangle and Young’s
inequalities, the following upper bound on the first term of
Pg is obtained
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where y = [el 7" @T]T p1(llyl]) is a positive in-

vertible non-decreasing function. The symbol ¢°(e,)es =

[0 (ep1)ely, ..., 9% (epn)er,]T is a vector containing elements
¢3(epi)€12n‘, ¢2(€pi)612n‘ = [(152(6;01)6;1, '~-a¢2(€pn)€;2m]T is a
vector containing elements of ¢*(ep;)e;, and ¢*(e,)e, is a
vector containing elements ¢?(ep;)ep;.
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where ¢, > =532 ||, (¢)[|* € R is a constant.

APPENDIX B
DEVELOPMENT OF A BOUND ON % (W, ¢ — Wyr()

Consider following term from (34) (of the main paper)
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The norm bound can be written as
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where ||C(6,0)| < ¢||6]| is used. Using Young’s inequality
on select terms, and the following bound on || — nr|
developed using (7) and (9) (of the main paper)
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the following upper bound can be developed
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To further develop the bound in (4), following bounds are
developed. Using the triangle inequality of vector norms
results in
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where the symbol ¢* (e, )e2 = [gb?’(epl)egl,. L0 (epn)ed, T
is a vector containing elements ¢3 (em)e21 and ¢2(e,)ep
is a diagonal matrix containing elements ¢? (epi)epi. Using

Appendix A of [1], bounds on each term can be developed
as
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where p;, Vi = {2,3,4} are positive invertible functions,
21(t) =[ef 7 1T € D CR*™ and z(t) — z1(t —T) =
[(pn = prr)™ (0 =)™ 17
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Using Young’s inequality
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Consider following term from (4)
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where ¢(e,) is a diagonal matrix containing terms @(ep;),
®?(ep)e, is a vector containing terms ¢2(ep;)ep;. Using
Appendix A of [1], each term can be norm bounded as
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such that p;, Vi = {5,6,7} are positive invertible functions.
The norm bound can be written as
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Using Young’s Inequality,
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Using (7) and (9), the bound in (4) can be written as
111 (Wy = Wy )yl < mipe, Dsllnll + po(ll =1l 161 171>

t

t
d
PO + ol | Golen)De Dl

_|_

b d
) a(<25(6p)(l)6p(l))dl||2

(€))

+ ek, ||
t

t _ _
. pP1w; PLw; ., =
- / ]+ (2 4+ Py (10)
te

i8] 13
where  ps([[z1l) = pa(llepl) + ps(llel)) +

palllz])_ + pr(llz1Dspo (1], ||9||)
((k1+1)myp m,deeﬂ7+w9+p1wgp3(l\epH)H9H i1 +05 (1z1 )72 ”0”2

prw;pg(lles DIGII "/13+P7(”21”)’Y14 + 715P3(|\Z1H))

CLK, =
—y 2 2
(Mewgdraee By By By oo
7 729 ’Y]2z Yis 7’ 2
_ =2 d 2 2 2,2
klm]pmvjpdw + (‘lesz + 2k12jpi + 2k12]pi) CLK. = %
7 Yo T2 RETIIG 3 Tis

APPENDIX C
DEVELOPMENT OF BOUNDS ON CROSS TERMS

Using Cauchy-Schwarz,
W1 < w;]10]]

and Young’s inequality and
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where 76 € RT is a constant. Similarly using Cauchy-
Schwarz, Young’s inequality and HW,,TH < p2(llyrl) =

Wy [y ]|+, where yr = [T 7k (T |T € D C R2+m
and [|W, ]| < wy||y|| + @y, we have
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