
Complex Problem

Duality

Convexity

Decomposition

Dynamics



f(x*) (µ∗,λ*,1)

Duality



Decomposition

locally

Idea: Solve master problem 
with subproblem dynamics

Dual:

• Local Constraints ⇒ Distributed Algorithm
• Predictable Global Behavior



Example 1: LFSR Acquisition

Maximize Likelihood

Duality → Belief Propagation/Extended Kalman Filter

……

• Bounds on optimality
• Decomposition allows 

implementation in analog 
hardware



Example 2: TCP/AQM

Maximize Utility subject to 
Capacity constraints

Network
Users

Users adjust to prices

Routers adjust to rates

Routers

• Becomes standard congestion control protocol
• Provably stable under arbitrary delays



Example 3: Data Clustering
Minimize Distortion, 
Maximize Smoothness

features

graphs

• Generally NP-HARD
• Dual Provides Convexity
• Decomposition Provides Implementation



A bevy of complex problems

• Lots of interacting parts
• Local Constraints
• Global Behavior
• Dual Decomposition?
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