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APPENDIX A
PROOF OF THEOREM 2

In this appendix, we provide the proof of [I, Theorem 2]. In fact, this theorem has been proved in [2], however,
here we give additionally graphs of the possible configurations of the rate functions R, ; (p¢,C;) in [1, Eq: (5) and
Eq: (8)]. These graphs makes the optimization problem more visually clear for the convenience of the reader.

Proof. For the first case in Fig. 1, we have four different orientations for the minimum pair of rate functions for the
two paths. The minimum pair is the two decreasing functions R; 2 (p?,C;), Vi and hence, their sum will also be
decreasing and the optimal solution is C; = 0. Similar argument applies if the minimum pair is the two increasing
functions yielding C; = 1. If the minimum pair is of opposite monotonicity, we need to compute the stationary
point of their sum because if there is a maximum on 0 < C, < 1, it must occur at the stationary point calculated
from [2| Proposition 3].

In the second case in Fig. 2, the intersection point, C;, of the two hops rates of the ith path, divides the C, range
into two intervals. In the first interval 0 < C, < C;, the minimum rate of the ith path is R; 1 (p?,C;), and in the
second interval C; < C, < 1, the minimum rate of the ith path is R; 2 (p?,C,). For the jth path, we have two
different orientations on 0 < C, < 1, either the minimum is the first or the second hop and hence, by a similar
argument as in Case 1, the result follows directly.

Finally, in the third case in Fig. 3, we can write the total achievable rate as

2
> Ria (p7,Ca) s if  0<Cp<Cr,
1 =1
R (py,Ca) = 3 X Ray1 (p2,Co) + Ry 2 (92,Cs), if Cry <Cy <Cry - )
2
> Riz2(p7,Ce), if Cpy<Cp<1
=1

By applying similar arguments as in the previous cases, the result follows directly and this concludes the proof. [
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(a) The minimum rate functions are both increasing.
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(c) The minimum rate functions are increasing and de-
creasing.
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(b) The minimum rate functions are both decreasing.
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(d) The minimum rate functions are decreasing and in-
creasing.

Fig. 1: Possibilities for the rate functions configurations in case of no intersections between the 1st and 2nd hops

of both paths (solid lines for the minumum rate function).



o

ith path, 1st hop
ith path, 2nd hop
jth path, 1st hop
jth path, 2nd hop

X

T

- .

— £
e !
H

5 o :
— :
—

(a) The minimum rate function of the jth path is decreas-

ing.
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(b) The minimum rate function of the jth path is increas-

ing.

Fig. 2: Possibilities for the rate functions configurations in case of existence of intersection between the 1st and 2nd
hops of only one of the paths (solid lines for the minumum rate function).
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Fig. 3: Possibilities for the rate functions configurations in case of existence of intersection between the 1st and 2nd
hops of both paths (solid lines for the minumum rate function).
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