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A VoD Company Cares about

x Bandwidth guarantee
® {0 maintain streaming guality
® HUge Bandwiath cost

= “youku” pays > $ 38.6M/year
for bandwidth




Can VoD leverage Cloud to
reduce bandwiath: Cost

with banawidth: guarantees




Current Cloud Platforms

epservices

Nettlix:moved:ito-Amazon Web Services in 2010

® Problem: No bandwidth guarantee!




Extending Cloud- Tenant
Interface

Banadwidin reservation for egress
traffic of a VM

C. Guo et al.
SecondNetzaPata:Genter:-Network: Virtualization

Architecture with:Bandwidth-Guarantees
ACM CoNEXT ’10

H. Ballani, P. Costa, T. Karagiannis, and A. Rowstron,

Towards Predictable Datacenter Networks
ACM SIGCOMM ’11




How to Price Bandwidth
Guarantees?

x \/oD Companies want
x pandwidth guarantee
x reduced cost

x Cloud Providers want

x cconomic incentives (profit)




How about Pay-as-You-Go?

x Charge based on usage

® NUMber of bYtes transterred in
the past nour

x Not suitable for pricing bandwidth
guarantees




Example: Bursty vs. Constant
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Our Contributions

x A New Modél
® {0 price bandwidth guarantees
® [ heoretical Analysis
® {0 set pricing policy properly and fairly

® Practical Performance

® Simulations based on workload traces




Assumptions

® Fach tenant r:
® random - demanad D;
® expectation u; = E[D/]

® standard deviation o = var|Dj]

®x Demand covariance matrix 2 = [o;/]




Probabllistic Bandwidth Guarantee

x \\Vith random demand D;, tenant 1 wants to
reserve bandwidth R; such that

PrlD> Ry <€ = Small constant

x |f D;is Gaussian, then 2 constant

/'
R, = p; + 0(¢)o;

.

=Xpected RISk
Demand Margin




Pricing Individual Reservation
® ASSUME;
reserving 1 unit of bandwidth costs $1

® [enant i should pay

T 4
sl Burstiness
Pemand

® [ndividual reservation Is costly

® \ost of the time, underutilization




An Economically Viable Broker

Tenant Tenant Tenant

b

Multiplexing Gain! |Broker

Cloud Cloud Cloud
Provider Provider Provider

Reservation = > u; + Shared Risk Margin
Shared Risk Margin < ¥ Individual Risk Margin




The Service Provided by the Broker

—Individual Reservation R
Probabilistic Guarantee Pr{ D, = R ) < ¢
Random Demand  D; D5
Guaranteed Tenant Tenant
Portion

Wit WazRequest

Wi = ), W Wi Routing

Reservation Aj

As Reservation

New Probabilistic Guarantee
Ehebas e mhere F =Ny D,

Thursday, March 29, 2012




Definition: Prcing Folcy.

x Guaranteed portion w; = > ws;
® Pricing strategy Pi(w;, i o5 <)

 Pi(w;) increasing, concave, P = 0 if w; =0
® Pricing policy {£:(-)}

® Example: individual reservation

P =R, = u; +0(e)oi—>P;(w;) = (,uz- i H(G)Oi)wi




\Viain Result |
Pricing Begion




Objectives:

Set prices such that
tenants enjoy: discount
oroker has incentive

all demanads guaranteed




Good Pricing Region

® |[f and On\y i P@(w@) < (/M =+ H(G)Ui)wz’

® [enant i enjoys some price discount

% |f and Only if PHL) = i 0(e)

»Correlation

TiiM ¥ 5 the market

® A profit-adrven broker 1s willing to

guarantee all the tenant demn
® [f Doth conditions are met:

and (w; = 1, V1)

n Achieve Discount # Incentive + Guarantee!
w ;i + 0(e)oipin < Pi(1) < pi + 0(€)o;




L +0(e)a;pine < Pill) < i, + 6(e)o;

Tenant Tenant Tenant

b

Broker

With a good pricing policy,
multiplexing gain Is shared fairly.




How to enforce good pricing’?
Enforcement by an Authority 4/

What about a Free Market”?




Free Market: Allow Bargains

Tenant ;
submit a “price” adm
9

Broker

= w; - guaranteed portion in [0,1]
® Supbmitted price IS a function: Piw;)
® [f Pi(+) IS too low, the broker will set w; <1.

ddlrar

ISSIon control

tee w;D;




A Game among all Tenants

=Py it =1
=03, it <l

max Utility = {

Wants to reduce Pi(:); but must-have w; =1

Can prisoner’s dilemma happen?

DIétyers
Pricing function P;(:) Guarantee w;D;
Strategy

Broker

N S
Choose w; to max R = sz(wz) e ZAS(wl, s ,UJN)

WY 5eees U)Nj 1 —1 \
= \ =

Profit ~ Total Revenue Sum of Costs

Thursday, March 29, 2012



\Viain BResult 2
Equiliorium Pricing




Equilibrium of the Free Market

With multiplexing, the market has a
unique Nash equilibrium:

Pr(1) = i +0te)aipinr

EXpected Demanol\A Correlatlgn i
market, in -1, 1}

PDemand:#Standard:Deviation

Recall the good pricing region

i 0le)oipinr = Bill) < p; + 0(€)o;

- o

Nash Equiliorium Individual Reservation

Thursday, March 29, 2012



Trace-Driven Simulations




Data Mining

® JUSee: a VoD provider in China

®x Aggregate BVWW demand in video channels

Thursday, March 29, 2012



How to estimate expected demand?
A Typical Video GChannel
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How to estimate variance?

—  Prediction error
— Estimated conditional error standard deviation
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Histogram of Price Discounts

Mean Discount = 4427 %

Price discount > 100%!
Risk-neutralizers.

% 31% 55% 80%

Thursday, March 29, 2012

Discounts of All Tenants in All Test
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Conclusions

x Broker Service:
x Bandwidth reservation via multiplexing

® A theory to price bandwidth guarantees
fairly and properly

® Pricing ased on burstiness and correlation




Thank you!
Google DI Niu

hittp://igua.ece.toronto.edu/~dniu/
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