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Training factors:

ROI information,
Bandwidth limit conditions

Video quality, etc.

= | ~MHeE

DRL algorithm Segment N7

L J
T

Objective: Determining bitrate
versions for each tile
to maximize video quality
subject various storage sizes
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Il
Relationship seg'l?;“ozﬂ,m

between
expected video ‘

quality and

multiple storage

sizes per
segment

Objective:
Allocating storage size for
each segment,

to maximize popular
weighted video quali
within the user’s FoV!
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Algorithm 1: Quality determination algorithm (QDA).

Input' SR()I N('UFOV,G'FUV), N(Mbw bw) Acuf
Output: Q27 (AT
1 Sets of tile indices for request m, (m = 1, ..., N*®4): §FoV
and §o0-EeY .
2 Set for bandwidth limit values, S™™: {B{™, ..., Bi%q
3 Variables: Z;, (j = 1,..., Nti¢), Btwp .
4 for m =1 to N™ do

s | viestem™V, z, e 1,
¢ | VieskY, 7, « N
tile

7 Blmp . ZN ! _;!ZJ :

while L +#£ ¢ do
9 if B'"P < BI™ then
10 | break;
11 end
12 Find the lowest value H; ;+ + € L;
13 L+ L—{Hi;*x}:
14 B'™P . BtmP bi.j‘.k" == b-i!j“‘zjd- 3
15 Ziv — k%,
16 end
17 Compute the mean ), and the standard deviation o;;9

of Qi,j z,, forall j € s

18 end
jreyq lzq Uqu

19 QU (ASr) « Zm=llm —Tu

1,7

20 return ng"(A,?f}" )3

,n
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Algorithm 2: SVDA: training phase.

Input: J\/‘(#F‘o\?‘ O'FOV), J\f(}.lbw-, O,I)W)
Output: Dueling DQN training model: 7
tfori=11o A;sa.mplc do

2 Build S]*°" by randomly selecting N"" tiles ;

3 Generate S based on A (p™,o"™);

4 Generate Sf5 and ;o' ™V, (m = 1,...,N**9) based
on Nr(”bw i wa );

5 Randomly choose storage index I, (I = 0,..., N¥-1nit)

6 for . = 1 1o NP*°% do

7 Build an observation space of S§"™:

8 SHP 0

9 for t =1 10 n(A) do

10 Based on dueling DQN, action a; ; is selected;

11 4{“; < Ai"t"U{as.n} .

12 if S*™P > S°F then

13 | Break:

14 end

15 else

16 | Update S*™P by adding storage size of a ;

17 end

18 Run the QDA to find the value of Qfﬁf’(.zlf':‘;");

19 Calculate r; ; using Equation (7) and then pass

this value to the agent;

20 Update observation space S¢;

21 end

22 end

23 end

24 return Dueling DON training model: T

Er4

Algorithm 3: SVDA: decision phase.

Input: Dueling DQN training model: 7°
Output: V; n, QP(Vi,n), (i = 1,..., N*5),
(‘ll - 1’ . 1?\',r:;t_unit)
1 Load dueling DQN training model of 7 ;
2 for i =1 10 N*°% do

3 Take S .k, Qi k> and SFOT as input parameters of
segment i ;

4 Calculate S;°7 using Equation (3) ;

5 for n =1 to n = N*-""* do

6 Establish V:n for segment ¢ and storage index n
using model 7 :

7 Run QDA using an input parameter of Vi n to find
Qi (Vin)

end
9 end
o return V i,n, V; n, QPP(Vi,):

_20_
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EHS

Algorithm 4: Storage Allocation Algorithm (SAA)

Input: Q77 (Viin), Sy, pis (i = 1,..., N**® and

n !: 1’ - Nstjurbit)
Output: Y;, (i = 1,..., N*%)

1 List of G-i,n values: L,
2 Vi, Y; + N-‘ii_urng;

; Nses
3 Stmp — Zf Si?y‘.;

i=1

4 while L # ¢ do

5 if §tmp &= Slimit then

6 | break;

7 end

8 Find the lowest value G; ,, for which i = i*, n =n”~,
and remove G- - from L;

o | Stmp gump_geE | gree

10 Yi- +n";

11 Update all values of GG« ,, for segment ¢* in L using
Equation (8);

12 end

3 return Y;, (i = 1,..., N°%)

EH6

MEAN VMAF VALUES OF EACH TILE DEPENDING ON THE BITRATE.

Bitrate (Mbps) 0.2 04 0.6 0.3 1 1.5 2
Mean VMAF 29 63 78 8 89 93 100

=97
HYPERPARAMETERS USED IN SIMULATIONS.

Hyperparameter Description Values
Learning rate The rate at which parameters are updated based on the loss 0.001
Epsilon value Probability of choosing the random action instead of the action with the highest Q-value 0.4

Batch size Number of experiences randomly sampled from the replay buffer 300

Discount factor Relative weight value assigned to future rewards compared with immediate rewards 0.9

Replay buffer size Size of replay buffer, utilized for storing past experiences 2000
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