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Context
a sample Tuscany ecosystem

6

7 April 2008

Job execution
service stack

Data mining
service stack

Data mining | | Job-execution Trust

assurance

data
transfer

data
transfer

portal portal

analysis

qnqusis run-batch

techniques

auditing

scalable dbms

irtdal-resource farms
Xen/VMware

Tycoon

control + management Physical-resource farms
power 5, cooling ; VLANs CPU & storage nodes

each is an example of
an independent
service provider
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Prato: virtual-database-appliance-on-demand

service (VDAaa$S?

WX2 virtual
DBMS-appliance

WX2
configuration

file (on TWiki)

OS images +

ackaﬁe repository
7 7 April 2008 2008-SMDB-keynote-wilkes.ppt
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Prato

interfaces

Service
provider

8 7 April 2008

Manager

Operator

Customer

Requester

Request
contract

Web servicg

Analyst

Web service

Contract pricing

Virtual file
system

(WX2) DBMS
Instance

Design to spec.

Fault diagnosis

Virtual DBMS-appliance

Fault recovery

Self management

Service manage

2008-SMDB-keynote-wilkes.ppt
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File system

100

Nodes

Physical infrastructure
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I Utility tunctions, prices and negotiation

communicating business intent to (automated) IT

What makes automation easier?

a single metric fo optimize against

What do business care about?

money!

What is money a proxy for?

utility =» a measure of “goodness”

9 7 April 2008 2008-SMDB-keynote-wilkes.ppt
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How to avoid unpleasant surprises?
* Service Level Agreements (SLAs)

FurT = & T




SLAs

as contracts

11

a Service Level Agreement (SLA) is a contract

between mutually suspicious parties
= it you care about something, put it in the SLA!

agreement can be explicit or implicit

assumptions
machine readable, can be reasoned about
two-party (other variations possible)

7 April 2008 2008-SMDB-keynote-wilkes.ppt




I SLAs
WS-Agreement basics

Context

who, why, duration
Service terms
what service is offered, and how it is offered

Guarantee terms

scope + conditions (e.g., time of day)
Service Level Objectives (SLOs)

penalties and rewards

12 7 April 2008 2008-SMDB-keynote-wilkes.ppt
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bett consequences,
a berter way not behaviors!

I Outcome-based pricing specify

replace all the SLA guarantee terms
by a single price function

that specities how much the service provider is
paid tor each possible outcome

omitting all details of how the outcomes are
achieved

14 7 April 2008 2008-SMDB-keynote-wilkes.ppt invent




Outcome-based pricing specify
A price and a price function

consequences,
not behaviors!

S 1
I=
3
S
>
3
a price
\ “>_a price

function

Service outcome
(e.g., number of widgets)
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Outcome-based pricing specify

o o . consequences,
A price and a price function ot behaviops!

2

5 |

= a price
3 function
of

a price
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Outcome-based pricing specify
what if ... price functions

consequences,
not behaviors!

SLI = Service Level Indicator

SLA
= runtime
SLI specs 7 SLI values

price l
function

model price
\_/—_—

17 7 April 2008 2008-SMDB-keynote-wilkes.ppt




Outcome-based pricing specify
what if ... price functions

consequences,
not behaviors!

exactly one price tunction in each SLA

function(set of metrics/parameters) = a price

evaluated by:
service provider to work out what to charge
client to predict what might happen
third party to audit

18 7 April 2008 2008-SMDB-keynote-wilkes.ppt




SLA structure specify

, . . consequences,
what if ... price functions N

typically structured as a tree
summation, discounts, library-of-parts, etc

SLA-based service::SLI
PriceModel contextinfo
+name : String
+description : String
+currencyType : CurrencyType
+expression : String

¢

donstants 0.1 children

NS

*k *

*

Constant fundamental operation:

Thame - String PriceModel.evaluate(context)

+value : String
+valueType : String

19 7 April 2008 2008-SMDB-keynote-wilkes.ppt invent




SLA structure specify
what if ... price functions

consequences,
not behaviors!

benetits:
either side can predict price for given outcome
can be audited by 3 party
consequences can be explored automatically

requirements:

standalone, deterministic
flexible

well-defined, visible inputs: SllIs (Service Level Indicators)

20 7 April 2008 2008-SMDB-keynote-wilkes.ppt invent




I SLA structure specify

, . . consequences,
what if ... price functions N

Setting prices

Pricing is the strategy used for setting prices
pricing strafegy - emits price function
e.g., loss leader; bundling, ditterential, ...

Competition, price pressures = sets max prices

Customer utility = limits what customers will pay

demand-elasticity curves

21 7 April 2008 2008-SMDB-keynote-wilkes.ppt invent




Utility

Utility = local measure ot goodness

more is better!

Arbitrary, local units

cannot be:
compared across agents
normalized across agents
summed across agents
can be rescaled and re-normalized
e.g., > 0 =2 win, <O = lose

22 7 April 2008 2008-SMDB-keynote-wilkes.ppt




I Utility for a tixed outcome

Some simple forms

Client utility

Price

23 7 April 2008 2008-SMDB-keynote-wilkes.ppt




Utility for a tixed outcome
Example: buying a car

£ | too good
S | to be truel o .
= invoice price
c
o
W
L &
(s
o.
list price
better
car!
S~—
intelTesting range
Price
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Client utility tor 2 outcomes

a
»

Client utility
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Client utility tor 1 outcome

A

-outcome

oé : M

= :minimum
S : |
> :acceptable
= .

9

O

Service outcome ]
(e.g., throughput)
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Client utility

1 outcome + price

A

utility

le utility
function
surface

minimum
indifference :acceptable
:outcome
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Client utility

1 outcome + price

A

utility Occe"\.-'"

function
surface

,o\
G
¢ minimum
indifference : acceptable N
oufcome e oV
: o ‘Q(\‘
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minimum
acceptable
utility

indifference curves

minimum acceptable outcome
S22 0000000000000 000

»
>

Service outcome
(e.g., throughput)
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Client utility

1 outcome + price

A

price ..............................................

inimum
acceptable
utility

indifference curves

minimum acceptable outcome

\ 4

Service outcome

(e.g., throughput)
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Client utility

1 outcome + price

maximum acceptable price

Price

client

max price\

function

minimum acceptable outcome

dervice outcome
(e.g., throughput)
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Service provider utility
1 outcome + price

8 maximum acceptable price 8 . .j
a . kS Region < o
5 client acceptable to SP .* &
S max price . L
o . X ) . o
© function ~ 4 ©
e} '90 °® -Q
S Y . S
o > service |&
S " S_provider
£ min-price X
oo°’ H g
E function
£ T minimum acceptable price
Service outcome Service outcome
(e.g., throughput) (e.g., number of widgets)

(D ]
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Negotiation

Price

ervice outcome
(e.g., throughput)
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I Negotiation goal

An agreed-upon price function

Price

region
acceptable
fo both

ervice outcome

(e.g., throughput)
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Negotiation goal
An agreed-upon price function

Price

ervice outcome

(e.g., throughput)
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Negotiation
goals: basics

success = SLA; failure = no SLA

there’s a utility aspect to reaching an agreement, too

support each party’s interests
maximize achievable utility

caution: don’t send max-price function to the other!

purely rational agents

not people!
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Negotiation
goals: fairness

/1" . n - . .
Fairness” is entirely optional ...
sel-interested parties

but: people will walk CIWGE from a deal they consider
untair, even it they would benetit from it

Approaches
note: cannot do “equal utility”

k-pricing: split the profit/loss ditterence
= requires trusted 3rd party
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Negotiation
mechanisms/protocols

here: two-party

can always add a third party (e.g., auctioneer)
either party can set the price

e.g., price-setting service provider

price functions can be built jointly
e.g., client > penalty, service provider > nominal cost

many other aspecis ...

e.g., incentive compatibility

37 7 April 2008 2008-SMDB-keynote-wilkes.ppt




Negotiation
strategies

what to concede when?

e.g., push hardest where resistance is weakest

tind where disparity in outcome/slope surface is greatest

A

price

minimum
acceptable
utility

minimum accepfable outcome
s IR N NN NN NNNNNN]

»
|

Service outcome
(e.g., throughput)
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Negotiation goal
An agreed-upon price function

Price

ervice outcome

(e.g., throughput)
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Variance in outcome
expected utility

a
|

service provider
expectation

Service outcome

N client
' expectation
(e.g., ’rhroughpu’rk _
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Likelihood of outcome




Variance in outcome
expected utility

>
23 i
E =
- O
o . .
G| service provider
8. expectation
i :
service )
provider client _
expectation \
Service outcome Service outcome
(e.g., throughput) (e.g., throughput)
24
o
=
=
o , :
% | service provider
-5 | expectatfion...
o o e
o ]
= s >
3 - "
= /\cliem‘ \
expectation” """ .,

Service outcome
(e.g., throughput)

(D ]
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Variance in outcome
risk

variance in outcome = risk

examples:
offered load > poor performance, or more resources
component failure > poor availability

lack of resources > poor performance

with what-it prices:

outcome variance =» price variance
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Variance in outcome
risk sharing

44

who takes on the risk it etfort required is unknown?
cost-plus prices: client

fixed prices: service provider

example: how many resources?
model-based (e.g., response time + load = resources)
systemic uncertfainty from model biases/inaccuracies

stochastic uncertainty from environment, workload, etc

7 April 2008 2008-SMDB-keynote-wilkes.ppt invent



Variance in outcome
risk lotteries, risk aversion

a risk lottery is a game with multiple outcomes

pay $60, or a 50% c
pay $50, or a 50% c
pay $45, or a 50% c

hance of $

hance of $7

hance of $7

1007 (ris

00? (ris
007 (ris

c-averse $10)

-neutral)

-seeking $5)

risk aversion is a measure of how much an agent
dislikes the uncertainty/variance

strictly, risk is any variance; but people dislike downside
risk more than they like upside risk

45 7 April 2008 2008-SMDB-keynote-wilkes.ppt




Variance in outcome
cumulative prospect theory

People are:

loss aversive

a loss matters more than a gain of the same amount

risk 4
aversion

target-relative:

more receptive to risk below a target; .

outcome

signiticantly averse to it above farget

long-shot biased:
overweight rare, exireme events

discount “average” occurrences
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I Variance in outcome
penalties

their purpose is to be bad for the victim
punitive vs. compensatory?

caution: moral hazard: a bad outcome that can be
triggered by the other party

pricing for penalties
estimate expected outcomes

add proftit margin (or other pricing strategy)

add risk aversion (cf. insurance)
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I Future — what's next?

Applying all these ideas to automated service
providers

e.g., database management systems!

Retlecting people’s biases, not just being purely
rational

e.g., cumulative prospect theory
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I special thanks to ...

HP Labs, Palo Alto, CA:;
Sharad Singhal + Subu lyer

IHPC, Singapore:
Elaine Wong + Yang Yinping

BDIM (Business-driven IT Management workshop):

Claudio Bartolini + Jacques Sauvé
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Summary
what-if prices
tlexible model-based price functions

outcome-based pricing
focus on who’r hoppens not how it is achieved

utility theory.

goodness Foutcomes + price
risk i !
variance in éw’rcc;‘me
futures - -
f.,-r"‘e’Tlec’ringﬁ peaple’s biotes?

™
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