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Introduction

ADMM: Alternating Direction Method of Multipliers

➢ has been around since 1970s

➢ has received a lot of attention recently 
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ADMM Problem

𝑀𝑖𝑛 𝐷𝑥 − 𝑝

𝑥 ≥ 0

𝑀𝑖𝑛 𝐷𝑥 − 𝑝 + 𝑦 𝑥 − 𝑧 +
𝜌

2
𝑥 − 𝑧

z ≥ 0

𝑥𝑘+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥 𝐷𝑥 − 𝑝 + 𝑦𝑘 𝑥 − 𝑧𝑘 +
𝜌

2
𝑥 − 𝑧𝑘

𝑧𝑘+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑧≥0 𝐷𝑥𝑘+1 − 𝑝 + 𝑦𝑘 𝑥𝑘+1 − 𝑧 +
𝜌

2
𝑥𝑘+1 − 𝑧

𝑦𝑘+1 = 𝑦𝑘 + 𝜌(𝑥𝑘+1 − 𝑧𝑘+1)

ADMM well-known issue: 

➢ it could be really slow if used with an improper 

penalty parameter

Least Squares Problem: Augmented Lagrangian: 

A
D

M
M
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Accelerating ADMM

𝑥𝑘+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥 𝐷𝑥 − 𝑝 + 𝑦𝑘 𝑥 − 𝑧𝑘 +
𝜌

2
𝑥 − 𝑧𝑘

𝑧𝑘+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑧≥0 𝐷𝑥𝑘+1 − 𝑝 + 𝑦𝑘 𝑥𝑘+1 − 𝑧 +
𝜌

2
𝑥𝑘+1 − 𝑧

𝑦𝑘+1 = 𝑦𝑘 + 𝜌(𝑥𝑘+1 − 𝑧𝑘+1)
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Gauss

-Seidel

Fixed Stepsize

Gradient Ascent

Small 𝜌 Slow Gradient Ascent

Large 𝜌 Slow Gauss Seidel

❖ BB Method Acceleration

❖ Line Search Acceleration

❑ Dax, Linear Alg.  Applics. (1990)

❑ Barzilai , J. M. Borwein, IMA, (1988)



The Integrated ADMM 

❑ADMM + Barzilai-Borwein+ Line Search 
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Results

Prostate Case:

~430,000 Voxels

~9,000 Beamlets

H&N Case:

~365,000 Voxels

~20,000 Beamlets
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❑ Integrated ADMM VS Regular ADMM



Results

Relative Error ≤ 5E-5
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❑ Integrated ADMM VS Commercial CPLEX



Summary
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• We introduced a new version of ADMM which is 

much faster and less parameter independent

• Even a serial implementation of ADMM beats 

the commercial software CPLEX

• Distributed version of the integrated ADMM 

could be used for treatment planning in 

distributed settings like cloud


