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Content provider wanting to minimize its delivery cost
¢ Catalogue of many contents
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¢ Average service guarantees




Motivation

A Cost-efficient solution must scale
with regards to both:

¢ Request rate
¢ Number of availible contents
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A Cost-efficient solution must scale
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Motivation

A Cost-efficient solution must scale
with regards to both:

¢ Request rate
¢ Number of availible contents

Chunk-based
typically efficient
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Motivation

Cost-efficient solution must scale

A
with regards to both:
¢ Request rate
¢ Number of availible contents
Not as efficient in
- offloading server
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Cost model cloud

. servers
68

Client can download from either

¢ Origin servers (all contents)

¢ Cloud storage/servers (subset of contents)
¢ Other clients (peers)
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Cost model cloud

servers
68
. )

Client can download from either

¢ Origin servers (all contents)

¢ Cloud storage/servers (subset of contents)
¢ Other clients (peers)
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Cost model

. servers
68

Client can download from either

¢ Origin servers (all contents)

¢ Cloud storage/servers (subset of contents)
¢ Other clients (peers)




Cost model cloud

. servers

A Client can download from either
-_Aﬂ‘;;f;;;«‘ ¢ Origin servers (all contents)
,_iﬁff"‘;“ - Cloud storage/servers (subset of contents)
f;"‘ ¢ Other clients (peers)
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Cost model

. servers

Client can download from either

¢ Origin servers (all contents)

¢ Cloud storage/servers (some contents)
¢ Other clients (peers)
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Cost model

. servers

Client can download from either

¢ Origin servers (all contents)

¢ Cloud storage/servers (subset of contents)
¢ Other clients (peers)




Cost model

Server b/w

. servers
Cloud b/w

Simple cost model Cloud storage
¢ Three (3) basic cost components
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Cost model

servers

Server b/w

Cloud b/w
Cloud storage

Pl sleori pc vT
\ *AﬁCUUCH

~Offewdliq 1
Adalcvoi  Clada

OaLiL

ATV VER W:u.\(

‘ GS UNyyp,
92 3% i
g ST

~




) S a@l ] _\-‘&‘\

“vken

luaarnd wed <H

ew [qq(-(»,,(;((‘\_ ¥

servers
@
t?j M
Server b/w
Cloud b/w
T Otfewiliy VH‘«
Adalcvoi ,clalda
O Lo = S C
a3* aB +cg B +C|M]|

v

IIN/M i M




Just ded ab Wiale

Oy R en
Augar ud wed SH
<

dew r;,Q('{»;nJ((\- o

Cost model

W 2V
MOTBELTESICN y

ward § 3 e ’»_"" / Se rVe rS

< N ) 2 o
= Dgrastl
' AN g ) ‘:)(:’

Server b/w

Cloud b/w
Cloud storage

»:Mueu.',;cu VT
2\ - At cratr
- Qf—f«?val(f% ,.‘+‘*
Adalcroir  Clada .
OaLib | C
L 4 wanar . 10,8 ¢
. 4a3GS UNT,
92 3% I, ‘ : I
Be @%\\\L I
- 7z

1 M




mod <7H

dew r;:Q('{»hr:/J" =

o o Cost model cloud

ded Fune =
{

servers
68

Server b/w

Cloud b/w
Cloud storage

Adalcvoir clala

Z
~
<




luaarnd wed <H

ew [qq(-(»,,(;((‘\_ ¥

servers
(O
Server b/w

Cloud b/w
T Otfewiliy VH‘«
Adalcvoi ,clalda

Oal'L : S C
i ‘ v..¢ %
R g B°+cj B

v

IIN/M i M




Cost model

servers

Server b/w

Cloud b/w
Cloud storage
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. servers

A Extensions
eflcleoripda 1@ ¢ Full version (in paper)
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Different remote Locations of

. servers

. access cost each content
Extensions
Nl Full version (in paper)
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Cost model

servers

Server b/w

Cloud b/w
Cloud storage
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peer seeding

. servers

A Consider single file

In-swarm
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. servers

A Consider single file
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peer seeding

. servers

In-swarm
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peer seeding

servers

: In-swarm
Total required external

il S, bandwidth requirement
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peer seeding

Bandwidth model 4
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servers
Server
Cloud
: : In-swarm
Total required external Seeding
bandwidth requirement
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peer seeding

servers

Server

Cloud

Seeding In-swarm
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peer seeding
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peer seeding

servers

Server
Cloud
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peer seeding
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peer seeding

. servers
. Server

Cloud

Seeding In-swarm
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peer seeding
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peer seeding

T—

External bandwidth requirement
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servers
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Total required external
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peer seeding
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External bandwidth requirement
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External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set
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External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer
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External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer
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External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer

>

Leave k peers behind
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External bandwidth requirement

A Consider missing piece policy
Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer

Peer k missing 1/(k+1)
Peer k-1 missing 2/(k+1)
é

Peer 1 missing k/(k+1)
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External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer
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Peer k missing 1/(k+1)
Peer k-1 missing 2/(k+1)
é

Peer 1 missing k/(k+1)

Departure rate
Leave k peers behind

: Pl sleori pc vT

:12\’\ - At cratr

) T offewilig w‘*‘*
Adalcroir Clada

OnLi0 |

¥ waan . i0.8€




External bandwidth requirement

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set

A Assume (for simplicity)

Poisson arrivals, piece fractions, and independent pieces on
each peer
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External bandwidth requirement

A Consider missing piece policy
Server upload only one piece at a time whenever there is at
least one piece missing among peer set
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100 | - A Approximation
< 1 i fairly accurate
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External bandwidth requirement

A Consider missing piece policy
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External bandwidth requirement
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Approximation
fairly accurate
Very small benefit
prioritizing young
peers (with few
pieces)

Self sustainability

A Consider missing piece policy
Server upload only one piece at a time whenever there is at
least one piece missing among peer set
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Server bandwidth

Self sustainabllity

>

Consider missing piece policy

Server upload only one piece at a time whenever there is at
least one piece missing among peer set
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Missing piece (sim)
1 Missing+fewer (sim)
Missing (approx) -
LB (second)

LB (first)

1/16 1/4 1 4
Arrival rate
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Approximation
fairly accurate
Very small benefit
prioritizing young
peers (with few
pieces)

Self sustainability



Peer upload bandwidth

Peer seeding

In-swarm

(requested file) Inflation (other file)

A Service guarantee T
A Help out, but only during download/service




Peer upload bandwidth

Peer seeding
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Peer upload bandwidth

Peer seeding

In-swarm

(requested file) Inflation (other file)
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Peer upload bandwidth

Peer seeding
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Peer seeding
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Peer upload bandwidth

Peer seeding
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Peer upload bandwidth

Peer seeding

In-swarm

(requested file) Inflation (other file)
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peer seeding

External bandwidth requirement
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peer seeding

External bandwidth requirement
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External bandwidth requirement
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ks i

. ®

cloud )

. servers

Inflation

Seeding In-swarm

Patl sleori pch T

-Afiae (,’l—\» y
i e )
1. Y )¢B+Qq B+
NV wnam . 10.8€ %9 . .
L ¢ Y X ? ? I I IJ
/" 2, & L =

iR




peer seeding

External bandwidth requirement
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No seeding or bundling (UT=L)

o
o

o
o

Example allocation for
optimal policy (when no
seeding or bundling)

A Intermediately popular
files pushed to the
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No seeding or bundling (UT=L)
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Average delivery cost per file
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A Policy comparison (which files to push to cloud)
Optimal (intermediate) vs. baseline policies

Big differences when either
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A Policy comparison (which files to push to cloud)
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A Policy comparison (which files to push to cloud)
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Peer upload bandwidth

Peer seeding

In-swarm

(requested file) Inflation (other file)

A Service guarantee T
A Help out, but only during download/service




Peer seeding

In-swarm

(requested file) Inflation (other file)

A Service guarantee T
A Help out, but only during download/service

How to best use this bandwidth?




Seeding only (UT > L)

Total —
Server (only) —
CIOUd (only) .........

A Help less popular

Bandwidth usage
o
D

0 200 400 600 800 1000
Popularity rank of files

B 0.8 1
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Bundling only (UT > L)
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Policy comparison
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Contributions

Derive and evaluate bounds and approximations of
the minimum server bandwidth required to ensure
target average download rate

Compare simple policy classes for which content to
push to the cloud and provide insights regarding
the importance of careful content selection

Compare the best usage of the peer upload
bandwidth, including policies determining how
seeding and torrent inflation should be best utilized

A Also (in paper):
Where to direct clients in systems where the cloud

provider has a differentiated cost model and charges
based on the locality of the clients that are served
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