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Motivation

Cloud computing spreads rapidly to business community
Computing resources are virtualized and distributed as services
"Resource” can be hardware, software, bandwidth, etc.

It's difficult to allocate resources efficiently
Among hundreds of providers and thousands of users
Satisfying QoS and budget limitation

Market-based Allocation is a promising approach
Discussed for a decade

Providers/users sell/buy the provider?

providerl \Lse”ing provider3

resources in a marketplace NG orier g orter

Price is determined through
fair competition

Not yet realized, but should
be needed in the near future




Motivation

v
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Cloud Computing Environment

' Resource ’

Providers

service service
service

Users

E] Business n]




Requirements by Users (1)

Typical use of cloud services in a company

®m Scheduled Tasks We calculate the salary
at the end of month
We evaluate of the

We aggregate the assets every week

sales everyday
accounting div.

—

. investment div. I I I
sales div. | L0 reenneennerer e r
1 2 f3 fals R 9 130 (31

Start from scratch! » Immediate Tasks
Deadline is coming!

_ Let’s sell the
unused resource -

design div.

research div.




Requirements by Users (1)

Requirement 1

To support
Scheduled tasks
Immediate tasks




Requirements by Users (2)

A task may be a combination of subtasks

®m Workflow

salary calculation

® Co-allocation

\ data exchange

design simulation




Requirements by Users (2)

Requirement 2

To support
Combination for workflow
Combination for co-allocation




Requirements by Economy (1)

For a market mechanism, auction theory is used to get
an efficient outcome

Economic efficiency means a Pareto-optimal allocation
> Where no resource is wasted

Maximizing the total welfare generated by the trading
is a sufficient condition for economic efficiency




Requirements by Economy (1)

Requirement 3

To support

Pareto-optimal allocation
with no wasted resources




Requirements by Economy (2)

Auction schemes are classified as:

Single-sided competitions

Double-sided competition is better to encourage a fair exchange
> Where no advantage is given on either side




Requirements by Economy (2)

Requirement 4

To support

Double-sided competition
with no advantage on either side




Our Approach

To meet these requirements we employed...

Kequirement L Reqiirameny 3

To support To support

Scheduled tasks Pareto-optimal allocation
Immediate tasks with no wasted resources

Requiren o7 Reguivement 4

To support To support
Combination for workflow Double-sided competition

Combination for co-allocation with no advantage on either side
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Proposed Market Mechanism — Overview (1)

Overview

There is a centralized marketplace “the Cloud Service Exchange”
The exchange has the forward market and the spot market

Providers/Users send selling/buying orders to the markets
according to their own strategies

provider2
providerl \Lse”ing provider3

selling ord& order Alling order

;““ The Cloud Service Exchange ;

buying
order

buying

buying buying order

order order

userl user4

. user2 user3
needs service A and B .
for a co-allocation needs service A and B ) needs service A and B
in the future for a workflow needs service A and B right now
in the future right now




Proposed Market Mechanism — Overview (2)

Assumption on Services and Tasks

A task is migratable

at the runtime |

/
§ providerl provider2 \'

subtask A1-2 subtask A1-2

task A2

300units

subtask A1-1

300units

A . /tashy A service is dividable
SEIVICE/EC RS & Into arbitrary fraction
measurable

task A2

300units
200units




Proposed Market Mechanism — Forward Market (1)

Forward market

Accepts orders at any time
> An order includes services used in future timeslots (e.g. 720 timeslots)

Performs matchmaking periodically (e.g. every 24 hours)
Determines the trading price for each match

Using...

- Accepting Orders Bidding language

- Matchmaking Allocation scheme

+ Pricing Pricing scheme

...described later

Jul 1 w2 3 s Ll 930 3




Proposed Market Mechanism — Forward Market (2)

Bidding language to make orders

Selling Order Buying Order

Minimum Price Maximum Price

Type of Service Type of Service
Quantity Quantity
Beginning Time Arrival Time
Ending Time Deadline Time
Total Time




Proposed Market Mechanism — Forward Market (3)

Allocation scheme for matchmaking

Maximizes the total welfare by optimization with mixed integer
programming

maximize where
w@%ﬁé‘tﬁ%’#@ﬁéﬁﬁ‘ﬁ” M M={my .. mpa} m; = {0,,5:} : selling orders

= {m. - nm} = {v.5) - buying orders
WzEIZGbuymg order price — selling oraer pzmceé g2 AN services
Y1 G — §Jc’§}c—0 1<j<INl1<k<|6] (3) 1<t<T :timeslots
INI 1) v; and v; :valuation

les _ .
qjk%# iy ae =0 1<j<INL1<k<|GL1<t=<T 5 1; - the number of services with g;; > 0

Uz {Dsd fa whetheriusers jémmter iasful fil ety ofsrvice 4,

(r Aty Sloebiiie bu?’sery'lcé':ﬁm }hmm

Jﬂc-t-&;) 1_11} <o L.,us_&rgjas:ﬁ;dglr ug,serwaeakn@n timeslot t

( |
percentalg; of senvioe keold by BrEvider T Werj on ., .

1<}<|N|1<k<|6'-| 1<t<T (13) S: = (g Gix-2ix); 1 <k < |G| :asclling order
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Proposed Market Mechanism — Forward Market (4)

Pricing scheme to determine the trading price
Distributes the welfare generated by the trading
An extended K-pricing scheme is used to calculate the distribution

INl l6l T

L A — y y y ViVijlt s

Details described on the paper

Py =) ) vk tK ) ) Wit an

k=1t=1 k=1 t=1




Proposed Market Mechanism — Spot Market (1)

Spot market

Accepts orders at any time
o An order includes services for immediate timeslot

Performs matchmaking periodically (e.g. every 24 hours)
Determines the trading price for each match

Using...

~

Accepting Orders Bidding language

v

Matchmaking Allocation scheme

- Pricing Pricing scheme

...described later

Jul 1 w2 3 s Ll 930 3




Proposed Market Mechanism — Spot Market (2)

Bidding language to make orders

m Selling Order ® Buying Order

* Minimum Price « Maximum Price

- Type of Service - Type of Service
» Quantity » Quantity




Proposed Market Mechanism — Spot Market (3)

Allocation scheme for matchmaking

Maximizes the total welfare by optimization with mixed integer
programming

% Objective Function
w = X (buying order price — selling order price) — max.

™ Variables

u;={0,1}: whether user j’s order is fulfilled

X ={0,1}: whether user j could buy service k

Yijk = [0,1] : percentage of service k sold by provider i to user |
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Proposed Market Mechanism — Spot Market (4)

Pricing scheme to determine the trading price
Distributes the welfare generated by the trading
An extended K-pricing scheme is used to calculate the distribution

INl l6l T

L A — y y y ViVijkt

® Details described on the paper

Py =) ) vk tK ) ) Wit an

k=1t=1 k=1 t=1
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Implementation of Simulator

Market Simulator W-Mart

Developed to perform multi-agent
simulations

Designed after U-Mart architecture
Markets are built on MACE framework
Two markets run on separate threads

U-Mart 12

Java test bed of artificial market
Used in education of economics
Machines and humans participate equally

= MACE 1
v Java framework for combinational auctions
v Developed for CATNETS project
v CPLEX is used as the backend MIP solver

[1] B Schnizler, D Neumann, D Veit, and D Weinhardt, "Trading grid services - a multi-attribute combinatorial approach,” European Journal of

Operational Research, vol. 187, no. 3, pp. 943-961, 2008.
[3] H Sato, Y Koyama, K Kurumatani, Y Shiozawa, and H Deguchi, "U-Mart: A Test Bed for Interdisciplinary Research in Agent Based Artificial Market,"

in Evolutionary Controversies in Economics, pp. 179-190, 2001.
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Verifying the Combinational Allocation (2)

Forward Market
® Orders

providerl
<sell>

provider2
<sell>

provider3
<sell>

service A 400units $20/h

0 1

service B 300units S15/h

2 3 4 o'clock
. 3 .

‘. E ZQQ .I

S60 for all

service

B 200units

| SQQHEQ é 1001 llr\ifc

service

B 300units

S40 for all

Provider 1 has service A
to sell at $20/h or more

User 1 needs co-allocation
of service A and B
at $60 or less

User 2 needs a workflow
of service A followed by B
at $40 or less




Verifying the Combinational Allocation (2)

Forward Market
® Orders

0 1

ngnzﬂerl service A 400units $20/h

Egzn:ﬂerz service B 300units S15/h
service B 300units LN

2 3 4 o'clock

provider3
<sell>

‘. E ZQQ .!

service B 200units

S60 for all

jice A_100units

service B 300units | 340 for all

providerl
<sell>

provider2
<sell>

provider3
<sell>

0

® Qutcome

1

4 o'clock

$11.23

$11.23

5.61

5.61

$10.77

earns
$50.5

$10.77

$12.14

earns
$22.9

$6.74
$3.37

earns
$16.6




Verifying the Combinational Allocation (3)

Spot Market

® Orders

Egzn:ierl service A 400units YA

Eggﬁferz service B 300units Sy

provider3 |
<sell>

service B 300units ¥

Both user 1 and 2 needs
“service A 100units | co-allocation of service A and B

service B 300units | *60 for all at different prices
(userl > user2)

service A 200units

S40 for all
service B 200units




Verifying the Combinational Allocation (4)

Spot Market

® Orders ® Qutcome

providerl service A 400units YA providerl
<sell> <sell>

provider? NSRRI <15
prov | | <sell>

provider3 service B 300units ¥ provider3
<sell> <sell>

provider2

service A 100units

service B 300units | 60 for all pays $38

service A 200units
S40 for all could not
service B 200units get
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Estimating Scalability (1)

Scenario
10 providers sell 10 services
100-1000 users buy 1-5 services co-allocated for 1-12 hours
Demand/supply ratio = 2%-16%
Selling order price < Buying order price

m Selling orders ®mBuying orders

t=0 t=T t=0

5 3 Oto (7-12) slots  1to 12 slots
providerl service A : 100 units $1/s|ot * uni < >l >

prowderz service B : 100 units Sl/slot * uni 110 5 services serv!ce X:1 un!t
) service Y : 1 unit $3/slot
provider3 service C : 100 units Sl/slot . co-allocated

service Z : 1 unit

provider4 service D : 100 units Sl/slot * uni
_ | service X:1unit | $3/slot + unit

provider5 service E : 100 units Sl/slot .

prOV|der6 service F : 100 units $1/s|ot .
prowder7 service G : 100 units $1/s|ot s uni ervice V: 1 uni
prOV|der8 service H : 100 units [ $1/slot * uni emvice W Luni .

) ervice X : 1 uni $3/slot * unit
prOV|der9 | service | : 100 units | 51/S|0t TV —
providerl( service J : 100 units $1/slot * uni ervice Z: 1 uni

* unit




Estimating Scalability (2)

Overall Runtime Including Solver Solver Runtime

3
+ 720 ==480 2.3
m720 m480 m240
. =240 =t+=120

=2l =]

[\

W Ei120 W24 w1

Overall Runtime [sec]
Solver Runtime [sec]
o

400 700 400
Number of Users Number of Users

v The proposed mechanism D/S ratio
works efficiently for 1 month 0
forward trading with 10 i L g a
providers and 1000 users - LR el t" |

example: 1000 users, 2.6% average
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Related Work

Predictable Double-sided Economic
& flexible competition efficiency

Proposed © ©

Combinational

MACE [ /\

SCDA 12

Electricity
Market

X
©
Stock Market X /\
/\

Commodity X

Market X

[1] B Schnizler, D Neumann, D Veit, and D Weinhardt, "Trading grid services - a multi-attribute combinatorial approach,” European Journal of
Operational Research, vol. 187, no. 3, pp. 943-961, 2008.

[2] Zhu Tan and John R Gurd, "Market-based grid resource allocation using a stable continuous double auction,” in Proc. 8th IEEE/ACM Int. Conf. on
Grid Computing (Grid 2007), Austin, USA, pp. 283-290, 2007.
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Related Work

Predictable Double-sided Economic
& flexible competition efficiency

Proposed @) @) ©

Combinational

v Only the proposed mechanism satisfies these four
requirements for the cloud computing environment
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Conclusions and Future Work

Conclusions

We proposed a market mechanism for resource allocation
In the cloud computing environments

Evaluation showed that the proposed mechanism worked
with an acceptable overhead

Future Work

To investigate the autonomous behavior of the market
price using W-Mart simulator

What strategy is the best way to trade the services?

How can we design a stable and sustainable market?

Can we forecast the spot price in the future by observing the
forward price?
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