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1 Proofof Theorem 1

Consider the Lyapunov function candidate of Theorem 1 as
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where 1, ; = FC;I" ;n] is a positive-definite matrix if condition (42) of Theorem 1 is held; & ; is a

designed parameter of X5 ;; tr{-} is the trace of a matrix; and @r; = wy; — w;i, We,i = We,; — wy;, and
Wa,i = Wai — w{‘,’i are the weight errors of the identifier, critic, and actor, respectively.
The following result is yielded by differentiating Eq. (S1) along Egs. (21), (30), (37), and (39)—(41):
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According to Property 1 and Eq. (32), Eq. (S2) can be further simplified as
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The following results can be obtained by using Properties 1 and 2:
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Substituting inequalities (S4)—(S8) into Eq. (S3)7 we obtain
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The results obtained pursuant to the use of Properties 1-3, and from the fact that wr; = wr; — wy;,

We,i = We,i — w{‘,ﬂ-, and w, ; = Wa,; — w{‘,ﬂ-, are the following:
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Substituting Eqs. (S10)—(S12) into inequality (89)7 we obtain
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since all terms are bounded, = is bounded as |Z| < 92, and ) is the maximal eigenvalue of Tf_f
Based on condition (42), inequality (S14) can be rewritten in the compact form as

NATT..1N2 3 '21Nyf’it e
gX_ e,zez_§Z|: (57’,1_§>:| ||Tl|| _Eg Xf r{wfl flwfl}

=t =t (S15)

Vi

IN
wl»—*

2

N
_ % SO Mgt {7 Ges} — % SO Mgt {8 @i} + U,
=1

i=1

where Ag is the minimal eigenvalue of Y% ;, Ao is the maximal eigenvalue of 1 ;, and )y is the minimal
eigenvalue of Py ; (X, Ti)u'lai(xi, Ti).
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Let 97 = min {%—5, 2 (fr,i — g) , V_t’l,AW}. Then we have
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The final result is obtained by using Lemma 1 as
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Therefore, Theorem 1 is proven completely.

2 Proof of mission stability

Let us consider the Lyapunov function candidate of mission stability as
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where koa, KFM, and kpr are the designed positive constants.
We assume that the behavior priority satisfies OA>FM>FR; then the differential of Eq. (S18) is
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with I', 11 = koadoa, Ip21 = FEIQ = %HFMJFMJgAAOA, I,9 = kemdevm(In — J(T)AJOA)J;LMAFM,
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L, = koadona, Lo = krmdpy, and L) 35 = kprdpg are the lower bounds on the induced norms
of I'y11, Ipoo, and I, 33, respectively; Ap,y = ming{Aoa;}, Apy = min{Armi} Apr = min{Apr;};
Fp 21 = krmAoa, Fp 31 = krrdoa, and Fp 30 = 2kpMmArM rr are the upper bounds on the induced

norms of I, 21, I, 31, and I, 39, respectively; Aoa = max;{Aoa}, AFM,FR = max;{Arm,, Arr,i}s C =
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we may infer that f‘p is a positive-definite symmetric matrix,

where Ap is the minimum eigenvalue of fp. Other behavior priority cases are proved by similar ways. Since
Assumption 3 is held, control inputs are not always saturated, and mission errors are converged eventually.

We consider a special case in which the FM and FR behaviors are conflicting, and the OA behavior is
conflict-free. We also assume that the priority is FM>FR. Then, the differential of Eq. (S18) is expressed as
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where A7 is the minimum eigenvalue of fp. The proof is completed.



3 Proof of boundedness

Since inequality (S17) only gives the total bound of all error signals, the bounds of each error signal

1
should be further analyzed. Let us define the Lyapunov function candidates as V; = 3 Zfil Trr, Vo =
1
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The inequality is obtained by using Lemma 1 as
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and |Z¢| < ¥¢; we then have
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The inequalities are obtained by using Lemma 1 as

U
Ve <o Ve(0) 4 S5 (1 =77, (531)
U
Vi < e PRt Vp(0) + =5 (1 — e, (S32)
f
929 1/2
where e; is bounded with |le;|| < e, = [2e_ﬂet‘/;(0) + 195 (1- e_ﬂet)} , wr,; is bounded with ||@g ;|| <

29 1/2
€ = { {2619”%(0) + Tf(l - eﬁft)] /Af} , A¢ is the minimal eigenvalue of Tf;.l.

N N
. . 1 o 1 o _
Ve+V, < —3 iE:I Agtr {wgiwc7i} ~3 iE:I Agtr {waT’l-waJ} + =y, (S33)

1
where E\I/ = W Zfil tr {djg:iWV,i(XhTi)w\;i(XhTi)dja,i} Wlth |E\I/| S 19¢ Let ’l9c’1 = AW and ’L9a’1 = AW?
\%

we then have

Ve < =9 Ve + O, (S34)
Vo < —0.Va + V. (S35)



The inequalities are obtained by using Lemma 1 as
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Algorithm S1 MARLMS
Input: total number of training episodes T, total number of time steps Ty

1: Initialize Q(s¢, by; wq, wy,ws) = V(si;wq,wy) + B(st, by; wq, ws) with random weights

2: Initialize experience replay buffer ©

3: Initialize T(¢(s;))-greedy exploration and leniency £(s;, b;)

4: For episode=1: T, do

5: Reset the joint state s; to initial value sg

6: Fort=1:7T;do

7 Q(St41, bt+1;wé,w\_/,wg) = %Zf\:l Q(st41, bt+1;w5tﬂ,w‘zﬂ,w§tﬂ)

8: Ysi,b, = Ep[r +ymaxp, , Q(Si41,bi41; wé,w{,,wgﬂst, b:]

9: { WQ,, WV, ,WB, & argMin,q wy,ws Ep[(Ys, b, — Q(8t, by;wq,wv,wp)]?, d >0o0rd > &
WQ,, WV;, WB, = WQ,,WV;, WB,, 0 <0Oand v < &

10:  Update ©, T(¢(s;)), and £;

11:  End for

12: End for

OUtPUt: Q(St7 bta WQ, wv, WB)
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