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Market-based resource allocation is expected to be an effective mechanism to allocate resources in a cloud computing environment, where the
resources are virtualized and delivered to users as services. In this paper we propose a market mechanism to efficiently allocate multiple
computation/storage services among multiple participants. The proposed mechanism enables the users to (1) order a combination of arbitrary
services with a co-allocation or a workflow manner, and (2) receive future/current services at the forward/spot market.

Abstract

The Market Model
Assumptions

The amount of a service can be measured in throughput 
(e.g. MIPS for a computation service or GB/h for a data processing service)
A provider’s resource can be divided into arbitrary fraction
A task can be divided into sub-tasks and executed on multiple resources
A task can be suspended, resumed and/or migrated during the runtime 
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Makes contracts periodicall (clearingho se a ctions)
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Allocation Scheme
Maximizes total welfare = Σ(buyer's valuation – seller's valuation)
Formulated as a mixed integer program

Example
Forward Market Spot Market

maximize 𝑤 = ∑ 𝑣𝑗 𝑢𝑗|𝑁|𝑗 =1  − ∑ ∑ ∑ ∑ 𝑣𝑖𝑦𝑖,𝑗 ,𝑘,𝑡𝑇𝑡=1|𝐺|𝑘=1|𝑀|𝑗 =1|𝑁|𝑖=1   (1)

s.t. ∑ 𝑥𝑗 ,𝑘|𝐺|𝑘=1 −  |𝐺| 𝑢𝑗 = 0                                            1 ≤ 𝑗 ≤ |𝑁| (2)∑ 𝑧𝑗 ,𝑘,𝑡𝑇𝑡=1 − 𝑙𝑗 ,𝑘  𝑥𝑗 ,𝑘 = 0  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺| (3)∑ 𝑦𝑖,𝑗 ,𝑘,𝑡|𝑁|𝑗 =1 ≤ 1  = 1 ≤ 𝑖 ≤ |𝑀|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (4)

where 𝑀 = ൛𝑚1, … , 𝑚|𝑀|ൟ, 𝑚𝑖 = {𝑣𝑖, 𝑆𝑖} : selling orders 𝑁 = ൛𝑛1, … , 𝑛|𝑁|ൟ, 𝑛𝑗  = ൛𝑣𝑗 , 𝑆𝑗 ൟ : buying orders 𝐺 = ൛𝑔1, … , 𝑔|𝐺|ൟ : services 1 ≤ 𝑡 ≤ 𝑇 : timeslots
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Pricing Scheme
Calculates the price which the participants actually pays/earns
K-Pricing:  Price = (buyer's valuation + seller's valuation) / 2

𝑗𝑗𝑞𝑗 ,𝑘 𝑧𝑗 ,𝑘,𝑡 − ∑ 𝑞𝑖,𝑘 𝑦𝑖,𝑗 ,𝑘,𝑡|𝑀|𝑖=1 = 0  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (5)൫𝑎𝑗 ,𝑘 − 𝑡൯𝑧𝑗 ,𝑘,𝑡 ≤ 0  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (6)൫𝑡 − 𝑑𝑗 ,𝑘 ൯𝑧𝑗 ,𝑘,𝑡 ≤ 0  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (7)൫𝑎𝑖,𝑘 − 𝑡൯ ∑ 𝑦𝑖,𝑗 ,𝑘,𝑡|𝑁|𝑗 =1 ≤ 0  = 1 ≤ 𝑖 ≤ |𝑀|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (8)൫𝑡 − 𝑑𝑖,𝑘 ൯ ∑ 𝑦𝑖,𝑗 ,𝑘,𝑡|𝑁|𝑗 =1 ≤ 0  = 1 ≤ 𝑖 ≤ |𝑀|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (9)𝑢𝑗 ∈ {0,1}  1 ≤ 𝑗 ≤ |𝑁| (10)𝑥𝑗 ,𝑘 ∈ {0,1}  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺| (11)𝑧𝑗 ,𝑘,𝑡 ∈ {0,1}  1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (13)0 ≤ 𝑦𝑖,𝑗 ,𝑘,𝑡 ≤ 1  1 ≤ 𝑖 ≤ |𝑀|, 1 ≤ 𝑗 ≤ |𝑁|, 1 ≤ 𝑘 ≤ |𝐺|, 1 ≤ 𝑡 ≤ 𝑇 (14)

1 ≤ 𝑡 ≤ 𝑇 : timeslots 𝑣𝑖  and 𝑣𝑗  : valuation 𝑢𝑗  : the number of services with 𝑞𝑗 ,𝑘 > 0 𝑞𝑗 ,𝑘  : quantity of service 𝑔𝑘  𝑎𝑗 ,𝑘  : arrival time 𝑑𝑗 ,𝑘  : deadline for buying order 𝑙𝑗 ,𝑘  : total length 𝑒𝑗 ,𝑘  : timeslot  for selling order 𝑆𝑗  = ൛൫𝑔𝑘 , 𝑞𝑗 ,𝑘 , 𝑎𝑗 ,𝑘 , 𝑑𝑗 ,𝑘 , 𝑙𝑗 ,𝑘 ൯ ห 1 ≤ 𝑘 ≤ |𝐺|ൟ : a buying order𝑆𝑖 = ൫𝑔𝑘 , 𝑞𝑖,𝑘 , 𝑒𝑖,𝑘 ൯ ;  1 ≤ 𝑘 ≤ |𝐺|  : a selling order 

$60 for all

$40 for all

($0.3/GB)

user1
<buy>

user2
<buy>

<sell>

service A  10GB/h

service A  20GB/h

service B  20GB/h

service B  30GB/h

Forward Market

Orders

$60 for all

$40 for all

user3
<buy>

user4
<buy>

Spot Market

Orders

service A  20GB/h

service B  20GB/h

service A  10GB/h

service B  30GB/h

g ( y ) /

Spot Market
Deals with immediate reservation up to the next timeslot begins
Makes contracts continuously (continuous auction)
Bidding language, allocation scheme and pricing scheme are similar to 
the forward market except that they have only one timeslot

Consists of a centralized exchange and autonomous agents
Markets
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Conclusions & Future Work
We proposed a market mechanism to allocate resources in a cloud computing environment

Constructed based on MACE [1]
Uses CPLEX or lp_solve as backend solver

Agents
Developed to be compatible with U-Mart [2]
Can be either software or real human
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Experiment shows that the market mechanism works properly
We anticipate that the forward price will serve as a forecast of the spot price; intelligent agents will autonomously avoid the high-priced
period which means a tight supply-demand situation
We are going to investigate the market behavior and evaluate the performance of the proposed mechanism


