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I. PROOF OF LEMMA 1

Lemma 1: Given x and P}, Pr(l1]l) < Pr(l3|l),Vly > lo. In other word, Pr(I’|l) is a decrease function
of I'.
Proof: Let k = %W'
Since 02 o le4 and = M+/Pio%0c202, we have y o dlf4. This means that as d;- increases, the value
of both 03 and u decreases, and thus k increases.
Noticing that function Q(k) is a decrease function of £, it is also a decrease function of d;. Therefore,

Pr(l'|l) is a decrease function of I, i.e., Pr(l1]l) < Pr(l2|l),Vl; > Is. [

II. PROOF OF THEOREM 1

Theorem 1: There exists a unique stationary reputation distribution of the whole population for
any given optimal action rule, and the stationary reputation distribution is P;’s eigenvector with the
corresponding eigenvalue one.

Proof: Vi € {0,1,2,..., L — 1}, the element P,  in Py has a property as follow
L1
Z P, =1 (1)
j=0
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Getting the characteristic polynomial of P, we have

A— ‘Dto,o _Pto,l T _Pto,L—1
_Poo )\_Pll _P1 -1
't : | t, | t‘,L 2)
_PthLo _‘PtL—l.l A= ‘PtL—l,L—l
Adding the elements from the 2nd to the L column to the first column, and using (1), we have
A—1 Pt(),l e PtO,L—l
A=1 A—-PF,, - P,
| t1, | tL 3)
A—1 PtL—l,l A= PtL—l,L—l

Noticing that the elements in the first column of (3) are all A — 1, we can conclude that A = 1 is a root
of the characteristic polynomial, i.e., 1 is an eigenvalue of P;. Hence, P; and its transpose must have an

eigenvalue of 1, and the eigenvector corresponding to this eigenvalue is the solution to (12) in [1]. W

III. PROOF OF THEOREM 2

Theorem 2: The optimal action in (17) of [1] is an ESS if the cost-to-gain ratio c./g satisfies 0 <
ce/g < %, where 77 = Zlelm, W = wpBN + w.P, Guin = ming > (Grm — Gfpym)s
and p’ = p(l'). "

Proof: Given the SL s and the LDM where only the outermost [ (I € £) rings are not distributed
with RNs, V7, j, the optimal action should be a;k’ = P,. With P, the HN can serve all the RNs. According

to the social norm in (3) of [1], the HN is assigned an immediat reputation 2, ;, = L.

Then let 77 = S, Iy and W = wp BN + w, P, we have

’F(a:{,]) =€Q, . — €L, (4)
r(ai;) =12 eq Gri+Xei=(1—NGL;: + Ae;, (5)

l

L
I[(1 = NG, + Ae;
tay) = 2=t MU= NGt Ae] (©)
n
and

Fi(a*,a") (7)

= —sdpyg — c. P + g77VVZlL=1 l[(lfg)GL’H”\ei] + 03> 1k(@im) Uk mGm
k m

= —sdpy — coPy + gqW B OGN | 5317 g7 4 6(1 - A) Y CrnUnmid”,
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where q = [q1, ..., qz] and g7 is the transpose of gq.
Vaij # af ;,if a;; = P} and P/ > P}, we have p(I') = p(1), and thus #(a; ;) = 7(a; ;), 7(ai ;) = r(aj ;)
and t(a; ;) = t(a; ;). Since cc > 0 and c. P > c. P, is always hold, we have F;(a*,a*) > F(a”,a").

If a; ; = P/ and P/ < P, denoting p(I') = p, we have

7aig) = e, i, = s ®)
r(aiz) = (1= X)) eq, G+ Aei = (1= NG + Aei, )
!
L
LU = NGy + Ae;
Hary) = 2= 0= NG e 120 (10)
n
and
Fi(aij,a") (11)

L UA-NGpnatre:
— —sdpp — Py + gnw ==l 27 sentred + 632> 7k(ai,m) Uk,mGm
k m

_ _SdBH _ CePl’ +gnWZzL:ll[(1—>\)ﬁGf(p/),z+>\ei] + 5>\Ui7;qT +5(1 _ A)ZGf(p’),mUm,:qT'

Combining (7) and (11), we have

Fi(a*,a*) — Fi(aij,a") (12)
_ _Ce(Pl . Pl’) + ganL=1 l(lf)\)[gL,z*G,f(o’),l} + 5(1 _ )\) Z(GLW’L - Gf(p’),m)Um,:qT
(lj)\)Gmm

> —CePrmax + g’r/WZl:ll 7

where Gin = ming Y (Grm — G(p)m)-
m
Then for Fj(a*,a*) > Fj(a*,a*) to be hold, we should have

Praxh
g/ce > (1 max’] (13)

)\) WGmin .
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IV. ALGORITHM 1

Algorithm 1 : Find the Optimal Action Using Value Iteration

1. Given the tolerance € = 0.01, and set ¢; = 1, and initialize A* = A°
2. While €1 > ¢

e Seteg =1

e Fori=0:9and j=1:10

e Initialize U; j; = 0, Vi, V)

e While €5 > ¢

Compute reputation distribution .

Find the stationary reputation distribution 7*.

Calculate the number of vacant channels ¢(a; ;).

Obtain ﬁi,j based on the stationary reputation distribution 7*.

Find Find the optimal action @; ; = arg max ﬁw
’ a;,;

Update the parameteres = (U; j — fji,j)Q-
Update U; ; with U; j = Uy j
— End

« End While

« End For

« Update the parametere; = ||A* — A*[|2.
o Update A* with A* = A*

End While
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