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Why caching (pre-fetching)?

Mobile video delivery network Video demand

normalized demand

0 | | | | | | | | | |

0 6 12 18 24
time of day

Two phases: Address two problems:

O Placement phase (e.g., 6am): populate
caches

= Stress on service provider’s networks

= High temporal traffic variabilit
O Delivery phase (e.g. 9pm): deliver video J P y

content upon request
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ldeal caching case :
— Some theoretical bounds

Base Station Trans. Rate

Base L Video O No Caching
Station files R=K

H Caches Capacity

u R=K-|{

K Users ?dl ?d N & Local caching gain

O Coded Caching

feags'sumptions (LimitatiGns): e v
O Same video file size R=K-(1-—) @
O Same cache capacity

O One user only accesses to one cache Global caching gain
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Practical DASH cache problem

BS: Base Station (DASH Server) PraCti C a.l iSS ues:

s; : Edge Sever with Cache
u; : Mobile User

—». Backhaul Link

O Multiple versions for a video

Different d-R-D behavior

Different edge serer cache capacity
One user can access to multiple caches

a’g

Problem description:
O Given:
€ Representation set of source video files

O 0O O

Different Video (ts)
Representations

€ File popularity distribution
¢ Network topology
€ Edge sever cache capacity
4 Download delay requirement of users
O How to place representations in edge severs —

Backhaul link << Local link total system utility maximized
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Simple case :
— One user to one edge sever

BS:

S

U;

Base Station (DASH Server)
: Edge Sever with Cache If assume:
: Mobile User

: Backhaul Link

O Each video file has the same size

Different Video (w0
Representations

O No R-D consideration
O No multiple representations for each video file

\ g

Simple strategy:
O For each edge sever, cache as many most
popular video files as possible
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Nontrivial case 7
— One user to multi-edge severs

BS: Base Station (DASH Server)
s; : Edge Sever with Cache
u; : Mobile User

—»: Backhaul Link

Solved for Optimal placement:
OUncoded case

OCoded case

[1] N. Golrezaei, K. Shanmugam, A. G. Dimakis, A. F. Molisch,
and G. Caire, “Femtocaching: Wireless video content delivery
through distributed caching helpers,” in Proc. IEEE INFOCOM,
2012, pp. 1107-1115.

Different Video (te))
Representations

[2] N. Golrezaei, K. Shanmugam, A. G. Dimakis, A. F. Molisch,
and G. Caire, “Femtocaching: Wireless video content delivery
through distributed caching helpers,” IEEE Transactions on
Information Theory, vol. 59, no.12, pp. 8402-8413, Dec. 2013.

Basic assumption (Limitations):
O Each video file has the same size
O No R-D consideration

O No multiple representations for each video file
Dense edge sever deployment
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Practical DASH cache problem
| DDD H“R'H !Ill!l Contributions:
:

Representations

v |l «. IBMAAA O DASH streaming
v |[B08888 el L LLLLR — each video file has multiple representations
= ,,,,,, @é with different bitrate (file sizes)
P video files 4 not only concerned about which video file
Jase Bach has M different representations should be cached at which edge sever
A 4 also want to know which representation
should be selected to cache
Backhaul l
Link O R-D model for different video content

— for the same bitrate (file size) of different
video contents, the delay and distortion are
different
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Why R-D behavior is important?

Cache Capacity

! ™
fz fi: P, =05, Ry, = 150kbps B, = 500kbps x duration
{p
—_—
1 Jo: Pp, =03, Ry, = 400kbps > j\, | ‘ %
.L ,,,,,,,, f3: Py, =02, Ry, = 300kbps D

Motivating Example:
O The simplest one cache to one user topology
O 3 videos, each with one representation and the same video quality (same distortion)
O Popularity based caching strategy without R-D consideration:
€ Only f1 cached — 50% of user requirement
O A better strategy:
¢ Cache f1and 3 — 70% of user requirement
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Why DASH benefits?

10

Motivating Example:
O Best Cache Strategy: f1 and f2

\
fi: P =05, Ry, = 150kbpsY

Cache Capacity
By = 500kbps x duration

(@)
fo: Pf2 = 0.3, sz = 400kbps >‘ ;a—p‘—, %

fs: Pr,=0.2, Ry, = 300kbpsv

DASH Streaming (2 representations):
O Best Cache Strategy: f1,1, 2,2 and 13,2
\
fi: Pj =05, Ry1 = 150kbps] Ry, o = 125kbps

fo: Py, =03, Ry, = 400kbps, Ry, = 200kbp¥

Cache Capacity

B, = 500kbps x duration
((ta)

0

S1

fo: Pp =02, Ry =300kbps, Ry o= 150kbpY
)
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Uncoded caching placement n
- Criterion of the user reception

O fu={fi,fe. .., u}:thesetof M
representations of video f in a decreasing order BS O ]
of encoding bitrate; @‘\

O S(u): user u's neighborhood of edge servers, / @
sorted in a decreasing order of download link Useriunirggﬁgztfnvldgof;
capacity; l

Let m=m+1

O Indicator variable:
. { 1, if edge server s has representation f,,;
fTYL?S -

0, otherwise. _ _ Yes
fm is found in S(u)?

O Distortion reduction: No
M S(u)[m—l S (u)]

IS afn,u)u)]

n=1 j=1

A

Download fm from edge server
providing largest link capacity

Download fM from the
base station
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Uncoded caching placement 2
- Optimization problem formulation

F: number of video files; Pu,: video request probability; U: number of users;
S: number of edge severs; Bs: cache capacity of sedge sever s;

M: number of representations for each video;

Rfm: bitrate for representation m of video file f;

T: time duration of a video representation;
}FMXS

O0O00000

Decision variable: Apyrxs € {0, 1

_ e ILP problem, NP hard
P1: M I?{ad}i}mxs Z D,  Could be solved in polynomial time if
FMxS=1% converted to submodular maximization

AI

s.t. ZZafm fj T < B,,Vs €&

f=1m=1

Average distortion reduction:

FooMIS@)| rm—1 [S(w)| i1
-y % y‘ [H H (1=ay, (; ] [H(lafm,U)u)]‘afm,u)u‘Pu,f'Df(Rfm)

f=1m=1 i=1 "n=1 j=1 j=1
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Submodularity

O Finite ground setV ={1,2,...,n}
O Set function G: 2¥ — R is submodular iff for any sets AC B, v¢B
G(A U {v})-G(A)>G(B U {v}) - G(B)

L + Vv i
Diminishing return: ° < Large improvement |
Tt eV < Small improvement|

O Submodular minimization admits polynomial time algorithms
€ Lovasz extension, reduced to convex minimization

O Submodular maximization — NP hard
€ Constant factor approximation algorithm

G(Ayur) 2 (1= 1/€) max G(A)
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DASH Caching- 1
Submodular function maximization

O Define the finite ground set:
V ={V,..., V... Vs}

— S S S S S
Ve=A{vi1, 04V s s Uy Vg f, VS ES

O The equivalent objective set function:
U

max D(A) = ZDU A < Monotone submodular set function

ACY /

- F o M [S@W)|rm (u)| i1

DA = 2. 2 [H -1l lone Pus DilRy,)
f=1m=1 i=1 =1 j=1 ’ =1

O The cache storage capacity constraint:

b L EA Rf TSBS,\V/SES}

Knapsack constraints

subject to: A € Z, where T = {A’ CcV
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Cost-benefit greedy algorithm

O Maximizing a submodular set function subject to S knapsack constraints, each of
which takes effect on a subset of the ground set

rjlgl}}({D(A) : SZE:A-RM .T < B,,Vs € S}
vf,m

O It is proved by [3] that for the special case of one knapsack constraint over the finite
ground set, the cost-benefit greedy algorithm that enumerates all initial sets with
cardinality 3 can achieve 1-1/e approximation of the optimal solution.

D(A'"U {v¥ — D(A
At—l—l _ At U {arg max ( { ft,mt}> ( )}
O m EVNA Ry T<B=50s R T Ry om, T

[3] M. Sviridenko, “A note on maximizing a submodular set function subject to a knapsack constraint,”
Operations Research Letters, vol. 32, no. 1, pp. 41-43, 2004.
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Cost-benefit greedy algorithm — cont’d

Algorithm 1 k-Cost benefit (k-CB) greedy algorithm

O Maximizing a submodular set function

For all initial sets A" C V such that |A”| = k, implement the
. . following cost benefi dy dure:
subject to a set of S knapsack CONSIraiNtS: ' [oiticimation. | &roedy procedure
1) Set V' =V and ¢t = 1.
Greedy Search Iteration: (atstept =1,2,3,...)
I}tla{)({D(/U : Z 'Rfm T < By, Vs € S} 1) Given a partial solution A*~!, find
C
- 0} €A DA U v . }) — DAY
; B = max ' (5)
q":?.mEv[_thz_l R_,I'm T
O k: the cardinality of the initial set T
€ kincreases ] DA0 (o2 .}) — DA 1)
. . trf:_mz = arg max 7 - =
2 apprOXImatlon performance vt mEVITINALT fm *
_ _ (6)
improves Update and Determination:

_ _ _ 1) Set A* = A™=TuU {o}f 1}, and V' =Vt if
€ running time also increases
F M
Z J.1|1".?me|:.»5.[_1|"|'1)3[]u{vsz ]--Rfm 'TEB#[;‘ {?J

f=1m= foome

otherwise, set A* = A*~1 and V' = pt-1 \ {U?:_m, }

2) If V*\ A" # 0, set t =t + 1 and return to the greedy
search iteration; otherwise, stop the iteration.
The solution is obtained and output as A, which has the largest
value of the objective function D(A) = >"V_, Dy (A) over all

the possible choices of the initial sets A” C V.
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Experiment settings

O An illustrative network:
S=3 edge servers, U=20 mobile users

O Video sources:
F=3 videos, each has M=3 representations, Zipf distribution

Network topology Distortion vs. bit rate curves
40r @
\ —=— Crowd Run
4 —H&— Tractor
TTLL U S —4— Sunflower
73]
= &
— E '\"\-5
— b
£ z 200F O %
- = \
5 2 =N
I W} Ty
o 100+ t g T ——
E L?---"'-__.--\.
D L
=
£"H‘-t_—9 B = Sre—

U " )
0 2000 4000 6000 8000 10000
Bit rate (in Kbps)
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Performance comparisons

Table 2: Comparison on computational complexity
and performance of different algorithms

. . . 1
Algorithm Running | Computational i ; u
time (s) complexity

Exhaustive search | 2068.9 Exponential 361.8

3-CB Greedy 301.2 O((SFM)°U) 361.8

2-CB Greedy 38.2 O((SFM)*U) 361.8
1-CB Greedy 2.6 O((SFM)°U) 357.4 0.99 — approx.
0-CB Greedy 0.3 O((SFM)<U) 347.5 0.96 — approx.
Femto-Greedy 0.3 O((SFM)*U) 312.0 0.86 — approx.
Popular-Cache 0.05 O(SFM) 270.6 0.75 — approx.
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Placement strategy

Table 1: Distortion reduction (in MSE) after decod-
ing representations of different video sequences

Bit rate 3000 Kbps | 2000 Kbps | 1000 Kbps
Crowd Run 335.9 275.4 133.3

Tractor 456.3 419.8 303.7
Sunflower 494.6 491.9 483.2

Dependent on

Table 3: Placement strategy for edge servers S; — Sa video contents

obtained by different algorithms

Algorithm S1 So Sa
0 1 0 0 0 0) 1 0 0
Optimum 0 0 1 1 0 0 0 0 0
0 0 1 0 0 1) 00 1)
0 1 0 0 1 0\ 0 1 0\
Femto. 0 1 0 0 0 0 0 1 0
0 0 0 01 0) 0 0 0)
0 1 0 0 1 0) 0 1 0
Popular. 0 1 0 0 1 0 0 1 0
0 0 0 0 0 0) 0 0 0)

L
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Experiments on larger settings

20

O Network topology: S=16/20/25 edge servers, U=300 mobile users
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O Video sources: F=10 videos, each has M=3 representations

7
D 480

£ a70¢

—&=— 1-CB Greedy

0-CB Greedy |]
—#— Femto-Greedy ||
? Popular-Cache

18

20 22 24
Number of edge servers

26

EPFL — Signal Processing Laboratory (LTS4)
http://lts4.epfl.ch

L

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANMNE




21

Conclusions

O A distributed wireless video caching placement problem for dynamic
adaptive streaming

€ Based on content information, R-D perspective

O Submodular maximization with approximation algorithm
¢ Polynomial time complexity, theoretical approximation guarantee

O Future work:

€ Take into account more QoE metrics (e.g., startup delay, video quality
variation)

4 Coded caching placement and delivery strategy
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Thanks!

Q&A

http://lts4.epfl.ch ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

//@ EPFL — Signal Processing Laboratory (LTS4) .(I)fl-



	Distributed Wireless Video Caching Placement for� Dynamic Adaptive Streaming
	Outline
	Why caching (pre-fetching)?
	Ideal caching case�	– Some theoretical bounds
	Practical DASH cache problem
	Simple case �	– One user to one edge sever
	Nontrivial case �	– One user to multi-edge severs
	Practical DASH cache problem
	Why R-D behavior is important? 
	Why DASH benefits?
	Uncoded caching placement�	- Criterion of the user reception
	Uncoded caching placement�	- Optimization problem formulation
	Submodularity
	DASH Caching-�Submodular function maximization
	Cost-benefit greedy algorithm
	Cost-benefit greedy algorithm – cont’d
	Experiment settings
	Performance comparisons
	Placement strategy
	Experiments on larger settings
	Conclusions
	Thanks!

