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Indications in black = Optional elements

Control theory fundamentals (30 min)
Managing power and performance in data centers (35 min)

Self-tuning memory management in IBM’s DB2 (35 min)

BREAK
Control of real-time systems using model-predictive control (35 min)
Automated workload management in virtualized data centers (35 min)
Research challenges (30 min)
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Indications in black = Optional elements

Control theory fundamentals
Control architecture and taxonomy
Simple analytics
Application summaries
Regulating load for IBM’s Lotus Domino email server
Optimizing throughput for Microsoft's .NET thread pool
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Indications in black = Optional elements

Elements of a Control System

Disturbance Input
Reference Control Control Measured
Input + Error [P Input | Target Output X
_\/ System
Transduced
Output
e Transducer [*
Components

Target system: what 1s controlled

Controller: exercises control

Transducer: translates measured outputs
Data

Reference input: objective

Control error: reference input minus measured output

Control input: manipulated to affect output

Disturbance input: other factors that affect the target system

Transduced output: result of manipulation
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Indications in black = Optional elements

= Adapts
Administrative =Simple system model
Reference TaSksl ................ Target. System,
RIS MaxUsers Actual : Measured
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_ Controller :

Closed Loop System

Administrative
TaSkSJTargetSystem
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RIS Open Loop RIS | RIS
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=Stable
=Fast settling

Open Loop System
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Indications in black = Optional elements

—

Types of Control
Reference Marsers £ e S =Manage to a reference value
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> Controller 2ol server —) sensor f——rp mEx: Service differentiation,

_ resource management, constrained

optimization
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I e =Ex: Minimize Apache response times
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y(k+1)=ay(k)+bu(k)

u(k) y(k)

Z-Transform vik+1) =ay(k)+bu(k) = zY(z)=aY(z)+bU(z)
ZZ"ZfﬁZ (TF) F(z)= () = b < (ba’,ba',ba’,...

U(z) z-a

5

Pole: Output at time k |s
proportional to a, for pole a.

Fast systems have small poles

Oscillations result if neg or im poles

Gain: Ratio of steady state output
to steady state input

Lomed 101
L
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Control Design
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Indications in black = Optional elements

Adding signals:

A(i) {c(k)=a(k)+b(k)} has
U(z é_, C(z) Z-Transform A(z)+B(z).
YO o) | Y2, i
o T o B B(z)
0.4} b : : :
15l _ i Transfer functions in series
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Concurrency Level
Optimization Objective
Choose concurrency level that maximizes throughput
Intuition: Use “hill climbing”

But specifics (and effectiveness) depend on
Curve shape: concave vs. just unimodal?
Transients when concurrency level changes
Measurement variability
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‘ Indications in black = Optional elements

Steady State System ldentification Model
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Properties
fa(x)=v"=Ff,(x7)
i">og‘”a>0 %<Op’ B>0

[\ fs)islinearif x=1(B=1)

[\ f;)isconstant if x=0(B=0)

Concave if o, B=1

* MAX *
Parameters: x ,x  ,v ,&,f
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Control State Diagram

ChangePointWhileLookingForMove
Same as ChangePointWhileInitializing

WaitForSteadyState
IsInTransition ()

State 2a — InTransition
CurrentHistorv.Add (data)

CompletedInitializing

State 2 — Looking for move.
CurrentHistorv.Add (data)

IsStableHistory (LastHistory) :

LastControlSetting = CurrentControlSetting
CurrentControlSetting = ExploreMove ()

—

State 1 - Initializing LastHistory.
LastHistory.Add (data)

ChangePointWhileInitializing
IsChangePoint (LastHistory) :

LastHistory = data
CurrentControlSetting
= ExploreMove ()

DirectedMove

IsSignificantDifference (CurrentHistory,
LastHistory) :

LastControlSetting
CurrentControlSetting
LastHistory
CurrentHistory

CurrentControlSetting

DirectedMove ()
CurrentHistory
null

StuckInState
IsStableHistory (CurrentHistory) &
CurrentHistory.Count > SufficientlylLargeHistory:

LastControlSetting = CurrentControlSetting
CurrentControlSetting = ExploreMove ()
LastHistory = CurrentHistory
CurrentHistory = null

ReverseBadMove

CurrentHistory.Count > MinimumHistory

& LastHistory.Mean() > CurrentHistory.Mean () :
Swap (CurrentControlSetting,
LastControlSetting)

ChangePointInQueueWaiting
IsChangeB%}nt(QueueOfWaiting)

State 1a — InTransition.




Example of Controller Assessments

throughput #threads

gg A AV Throughput=8.2 Avg Threads=8.1
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Controller | thruput | sithreads _
P A 8.2 8.1

B 18.5 20.6
C 19.6 22.1
D 18.5 19.7
E 7.8 7.7

Challenge: assess tens of thousands of cases

- Use system ID to generate synthetic workloads
efficiently as concurrency-throughput curves

- Real controller operates on synthetic workloads

- Can assess optimality of controller since know
peak of curve.



