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DB2 Self-Tuning Memory Management
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= Technical problems

— Large systems with varying
workloads and many
configuration parameters

— Autonomic computing: systems
self-management

= Challenges from systems
aspects

— Heterogeneous memory pools

— Dissimilar usage
characteristics

= Challenges from control
aspects

— Adaptation and self-design
— Reliability and robustness
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Load Balancing for Database Memory
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Constrained Optimization and Regulatory Control
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Dynamic State Feedback Controller

= State space model
e +1)= Ay )+ Blule)+a' (k)
= Control error
e(k)- (ﬁlw - z)(v<k>+ a°(k))
= Integral control error
e, (k + 1)= e, (k)+ e(k)
= Feedback control law
u(k)= KPe(k)+ Ke, (k)
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Linear quadratic regulation (LQR)

[eT(k) eTy(k)] Q [eT(k) eTy(k)]T * Cost of transient load imbalances
+uT(k) R u(k)

Define Q and R regarding to performance * Cost of changing resource allocations
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Local linear model Decentralized integral control
v 1—p 1 &
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Experimental Assessment

= OLTP workload: multiple (20) buffer pools
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DSS workload: various query lengths
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Comparing Control and Optimization Techniques

yi(k + 1) = bi(k)us(k)

ui(k +1) = u(k) —

Optimization-based approach
Gradient method
u(k + 1) = u(k) + A(k)p(k)
Projected gradient (quasi-Newton)
p(k) = —(H(k)— HR)AT (k) (AR H(R)AT (1)) ™"
A(K)H (k))y(k) (14
Step length (modified Armijo rule)

V f (ulk) + A(K)p(k) " p(k) = erV f (u(k)) " p(k)

Similarity in a simplified scenario

] 0 =y
1 ] =1
0 0

Ak)y=[1 1 --

u;(k+1) = (k )

y; (K)

N
@ ( 0= g3

a()

g

Differences in design considerations
= “Pure” average vs. convex sum
= Pole location vs. Armijo rule

= Steady-state gain vs. Hessian
matrix
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Simulation Study: Comparison with Optimization Approach

Optimization-based approach
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Summary

= DB2 self-tuning memory management

— Interconnection, heterogeneity, adaptation and
robustness, cost of control

— Constrained optimization with a linear feedback controller

— Experimental assessment for OLTP and DSS workloads
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