
Kernel-Based Learning for Smart Inverter Control 

Aditie Garg, Mana Jalali, Vassilis Kekatos 

November 29, 2018 
Anaheim, CA 

Acknowledgements NSF-CAREER-1751085 



Motivation 

n  Voltage fluctuations due to renewables 

n  Inefficiency of voltage control devices 

2 

n  Reactive power control with inverters 

load 

solar 
generation 

voltage 



Finding reactive power setpoints 

n  Centralized OPF [Lavaei-Low’14, Farivar-Low’15] 
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n  Local control curves [Turitsyn’11; Kekatos-Baldick’15; IEEE 1547 standard] 
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Volt/Watt 
ü no cyber requirements 

ü suboptimal 

ü high cyber requirements 

ü optimal, possibly obsolete 

n  Decentralized OPF  
[Dall’Anese-Dhople-Giannakis’15, Peng-Low’16] 

ü moderate computations 

ü high communications 

n  Quasi-static control policies 
 

ü  low communications 

ü close to optimal 
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Approximate grid model 

4 

n  Single-phase radial grid with N+1 nodes and N lines 

n  Linearized distribution flow (LDF) model  
[Baran-Wu’89], [Deka et al’17] 

vn

pn, qn

n  Voltage deviation options 

n  Approximate ohmic losses [Turitsyn’11] 

�s(q
g) = kXqg + yk22

<latexit sha1_base64="ukvMSMmgubPZJp6QzaylidVWpoQ="></latexit><latexit sha1_base64="ukvMSMmgubPZJp6QzaylidVWpoQ="></latexit><latexit sha1_base64="ukvMSMmgubPZJp6QzaylidVWpoQ="></latexit><latexit sha1_base64="ukvMSMmgubPZJp6QzaylidVWpoQ="></latexit>

deviation 

co
st 

+✏
<latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit>

�✏
<latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit>

- least-squares 

- epsilon-insensitive 

ṽ ' R(pg � pc) +X(qg � qc)

= Xqg + y
<latexit sha1_base64="eJnlIxbbD/lPqeAxrXbIM9oIo9E="></latexit><latexit sha1_base64="eJnlIxbbD/lPqeAxrXbIM9oIo9E="></latexit><latexit sha1_base64="eJnlIxbbD/lPqeAxrXbIM9oIo9E="></latexit><latexit sha1_base64="eJnlIxbbD/lPqeAxrXbIM9oIo9E="></latexit>

�✏(q
g) =

NX

n=1

[e>n (Xqg + y)]✏
<latexit sha1_base64="DbS4D9J7vOdm1rMb12ifIBFMfj0="></latexit><latexit sha1_base64="DbS4D9J7vOdm1rMb12ifIBFMfj0="></latexit><latexit sha1_base64="DbS4D9J7vOdm1rMb12ifIBFMfj0="></latexit><latexit sha1_base64="DbS4D9J7vOdm1rMb12ifIBFMfj0="></latexit>

L(qg) = (qg � qc)>R(qg � qc)
<latexit sha1_base64="1oE86HNDAnAw1AxnHXJmlVa0Q9Q="></latexit><latexit sha1_base64="1oE86HNDAnAw1AxnHXJmlVa0Q9Q="></latexit><latexit sha1_base64="1oE86HNDAnAw1AxnHXJmlVa0Q9Q="></latexit><latexit sha1_base64="1oE86HNDAnAw1AxnHXJmlVa0Q9Q="></latexit>



n  Inverter setpoints to minimize voltage deviation and/or losses 

Problem formulation 

5 

n  Policy outputs heuristically projected within feasible range 

n  Inverter setpoints as policies qgn(zn) = fn(zn)
<latexit sha1_base64="KY1m9Y/MYCtd7IJK3WbMxhBDIeQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAU6qYkIuhGKLhxWcFeoI1hMj1ph04mcWYi1NAn8Dl8ALf6CO7EjQvXvoaTNgvb+sPAx3/O4cz5/ZhRqWz7yyisrK6tbxQ3S1vbO7t75v5BS0aJINAkEYtEx8cSGOXQVFQx6MQCcOgzaPujq6zefgAhacRv1TgGN8QDTgNKsNKWZ1buPX43qPZCrIZ+kD5OPH5yGXh83vHMsl2zp7KWwcmhjHI1PPOn149IEgJXhGEpu44dKzfFQlHCYFLqJRJiTEZ4AF2NHIcg3XR6zsSqaKdvBZHQjytr6v6dSHEo5Tj0dWf2SblYy8x/a0k8EACjhfUquHBTyuNEASez7UHCLBVZWWBWnwogio01YCKoPsAiQywwUTrWkk7GWcxhGVqnNUfzzVm57uQZFdEROkZV5KBzVEfXqIGaiKAn9IJe0ZvxbLwbH8bnrLVg5DOHaE7G9y91FKUj</latexit><latexit sha1_base64="KY1m9Y/MYCtd7IJK3WbMxhBDIeQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAU6qYkIuhGKLhxWcFeoI1hMj1ph04mcWYi1NAn8Dl8ALf6CO7EjQvXvoaTNgvb+sPAx3/O4cz5/ZhRqWz7yyisrK6tbxQ3S1vbO7t75v5BS0aJINAkEYtEx8cSGOXQVFQx6MQCcOgzaPujq6zefgAhacRv1TgGN8QDTgNKsNKWZ1buPX43qPZCrIZ+kD5OPH5yGXh83vHMsl2zp7KWwcmhjHI1PPOn149IEgJXhGEpu44dKzfFQlHCYFLqJRJiTEZ4AF2NHIcg3XR6zsSqaKdvBZHQjytr6v6dSHEo5Tj0dWf2SblYy8x/a0k8EACjhfUquHBTyuNEASez7UHCLBVZWWBWnwogio01YCKoPsAiQywwUTrWkk7GWcxhGVqnNUfzzVm57uQZFdEROkZV5KBzVEfXqIGaiKAn9IJe0ZvxbLwbH8bnrLVg5DOHaE7G9y91FKUj</latexit><latexit sha1_base64="KY1m9Y/MYCtd7IJK3WbMxhBDIeQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAU6qYkIuhGKLhxWcFeoI1hMj1ph04mcWYi1NAn8Dl8ALf6CO7EjQvXvoaTNgvb+sPAx3/O4cz5/ZhRqWz7yyisrK6tbxQ3S1vbO7t75v5BS0aJINAkEYtEx8cSGOXQVFQx6MQCcOgzaPujq6zefgAhacRv1TgGN8QDTgNKsNKWZ1buPX43qPZCrIZ+kD5OPH5yGXh83vHMsl2zp7KWwcmhjHI1PPOn149IEgJXhGEpu44dKzfFQlHCYFLqJRJiTEZ4AF2NHIcg3XR6zsSqaKdvBZHQjytr6v6dSHEo5Tj0dWf2SblYy8x/a0k8EACjhfUquHBTyuNEASez7UHCLBVZWWBWnwogio01YCKoPsAiQywwUTrWkk7GWcxhGVqnNUfzzVm57uQZFdEROkZV5KBzVEfXqIGaiKAn9IJe0ZvxbLwbH8bnrLVg5DOHaE7G9y91FKUj</latexit><latexit sha1_base64="KY1m9Y/MYCtd7IJK3WbMxhBDIeQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAU6qYkIuhGKLhxWcFeoI1hMj1ph04mcWYi1NAn8Dl8ALf6CO7EjQvXvoaTNgvb+sPAx3/O4cz5/ZhRqWz7yyisrK6tbxQ3S1vbO7t75v5BS0aJINAkEYtEx8cSGOXQVFQx6MQCcOgzaPujq6zefgAhacRv1TgGN8QDTgNKsNKWZ1buPX43qPZCrIZ+kD5OPH5yGXh83vHMsl2zp7KWwcmhjHI1PPOn149IEgJXhGEpu44dKzfFQlHCYFLqJRJiTEZ4AF2NHIcg3XR6zsSqaKdvBZHQjytr6v6dSHEo5Tj0dWf2SblYy8x/a0k8EACjhfUquHBTyuNEASez7UHCLBVZWWBWnwogio01YCKoPsAiQywwUTrWkk7GWcxhGVqnNUfzzVm57uQZFdEROkZV5KBzVEfXqIGaiKAn9IJe0ZvxbLwbH8bnrLVg5DOHaE7G9y91FKUj</latexit>

- remote and local inputs zn = [pgn � pcn q̄gn qcn]
>

<latexit sha1_base64="b8+5RcCqDe9vc/DftT1QPfikgpA="></latexit><latexit sha1_base64="b8+5RcCqDe9vc/DftT1QPfikgpA="></latexit><latexit sha1_base64="b8+5RcCqDe9vc/DftT1QPfikgpA="></latexit><latexit sha1_base64="b8+5RcCqDe9vc/DftT1QPfikgpA="></latexit>

n  Control rules as affine policies 

- chance-constrained [Cherkov-Bienstock’15]; [Ayyagari-Gatsis-Taha’17] 

- robust formulations [Jabr’18]; [Lin-Bitar’18] 

- closed-loop [Baker, Bernstein, Dall’Annese, Zhao’18] 

min
qg

C�(q
g;y) = ��(qg) + (1� �)L(qg)

s.to � q̄g  qg  q̄g
<latexit sha1_base64="ziihqKtVInsrBwxEM1TN5x8+agw="></latexit><latexit sha1_base64="ziihqKtVInsrBwxEM1TN5x8+agw="></latexit><latexit sha1_base64="ziihqKtVInsrBwxEM1TN5x8+agw="></latexit><latexit sha1_base64="ziihqKtVInsrBwxEM1TN5x8+agw="></latexit>



Training and operation 

6 

rule design 
(30-min) 

real-time 
operation (5-sec) 

utility 

ü utility collects injection data 
ü designs control rules 

ü  rules downloaded to inverters 

utility 

ü  inverters operate in real-time 
ü  remote data transferred to inverters 

qgn(·)
<latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit>

pgn, p
c
n, q

c
n

<latexit sha1_base64="m2yDodic5TngifIO/uq/oNh2cUM=">AAACIXicbVDLSsNAFJ34rPVVdekmWAQXpSQi6LLgxmUF+4A2lsn0ph06mcSZG7GEfIDf4Qe41U9wJ+7ED/A3nLRdaOuBuRzOuXfuzPFjwTU6zqe1tLyyurZe2Chubm3v7Jb29ps6ShSDBotEpNo+1SC4hAZyFNCOFdDQF9DyR5e537oHpXkkb3AcgxfSgeQBZxSN1CuVuwgPOLkn9UUCWRr35O2gkldWuctrZrqcqjOBvUjcGSmTGeq90ne3H7EkBIlMUK07rhOjl1KFnAnIit1EQ0zZiA6gY6ikIWgvnTwis4+N0reDSJkj0Z6ovydSGmo9Dn3TGVIc6nkvF//1knigAEZz6zG48FIu4wRBsun2IBE2RnYel93nChiKsSGUKW4+YLMhVZShCbVoknHnc1gkzdOqa/j1WbnmzjIqkENyRE6IS85JjVyROmkQRh7JM3khr9aT9Wa9Wx/T1iVrNnNA/sD6+gEidqUP</latexit><latexit sha1_base64="m2yDodic5TngifIO/uq/oNh2cUM=">AAACIXicbVDLSsNAFJ34rPVVdekmWAQXpSQi6LLgxmUF+4A2lsn0ph06mcSZG7GEfIDf4Qe41U9wJ+7ED/A3nLRdaOuBuRzOuXfuzPFjwTU6zqe1tLyyurZe2Chubm3v7Jb29ps6ShSDBotEpNo+1SC4hAZyFNCOFdDQF9DyR5e537oHpXkkb3AcgxfSgeQBZxSN1CuVuwgPOLkn9UUCWRr35O2gkldWuctrZrqcqjOBvUjcGSmTGeq90ne3H7EkBIlMUK07rhOjl1KFnAnIit1EQ0zZiA6gY6ikIWgvnTwis4+N0reDSJkj0Z6ovydSGmo9Dn3TGVIc6nkvF//1knigAEZz6zG48FIu4wRBsun2IBE2RnYel93nChiKsSGUKW4+YLMhVZShCbVoknHnc1gkzdOqa/j1WbnmzjIqkENyRE6IS85JjVyROmkQRh7JM3khr9aT9Wa9Wx/T1iVrNnNA/sD6+gEidqUP</latexit><latexit sha1_base64="m2yDodic5TngifIO/uq/oNh2cUM=">AAACIXicbVDLSsNAFJ34rPVVdekmWAQXpSQi6LLgxmUF+4A2lsn0ph06mcSZG7GEfIDf4Qe41U9wJ+7ED/A3nLRdaOuBuRzOuXfuzPFjwTU6zqe1tLyyurZe2Chubm3v7Jb29ps6ShSDBotEpNo+1SC4hAZyFNCOFdDQF9DyR5e537oHpXkkb3AcgxfSgeQBZxSN1CuVuwgPOLkn9UUCWRr35O2gkldWuctrZrqcqjOBvUjcGSmTGeq90ne3H7EkBIlMUK07rhOjl1KFnAnIit1EQ0zZiA6gY6ikIWgvnTwis4+N0reDSJkj0Z6ovydSGmo9Dn3TGVIc6nkvF//1knigAEZz6zG48FIu4wRBsun2IBE2RnYel93nChiKsSGUKW4+YLMhVZShCbVoknHnc1gkzdOqa/j1WbnmzjIqkENyRE6IS85JjVyROmkQRh7JM3khr9aT9Wa9Wx/T1iVrNnNA/sD6+gEidqUP</latexit><latexit sha1_base64="m2yDodic5TngifIO/uq/oNh2cUM=">AAACIXicbVDLSsNAFJ34rPVVdekmWAQXpSQi6LLgxmUF+4A2lsn0ph06mcSZG7GEfIDf4Qe41U9wJ+7ED/A3nLRdaOuBuRzOuXfuzPFjwTU6zqe1tLyyurZe2Chubm3v7Jb29ps6ShSDBotEpNo+1SC4hAZyFNCOFdDQF9DyR5e537oHpXkkb3AcgxfSgeQBZxSN1CuVuwgPOLkn9UUCWRr35O2gkldWuctrZrqcqjOBvUjcGSmTGeq90ne3H7EkBIlMUK07rhOjl1KFnAnIit1EQ0zZiA6gY6ikIWgvnTwis4+N0reDSJkj0Z6ovydSGmo9Dn3TGVIc6nkvF//1knigAEZz6zG48FIu4wRBsun2IBE2RnYel93nChiKsSGUKW4+YLMhVZShCbVoknHnc1gkzdOqa/j1WbnmzjIqkENyRE6IS85JjVyROmkQRh7JM3khr9aT9Wa9Wx/T1iVrNnNA/sD6+gEidqUP</latexit>

qgn(·)
<latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit><latexit sha1_base64="hSNDB2/wb5oPZbzLZOyk/Jrb5Tc=">AAACG3icbVDLSsNAFJ3UV62vqEsRgkWom5KIoMuCG5cV7APaWiaT23boZBJnbsQSsvI7/AC3+gnuxK0Lv8DfcPpYaOuBgcM5997DHD8WXKPrflm5peWV1bX8emFjc2t7x97dq+soUQxqLBKRavpUg+ASashRQDNWQENfQMMfXo79xj0ozSN5g6MYOiHtS97jjKKRuvZhG+EBJ3dSBUGW3nXlbT8rtVkQ4UnXLrpldwJnkXgzUiQzVLv2dzuIWBKCRCao1i3PjbGTUoWcCcgK7URDTNmQ9qFlqKQh6E46ic+cY6METi9S5kl0JurvjZSGWo9C30yGFAd63huL/3pJ3FcAw7l47F10Ui7jBEGyaXovEQ5GzrgoJ+AKGIqRIZQpbj7gsAFVlKGps2Ca8eZ7WCT107Jn+PVZseLNOsqTA3JESsQj56RCrkiV1Agjj+SZvJBX68l6s96tj+lozprt7JM/sD5/ABq8omk=</latexit>

n  Design control rules as non-linear policies 



Kernel-based learning 

7 

n  Given data                                   and kernel function 

where  

Hastie, Tibshirani, Friedman, The Elements of Statistical Learning: Data Mining, Inference, and 
Prediction, Springer, 2009. 

n  Representer’s Theorem: Minimizing function depends only on training data 

HK :=

(
f(x) =

X

t

K(x, xt)at

)

<latexit sha1_base64="zLKTpw1ioW75I57aJYMYqj8UHlg="></latexit><latexit sha1_base64="15Mj4FPO38Tdtn2WsEy/gmnDV+8="></latexit><latexit sha1_base64="15Mj4FPO38Tdtn2WsEy/gmnDV+8="></latexit><latexit sha1_base64="pwzp3OX5jEWdbLKhFeBqnTzCX5A="></latexit>

argmin
a

kz�Kak22 + µ
p
a>Ka

<latexit sha1_base64="y/cDteuNK5n/9On2QDuVkTR0LLQ="></latexit><latexit sha1_base64="YT2Mh/Hrcs5MqO/0MPlkXdZ70LI="></latexit><latexit sha1_base64="YT2Mh/Hrcs5MqO/0MPlkXdZ70LI="></latexit><latexit sha1_base64="YmZWSdxF94SdCLVSYH6ivQ5nWLs="></latexit>

n  Functional minimization as vector optimization 

{(xt 2 X , zt 2 R)}Tt=1,
<latexit sha1_base64="3kDR43mlqdpwoHXme/42+MzcMtI="></latexit><latexit sha1_base64="3kDR43mlqdpwoHXme/42+MzcMtI="></latexit><latexit sha1_base64="3kDR43mlqdpwoHXme/42+MzcMtI="></latexit><latexit sha1_base64="3kDR43mlqdpwoHXme/42+MzcMtI="></latexit>

f⇤ = arg min
f2HK

TX

t=1

(zt � f(xt))
2 + µkfkK

<latexit sha1_base64="b37sFx0oKwpxiQQxr/mCbdHUGS8="></latexit><latexit sha1_base64="b37sFx0oKwpxiQQxr/mCbdHUGS8="></latexit><latexit sha1_base64="b37sFx0oKwpxiQQxr/mCbdHUGS8="></latexit><latexit sha1_base64="b37sFx0oKwpxiQQxr/mCbdHUGS8="></latexit>

f⇤(x) =
TX

t=1

K(x, xt)a
⇤
t

<latexit sha1_base64="XK/Vp1xHGJosUayZeURYjh45cEg="></latexit><latexit sha1_base64="QGsti9+nRT+qdtHTe81VGYWLaDY="></latexit><latexit sha1_base64="QGsti9+nRT+qdtHTe81VGYWLaDY="></latexit><latexit sha1_base64="OvQte5YGmr1OfDf0zgVIueedIfA=">AAACMnicbVC7SgNBFJ31GeMramkzGoQoIezaaBMI2Ag2EfKCZLPMTmbNkNkHM3fDhiW1X2Mn+i3aia1fYOUk2cLXgYHDOfdyzxw3ElyBab4YS8srq2vruY385tb2zm5hb7+lwlhS1qShCGXHJYoJHrAmcBCsE0lGfFewtju6mvntMZOKh0EDJhGzfXIXcI9TAlpyCkde/6yUnFZ7KvadFKrWtN/AN6WknDhwShzonzmFolkx58B/iZWRIspQdwqfvUFIY58FQAVRqmuZEdgpkcCpYNN8L1YsInRE7lhX04D4TNnp/CtTfKKVAfZCqV8AeK5+30iJr9TEd/WkT2Cofnsz8T+vG4N3aac8iGJgAV0c8mKBIcSzXvCAS0ZBTDQhVHKdFdMhkYSCbu/fzOXBmEcqi58s8uuyrN/V/CWt84ql+a1ZrFlZbTl0iI5RCVnoAtXQNaqjJqLoHj2gJ/RsPBqvxpvxvhhdMrKdA/QDxscXY4yqSg==</latexit>
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n  Control rule design as function fitting using T scenario data 

n  Jointly learning inverter functions can be solved as a quadratic program 

min
TX

t=1

C�(q
g
t ;yt) + µ

NX

n=1

kfnkKn

over qgn,t = fn(zn,t) + bn, {fn 2 HKn}

s.to |qgn,t|  q̄gn,t
<latexit sha1_base64="DLbxyRsCQNrtsL8balQIEhNkCzc="></latexit><latexit sha1_base64="DLbxyRsCQNrtsL8balQIEhNkCzc="></latexit><latexit sha1_base64="DLbxyRsCQNrtsL8balQIEhNkCzc="></latexit><latexit sha1_base64="DLbxyRsCQNrtsL8balQIEhNkCzc="></latexit>

qgn,t(zn,s) =
TX

t=1

K(zn,s, zn,t)a
⇤
n,t + b⇤n

<latexit sha1_base64="iq/+kiuR06rtCygXa9luPWUP5TA="></latexit><latexit sha1_base64="WmYYktjTc9OQ05UihfB5igqooXQ="></latexit><latexit sha1_base64="WmYYktjTc9OQ05UihfB5igqooXQ="></latexit><latexit sha1_base64="w7j5432yquJch1y7T+EpCHtIIh4="></latexit>

n  Rule described by pre-specified kernel and  {zn,t, a⇤n,t}Tt=1, b
⇤
n

<latexit sha1_base64="45dYJvbo2Or8JcL87pWvWlBm9Jc="></latexit><latexit sha1_base64="300g/53ei3LRdMIXl0JrQmhPB40="></latexit><latexit sha1_base64="300g/53ei3LRdMIXl0JrQmhPB40="></latexit><latexit sha1_base64="6kqEUaJ7adnoTEmUH7VMHZWJR+s="></latexit>
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Lemma: Voltage costs   inducing sparse representations for inverter rules 

+✏
<latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit><latexit sha1_base64="W3DydorKNh940aV5/MJMZSerGWI=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlwY3LCrZV2qFk0jNtaG4kGaGUrn0At/oI7sStz+ET+Bqm7Sy09YfAx3/O4Zz8iebMujD8Cgorq2vrG8XN0tb2zu5eef+gaVVmKDSo4srcJ8QCZxIajjkO99oAEQmHVjK8ntZbj2AsU/LOjTTEgvQlSxklzlsPZx3QlnElu+VKWA1nwssQ5VBBuerd8nenp2gmQDrKibXtKNQuHhPjGOUwKXUyC5rQIelD26MkAmw8nh08wSfe6eFUGf+kwzP398SYCGtHIvGdgriBXaxNzX9rme4bgOHCepdexWMmdeZA0vn2NOPYKTyNBPeYAer4yAOhhvkPYDoghlDngyv5ZKLFHJaheV6NPN9eVGpRnlERHaFjdIoidIlq6AbVUQNRJNAzekGvwVPwFrwHH/PWQpDPHKI/Cj5/AOQwmSw=</latexit>

�✏
<latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit><latexit sha1_base64="MfLDB4JkujvdY/gJP/gWuXnuhkc=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIbiwzIuiy4MZlBdsq7VAy6Zk2NDeSjFBK1z6AW30Ed+LW5/AJfA3Tdhba+kPg4z/ncE7+RHNmXRh+BYWV1bX1jeJmaWt7Z3evvH/QtCozFBpUcWXuE2KBMwkNxxyHe22AiIRDKxleT+utRzCWKXnnRhpiQfqSpYwS562Hsw5oy7iS3XIlrIYz4WWIcqigXPVu+bvTUzQTIB3lxNp2FGoXj4lxjHKYlDqZBU3okPSh7VESATYezw6e4BPv9HCqjH/S4Zn7e2JMhLUjkfhOQdzALtam5r+1TPcNwHBhvUuv4jGTOnMg6Xx7mnHsFJ5GgnvMAHV85IFQw/wHMB0QQ6jzwZV8MtFiDsvQPK9Gnm8vKrUoz6iIjtAxOkURukQ1dIPqqIEoEugZvaDX4Cl4C96Dj3lrIchnDtEfBZ8/53KZLg==</latexit> ṽn

<latexit sha1_base64="spHEKqiIt/GktslXzOrfmI8L+6s=">AAACB3icbZBLSgNBEIZr4ivGV9Slm8YguAozIugy4MZlBPOAZAg9PTVJk56eobsnEIYcwAO41SO4E7cewxN4DTvJLDTxh4aPv6qo6j9IBdfGdb+c0sbm1vZOebeyt39weFQ9PmnrJFMMWywRieoGVKPgEluGG4HdVCGNA4GdYHw3r3cmqDRP5KOZpujHdCh5xBk11ur1DRch5pPZQA6qNbfuLkTWwSugBoWag+p3P0xYFqM0TFCte56bGj+nynAmcFbpZxpTysZ0iD2Lksao/Xxx8oxcWCckUaLsk4Ys3N8TOY21nsaB7YypGenV2tz8t5alQ4U4Xllvols/5zLNDEq23B5lgpiEzEMhIVfIjJhaoExx+wHCRlRRZmx0FZuMt5rDOrSv6p7lh+tawy0yKsMZnMMleHADDbiHJrSAQQLP8AKvzpPz5rw7H8vWklPMnMIfOZ8/ETSaZw==</latexit><latexit sha1_base64="spHEKqiIt/GktslXzOrfmI8L+6s=">AAACB3icbZBLSgNBEIZr4ivGV9Slm8YguAozIugy4MZlBPOAZAg9PTVJk56eobsnEIYcwAO41SO4E7cewxN4DTvJLDTxh4aPv6qo6j9IBdfGdb+c0sbm1vZOebeyt39weFQ9PmnrJFMMWywRieoGVKPgEluGG4HdVCGNA4GdYHw3r3cmqDRP5KOZpujHdCh5xBk11ur1DRch5pPZQA6qNbfuLkTWwSugBoWag+p3P0xYFqM0TFCte56bGj+nynAmcFbpZxpTysZ0iD2Lksao/Xxx8oxcWCckUaLsk4Ys3N8TOY21nsaB7YypGenV2tz8t5alQ4U4Xllvols/5zLNDEq23B5lgpiEzEMhIVfIjJhaoExx+wHCRlRRZmx0FZuMt5rDOrSv6p7lh+tawy0yKsMZnMMleHADDbiHJrSAQQLP8AKvzpPz5rw7H8vWklPMnMIfOZ8/ETSaZw==</latexit><latexit sha1_base64="spHEKqiIt/GktslXzOrfmI8L+6s=">AAACB3icbZBLSgNBEIZr4ivGV9Slm8YguAozIugy4MZlBPOAZAg9PTVJk56eobsnEIYcwAO41SO4E7cewxN4DTvJLDTxh4aPv6qo6j9IBdfGdb+c0sbm1vZOebeyt39weFQ9PmnrJFMMWywRieoGVKPgEluGG4HdVCGNA4GdYHw3r3cmqDRP5KOZpujHdCh5xBk11ur1DRch5pPZQA6qNbfuLkTWwSugBoWag+p3P0xYFqM0TFCte56bGj+nynAmcFbpZxpTysZ0iD2Lksao/Xxx8oxcWCckUaLsk4Ys3N8TOY21nsaB7YypGenV2tz8t5alQ4U4Xllvols/5zLNDEq23B5lgpiEzEMhIVfIjJhaoExx+wHCRlRRZmx0FZuMt5rDOrSv6p7lh+tawy0yKsMZnMMleHADDbiHJrSAQQLP8AKvzpPz5rw7H8vWklPMnMIfOZ8/ETSaZw==</latexit><latexit sha1_base64="spHEKqiIt/GktslXzOrfmI8L+6s=">AAACB3icbZBLSgNBEIZr4ivGV9Slm8YguAozIugy4MZlBPOAZAg9PTVJk56eobsnEIYcwAO41SO4E7cewxN4DTvJLDTxh4aPv6qo6j9IBdfGdb+c0sbm1vZOebeyt39weFQ9PmnrJFMMWywRieoGVKPgEluGG4HdVCGNA4GdYHw3r3cmqDRP5KOZpujHdCh5xBk11ur1DRch5pPZQA6qNbfuLkTWwSugBoWag+p3P0xYFqM0TFCte56bGj+nynAmcFbpZxpTysZ0iD2Lksao/Xxx8oxcWCckUaLsk4Ys3N8TOY21nsaB7YypGenV2tz8t5alQ4U4Xllvols/5zLNDEq23B5lgpiEzEMhIVfIjJhaoExx+wHCRlRRZmx0FZuMt5rDOrSv6p7lh+tawy0yKsMZnMMleHADDbiHJrSAQQLP8AKvzpPz5rw7H8vWklPMnMIfOZ8/ETSaZw==</latexit>

h
ṽn

i

✏
<latexit sha1_base64="BDl2WbSCa3FQ+GOyPwjNgVb1rho=">AAACHHicbVDLSsNAFL2pr1pfVZeCBIvoqiRudFl047KCfUATwmR62w6dTMLMpFBCd36HH+BWP8GduBX8An/BpZO2C209MHDmnHO53BMmnCntOJ9WYWV1bX2juFna2t7Z3SvvHzRVnEqKDRrzWLZDopAzgQ3NNMd2IpFEIcdWOLzJ/dYIpWKxuNfjBP2I9AXrMUq0kYLysXfN+h1PM97FbDQJRP73Aw8TxXgeqDhVZwp7mbhzUqmdfQdgUA/KX143pmmEQlNOlOq4TqL9jEjNKMdJyUsVJoQOSR87hgoSofKz6R0T+9QoXbsXS/OEtqfq74mMREqNo9AkI6IHatHLxX+9NOlLxOHCet278jMmklSjoLPtvZTbOrbzpuwuk0g1HxtCqGTmAJsOiCRUmz5Lphl3sYdl0ryouobfmYpcmKEIR3AC5+DCJdTgFurQAAoP8ATP8GI9Wq/Wm/U+ixas+cwh/IH18QMFMKRa</latexit><latexit sha1_base64="yGglVLQWFKEWXnt0hzGB1JRp4hk=">AAACHHicbVDLSsNAFJ1UrbW+qi4FCRbRVUnc6LIoiMsK9gFNCJPJTTt0Mgkzk0IJ3fkJrv0At/oJ7sSt4Bf4B+LSSduFth4YOHPOuVzu8RNGpbKsD6OwtLxSXC2tldc3Nre2Kzu7LRmngkCTxCwWHR9LYJRDU1HFoJMIwJHPoO0PLnO/PQQhacxv1SgBN8I9TkNKsNKSVzlwLmiv6yjKAsiGY4/nf9dzIJGU5YGqVbMmMBeJPSPV+vG3V/y6v2p4lU8niEkaAVeEYSm7tpUoN8NCUcJgXHZSCQkmA9yDrqYcRyDdbHLH2DzSSmCGsdCPK3Oi/p7IcCTlKPJ1MsKqL+e9XPzXS5OeABjMrVfhuZtRnqQKOJluD1NmqtjMmzIDKoAoNtIEE0H1ASbpY4GJ0n2WdTP2fA+LpHVaszW/0RXZaIoS2keH6ATZ6AzV0TVqoCYi6A49oif0bDwYL8ar8TaNFozZzB76A+P9B6B8pjA=</latexit><latexit sha1_base64="yGglVLQWFKEWXnt0hzGB1JRp4hk=">AAACHHicbVDLSsNAFJ1UrbW+qi4FCRbRVUnc6LIoiMsK9gFNCJPJTTt0Mgkzk0IJ3fkJrv0At/oJ7sSt4Bf4B+LSSduFth4YOHPOuVzu8RNGpbKsD6OwtLxSXC2tldc3Nre2Kzu7LRmngkCTxCwWHR9LYJRDU1HFoJMIwJHPoO0PLnO/PQQhacxv1SgBN8I9TkNKsNKSVzlwLmiv6yjKAsiGY4/nf9dzIJGU5YGqVbMmMBeJPSPV+vG3V/y6v2p4lU8niEkaAVeEYSm7tpUoN8NCUcJgXHZSCQkmA9yDrqYcRyDdbHLH2DzSSmCGsdCPK3Oi/p7IcCTlKPJ1MsKqL+e9XPzXS5OeABjMrVfhuZtRnqQKOJluD1NmqtjMmzIDKoAoNtIEE0H1ASbpY4GJ0n2WdTP2fA+LpHVaszW/0RXZaIoS2keH6ATZ6AzV0TVqoCYi6A49oif0bDwYL8ar8TaNFozZzB76A+P9B6B8pjA=</latexit><latexit sha1_base64="2DfKII0m17DCMI4JxDNN4IVgqrw=">AAACHHicbVDLSsNAFJ3UV62vqktBgkVwVRI3uiy6cVnBPqAJYTK5aYdOJsPMpFBCd36HH+BWP8GduBX8An/DSZuFth4YOHPOuVzuCQWjSjvOl1VZW9/Y3Kpu13Z29/YP6odHXZVmkkCHpCyV/RArYJRDR1PNoC8k4CRk0AvHt4Xfm4BUNOUPeirAT/CQ05gSrI0U1E+9GzoceJqyCPLJLODF3w88EIqyItBwms4c9ipxS9JAJdpB/duLUpIlwDVhWKmB6wjt51hqShjMal6mQGAyxkMYGMpxAsrP53fM7HOjRHacSvO4tufq74kcJ0pNk9AkE6xHatkrxH+9TAwlwHhpvY6v/ZxykWngZLE9zpitU7toyo6oBKLZ1BBMJDUH2GSEJSba9FkzzbjLPayS7mXTNfzeabTcsqMqOkFn6AK56Aq10B1qow4i6BE9oxf0aj1Zb9a79bGIVqxy5hj9gfX5A4VZopw=</latexit>

�⌧ (ṽ)
<latexit sha1_base64="g2DpwuPXKqp1UwAwathW2cuyVXo=">AAACHXicbZC/SgNBEMbn4v+oMWpp4WEQYhPubLQMaGEZwcRALoS9zVyyZO8Pu3OBcKT0Iay0t9VHsBNb8Ql8DTeJhSZ+sPDjmxlm5/MTKTQ5zqeVW1peWV1b38hvbm0Xdoq7ew0dp4pjnccyVk2faZQiwjoJkthMFLLQl3jrDy4m9dshKi3i6IZGCbZD1otEIDgjY3WKh94lSmIdj1ha9kjILmZeyKjvB9lwPD7pFEtOxZnKXgT3B0rVwv39IwDUOsUvrxvzNMSIuGRat1wnoXbGFAkucZz3Uo0J4wPWw5bBiIWo29n0kLF9bJyuHcTKvIjsqft7ImOh1qPQN52TP+r52sT8t5YmPYU4mFtPwXk7E1GSEkZ8tj1IpU2xPYnK7gqFnOTIAONKmANs3meKcTKB5k0y7nwOi9A4rbiGr01EFZhpHQ7gCMrgwhlU4QpqUAcOd/AEz/BiPViv1pv1PmvNWT8z+/BH1sc3N96lDw==</latexit><latexit sha1_base64="K3X722/FAYuv6mV9K/ARk+WNTHw=">AAACHXicbZC7SgNBFIZn4y3G26qlhYtBiE3YtdEyoIVlBHOBbAizk7PJkNkLM2cDYdnSh9DGB7DVR7ATW/EJfA1nkxSa+MPAx3/O4cz5vVhwhbb9ZRRWVtfWN4qbpa3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oKq+3xiAVj8I7nMTQDegg5D5nFLXVM4/daxBIey7SpOIiF31I3YDi0PPTcZad9cyyXbWnspbBmUO5tvuQ67HeM7/dfsSSAEJkgirVcewYuymVyJmArOQmCmLKRnQAHY0hDUB10+khmXWqnb7lR1K/EK2p+3sipYFSk8DTnfkf1WItN/+tJfFAAowW1qN/2U15GCcIIZtt9xNhYWTlUVl9LoGhmGigTHJ9gMWGVFKGOtCSTsZZzGEZmudVR/OtjqhKZiqSI3JCKsQhF6RGbkidNAgj9+SZvJBX48l4M96Nj1lrwZjPHJI/Mj5/ALpEptQ=</latexit><latexit sha1_base64="K3X722/FAYuv6mV9K/ARk+WNTHw=">AAACHXicbZC7SgNBFIZn4y3G26qlhYtBiE3YtdEyoIVlBHOBbAizk7PJkNkLM2cDYdnSh9DGB7DVR7ATW/EJfA1nkxSa+MPAx3/O4cz5vVhwhbb9ZRRWVtfWN4qbpa3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oKq+3xiAVj8I7nMTQDegg5D5nFLXVM4/daxBIey7SpOIiF31I3YDi0PPTcZad9cyyXbWnspbBmUO5tvuQ67HeM7/dfsSSAEJkgirVcewYuymVyJmArOQmCmLKRnQAHY0hDUB10+khmXWqnb7lR1K/EK2p+3sipYFSk8DTnfkf1WItN/+tJfFAAowW1qN/2U15GCcIIZtt9xNhYWTlUVl9LoGhmGigTHJ9gMWGVFKGOtCSTsZZzGEZmudVR/OtjqhKZiqSI3JCKsQhF6RGbkidNAgj9+SZvJBX48l4M96Nj1lrwZjPHJI/Mj5/ALpEptQ=</latexit><latexit sha1_base64="46gWbZ4RNGMax2HEk2WRQCJxUpM=">AAACHXicbZDLSsNAFIYn9VbrLerShcEi1E1J3OiyoAuXFewFmlIm05N26GQSZk4KJXTpc/gAbvUR3Ilb8Ql8DSdtF9r6w8DHf87hzPmDRHCNrvtlFdbWNza3itulnd29/QP78Kip41QxaLBYxKodUA2CS2ggRwHtRAGNAgGtYHST11tjUJrH8gEnCXQjOpA85IyisXr2qX8LAmnPR5pWfOSiD5kfURwGYTaeTi96dtmtujM5q+AtoEwWqvfsb78fszQCiUxQrTuem2A3owo5EzAt+amGhLIRHUDHoKQR6G42O2TqnBun74SxMk+iM3N/T2Q00noSBaYz/6NeruXmv7U0GSiA0dJ6DK+7GZdJiiDZfHuYCgdjJ4/K6XMFDMXEAGWKmwMcNqSKMjSBlkwy3nIOq9C8rHqG791yrbrIqEhOyBmpEI9ckRq5I3XSIIw8kmfyQl6tJ+vNerc+5q0FazFzTP7I+vwBLRyi7w==</latexit>

ṽ2
<latexit sha1_base64="Bp1BBIaE8C6fXqlXfemRmCGVikM=">AAACB3icbZC7SgNBFIbPxluMt6ilzWIQrMKujZYBG8sI5gLJEmZnzyZDZmeWmdlAWPIAeQALG30EO7H1MezsfA0nl0ITfxj4+M85nDN/mHKmjed9OoWNza3tneJuaW//4PCofHzS1DJTFBtUcqnaIdHImcCGYYZjO1VIkpBjKxzezuqtESrNpHgw4xSDhPQFixklxlqdrmE8wnw06V31yhWv6s3lroO/hEqt8DT9AoB6r/zdjSTNEhSGcqJ1x/dSE+REGUY5TkrdTGNK6JD0sWNRkAR1kM9PnrgX1oncWCr7hHHn7u+JnCRaj5PQdibEDPRqbWb+W8vSvkIcrqw38U2QM5FmBgVdbI8z7hrpzkJxI6aQGj62QKhi9gMuHRBFqLHRlWwy/moO69C8qvqW721EVVioCGdwDpfgwzXU4A7q0AAKEh7hGV6cqfPqvDnvi9aCs5w5hT9yPn4A7VGcaQ==</latexit><latexit sha1_base64="72SyGM3Pm0LmpAiPAcJlrofmGPA=">AAACB3icbZC7SgNBFIZn4y3GW6KlzWIQrMKujZYBG8sI5gJJCLOzZ5MhszPLzNlAWPIAeQALG30EO7H1MawsLX0FJ5dCE38Y+PjPOZwzf5AIbtDzPpzcxubW9k5+t7C3f3B4VCwdN4xKNYM6U0LpVkANCC6hjhwFtBINNA4ENIPhzazeHIE2XMl7HCfQjWlf8ogzitZqd5CLELLRpHfZK5a9ijeXuw7+EsrV3OP0s6S/a73iVydULI1BIhPUmLbvJdjNqEbOBEwKndRAQtmQ9qFtUdIYTDebnzxxz60TupHS9kl05+7viYzGxozjwHbGFAdmtTYz/62lSV8DDFfWY3TdzbhMUgTJFtujVLio3Fkobsg1MBRjC5Rpbj/gsgHVlKGNrmCT8VdzWIfGZcW3fGcjqpCF8uSUnJEL4pMrUiW3pEbqhBFFHsgTeXamzovz6rwtWnPOcuaE/JHz/gP3yp3a</latexit><latexit sha1_base64="72SyGM3Pm0LmpAiPAcJlrofmGPA=">AAACB3icbZC7SgNBFIZn4y3GW6KlzWIQrMKujZYBG8sI5gJJCLOzZ5MhszPLzNlAWPIAeQALG30EO7H1MawsLX0FJ5dCE38Y+PjPOZwzf5AIbtDzPpzcxubW9k5+t7C3f3B4VCwdN4xKNYM6U0LpVkANCC6hjhwFtBINNA4ENIPhzazeHIE2XMl7HCfQjWlf8ogzitZqd5CLELLRpHfZK5a9ijeXuw7+EsrV3OP0s6S/a73iVydULI1BIhPUmLbvJdjNqEbOBEwKndRAQtmQ9qFtUdIYTDebnzxxz60TupHS9kl05+7viYzGxozjwHbGFAdmtTYz/62lSV8DDFfWY3TdzbhMUgTJFtujVLio3Fkobsg1MBRjC5Rpbj/gsgHVlKGNrmCT8VdzWIfGZcW3fGcjqpCF8uSUnJEL4pMrUiW3pEbqhBFFHsgTeXamzovz6rwtWnPOcuaE/JHz/gP3yp3a</latexit><latexit sha1_base64="VYmjKayRhBbvQGFtFHL6wVI2hnM=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8EguAoz2egy4MZlBPOAZAg9PTVJk57uobsmEIYcwAO41SO4E7cewxN4DTvJLDTxh4aPv6qo6j9MBTfoeV9OaWt7Z3evvF85ODw6PqmennWMyjSDNlNC6V5IDQguoY0cBfRSDTQJBXTDyd2i3p2CNlzJR5ylECR0JHnMGUVr9QfIRQT5dD5sDKs1r+4t5W6CX0CNFGoNq9+DSLEsAYlMUGP6vpdikFONnAmYVwaZgZSyCR1B36KkCZggX548d6+sE7mx0vZJdJfu74mcJsbMktB2JhTHZr22MP+tZelIA0zW1mN8G+RcphmCZKvtcSZcVO4iFDfiGhiKmQXKNLcfcNmYasrQRlexyfjrOWxCp1H3LT94tWa9yKhMLsgluSY+uSFNck9apE0YUeSZvJBX58l5c96dj1VrySlmzskfOZ8/r2+aJQ==</latexit>

ṽ1
<latexit sha1_base64="UChZFq1LpekPonLsovdNYYr2+w8=">AAACB3icbZC7SgNBFIbPxluMt6ilzWAQrMKujZYBG8sI5gLJEmZnzyZDZmeXmdlAWPIAeQALG30EO7H1MezsfA0nl0ITfxj4+M85nDN/kAqujet+OoWNza3tneJuaW//4PCofHzS1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8HwdlZvjVBpnsgHM07Rj2lf8ogzaqzV6RouQsxHk57XK1fcqjsXWQdvCZVa4Wn6BQD1Xvm7GyYsi1EaJqjWHc9NjZ9TZTgTOCl1M40pZUPax45FSWPUfj4/eUIurBOSKFH2SUPm7u+JnMZaj+PAdsbUDPRqbWb+W8vSvkIcrqw30Y2fc5lmBiVbbI8yQUxCZqGQkCtkRowtUKa4/QBhA6ooMza6kk3GW81hHZpXVc/yvY2oCgsV4QzO4RI8uIYa3EEdGsAggUd4hhdn6rw6b877orXgLGdO4Y+cjx/ruJxo</latexit><latexit sha1_base64="HHRWqp6G3yPB9K7BAdKpLKbRUF8=">AAACB3icbZC7SgNBFIZn4y3GW6KlzWIQrMKujZYBG8sI5gLJEmZnT5IhszPLzNlAWPIAeQALG30EO7H1MawsLX0FJ5dCE38Y+PjPOZwzf5gIbtDzPpzcxubW9k5+t7C3f3B4VCwdN4xKNYM6U0LpVkgNCC6hjhwFtBINNA4FNMPhzazeHIE2XMl7HCcQxLQveY8zitZqd5CLCLLRpOt3i2Wv4s3lroO/hHI19zj9LOnvWrf41YkUS2OQyAQ1pu17CQYZ1ciZgEmhkxpIKBvSPrQtShqDCbL5yRP33DqR21PaPonu3P09kdHYmHEc2s6Y4sCs1mbmv7U06WuA4cp67F0HGZdJiiDZYnsvFS4qdxaKG3ENDMXYAmWa2w+4bEA1ZWijK9hk/NUc1qFxWfEt39mIKmShPDklZ+SC+OSKVMktqZE6YUSRB/JEnp2p8+K8Om+L1pyznDkhf+S8/wD2MZ3Z</latexit><latexit sha1_base64="HHRWqp6G3yPB9K7BAdKpLKbRUF8=">AAACB3icbZC7SgNBFIZn4y3GW6KlzWIQrMKujZYBG8sI5gLJEmZnT5IhszPLzNlAWPIAeQALG30EO7H1MawsLX0FJ5dCE38Y+PjPOZwzf5gIbtDzPpzcxubW9k5+t7C3f3B4VCwdN4xKNYM6U0LpVkgNCC6hjhwFtBINNA4FNMPhzazeHIE2XMl7HCcQxLQveY8zitZqd5CLCLLRpOt3i2Wv4s3lroO/hHI19zj9LOnvWrf41YkUS2OQyAQ1pu17CQYZ1ciZgEmhkxpIKBvSPrQtShqDCbL5yRP33DqR21PaPonu3P09kdHYmHEc2s6Y4sCs1mbmv7U06WuA4cp67F0HGZdJiiDZYnsvFS4qdxaKG3ENDMXYAmWa2w+4bEA1ZWijK9hk/NUc1qFxWfEt39mIKmShPDklZ+SC+OSKVMktqZE6YUSRB/JEnp2p8+K8Om+L1pyznDkhf+S8/wD2MZ3Z</latexit><latexit sha1_base64="vlLJm66IitTuHRH8rLpDZu7wTX4=">AAACB3icbZBLSgNBEIZ7fMb4irp00xgEV2HGjS4DblxGMA9IhtDTU0ma9HQP3TWBMOQAHsCtHsGduPUYnsBr2ElmoYk/NHz8VUVV/1EqhUXf//I2Nre2d3ZLe+X9g8Oj48rJacvqzHBoci216UTMghQKmihQQic1wJJIQjsa383r7QkYK7R6xGkKYcKGSgwEZ+isbg+FjCGfzPpBv1L1a/5CdB2CAqqkUKNf+e7FmmcJKOSSWdsN/BTDnBkUXMKs3MsspIyP2RC6DhVLwIb54uQZvXROTAfauKeQLtzfEzlLrJ0mketMGI7sam1u/lvL0qEBGK+sx8FtmAuVZgiKL7cPMklR03koNBYGOMqpA8aNcB+gfMQM4+iiK7tkgtUc1qF1XQscP/jVeq3IqETOyQW5IgG5IXVyTxqkSTjR5Jm8kFfvyXvz3r2PZeuGV8yckT/yPn8ArdaaJA==</latexit>

n  Different from SVMs, block voltage penalties yield support feeder scenarios  

(� = 1)
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Numerical tests  

n  Pecan Str data (8am-8pm) on IEEE 123-bus feeder (1-phase) 

n  70% solar penetration with 1.1 inverter oversizing 

n  Train for T=30 one-minute data; validate on next 30 one-min data 10 



Performance vs. sparsity 
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n  Sparsity in coefficients is controlled by   through cross-validation  ✏ or ⌧
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Conclusions 
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Thank you! 

þ  learning non-linear control policies 

þ  data-based feeder-wide designs 

þ  SVM costs for communication savings 

¨  closed-loop control 

¨  remote input and kernel selection 

¨  multi-stage formulations 

utility 

qgn(·)
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