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Background

Resource management of computing systems is complicated and getting
more so

Many interconnected resources
Complex workloads
Many sensors (metrics)

Many effectors (e.g., priority, thread pool size, memory allocations,
GC frequency)

Many other engineering disciplines have design problems with
complicated non-linear and stochastic dynamics

Aeronautical engineering: Maintain stable elevations
Electrical engineering: Design low noise circuits
Mechanical engineering: Control tools in manufacturing lines
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All use control theory



Theory

Elements of a control system

Control objectives

Mathematical details (short)

Performance engineering methdology
Practice

DB2 utilities throttling

DB2 automated memory tuning
Conclusions and what you can read to learn more
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Reference Control

Control \

Disturbance Input

Measured
Output

Input + Error ‘ Input ‘ Target
O »| Controller o E | Syste
Transduced
Output Transducets
Components

Targetsystem: whats controlled- hasSensors (metrics) &ffectors (knobs)

Controller: exercises control

Transducer: translates measured outputs

Data
Reference input: objective

Control error: reference input minus measured output
Control input:manipulates effectors to impact sensors
Disturbance input: other factors that affect the tasgstem
Measured output: Sensor values

Transduceautput: result of manipulation



AAdapts to change
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Types of Control Systems
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MaxUsers

u(k)

> Actual RIS

y(K)

Model of System Dynamics

y(K) =

ay(k- 1) +bu(k- 1)
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Control Design
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Determine the objectives of the control system 1 type of control (e.g.,
disturbance rejection), goals in terms of SASO properties

Map the problem into the control system framework
Target system(s): Sensors, Effectors

Controller s
Transducer (e.g., use calculated metrics?) & Good -
Reference value (policy) NI
System identification CETTTE - LA
(Simple) Mathematical description
Control design
Parameterize the controller "
Assessment

Time
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Practice

Utilities Throttling (DB2 v8.2)

Sujay Parekh, Kevin Rose, Yixin Diao, Victor Chang, Joseph L.
Hellerstein, Sam Lightstone, Matthew Huras. American Control
Conference, 2004.

Self-tuning memory management (DB2 v9.1)

," Yixin Diao, Joseph L. Hellerstein, Adam
Storm, Maheswaran Surendra, Sam Lightstone, Sujay Parekh, and
Christian Garcia-Arellano. American Control Conference, 2004.
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The Utilities Throttling Problem

Drops by >70%!!
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Utilities have a big impact on production performance.

Administrative policy

There should be no more than &b performance degradation of
production work as a result of executing administrative utilities




Choosing an Effector

CPU Priority
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Y% Impact
DBA R :7/8) E » Controller v, DB2
% Impact Pages/sec
Y* Baseline Model Y
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L Comrﬁute Y
Degradation |

R: Impact Limit
E: Error
U: Sleep %

Y: Pageometer
(pages/sec)

g: Model
parameters

Y*: Baseline perf

Assume linear effect of throttling on Y

Controller » a
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Online modeling provides a transducer that translates
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Database Memory Management

Optimize performance by
equalizing loads across the
memory pools.

Buffer [ Buffer [SS
Pool 1 fuae| Po0l2 |am

Buffer [ Buffer [ < Sorts
Pool 3 Radl Pool4 [ S

, —
BT

by L0

Package Cache

DB2 UDB Server:
Memory pools :

DB2

Clients




Multiple Input Multiple Output (MIMO) Control
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Decision support workload 59%
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Conclusions

Control systems consists of elements
Controller, target system, trans

Control objectives for computing systems focus on
SASO: Stability, accuracy, settling time, overshoot

Methodology for using control theory in performance
engineering
Determine goals, map framework, system identification, control
design, assessment
These simple models and analyses have been used in
performance engineering of DB2
Regulating the execution of administrative utilities
Self-tuning memory management
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