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Distributed Cloud Architecture
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(O Energy-efficient request routing by exploiting heterogeneities of carbon
footprints and electricity costs

(O High availability of cloud resources by locating resources closer to users



Resource Allocation in Clouds
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(O Bin packing-based VM consolidation [ WML11]
(O Network-aware VM placememt [AL12]
(O Opportunistic resource sharing [ZQWLE14]

[WML11] Consolidating virtual machines with dynamic bandwidth demand in data
centers, INFOCOM 2011

[AL12] Network aware resource allocation in distributed clouds, INFOCOM 2012
[ZQWLE14] Virtual network embedding with opportunistic resource sharing, TPDS 2014
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Distributed Cloud Architecture
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(O Ris associated with a strictly
ordered list Py containing all
N data centers.

(O DG, is associated with a
strictly ordered list Py
containing all M requests
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Allocation Plan

Data center DC; Data center DC;
R; =pu, Ry =pi, Rs R; =po, Rs =pe, R

Definition 1: (Allocation Plan). Let DC be the set of N
data centers and R be the set of M requests; an allocation

plan is a many-to-one correspondence ¢ : R — DC. When
¢(R;) = DC;, we say R; is placed in DC;.

Fig. 1 shows an allocation plan, where ¢(R|) = DCs,
¢(Ry) = DCy, and ¢p(R3) = DC».
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Blocking Pair

Data center DC; Data center DC;
R; =pu, Ry =pi, Rs R; =po, Rs =pe, R
Definition 2: (Blocking Pair). A pair (R;, DC;) of resource
request and data center is a blocking pair in an allocation plan
¢ 1t (i) R; 18 not placed in DC;, (ii) R; 1s either unplaced or
prefers DC; to ¢(R;), and (iii) DC; is either under-utilized or
prefers R; to the worst request placed 1n it.
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plan without any blocking
pairs?

(O The plan in the fig. is stable.
(O An unstable example

Data center DC; Data center DC»
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allocation plan ¢": ¢'(R;) = DCy, ¢'(R>) = DC», and ¢'(R3) =
DC,. In ¢’, (R», DC/) forms a blocking pair, because (i) R> is
not placed in DC, in ¢’, (ii) Ry prefers DC, to DC,, and (iii)
DC, prefers R, to the worst request placed in it, i.e., Rs. o
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SEA vs. Stable Marriage Problem

(O Stable Marriage Problem (SMP): given n men and n women, each person
is associated with a strictly ordered preference list containing all the
members of the opposite sex, find a stable matching.

(O The differences are

® Heterogeneous data centers
® Heterogeneous resource requests
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Allocation Algorithm for 1-D SEA w0
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Allocation Algorithm for 1-D SEA o0
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The allocation is stable, as there is no blocking pair.
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2-D SEA
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1-D SEA + Virtual Network Embedding
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Simulation Results (2
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Simulation Results 2
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Conclusions

(O To the best of our knowledge, this is the first attempt that
considers stability in resource allocation between multiple
providers and tenants.

(O We provide a detailed and proper problem formulation.

(O We develop efficient and effective solutions for both 1-D and
2-D SEA. Simulation results demonstrate the advantages of

both algorithms.
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