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Introduction

What is the cache? caching is a necessary and useful
technique to balance the traffic load over the network. In
the idle period, the content of the caches will be updated,
and when user request the file that is cached locally, then
the request will be satisfied without transmission with the
base station.

What is coded caching? In placement phase, each file in
the base-station is divided into several sub-files and cached
in every user. In delivery phase, the network is usually
congested and some sub-files are delivered from the server
to the users to reconstruct the re- quested files with the
content of the cache.

What is discussed today? In practice, many caching
systems consist of not only one but multiple layers of users
equipped with a cache, usually arranged in a tree-like
hierarchy with the origin server at the root node and the
users as the leaves and some transfer station.



Algorithm Coded Caching

Algorithm Decentralized Coded Caching

procedure PLACEMENT(W7,...,Wy)
t— MK/N
T—{T C[K]:|T|=t}
for n € [N] do
split Wy, into (W, 7 : 7 € ¥) of equal size
end for
for k£ € [K] do
Zy— Wpr:ne [N, TeZkeT)
end for
end procedure

procedure DELIVERY(W1, ..., Wn,dy,...,dk)
t— MK/N
SG—{SC[K]:|S|=t+1}
X(dl,...,dK) — (@keSde,s\{k} :S € 6)
end procedure

Centralized

wnpe

procedure PLACEMENT
for k € [K],n € [N] do
user k£ independently caches a subset of % bits of
file n, chosen uniformly at random
end for
end procedure

procedure DELIVERY (di,...,dk)
fors =K, K—1,...,1do
for S C [K]:|S| = sdo
server sends @res Vi s\ (k)
end for
end for

: end procedure

: procedure DELIVERY'(dy, . ..,dk)

for n € [N] do
server sends enough random linear combinations of
bits in file n for all users requesting it to decode
end for
end procedure

Decentralized



Problem Setting

The tree-like structure of coded caching
scheme with N=5, K=5, M=2 and four
layers. The black block means the
server holding whole files; blue blocks
mean transfer station without caches;
green blocks mean users, each
equipped with a cache. In placement
phase, for instance, the file A is split
into A12, A13, A14, A15, A23, A24, A25,
A34, A35, A45 and the caching strategy
is Z1=(A12, A13, A14, A15, B12, B13,
B14, B15, C12, C13, C14, C15, D12, D13,
D14, D15, E12, E13, E14, E15)

During the whole process, the total
trans- mission rate can be calculated as
69/10, com- pared with the un-coded
caching scheme of 114/10, reduced by
9/2.




Main results(centralized)

Theorem 1 /n centralized coded caching scheme, there
are N files in server, with K users mapped into different
layers, each equipped with a cache memory of M.
Regards to one specific layer, there are total x users
above this layer, so the trans- mission rate to the
transfer station is
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Main results(centralized)

Theorem 2 Compared with un-coded caching scheme, the gain obtained
from coded caching scheme is

K K—x
- M, (1) — G
Gain = x(1 — —) — &
N ()

and with deeper level of the system, the average gain
per user is reduced.

Use A dominating the average gain per user and it can be expressed as

{K—t_ (K — x)! (K—t)!}
t—1 (K—x—t—1)IKI(t+1)



Main results(decentralized)

The tree-like structure of coded
caching scheme in decentralized
setting with N=4, K=4, M=1 and
three layers. For the channell,
the packets are transferred are

AB.M@BI.M@CD«!@DIZJ
A.?}@Bl}@CIZ A24®BM®D12 B.U@CZJ@DZ} AM@ClJ@DU
ADB, ADC, ADD, BDC. BMOD, CAPD;

A, B, C, D,

For the channel2, the packets

are transferred are

B}-!@CZJ@DZ} = AZ,U@BUJ@CIZA@DIL’K && B}J®C24®D2]
B:Y@CZ B~I®D2 C4®DJ = A23®BIJ®CIZ && A.?J@BI-I@DIZ
A:uDCDD1; && BLPC,
BDD, && COD;
B, ¢, D,=B, C, D, && AMB, ADC, ADD,

For the channel3, we can get
the same result. The packets are

transferred are

C4®D3 = 4@1)3 && A}-J@CM@DH && B_a‘4®C24®D33
&& Az:u@BlsJ@ClM@Dlzx

C, D, = C, D, && A,PC, && A,PD, && B:DC,
B-.(@DZ && AZJ‘®BH®C12 && AZ.I@BH@DIZ



Main results(decentralized)

Theorem 3 In decentralized setting, at every transfer station,
dropping unneeded packets, it can still use the decentralized coded
caching to delivery to the next transfer station. Specifically, every
channel’s transmission rate between transfer stations is

M. N M.,
R(M) = x(1— 3) = (1— (1— $)%)



Main results(decentralized)

Assuming that in terms of one specific layer, there are
K+L users above this layer and there are K users
remained, the packets transferred form the above layer
is possessed by dropping the unneeded packets.
According to the algorithm of the decentralized setting,
the dropped packets are listed in the tablel.Therefore

Rk = Rx+L — AR

Table 1: The packets only correlated to the L users
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Main results(decentralized)

AR actually is just possessing the delivery phase to L users, and what
different is that the size of packets is larger (1 - M )K . Therefore,

Ry = Rkg4L — A
= K+ - D grpa -~ - 7)< -
L1 5) oL



An interesting extension of the coded caching
approach proposed in this paper to device-to-
device networks without a central server is
considered.

Adapting coded caching to D2D network and
analyzing the performance of the scheme, such
as lower bound and upper bound, is also worth
researching.

Designing computationally efficient coded caching
schemes which are scalable to large systems is of
great interest.
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