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Education

Doctorate: University of California, Berkeley
• Advisor: Francesco Borrelli

• Model Predictive Control Lab

Masters: Rensselaer Polytechnic Institute 
• Advisor: John Wen

• Center for Automation Technology and Systems

Bachelors: University of Washington
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Industrial Experience

Mitsubishi Electric Research Laboratories
• Autonomous driving

• Heating, Ventilation, and Air-Conditioning
• Advanced Manufacturing, Spacecraft (JAXA)

Sequoia Technologies
• Local start-up 
• Robotics for television broadcast

Air Force Research Laboratories
General Dynamics
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Research Interests
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Control Optimization

Optimization and Control for 
Energy Efficiency

Motion planning
• Autonomous driving
• Drones and robotics
• Spacecraft rendezvous

Real-time optimization
Computational geometry

Symmetry

Precision motion control
Factory automation

Learning-based control
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Symmetry: Intuition and Applications

Motivation: Model predictive control for large-scale systems

• High-dimensional problems

• Limited computation

Large-scale systems comprised of repeated components connected in regular 
patterns

• Patterns called symmetries

• Also called invariance or equivariance

Benefit: 

• Symmetric systems are simpler

• More symmetries è simpler system

Question: How do we use symmetry to simplify MPC?
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Model Predictive Control

Receding Horizon Control
1. Determine current situation

• Look at the chess board
• Measuring sensors

2. Formulate a plan of future actions
• Think about strategy
• Solve optimal control problem

3. Apply first-step of plan
• Move your pieces
• Command the actuators

Model Predictive Control:
• Obtain control input by solving constrained finite-time 

optimal control (CFTOC) problem
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Finite-Time Optimal Control Problem

min
u0,...,uN�1
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Model Predictive Control

Design Considerations for Model Predictive Control: 
• Stability: Closed-loop stability not guaranteed 

• Persistent Feasibility: Optimization problem 

• may become infeasible 

• Robustness: Controller must continue to function in 
presence of model uncertainty 

• Performance: Optimization problem only considers cost 
over finite-horizon 

• Real-time Implementation: Need to solve optimization 
problem in real-time 
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Model Predictive Control

Model Predictive Control:
• Obtain control input by solving constrained finite-time 

optimal control (CFTOC) problem

Explicit Model Predictive Control:
• Replace CFTOC with pre-solved look-up table

• If CFTOC is QP or LP then look-up table is piecewise affine 
on polyhedral partition 
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>>:

F1x+G1 for x 2 R1

...

Frx+Gr for x 2 Rr.
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Symmetric Constrained Optimal Control

A symmetry of the optimal control problem is a 
transformation that preserves:

• Constraints

• Dynamics

• Cost
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Symmetric Constrained Optimal Control

A symmetry of the optimal control problem is a 
transformation that preserves:

• Constraints

• Dynamics

• Cost
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Symmetric Constrained Optimal Control
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If the optimal control problem is symmetric and convex 
it has a symmetric controller 

Theorem: Symmetric MPC
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If the symmetric MPC is an LP or QP then the 
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Corollary: Symmetric Explicit MPC
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Example: Quadrotor

Symmetry group: Dihedral-4 group  ⨉ reflection group

• 16 symmetries

Without symmetry: 
• 10,173 controller pieces 

• 53.7 megabytes 

With symmetry: 
• 772 controller pieces 

• 4.2 megabytes 
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Orbit Sizes # of Orbits
1 1

2 6

4 30

8 215

16 520



Fundamental Domain Controller

Fundamental Domain Controller 
• Orbit controller requires solving original constrained 

optimal control problem and compressing the result. 

• Fundamental domain controller solves a smaller 
constrained optimal control problem. 

Linear-complexity algorithms
• Constructing fundamental domain

• Searching for transformation into fundamental domain
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Fundamental Domains: Archimedean Solids

Symmetry
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Alternating Direction Method of Multipliers Algorithm

Problem:

• Generic linear MPC problem

• Outputs are quantities to be constrained
• Output constraints include input constraints

• Box constraints on outputs

• Terminal cost and constraints can be added
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Alternating Direction Method of Multipliers Algorithm

ADMM: Augmented Lagrangian QP

• Split variable with inequality constraints
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Alternating Direction Method of Multipliers Algorithm

• Split variable with inequality constraints

• Add equality constraint to cost function 
• Lagrange multiplier 
• Quadratic regularization 
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Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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SP2: Constraint Projection
y+k = arg min

yk2Y
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��2
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<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

SP1: Unconstrained Optimal Control
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s.t. xk+1 = Axk +Buk

vk = Cxk +Duk
<latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Alternating Direction Method of Multipliers Algorithm

Iteratively solve Augmented Lagrangian QP
1. Solve for states, inputs, and unconstrained outputs

2. Solve for constrained outputs

3. Solve for dual-variables

Intuition:

• Sub-problem 1 trades-off tracking the unconstrained 
optimal and reference that avoids constraints

• Sub-problems 2+3 provide integral-action on the reference 
to avoid constrain violations
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xk, uk, vk
<latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit><latexit sha1_base64="G990yVGR0TTobT/eSie2NNBzPQg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiBV0W3LisYB/QhjCZTtohk0k6MymW0O9w40IRt36MO//GSZuFth64l8M59zJ3jp9wprRtf1uljc2t7Z3ybmVv/+DwqHp80lFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuH97lfndKpWKxeNSzhLoRHgkWMIK1kdwnL7xCad6mXuhVa3bdXgCtE6cgNSjQ8qpfg2FM0ogKTThWqu/YiXYzLDUjnM4rg1TRBJMQj2jfUIEjqtxscfQcXRhliIJYmhIaLdTfGxmOlJpFvpmMsB6rVS8X//P6qQ5u3YyJJNVUkOVDQcqRjlGeABoySYnmM0MwkczcisgYS0y0yaliQnBWv7xOOtd1x647D41as1HEUYYzOIdLcOAGmnAPLWgDgQk8wyu8WVPrxXq3PpajJavYOYU/sD5/AJkBkUc=</latexit>

yk
<latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit><latexit sha1_base64="eRbPJi0TQLsehFCtCBDp6E2WNME=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Qe0oWy2k3bpZhN2N0II/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0du53n1BpHstHkyXoR3QsecgZNVZ6yIbTYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6fKcCZwVhmkGhPKpnSMfUsljVD7+eLUGbmwyoiEsbIlDVmovydyGmmdRYHtjKiZ6FVvLv7n9VMT3vg5l0lqULLlojAVxMRk/jcZcYXMiMwSyhS3txI2oYoyY9Op2BC81ZfXSeeq7rl1775RazaKOMpwBudwCR5cQxPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5A2Dojc0=</latexit>

�k
<latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit><latexit sha1_base64="0n5vccMScb5QHV+IJOF92NQygfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx4jmAckS+idTJIhM7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqKWvSWMS6E6FhgivWtNwK1kk0QxkJ1o4mt3O//cS04bF6sNOEhRJHig85ReukTm+EUmJ/0i9X/Kq/AFknQU4qkKPRL3/1BjFNJVOWCjSmG/iJDTPUllPBZqVealiCdIIj1nVUoWQmzBb3zsiFUwZkGGtXypKF+nsiQ2nMVEauU6Idm1VvLv7ndVM7vAkzrpLUMkWXi4apIDYm8+fJgGtGrZg6glRzdyuhY9RIrYuo5EIIVl9eJ62rauBXg/tapV7L4yjCGZzDJQRwDXW4gwY0gYKAZ3iFN+/Re/HevY9la8HLZ07hD7zPHwP2j+U=</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>

SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Symmetric ADMM

Computational bottleneck is solving the unconstrained 
optimal control problem

• SP1: O(n2) / O(n3)

• SP2 & SP3: O(n)

Exploit symmetry to reduce the computational complexity 

• Symmetric Decomposition
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SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

SP1: Unconstrained Optimal Control

min
N�1X

k=0


xk

uk

�0
Q S
S R

�
xk

uk

�
+
⇢

2

��vk�rk
��2
2

s.t. xk+1 = Axk +Buk

vk = Cxk +Duk
<latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>



Symmetric Decomposition

Use Schur’s lemma to decompose linear systems

• From representation theory of linear groups

Decompose dynamics of symmetric systems
• Symmetric cost decompose similarly
• Decomposition is both numerically and dynamically robust
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Symmetric matrices have input subspaces that 
only affect the corresponding output subspace

Schur’s Lemma

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

u(t)
<latexit sha1_base64="ZudqXuFsTasJXJ1/ybHHPJOUmUw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/nY3Nre2d3dJeef/g8Oi4cnLaMXGqGW+zWMa6F1DDpYh4GwVK3ks0pyqQvBtM73K/+8S1EXH0iLOE+4qOIxEKRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcxSxSNkkhrT99wE/YxqFEzyeXmQGp5QNqVj3rc0ooobP1vcOieXVhmRMNa2IiQL9fdERpUxMxXYTkVxYla9XPzP66cYNvxMREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPGUbQje6svrpHNd99y693BTbTaKOEpwDhdQAw9uoQn30II2MJjAM7zCm6OcF+fd+Vi2bjjFzBn8gfP5A3oyjdI=</latexit><latexit sha1_base64="ZudqXuFsTasJXJ1/ybHHPJOUmUw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/nY3Nre2d3dJeef/g8Oi4cnLaMXGqGW+zWMa6F1DDpYh4GwVK3ks0pyqQvBtM73K/+8S1EXH0iLOE+4qOIxEKRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcxSxSNkkhrT99wE/YxqFEzyeXmQGp5QNqVj3rc0ooobP1vcOieXVhmRMNa2IiQL9fdERpUxMxXYTkVxYla9XPzP66cYNvxMREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPGUbQje6svrpHNd99y693BTbTaKOEpwDhdQAw9uoQn30II2MJjAM7zCm6OcF+fd+Vi2bjjFzBn8gfP5A3oyjdI=</latexit><latexit sha1_base64="ZudqXuFsTasJXJ1/ybHHPJOUmUw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/nY3Nre2d3dJeef/g8Oi4cnLaMXGqGW+zWMa6F1DDpYh4GwVK3ks0pyqQvBtM73K/+8S1EXH0iLOE+4qOIxEKRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcxSxSNkkhrT99wE/YxqFEzyeXmQGp5QNqVj3rc0ooobP1vcOieXVhmRMNa2IiQL9fdERpUxMxXYTkVxYla9XPzP66cYNvxMREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPGUbQje6svrpHNd99y693BTbTaKOEpwDhdQAw9uoQn30II2MJjAM7zCm6OcF+fd+Vi2bjjFzBn8gfP5A3oyjdI=</latexit><latexit sha1_base64="ZudqXuFsTasJXJ1/ybHHPJOUmUw=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/nY3Nre2d3dJeef/g8Oi4cnLaMXGqGW+zWMa6F1DDpYh4GwVK3ks0pyqQvBtM73K/+8S1EXH0iLOE+4qOIxEKRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcxSxSNkkhrT99wE/YxqFEzyeXmQGp5QNqVj3rc0ooobP1vcOieXVhmRMNa2IiQL9fdERpUxMxXYTkVxYla9XPzP66cYNvxMREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPGUbQje6svrpHNd99y693BTbTaKOEpwDhdQAw9uoQn30II2MJjAM7zCm6OcF+fd+Vi2bjjFzBn8gfP5A3oyjdI=</latexit>

y(t)
<latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit>

u(t) 2 U1 ) y(t) 2 Y1

u(t) 2 U?
1 ) y(t) 2 Y?

1
<latexit sha1_base64="pX8q39WAW9qaV7f2EVy+0W86lMg="></latexit><latexit sha1_base64="pX8q39WAW9qaV7f2EVy+0W86lMg="></latexit><latexit sha1_base64="pX8q39WAW9qaV7f2EVy+0W86lMg="></latexit><latexit sha1_base64="pX8q39WAW9qaV7f2EVy+0W86lMg="></latexit>

�⇤
y,iG�u,j =

(
Ĝii if i = j

0 if i 6= j
<latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit>



Symmetric Decomposition: Example

Example: 2-masses (4 states, 2 inputs/outputs)
• Reflective symmetry

• In-phase forces will produce in-phase displacements

• Out-of-phase forces will produce out-of-phase displacements

© 2020 Dr. Claus Danielson Symmetry 32

m
<latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit>

m
<latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit>

u1, y1
<latexit sha1_base64="dVhsy6kYSv0WVpFfQ863NW4GWdE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBg5SsCHqSghePFewHtCFstpt26WYTdjdCCP0RXjwo4tXf481/47bNQVsfDDzem2FmXpgKro3nfTuVtfWNza3qdm1nd2//wD086ugkU5S1aSIS1QuJZoJL1jbcCNZLFSNxKFg3nNzN/O4TU5on8tHkKfNjMpI84pQYK3WzAF/kAQ7cutfw5kCrBJekDiVagfs1GCY0i5k0VBCt+9hLjV8QZTgVbFobZJqlhE7IiPUtlSRm2i/m507RmVWGKEqULWnQXP09UZBY6zwObWdMzFgvezPxP6+fmejGL7hMM8MkXSyKMoFMgma/oyFXjBqRW0Ko4vZWRMdEEWpsQjUbAl5+eZV0LhvYa+CHq3rztoyjCidwCueA4RqacA8taAOFCTzDK7w5qfPivDsfi9aKU84cwx84nz9z8Y72</latexit><latexit sha1_base64="dVhsy6kYSv0WVpFfQ863NW4GWdE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBg5SsCHqSghePFewHtCFstpt26WYTdjdCCP0RXjwo4tXf481/47bNQVsfDDzem2FmXpgKro3nfTuVtfWNza3qdm1nd2//wD086ugkU5S1aSIS1QuJZoJL1jbcCNZLFSNxKFg3nNzN/O4TU5on8tHkKfNjMpI84pQYK3WzAF/kAQ7cutfw5kCrBJekDiVagfs1GCY0i5k0VBCt+9hLjV8QZTgVbFobZJqlhE7IiPUtlSRm2i/m507RmVWGKEqULWnQXP09UZBY6zwObWdMzFgvezPxP6+fmejGL7hMM8MkXSyKMoFMgma/oyFXjBqRW0Ko4vZWRMdEEWpsQjUbAl5+eZV0LhvYa+CHq3rztoyjCidwCueA4RqacA8taAOFCTzDK7w5qfPivDsfi9aKU84cwx84nz9z8Y72</latexit><latexit sha1_base64="dVhsy6kYSv0WVpFfQ863NW4GWdE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBg5SsCHqSghePFewHtCFstpt26WYTdjdCCP0RXjwo4tXf481/47bNQVsfDDzem2FmXpgKro3nfTuVtfWNza3qdm1nd2//wD086ugkU5S1aSIS1QuJZoJL1jbcCNZLFSNxKFg3nNzN/O4TU5on8tHkKfNjMpI84pQYK3WzAF/kAQ7cutfw5kCrBJekDiVagfs1GCY0i5k0VBCt+9hLjV8QZTgVbFobZJqlhE7IiPUtlSRm2i/m507RmVWGKEqULWnQXP09UZBY6zwObWdMzFgvezPxP6+fmejGL7hMM8MkXSyKMoFMgma/oyFXjBqRW0Ko4vZWRMdEEWpsQjUbAl5+eZV0LhvYa+CHq3rztoyjCidwCueA4RqacA8taAOFCTzDK7w5qfPivDsfi9aKU84cwx84nz9z8Y72</latexit><latexit sha1_base64="dVhsy6kYSv0WVpFfQ863NW4GWdE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBg5SsCHqSghePFewHtCFstpt26WYTdjdCCP0RXjwo4tXf481/47bNQVsfDDzem2FmXpgKro3nfTuVtfWNza3qdm1nd2//wD086ugkU5S1aSIS1QuJZoJL1jbcCNZLFSNxKFg3nNzN/O4TU5on8tHkKfNjMpI84pQYK3WzAF/kAQ7cutfw5kCrBJekDiVagfs1GCY0i5k0VBCt+9hLjV8QZTgVbFobZJqlhE7IiPUtlSRm2i/m507RmVWGKEqULWnQXP09UZBY6zwObWdMzFgvezPxP6+fmejGL7hMM8MkXSyKMoFMgma/oyFXjBqRW0Ko4vZWRMdEEWpsQjUbAl5+eZV0LhvYa+CHq3rztoyjCidwCueA4RqacA8taAOFCTzDK7w5qfPivDsfi9aKU84cwx84nz9z8Y72</latexit>

u2, y2
<latexit sha1_base64="mA7Lfe+z5D2IG9+6RdnBnWnR28Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQU9S8OKxgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3aKe/u7R8cVo6O2ybJNOMtlshEd0NquBSKt1Cg5N1UcxqHknfC8d3M7zxxbUSiHnGScj+mQyUiwShaqZMF9ctJUA8qVbfmzkFWiVeQKhRoBpWv/iBhWcwVMkmN6Xluin5ONQom+bTczwxPKRvTIe9ZqmjMjZ/Pz52Sc6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+XYXTj50KlGXLFFouiTBJMyOx3MhCaM5QTSyjTwt5K2IhqytAmVLYheMsvr5J2vea5Ne/hqtq4LeIowSmcwQV4cA0NuIcmtIDBGJ7hFd6c1Hlx3p2PReuaU8ycwB84nz92/Y74</latexit><latexit sha1_base64="mA7Lfe+z5D2IG9+6RdnBnWnR28Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQU9S8OKxgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3aKe/u7R8cVo6O2ybJNOMtlshEd0NquBSKt1Cg5N1UcxqHknfC8d3M7zxxbUSiHnGScj+mQyUiwShaqZMF9ctJUA8qVbfmzkFWiVeQKhRoBpWv/iBhWcwVMkmN6Xluin5ONQom+bTczwxPKRvTIe9ZqmjMjZ/Pz52Sc6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+XYXTj50KlGXLFFouiTBJMyOx3MhCaM5QTSyjTwt5K2IhqytAmVLYheMsvr5J2vea5Ne/hqtq4LeIowSmcwQV4cA0NuIcmtIDBGJ7hFd6c1Hlx3p2PReuaU8ycwB84nz92/Y74</latexit><latexit sha1_base64="mA7Lfe+z5D2IG9+6RdnBnWnR28Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQU9S8OKxgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3aKe/u7R8cVo6O2ybJNOMtlshEd0NquBSKt1Cg5N1UcxqHknfC8d3M7zxxbUSiHnGScj+mQyUiwShaqZMF9ctJUA8qVbfmzkFWiVeQKhRoBpWv/iBhWcwVMkmN6Xluin5ONQom+bTczwxPKRvTIe9ZqmjMjZ/Pz52Sc6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+XYXTj50KlGXLFFouiTBJMyOx3MhCaM5QTSyjTwt5K2IhqytAmVLYheMsvr5J2vea5Ne/hqtq4LeIowSmcwQV4cA0NuIcmtIDBGJ7hFd6c1Hlx3p2PReuaU8ycwB84nz92/Y74</latexit><latexit sha1_base64="mA7Lfe+z5D2IG9+6RdnBnWnR28Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUQU9S8OKxgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3aKe/u7R8cVo6O2ybJNOMtlshEd0NquBSKt1Cg5N1UcxqHknfC8d3M7zxxbUSiHnGScj+mQyUiwShaqZMF9ctJUA8qVbfmzkFWiVeQKhRoBpWv/iBhWcwVMkmN6Xluin5ONQom+bTczwxPKRvTIe9ZqmjMjZ/Pz52Sc6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+XYXTj50KlGXLFFouiTBJMyOx3MhCaM5QTSyjTwt5K2IhqytAmVLYheMsvr5J2vea5Ne/hqtq4LeIowSmcwQV4cA0NuIcmtIDBGJ7hFd6c1Hlx3p2PReuaU8ycwB84nz92/Y74</latexit>

k
<latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit>

k
<latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit>

k
<latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit><latexit sha1_base64="zJbAczDVkTYeSrIrm0OtKI6fR+c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmpNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP0VGM6w==</latexit>

b
<latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit>

b
<latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit>

b
<latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit><latexit sha1_base64="PNhBVPK4h4FltrZJ5pKUWcxI8FQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmsGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHw62M4g==</latexit>
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u1(t) = u2(t) ) y1(t) = y2(t)
<latexit sha1_base64="CfRQrk2Ypxz81f7lx3+NMy/DUCQ=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIFaHMFEE3QsGNyyr2Am0ZMmmmDc1cSE6UYehDuPFV3LhQxK0Ld76N6bSCth4IfPz/OZyc34sFV2DbX1ZuaXlldS2/XtjY3NreKe7uNVWkJWUNGolItj2imOAhawAHwdqxZCTwBGt5o8uJ37pjUvEovIUkZr2ADELuc0rASG7xRLtOGY7xBdZudQLdGz4YApEyusfJj5dknlss2RU7K7wIzgxKaFZ1t/jZ7UdUBywEKohSHceOoZcSCZwKNi50tWIxoSMyYB2DIQmY6qXZUWN8ZJQ+9iNpXgg4U39PpCRQKgk80xkQGKp5byL+53U0+Oe9lIexBhbS6SJfCwwRniSE+1wyCiIxQKjk5q+YDokkFEyOBROCM3/yIjSrFceuONenpVp1FkceHaBDVEYOOkM1dIXqqIEoekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9KevjG2plmzo=</latexit><latexit sha1_base64="CfRQrk2Ypxz81f7lx3+NMy/DUCQ=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIFaHMFEE3QsGNyyr2Am0ZMmmmDc1cSE6UYehDuPFV3LhQxK0Ld76N6bSCth4IfPz/OZyc34sFV2DbX1ZuaXlldS2/XtjY3NreKe7uNVWkJWUNGolItj2imOAhawAHwdqxZCTwBGt5o8uJ37pjUvEovIUkZr2ADELuc0rASG7xRLtOGY7xBdZudQLdGz4YApEyusfJj5dknlss2RU7K7wIzgxKaFZ1t/jZ7UdUBywEKohSHceOoZcSCZwKNi50tWIxoSMyYB2DIQmY6qXZUWN8ZJQ+9iNpXgg4U39PpCRQKgk80xkQGKp5byL+53U0+Oe9lIexBhbS6SJfCwwRniSE+1wyCiIxQKjk5q+YDokkFEyOBROCM3/yIjSrFceuONenpVp1FkceHaBDVEYOOkM1dIXqqIEoekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9KevjG2plmzo=</latexit><latexit sha1_base64="CfRQrk2Ypxz81f7lx3+NMy/DUCQ=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIFaHMFEE3QsGNyyr2Am0ZMmmmDc1cSE6UYehDuPFV3LhQxK0Ld76N6bSCth4IfPz/OZyc34sFV2DbX1ZuaXlldS2/XtjY3NreKe7uNVWkJWUNGolItj2imOAhawAHwdqxZCTwBGt5o8uJ37pjUvEovIUkZr2ADELuc0rASG7xRLtOGY7xBdZudQLdGz4YApEyusfJj5dknlss2RU7K7wIzgxKaFZ1t/jZ7UdUBywEKohSHceOoZcSCZwKNi50tWIxoSMyYB2DIQmY6qXZUWN8ZJQ+9iNpXgg4U39PpCRQKgk80xkQGKp5byL+53U0+Oe9lIexBhbS6SJfCwwRniSE+1wyCiIxQKjk5q+YDokkFEyOBROCM3/yIjSrFceuONenpVp1FkceHaBDVEYOOkM1dIXqqIEoekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9KevjG2plmzo=</latexit><latexit sha1_base64="CfRQrk2Ypxz81f7lx3+NMy/DUCQ=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIFaHMFEE3QsGNyyr2Am0ZMmmmDc1cSE6UYehDuPFV3LhQxK0Ld76N6bSCth4IfPz/OZyc34sFV2DbX1ZuaXlldS2/XtjY3NreKe7uNVWkJWUNGolItj2imOAhawAHwdqxZCTwBGt5o8uJ37pjUvEovIUkZr2ADELuc0rASG7xRLtOGY7xBdZudQLdGz4YApEyusfJj5dknlss2RU7K7wIzgxKaFZ1t/jZ7UdUBywEKohSHceOoZcSCZwKNi50tWIxoSMyYB2DIQmY6qXZUWN8ZJQ+9iNpXgg4U39PpCRQKgk80xkQGKp5byL+53U0+Oe9lIexBhbS6SJfCwwRniSE+1wyCiIxQKjk5q+YDokkFEyOBROCM3/yIjSrFceuONenpVp1FkceHaBDVEYOOkM1dIXqqIEoekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9KevjG2plmzo=</latexit>

u1(t) = �u2(t) ) y1(t) = �y2(t)
<latexit sha1_base64="s85JIvKa6/pjZT8yo4NE+4koNMc=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR6sKSFEE3QsGNyyr2Am0Ik+mkHTq5MHOihNCncOOruHGhiFtx59s4aYNo64GBj/8/hzPndyPBFZjml1FYWl5ZXSuulzY2t7Z3yrt7bRXGkrIWDUUouy5RTPCAtYCDYN1IMuK7gnXc8WXmd+6YVDwMbiGJmO2TYcA9TgloySmfxI5VhWN8gTXVM+rf8OEIiJThPU5+zGRqOuWKWTOnhRfByqGC8mo65c/+IKSxzwKggijVs8wI7JRI4FSwSakfKxYROiZD1tMYEJ8pO52eNcFHWhlgL5T6BYCn6u+JlPhKJb6rO30CIzXvZeJ/Xi8G79xOeRDFwAI6W+TFAkOIs4zwgEtGQSQaCJVc/xXTEZGEgk6ypEOw5k9ehHa9Zpk16/q00qjncRTRATpEVWShM9RAV6iJWoiiB/SEXtCr8Wg8G2/G+6y1YOQz++hPGR/fUiqbqA==</latexit><latexit sha1_base64="s85JIvKa6/pjZT8yo4NE+4koNMc=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR6sKSFEE3QsGNyyr2Am0Ik+mkHTq5MHOihNCncOOruHGhiFtx59s4aYNo64GBj/8/hzPndyPBFZjml1FYWl5ZXSuulzY2t7Z3yrt7bRXGkrIWDUUouy5RTPCAtYCDYN1IMuK7gnXc8WXmd+6YVDwMbiGJmO2TYcA9TgloySmfxI5VhWN8gTXVM+rf8OEIiJThPU5+zGRqOuWKWTOnhRfByqGC8mo65c/+IKSxzwKggijVs8wI7JRI4FSwSakfKxYROiZD1tMYEJ8pO52eNcFHWhlgL5T6BYCn6u+JlPhKJb6rO30CIzXvZeJ/Xi8G79xOeRDFwAI6W+TFAkOIs4zwgEtGQSQaCJVc/xXTEZGEgk6ypEOw5k9ehHa9Zpk16/q00qjncRTRATpEVWShM9RAV6iJWoiiB/SEXtCr8Wg8G2/G+6y1YOQz++hPGR/fUiqbqA==</latexit><latexit sha1_base64="s85JIvKa6/pjZT8yo4NE+4koNMc=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR6sKSFEE3QsGNyyr2Am0Ik+mkHTq5MHOihNCncOOruHGhiFtx59s4aYNo64GBj/8/hzPndyPBFZjml1FYWl5ZXSuulzY2t7Z3yrt7bRXGkrIWDUUouy5RTPCAtYCDYN1IMuK7gnXc8WXmd+6YVDwMbiGJmO2TYcA9TgloySmfxI5VhWN8gTXVM+rf8OEIiJThPU5+zGRqOuWKWTOnhRfByqGC8mo65c/+IKSxzwKggijVs8wI7JRI4FSwSakfKxYROiZD1tMYEJ8pO52eNcFHWhlgL5T6BYCn6u+JlPhKJb6rO30CIzXvZeJ/Xi8G79xOeRDFwAI6W+TFAkOIs4zwgEtGQSQaCJVc/xXTEZGEgk6ypEOw5k9ehHa9Zpk16/q00qjncRTRATpEVWShM9RAV6iJWoiiB/SEXtCr8Wg8G2/G+6y1YOQz++hPGR/fUiqbqA==</latexit><latexit sha1_base64="s85JIvKa6/pjZT8yo4NE+4koNMc=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR6sKSFEE3QsGNyyr2Am0Ik+mkHTq5MHOihNCncOOruHGhiFtx59s4aYNo64GBj/8/hzPndyPBFZjml1FYWl5ZXSuulzY2t7Z3yrt7bRXGkrIWDUUouy5RTPCAtYCDYN1IMuK7gnXc8WXmd+6YVDwMbiGJmO2TYcA9TgloySmfxI5VhWN8gTXVM+rf8OEIiJThPU5+zGRqOuWKWTOnhRfByqGC8mo65c/+IKSxzwKggijVs8wI7JRI4FSwSakfKxYROiZD1tMYEJ8pO52eNcFHWhlgL5T6BYCn6u+JlPhKJb6rO30CIzXvZeJ/Xi8G79xOeRDFwAI6W+TFAkOIs4zwgEtGQSQaCJVc/xXTEZGEgk6ypEOw5k9ehHa9Zpk16/q00qjncRTRATpEVWShM9RAV6iJWoiiB/SEXtCr8Wg8G2/G+6y1YOQz++hPGR/fUiqbqA==</latexit>

�1
y = �1

u =
1p
2


1
1

�

<latexit sha1_base64="fVaJP05imf8fqIlDpqj4E450q48="></latexit><latexit sha1_base64="fVaJP05imf8fqIlDpqj4E450q48="></latexit><latexit sha1_base64="fVaJP05imf8fqIlDpqj4E450q48="></latexit><latexit sha1_base64="fVaJP05imf8fqIlDpqj4E450q48="></latexit>

�2
y = �2

u =
1p
2


1

�1

�

<latexit sha1_base64="KtE4uGaF+rd6yWPX9eiwbzgp+MY="></latexit><latexit sha1_base64="KtE4uGaF+rd6yWPX9eiwbzgp+MY="></latexit><latexit sha1_base64="KtE4uGaF+rd6yWPX9eiwbzgp+MY="></latexit><latexit sha1_base64="KtE4uGaF+rd6yWPX9eiwbzgp+MY="></latexit>

�⇤
y,iG�u,j =

(
Ĝii if i = j

0 if i 6= j
<latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit>



Symmetric Decomposition: Example

Example: Quadrotor (12 states, 4 inputs)
• Dihedral-4 symmetry

• Decomposition into 4 subsystems:
• z-cartesian dynamics: 2 states, 1 input 
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�1
u =

1

2

2

664

1
1
1
1

3

775

<latexit sha1_base64="fTgQ3jd38xG4sF8zACVUrd/GMEU="></latexit><latexit sha1_base64="fTgQ3jd38xG4sF8zACVUrd/GMEU="></latexit><latexit sha1_base64="fTgQ3jd38xG4sF8zACVUrd/GMEU="></latexit><latexit sha1_base64="fTgQ3jd38xG4sF8zACVUrd/GMEU="></latexit>

�2
u =

1

2

2

664

1
�1
1

�1

3

775

<latexit sha1_base64="DGIsu9XXLgediY1hvzrIR/ns+CE="></latexit><latexit sha1_base64="DGIsu9XXLgediY1hvzrIR/ns+CE="></latexit><latexit sha1_base64="DGIsu9XXLgediY1hvzrIR/ns+CE="></latexit><latexit sha1_base64="DGIsu9XXLgediY1hvzrIR/ns+CE="></latexit>

�3
u =

1p
2

2

664

1
0

�1
0

3

775

<latexit sha1_base64="c9xFuIP2izc5yX1av2h757v5kmM="></latexit><latexit sha1_base64="c9xFuIP2izc5yX1av2h757v5kmM="></latexit><latexit sha1_base64="c9xFuIP2izc5yX1av2h757v5kmM="></latexit><latexit sha1_base64="c9xFuIP2izc5yX1av2h757v5kmM="></latexit>

�4
u =

1p
2

2

664

0
1
0

�1

3

775

<latexit sha1_base64="TZCcUws9TjTOoV4VTo9XlzDHB3s="></latexit><latexit sha1_base64="TZCcUws9TjTOoV4VTo9XlzDHB3s="></latexit><latexit sha1_base64="TZCcUws9TjTOoV4VTo9XlzDHB3s="></latexit><latexit sha1_base64="TZCcUws9TjTOoV4VTo9XlzDHB3s="></latexit>

�⇤
y,iG�u,j =

(
Ĝii if i = j

0 if i 6= j
<latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit><latexit sha1_base64="DCVrzhAnqwhtSuX/tfRlrph/+y0="></latexit>



Symmetric ADMM

Use symmetric decomposition to decompose 
unconstrained optimal control problem

• Decompose dynamics and constraints

• Completely decoupled unconstrained optimal control 
problems

• Decoupled sub-problems can be solve sequentially or in 
parallel
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SP2: Constraint Projection
y+k = arg min

yk2Y

��yk � (vk � �k)
��2
2

<latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit><latexit sha1_base64="iNHAjFZCE2u9k5A7emYk2pNas5s="></latexit>

SP3: Dual-Variable Update
�+
k = �k + vk � yk

<latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit><latexit sha1_base64="dHZwMn6TaCTTvn6MZEYpuMTTMXM=">AAACCnicbVDLSgMxFM3UV62vUZduokUQimWmCLoRCm5cVrAPaMchk2ba0CQzJJnCMHTtxl9x40IRt36BO//GtJ2Fth5IODnnXm7uCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ub4+JVDQS9zqNicfRQNCQYqSN5NvHvQHiHD1U/BG8hvOHoRU4Nvc5TP2Rb5edqjMDXCZuTsogR8O3v3r9CCecCI0ZUqrrOrH2MiQ1xYxMSr1EkRjhERqQrqECcaK8bLbKBJ4apQ/DSJojNJypvzsyxJVKeWAqOdJDtehNxf+8bqLDKy+jIk40EXg+KEwY1BGc5gL7VBKsWWoIwpKav0I8RBJhbdIrmRDcxZWXSatWdZ2qe3dRrtfyOIrgCJyAM+CCS1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7y0YOU9h+APrM8fL5eYmA==</latexit>

SP1: Unconstrained Optimal Control

min
N�1X

k=0


xk

uk

�0
Q S
S R

�
xk

uk

�
+
⇢

2

��vk�rk
��2
2

s.t. xk+1 = Axk +Buk

vk = Cxk +Duk
<latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit><latexit sha1_base64="qEV1wwZ/BsB0t91JpJIldrbZ3SE="></latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{yk}N�1
k=0

<latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit><latexit sha1_base64="SR3f+3yvAX6idb7vs+KV+BzBVSU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aoZNJmJkIYQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEKaNSOc63tbS8srq2Xtmobm5t7+zae/sdmWQCkzZOWCJ6IZKEUU7aiipGeqkgKA4Z6Ybj64nffSRC0oTfqzwlfoyGnEYUI2WkwD70NMyDMfSKQI+vnOJB3565RWDXnLozBVwkbklqoEQrsL+8QYKzmHCFGZKy7zqp8jUSimJGiqqXSZIiPEZD0jeUo5hIX0/PL+CJUQYwSoQpruBU/T2hUSxlHoemM0ZqJOe9ifif189UdOlrytNMEY5ni6KMQZXASRZwQAXBiuWGICyouRXiERIIK5NY1YTgzr+8SDrnddepu3eNWrNRxlEBR+AYnAIXXIAmuAEt0AYYaPAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/B2mU0w==</latexit>

{rk}N�1
k=0 = {yk + �k}N�1

k=0
<latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit><latexit sha1_base64="BAeiQzMP/vgf4FQcTX/x59c/5vk=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0UQxJJIwW4KBTeupIJ9QBPDZDpph84kYWYihJBfceOvuHGhSHfizzhts9DWAwOHc87lzj1+zKhUlvVllNbWNza3ytuVnd29/QPz8Kgro0Rg0sERi0TfR5IwGpKOooqRfiwI4j4jPX9yM/N7T0RIGoUPKo2Jy9EopAHFSGnJMxtOBoU3gU7uZZOmlT9md5d2DptQ66nWL6AzQpyjlYhnVq2aNQdcJXZBqqBA2zOnzjDCCSehwgxJObCtWLkZEopiRvKKk0gSIzxBIzLQNEScSDebX5jDM60MYRAJ/UIF5+rviQxxKVPu6yRHaiyXvZn4nzdIVNBwMxrGiSIhXiwKEgZVBGd1wSEVBCuWaoKwoPqvEI+RQFjpUiu6BHv55FXSvarZVs2+r1db9aKOMjgBp+Ac2OAatMAtaIMOwOAZvIJ38GG8GG/GpzFdREtGMXMM/sD4/gEuY6Gf</latexit>
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Symmetric ADMM

Use symmetric decomposition to decompose 
unconstrained optimal control problem

• Decompose dynamics and constraints

• Completely decoupled unconstrained optimal control 
problems

• Decoupled sub-problems can be solve sequentially or in 
parallel
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<latexit sha1_base64="BWohCiwBv8S+WAZk2WLgZCEnZI0="></latexit><latexit sha1_base64="BWohCiwBv8S+WAZk2WLgZCEnZI0="></latexit><latexit sha1_base64="BWohCiwBv8S+WAZk2WLgZCEnZI0="></latexit><latexit sha1_base64="BWohCiwBv8S+WAZk2WLgZCEnZI0="></latexit>

...
<latexit sha1_base64="BG0Jlcdwdw7J4RXRqR6nAmhO6dU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDabTbt2kw27k0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT5pG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4Lx3dzvTLg2QiWPOE25H9NhIiLBKFqp3Z+ECs2gWnPr7gJknXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVKNgks8q/czwlLIxHfKepQmNufHzxbUzcmGVkERK20qQLNTfEzmNjZnGge2MKY7MqjcX//N6GUa3fi6SNEOesOWiKJMEFZm/TkKhOUM5tYQyLeythI2opgxtQBUbgrf68jppX9U9t+49XNcajSKOMpzBOVyCBzfQgHtoQgsYPMEzvMKbo5wX5935WLaWnGLmFP7A+fwBytWPQA==</latexit><latexit sha1_base64="BG0Jlcdwdw7J4RXRqR6nAmhO6dU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDabTbt2kw27k0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT5pG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4Lx3dzvTLg2QiWPOE25H9NhIiLBKFqp3Z+ECs2gWnPr7gJknXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVKNgks8q/czwlLIxHfKepQmNufHzxbUzcmGVkERK20qQLNTfEzmNjZnGge2MKY7MqjcX//N6GUa3fi6SNEOesOWiKJMEFZm/TkKhOUM5tYQyLeythI2opgxtQBUbgrf68jppX9U9t+49XNcajSKOMpzBOVyCBzfQgHtoQgsYPMEzvMKbo5wX5935WLaWnGLmFP7A+fwBytWPQA==</latexit><latexit sha1_base64="BG0Jlcdwdw7J4RXRqR6nAmhO6dU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDabTbt2kw27k0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT5pG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4Lx3dzvTLg2QiWPOE25H9NhIiLBKFqp3Z+ECs2gWnPr7gJknXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVKNgks8q/czwlLIxHfKepQmNufHzxbUzcmGVkERK20qQLNTfEzmNjZnGge2MKY7MqjcX//N6GUa3fi6SNEOesOWiKJMEFZm/TkKhOUM5tYQyLeythI2opgxtQBUbgrf68jppX9U9t+49XNcajSKOMpzBOVyCBzfQgHtoQgsYPMEzvMKbo5wX5935WLaWnGLmFP7A+fwBytWPQA==</latexit><latexit sha1_base64="BG0Jlcdwdw7J4RXRqR6nAmhO6dU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDabTbt2kw27k0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT5pG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4Lx3dzvTLg2QiWPOE25H9NhIiLBKFqp3Z+ECs2gWnPr7gJknXgFqUGB5qD61Q8Vy2KeIJPUmJ7npujnVKNgks8q/czwlLIxHfKepQmNufHzxbUzcmGVkERK20qQLNTfEzmNjZnGge2MKY7MqjcX//N6GUa3fi6SNEOesOWiKJMEFZm/TkKhOUM5tYQyLeythI2opgxtQBUbgrf68jppX9U9t+49XNcajSKOMpzBOVyCBzfQgHtoQgsYPMEzvMKbo5wX5935WLaWnGLmFP7A+fwBytWPQA==</latexit>

⇥m
<latexit sha1_base64="Bn9JI2tl949jUMjKPzZYOll18K0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5idzCZDZmbXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fj27nffuLGikQ/4CTloaJDLWLBKDqp00OhuCWqX674VX8Bsk6CnFQgR6Nf/uoNEpYprpFJam038FMMp9SgYJLPSr3M8pSyMR3yrqOaujXhdHHvjFw4ZUDixLjSSBbq74kpVdZOVOQ6FcWRXfXm4n9eN8O4Fk6FTjPkmi0XxZkkmJD582QgDGcoJ45QZoS7lbARNZShi6jkQghWX14nratq4FeD++tKvZbHUYQzOIdLCOAG6nAHDWgCAwnP8Apv3qP34r17H8vWgpfPnMIfeJ8/1+aPyw==</latexit><latexit sha1_base64="Bn9JI2tl949jUMjKPzZYOll18K0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5idzCZDZmbXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fj27nffuLGikQ/4CTloaJDLWLBKDqp00OhuCWqX674VX8Bsk6CnFQgR6Nf/uoNEpYprpFJam038FMMp9SgYJLPSr3M8pSyMR3yrqOaujXhdHHvjFw4ZUDixLjSSBbq74kpVdZOVOQ6FcWRXfXm4n9eN8O4Fk6FTjPkmi0XxZkkmJD582QgDGcoJ45QZoS7lbARNZShi6jkQghWX14nratq4FeD++tKvZbHUYQzOIdLCOAG6nAHDWgCAwnP8Apv3qP34r17H8vWgpfPnMIfeJ8/1+aPyw==</latexit><latexit sha1_base64="Bn9JI2tl949jUMjKPzZYOll18K0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5idzCZDZmbXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fj27nffuLGikQ/4CTloaJDLWLBKDqp00OhuCWqX674VX8Bsk6CnFQgR6Nf/uoNEpYprpFJam038FMMp9SgYJLPSr3M8pSyMR3yrqOaujXhdHHvjFw4ZUDixLjSSBbq74kpVdZOVOQ6FcWRXfXm4n9eN8O4Fk6FTjPkmi0XxZkkmJD582QgDGcoJ45QZoS7lbARNZShi6jkQghWX14nratq4FeD++tKvZbHUYQzOIdLCOAG6nAHDWgCAwnP8Apv3qP34r17H8vWgpfPnMIfeJ8/1+aPyw==</latexit><latexit sha1_base64="Bn9JI2tl949jUMjKPzZYOll18K0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS5idzCZDZmbXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fj27nffuLGikQ/4CTloaJDLWLBKDqp00OhuCWqX674VX8Bsk6CnFQgR6Nf/uoNEpYprpFJam038FMMp9SgYJLPSr3M8pSyMR3yrqOaujXhdHHvjFw4ZUDixLjSSBbq74kpVdZOVOQ6FcWRXfXm4n9eN8O4Fk6FTjPkmi0XxZkkmJD582QgDGcoJ45QZoS7lbARNZShi6jkQghWX14nratq4FeD++tKvZbHUYQzOIdLCOAG6nAHDWgCAwnP8Apv3qP34r17H8vWgpfPnMIfeJ8/1+aPyw==</latexit>



Symmetric ADMM

Decomposition of Sub-Problem 1: Unconstrained Optimal 
Control Problem
1. Project reference onto subspaces

2. Solve optimal control problem

3. Lift and combine outputs 

Sub-Problems 2&3 solved normally 
• Dual-variable updates can also be decomposed (w/ minimal benefit)
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<latexit sha1_base64="5Tw4VCuLZPOvGMOer8C/dIipmVg=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI8FETxWMG2hDWWz3bRLN5uw+yKU0N/gxYMiXv1B3vw3btsctHVgYZh5w743YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2glvz9M0AyqNbfuLkDWiVeQGhRoDapfNseymCtkkhrT89wUg5xqFEzyWaWfGZ5SNqEj3rNU0ZibIF8sOyMXVhmSKNH2KSQL9Xcip7Ex0zi0kzHFsVn15uJ/Xi/D6CbIhUoz5IotP4oySTAh88vJUGjOUE4toUwLuythY6opQ9tPxZbgrZ68TtpXdc+tew/XteZdUUcZzuAcLsGDBjThHlrgAwMBz/AKb45yXpx352M5WnKKzCn8gfP5A/JPjsU=</latexit><latexit sha1_base64="5Tw4VCuLZPOvGMOer8C/dIipmVg=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI8FETxWMG2hDWWz3bRLN5uw+yKU0N/gxYMiXv1B3vw3btsctHVgYZh5w743YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2glvz9M0AyqNbfuLkDWiVeQGhRoDapfNseymCtkkhrT89wUg5xqFEzyWaWfGZ5SNqEj3rNU0ZibIF8sOyMXVhmSKNH2KSQL9Xcip7Ex0zi0kzHFsVn15uJ/Xi/D6CbIhUoz5IotP4oySTAh88vJUGjOUE4toUwLuythY6opQ9tPxZbgrZ68TtpXdc+tew/XteZdUUcZzuAcLsGDBjThHlrgAwMBz/AKb45yXpx352M5WnKKzCn8gfP5A/JPjsU=</latexit><latexit sha1_base64="5Tw4VCuLZPOvGMOer8C/dIipmVg=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI8FETxWMG2hDWWz3bRLN5uw+yKU0N/gxYMiXv1B3vw3btsctHVgYZh5w743YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2glvz9M0AyqNbfuLkDWiVeQGhRoDapfNseymCtkkhrT89wUg5xqFEzyWaWfGZ5SNqEj3rNU0ZibIF8sOyMXVhmSKNH2KSQL9Xcip7Ex0zi0kzHFsVn15uJ/Xi/D6CbIhUoz5IotP4oySTAh88vJUGjOUE4toUwLuythY6opQ9tPxZbgrZ68TtpXdc+tew/XteZdUUcZzuAcLsGDBjThHlrgAwMBz/AKb45yXpx352M5WnKKzCn8gfP5A/JPjsU=</latexit><latexit sha1_base64="5Tw4VCuLZPOvGMOer8C/dIipmVg=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI8FETxWMG2hDWWz3bRLN5uw+yKU0N/gxYMiXv1B3vw3btsctHVgYZh5w743YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2glvz9M0AyqNbfuLkDWiVeQGhRoDapfNseymCtkkhrT89wUg5xqFEzyWaWfGZ5SNqEj3rNU0ZibIF8sOyMXVhmSKNH2KSQL9Xcip7Ex0zi0kzHFsVn15uJ/Xi/D6CbIhUoz5IotP4oySTAh88vJUGjOUE4toUwLuythY6opQ9tPxZbgrZ68TtpXdc+tew/XteZdUUcZzuAcLsGDBjThHlrgAwMBz/AKb45yXpx352M5WnKKzCn8gfP5A/JPjsU=</latexit>
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<latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit>

�0
i

<latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit><latexit sha1_base64="qhsaqbCYZW3BJk8HUVQRcQT3lQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEsMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHbQmfMgvh9WaW3dzkHXiFaQGBVrD6tdgFLM0QmmYoFr3PTcxfkaV4UzgvDJINSaUTekY+5ZKGqH2s/zcObmwyoiEsbIlDcnV3xMZjbSeRYHtjKiZ6FVvIf7n9VMTNvyMyyQ1KNlyUZgKYmKy+J2MuEJmxMwSyhS3txI2oYoyYxOq2BC81ZfXSee67rl17+Gm1mwUcZThDM7hCjy4hSbcQwvawGAKz/AKb07ivDjvzseyteQUM6fwB87nD75zjyI=</latexit>

⌃
<latexit sha1_base64="JBVxgTA03FdmOIiLvfVDzAyvSDA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKkBwDXjxGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyM/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa+NXg7rrSqOdxFOEMzuESAqhBA26hCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHaF2O+Q==</latexit><latexit sha1_base64="JBVxgTA03FdmOIiLvfVDzAyvSDA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKkBwDXjxGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyM/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa+NXg7rrSqOdxFOEMzuESAqhBA26hCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHaF2O+Q==</latexit><latexit sha1_base64="JBVxgTA03FdmOIiLvfVDzAyvSDA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKkBwDXjxGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyM/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa+NXg7rrSqOdxFOEMzuESAqhBA26hCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHaF2O+Q==</latexit><latexit sha1_base64="JBVxgTA03FdmOIiLvfVDzAyvSDA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKkBwDXjxGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyM/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa+NXg7rrSqOdxFOEMzuESAqhBA26hCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHaF2O+Q==</latexit>

{rk}N�1
k=0

<latexit sha1_base64="Ikxzw2hONkmbURYu07TMno0yxZU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aIZNJmJkIZQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEGaNSOc63tbS8srq2Xtmobm5t7+zae/sdmeYCkzZOWSp6IZKEUU7aiipGepkgKAkZ6Ybx9cTvPhIhacrv1TgjfoKGnEYUI2WkwD70NBRBDL0i0PGVUzzo2zO3COyaU3emgIvELUkNlGgF9pc3SHGeEK4wQ1L2XSdTvkZCUcxIUfVySTKEYzQkfUM5Soj09fT8Ap4YZQCjVJjiCk7V3xMaJVKOk9B0JkiN5Lw3Ef/z+rmKLn1NeZYrwvFsUZQzqFI4yQIOqCBYsbEhCAtqboV4hATCyiRWNSG48y8vks553XXq7l2j1myUcVTAETgGp8AFF6AJbkALtAEGGjyDV/BmPVkv1rv1MWtdssqZA/AH1ucP/EeUzA==</latexit><latexit sha1_base64="Ikxzw2hONkmbURYu07TMno0yxZU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aIZNJmJkIZQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEGaNSOc63tbS8srq2Xtmobm5t7+zae/sdmeYCkzZOWSp6IZKEUU7aiipGepkgKAkZ6Ybx9cTvPhIhacrv1TgjfoKGnEYUI2WkwD70NBRBDL0i0PGVUzzo2zO3COyaU3emgIvELUkNlGgF9pc3SHGeEK4wQ1L2XSdTvkZCUcxIUfVySTKEYzQkfUM5Soj09fT8Ap4YZQCjVJjiCk7V3xMaJVKOk9B0JkiN5Lw3Ef/z+rmKLn1NeZYrwvFsUZQzqFI4yQIOqCBYsbEhCAtqboV4hATCyiRWNSG48y8vks553XXq7l2j1myUcVTAETgGp8AFF6AJbkALtAEGGjyDV/BmPVkv1rv1MWtdssqZA/AH1ucP/EeUzA==</latexit><latexit sha1_base64="Ikxzw2hONkmbURYu07TMno0yxZU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aIZNJmJkIZQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEGaNSOc63tbS8srq2Xtmobm5t7+zae/sdmeYCkzZOWSp6IZKEUU7aiipGepkgKAkZ6Ybx9cTvPhIhacrv1TgjfoKGnEYUI2WkwD70NBRBDL0i0PGVUzzo2zO3COyaU3emgIvELUkNlGgF9pc3SHGeEK4wQ1L2XSdTvkZCUcxIUfVySTKEYzQkfUM5Soj09fT8Ap4YZQCjVJjiCk7V3xMaJVKOk9B0JkiN5Lw3Ef/z+rmKLn1NeZYrwvFsUZQzqFI4yQIOqCBYsbEhCAtqboV4hATCyiRWNSG48y8vks553XXq7l2j1myUcVTAETgGp8AFF6AJbkALtAEGGjyDV/BmPVkv1rv1MWtdssqZA/AH1ucP/EeUzA==</latexit><latexit sha1_base64="Ikxzw2hONkmbURYu07TMno0yxZU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpJIQTdCwY0rqWAf0MQwmU7aIZNJmJkIZQj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeEGaNSOc63tbS8srq2Xtmobm5t7+zae/sdmeYCkzZOWSp6IZKEUU7aiipGepkgKAkZ6Ybx9cTvPhIhacrv1TgjfoKGnEYUI2WkwD70NBRBDL0i0PGVUzzo2zO3COyaU3emgIvELUkNlGgF9pc3SHGeEK4wQ1L2XSdTvkZCUcxIUfVySTKEYzQkfUM5Soj09fT8Ap4YZQCjVJjiCk7V3xMaJVKOk9B0JkiN5Lw3Ef/z+rmKLn1NeZYrwvFsUZQzqFI4yQIOqCBYsbEhCAtqboV4hATCyiRWNSG48y8vks553XXq7l2j1myUcVTAETgGp8AFF6AJbkALtAEGGjyDV/BmPVkv1rv1MWtdssqZA/AH1ucP/EeUzA==</latexit>

{vk}N�1
k=0

<latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit><latexit sha1_base64="wMPj94dTr6tyCQYLQbGrN4mBEM8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZECroRCm5cSQX7gCaGyXTSDp1MwsykUIaAv+LGhSJu/Q53/o3TNgttPXDhcM693HtPmDIqleN8W6WV1bX1jfJmZWt7Z3fP3j9oyyQTmLRwwhLRDZEkjHLSUlQx0k0FQXHISCcc3Uz9zpgISRP+oCYp8WM04DSiGCkjBfaRp+E4GEEvD/To2skf9d25mwd21ak5M8Bl4hakCgo0A/vL6yc4iwlXmCEpe66TKl8joShmJK94mSQpwiM0ID1DOYqJ9PXs/ByeGqUPo0SY4grO1N8TGsVSTuLQdMZIDeWiNxX/83qZiq58TXmaKcLxfFGUMagSOM0C9qkgWLGJIQgLam6FeIgEwsokVjEhuIsvL5P2Rc11au59vdqoF3GUwTE4AWfABZegAW5BE7QABho8g1fwZj1ZL9a79TFvLVnFzCH4A+vzBwKqlNA=</latexit>

{r̂ik}N�1
k=0
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Symmetric ADMM

Computational Complexity

• Decomposing Sub-Problem 1 does not change convergence rate
• Transformations are orthogonal
• # of iterations for symmetric ADMM = # of iterations for baseline ADMM
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Computational Complexity

• Decomposing Sub-Problem 1 does not change convergence rate
• Transformations are orthogonal
• # of iterations for symmetric ADMM = # of iterations for baseline ADMM

+Decomposing Sub-Problem 1 does reduce cost of solving optimal control problem
• Sequential: reduction by m
• Parallel: reduction by m2

• m≤n is related to size of symmetry group
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Symmetric ADMM

Computational Complexity

• Decomposing Sub-Problem 1 does not change convergence rate
• Transformations are orthogonal
• # of iterations for symmetric ADMM = # of iterations for baseline ADMM

+Decomposing Sub-Problem 1 does reduce cost of solving optimal control problem
• Sequential: reduction by m
• Parallel: reduction by m2

• m≤n is related to size of symmetry group
-Addition cost required to project/lift Sub-Problem 1 

• Overall reduction if cost of performing transformations is sub-quadratic <O(m2)
• Generally, not true e.g. singular value decomposition O(n2)≥O(m2)
• Cyclic-m/dihedral-m groups: O(m log m) (Fast Fourier Transform)
• Symmetric-m/hyperoctohedral-m groups: O(m)
• 4 symmetry groups (cyclic/dihedral/symmetric/hyperoctohedral) cover most applications
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Outline

• Personal Overview
• Background
• Research Interests

• Symmetry
• Model Predictive Control (MPC)
• Symmetric MPC
• Symmetric Explicit MPC
• Symmetric Implicit MPC

• Symmetric Alternating Direction Method of Multipliers (ADMM)
• Example – Symmetric HVAC
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Application: Symmetric HVAC

Heating ventilation and air-conditioning (HVAC)

• Cost Function: 
• Room temperature tracking
• Energy consumption

• Dynamics:
• Thermodynamics
• Fluid-dynamics
• Heat-transfer

• Constraints:
• Maintain sub-cooling/super-heating in indoor units
• Ensure gas entering compressor
• Limits on valve and compressor
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Constrained Optimal Control Problem

min p(xN |t) +
PN�1

k=0 q(xk|t, uk|t)

s.t. xk+1|t = f(xk|t, uk|t)

xk|t 2 X , uk|t 2 U
xN |t 2 C

<latexit sha1_base64="GNjXN3FXzomg2luteLoIeR6PJqE="></latexit><latexit sha1_base64="GNjXN3FXzomg2luteLoIeR6PJqE="></latexit><latexit sha1_base64="GNjXN3FXzomg2luteLoIeR6PJqE="></latexit><latexit sha1_base64="GNjXN3FXzomg2luteLoIeR6PJqE="></latexit>



Application: Symmetric HVAC

Symmetry: 

• Due to repeated components
• Same heat-exchangers, fans, sensors in each room
• Refrigerant flows through pipes of similar diameter
• Rooms have different thermal masses, pipes have different 

lengths

• Behavioral symmetry
• Indoor units have similar dynamics and costs
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PN�1
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Application: Symmetric HVAC

• Test emulates embedded processor performance
• Disabled multi-threading, code acceleration, brute-force matrix computation

• Optimization problem always solved within the allotted time
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Application: Symmetric HVAC

• Memory requires below allotted space
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Thanks for your attention

Questions?

cdanielson@unm.edu


