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Object

To ensure resource provisioning for guaranteeing service level objectives (SLOs).

mmma Demand-prediction based resource provisioning schemes

mmma - Avoid over-provisioning

mmmed - Avoid under-provisioning
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Overview

A brief review of current approaches

Our approach: Resource-efficient Predictive Resource Provisioning system in clouds

(RPRP)

1)  Burst-exclusive prediction
2)  Load-dependent padding
3) Responsive padding

Experimental results

Conclusion with future directions
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Current approach
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Burst-Exclusive Prediction

® Trace analysis

- To confirm the prevalence of bursts.

- To find whether CloudScale has relatively low resource utilization.
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Burst-Exclusive Prediction (cont.)

® Predicts demands based on history records.

- Fast Fourier Transform (FFT)
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Load-dependent Padding

® Given

(1) the probability distribution of the predicted demand levels ﬁ j

(2) the probability distribution of the actual demands for each level (i.e., }5 ]) and
(3) allowed violation rate € from SLO,

how can we _determine the padding value 8(}’9\ ]) for each level I’?\ j to

(a) achieve PT >1—c¢

(probability that the allocated resource is sufficient) and meanwhile

(b) minimize the expected total allocated resource.
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Load-dependent Padding (cont.)

Historical predicted and actual demand series during a time period [ty, ty]-
M different predicted demand levels:
@ﬁi={dl ? d?? =t dfzﬁl.}

N is the total number of workload demands in the demand series.
Np: is the number of workload demands in demand level Pi

M
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Load-dependent Padding (cont.)

Padding value for Pi : 5(131')

The probability that the allocated resource is sufficient (ari=ﬁ5+3 (ﬁf))

to meet the demand is: H 3( )‘ @ H
,... d; < ﬁ + ﬁ dj e i
Pr(p;) = ——— n: : '
5;

I

The expected probabilitv that the allocated resource is sufficient (P.) is
M - -
n di < pi+0(pi)ldi € Dy Y np,
Pr—ZPr pi :Z { J=Pi (Pi)l J p,H pi
np, N

i=1
The expected aIIocated resource amount can be calculated by
5.
[ [ p
Y. [pi+8(pi)l
pic?
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Load-dependent Padding (cont.)
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Figure 6: Dynamic programming algorithm. (a) an M xeN dynamic pro-
cramming matrix ML (b) procedure to determine the allocated resource if
we place j permitted violations on predicted demand level p;.
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Responsive Padding

Keeps the resource utilization efficiency while satisfying SLO dynamically.

Predicted demand Actual demand
Under
estimate
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Figure 7: Underestimate correction. Demand prediction and resource allocation
are performed at time #;, #, and 3. Responsive padding is performed at time
t'" where the allocated resource becomes insufficient for the demand before
next prediction and allocation.
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Responsive Padding (cont.)

e - . . . /
® If underestimation is flagged (resource utilization efficiency > Tu) at time ', then

1

Ay LA = Ayt + 5 (Umax — ayr)

.- . . . . .. I
® If the resource utilization efficiency is lower than Tl after raising (£ '), then

|
ar”+ﬁ — G.'r-'-' — E({Iru — L{rn)
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Experimental results

° Analytical Performance Evaluation

- Evaluate algorithm based on traces

® Trace-driven Simulation

- CloudSim simulation toolkit
- 1000 PMs
- 2000 VMs

Our algorithm: RPRP

Real testbed

- Based on XenAPI

- 5 PMs (2.00GHz Intel(R) Core(TM)2 CPU,
2GB memory, 60GB HDD)

- 11 VMs (1VCPU, 256MB memory, 8.0GB
virtual disk, running Debian Squeeze 6.0)

Comparison algorithms: Sandpiper, CloudScale
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Analytical Performance Evaluation
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Performance of the load-dependent padding algorithm

Result: Lower padding while satisfying SLO.

(¢) WorldCup trace
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Trace-driven Simulation

, 80 c 200
T OSandpiper O CloudScale 2 O Sandpiper BCIoudeIe
1]
260 TERPRP T - 5 150 TERPRP T
g > I
0 40 A i Q 100 -
o 0 Jf
* 20 A o 50 A T o
2 i -
20 20
8]
|_

Planetlab WorldCup  Google  Planetlab

50

The # of migrations
=
=
(]

o

0 Sandpiper
O CloudScale
RPRP

B

WorldCup  Google

PlanetLab

(a) Total number of overload PMs (b) Total number of SLO violations

(c) The number of migrations

Result: Lower number of overloads, lower number of SLO violations, fewer number of migrations.
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Real-World Testbed Experiments

10 w10 10
o o 3 | ~-Sandpiper 2
s 8r = B-CloudScale 2 8t I
3 [ v 8 © [
NI ¢ sorm A
. T s 4 R ) Ed— |
ey it l o
o9 L Z 28 o
© o I 2t
o ) 1 O
e o e 0 =)
. 0 20 40 60
Sandpiper CloudScale ~ RPRP Time (min) Sandpiper CloudScale  RPRP
(a) The number of overloads (b) Cumulated number of overloads (¢c) The number of migrations

Result: Confirm trace-driven simulation results.
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Conclusion and future work

In this paper, we proposed RPRP, which consists of three algorithms:
- 1) a burst-exclusive prediction algorithm,
- 2) a load-dependent padding algorithm,

- 3) a responsive padding algorithm.

We conducted extensive experiments to show the effectiveness of the proposed algorithms
and that RPRP achieves higher resource utilization, more accurate demand prediction, and

fewer SLO violations than previous schemes.

Future work: extend RPRP to deal with VMs with various priorities besides CPU and memory.
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