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<latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit>

yt = M(ut,wt)
<latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit>

1
<latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit>Plant     -fast

Computation 

Cost is known

knownw
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

ut+1 = T̂t(ut,yt)
<latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit>

Online learning



Research efforts

Objective

Time 
constant

Fast Slow

Steady-state
optimization

Physical system

y = g(x,w)
<latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit>

Cost, constraints, w
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

online algorithm
<latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit>

ẋ = f(x,u,w)
<latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit>

yt = M(ut,wt)
<latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit>

1
<latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit>Plant     -fast

Computation 

Cost is known

knownw
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

ut+1 = T̂t(ut,yt)
<latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit>

Online learning

q Algorithmic synthesis 
q Rigorous optimality convergence analysis   



Research efforts

Objective

Time 
constant

Fast Slow

Steady-state
optimization

Physical system

y = g(x,w)
<latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit>

Cost, constraints, w
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

online algorithm
<latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit>

ẋ = f(x,u,w)
<latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit>

yt = M(ut,wt)
<latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit>

1
<latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit>Plant     -fast

Computation 

Cost is known

knownw
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

ut+1 = T̂t(ut,yt)
<latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit>

Online learning

q Learn users’ preferences



Research efforts

Aside: not a neural network approach

Time 
constant

Fast Slow

Steady-state
optimization

Physical system

y = g(x,w)
<latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit><latexit sha1_base64="Zr7B3t/cPtRfwtHKownBhnPr4Ek="></latexit>

Cost, constraints, w
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

online algorithm
<latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit><latexit sha1_base64="jl7/VXHxLROpWSDAxehFf3NQX54="></latexit>

ẋ = f(x,u,w)
<latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit><latexit sha1_base64="+kDqgGs3s+6Ieg9qZnqbVpvS20s="></latexit>

yt = M(ut,wt)
<latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit><latexit sha1_base64="vfniC4MPNVgV6shQnaMVn3QBDFE="></latexit>

1
<latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit><latexit sha1_base64="T0o6msyUXIYgn5dUERKxOEI4sbE="></latexit>Plant     -fast

Computation 

Cost is known

knownw
<latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit><latexit sha1_base64="OQc6t0+7jS6cvdACuVJhTGW97cc="></latexit>

ut+1 = T̂t(ut,yt)
<latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit>

Online learning

q Not a “deep learning” approach

q Require information about non-controllable assets
q Require massive dataset for training
q We rely on parsimonious feedback 
q We aim to provide rigorous optimality and feasibility guarantees 



Research efforts

Applications: demand response

Users’ or DERs’ function:

q HVACs, EVs, energy storage systems, PV systems

Total power consumption:

q Task: follow an AGC or DR signal

Jt(u) =
NX

m=1

Jm,t(um)
<latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit>

Ct(u) =
a

2
(y � yreft )2

<latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit>

a

2
(y � yreft )2  ✏

<latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit>

or

yt =
P

m um + 1>wt
<latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit>



Research efforts

Applications: demand response

Users’ or DERs’ function:

q HVACs, EVs, energy storage systems, PV systems

Total power consumption:

q Task: follow an AGC or DR signal

Jt(u) =
NX

m=1

Jm,t(um)
<latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit><latexit sha1_base64="kZRjNNiwSsZXq76+FR8iTjjtVec="></latexit>

Ct(u) =
a

2
(y � yreft )2

<latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit><latexit sha1_base64="fbP0jF+WVe5sVym/fcoj/021taY="></latexit>

a

2
(y � yreft )2  ✏

<latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit><latexit sha1_base64="yFkl6wVXgyYao8gtPYsy8GbMirs="></latexit>

or

yt =
P

m um + 1>wt
<latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit><latexit sha1_base64="mSIBJbNuDJ7183u6/7OLyhdy/0Q="></latexit>



Research efforts

Applications: optimal power flow

⇡
⇡

P in
f

Distribution feeder f Transmission system

min
u2Ut

Jt(u) + Ct(Gu+Hwt)

s. to gt(Gu+Hwt)  0
<latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit>

vmin  |Vn,t|2
<latexit sha1_base64="Jm0Kq1CakHf09yuNWbkY5swHXQc="></latexit><latexit sha1_base64="Jm0Kq1CakHf09yuNWbkY5swHXQc="></latexit><latexit sha1_base64="Jm0Kq1CakHf09yuNWbkY5swHXQc="></latexit><latexit sha1_base64="Jm0Kq1CakHf09yuNWbkY5swHXQc="></latexit>

|Vn,t|2  vmax
<latexit sha1_base64="i105unsaHrNi3now5HLsGjCxkGw="></latexit><latexit sha1_base64="i105unsaHrNi3now5HLsGjCxkGw="></latexit><latexit sha1_base64="i105unsaHrNi3now5HLsGjCxkGw="></latexit><latexit sha1_base64="i105unsaHrNi3now5HLsGjCxkGw="></latexit>

min
u2Ut

Jt(u) + Ct(M(u,wt))

s. to gt(M(u,wt))  0
<latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit>



Research efforts

Applications: optimal power flow

min
u2Ut

Jt(u) + Ct(M(u,wt))

s. to gt(M(u,wt))  0
<latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit>



Model

t 2 T := {k�, k 2 N}
<latexit sha1_base64="IgE4YTdbA3RTA4jehS57qbEKbPY="></latexit><latexit sha1_base64="IgE4YTdbA3RTA4jehS57qbEKbPY="></latexit><latexit sha1_base64="IgE4YTdbA3RTA4jehS57qbEKbPY="></latexit><latexit sha1_base64="IgE4YTdbA3RTA4jehS57qbEKbPY="></latexit>

min
u2Ut

Jt(u) + Ct(Gu+Hwt)

s. to gt(Gu+Hwt)  0
<latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit>

q Time-varying optimization [Popkov’05] 

q Problem: design an online algorithm 

q Tracks 

q Does not require        

q May rely on approximate costs

q Learning human preferences [Ospina-Simonetto-Dall’Anese’20], [Menner et al’20]

q Learning models or barrier functions [Taylor et al’20], [Lindemann et al’20]

ut+1 = T̂t(ut,yt)
<latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit><latexit sha1_base64="rpYgbff8QNQvl/IFQlSd/520AAU="></latexit>

{u?
t , t 2 T }

<latexit sha1_base64="DCTM7X3igzW34gIsyMmy+PmnC4w="></latexit><latexit sha1_base64="DCTM7X3igzW34gIsyMmy+PmnC4w="></latexit><latexit sha1_base64="DCTM7X3igzW34gIsyMmy+PmnC4w="></latexit><latexit sha1_base64="DCTM7X3igzW34gIsyMmy+PmnC4w="></latexit>

{wt, t 2 T }
<latexit sha1_base64="79rRxVuOyr0xcwCU/sqNTZk0KtI="></latexit><latexit sha1_base64="79rRxVuOyr0xcwCU/sqNTZk0KtI="></latexit><latexit sha1_base64="79rRxVuOyr0xcwCU/sqNTZk0KtI="></latexit><latexit sha1_base64="79rRxVuOyr0xcwCU/sqNTZk0KtI="></latexit>

Time
<latexit sha1_base64="d49oh68lGyPZn/N1r2fyMSWKAaA="></latexit><latexit sha1_base64="d49oh68lGyPZn/N1r2fyMSWKAaA="></latexit><latexit sha1_base64="d49oh68lGyPZn/N1r2fyMSWKAaA="></latexit><latexit sha1_base64="d49oh68lGyPZn/N1r2fyMSWKAaA="></latexit>

yt = Gut +Hwt
<latexit sha1_base64="LSRrjhbYVUoKl0XPuiXhgXDNmc4="></latexit><latexit sha1_base64="LSRrjhbYVUoKl0XPuiXhgXDNmc4="></latexit><latexit sha1_base64="LSRrjhbYVUoKl0XPuiXhgXDNmc4="></latexit><latexit sha1_base64="LSRrjhbYVUoKl0XPuiXhgXDNmc4="></latexit>

min
u2Ut

Jt(u) + Ct(M(u,wt))

s. to gt(M(u,wt))  0
<latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit><latexit sha1_base64="6j+Yaumy+eG11mbcuoNOJfG4eLo="></latexit>

yt = M(ut,wt)
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Model
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q Time-varying optimization [Popkov’05] 

q Problem: design an online algorithm 

q Tracks 

q Does not require        

q May rely on approximate costs

q Learning human preferences [Ospina-Simonetto-Dall’Anese’20], [Menner et al’20]

q Learning models or barrier functions [Taylor et al’20], [Lindemann et al’20]
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u2Ut
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s. to gt(M(u,wt))  0
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Problem statement revisited
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q Time-varying optimization [Popkov’05] 

q Problem: design an online algorithm 

q Tracks 

q Does not require        

q May rely on approximate costs

q Learning human preferences [Ospina-Simonetto-Dall’Anese’20], [Menner et al’20]

q Learning models or barrier functions [Taylor et al’20], [Lindemann et al’20]
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Example of feedback-based optimization
min
u2Ut

Jt(u) + Ct(Gu+Hwt)
<latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit>



Example of feedback-based optimization
min
u2Ut

Jt(u) + Ct(Gu+Hwt)
<latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit><latexit sha1_base64="+q5DXePIzn71cYN50M/D/5y/nF8="></latexit>



Example of feedback-based optimization
min
u2Ut

Jt(u) + Ct(Gu+Hwt)
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ut+1 = T̂t(ut,yt)
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yt = Gut +Hwt
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Learning
Ĵt(u)
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z⌧ = J⌧ (u⌧ ) + ✏⌧
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Example of convergence results

min
u2Ut

Jt(u) + Ct(Gu+Hwt)

s. to gt(Gu+Hwt)  0
<latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit><latexit sha1_base64="2qGCpVcU207WtmKEu+NO8VMVITE="></latexit>

Theorem. Let be strongly convex and let . Suppose that
is generated by the online algorithm . Then:

(i)

where

(ii) With probability , we have that:

u 7! Ft(u)
<latexit sha1_base64="VFJmS/xrgxnMNpL2932NzutkImg="></latexit><latexit sha1_base64="VFJmS/xrgxnMNpL2932NzutkImg="></latexit><latexit sha1_base64="VFJmS/xrgxnMNpL2932NzutkImg="></latexit><latexit sha1_base64="VFJmS/xrgxnMNpL2932NzutkImg="></latexit>

↵ 2 (0, 2/L)
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{ut, t 2 T }
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ut+1 = T̂t(ut,yt)
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⇣t :=
tY

i=1

⇢i
<latexit sha1_base64="dIYq5OuAsyVj1EGk54/RA4pVyP0="></latexit><latexit sha1_base64="dIYq5OuAsyVj1EGk54/RA4pVyP0="></latexit><latexit sha1_base64="dIYq5OuAsyVj1EGk54/RA4pVyP0="></latexit><latexit sha1_base64="dIYq5OuAsyVj1EGk54/RA4pVyP0="></latexit>

�i =

(
1 if i = t,Qt

k=i+1 ⇢k if i 6= t.
<latexit sha1_base64="X5n6TB9qPFexcK5BKXRPJCzs0bM="></latexit><latexit sha1_base64="X5n6TB9qPFexcK5BKXRPJCzs0bM="></latexit><latexit sha1_base64="X5n6TB9qPFexcK5BKXRPJCzs0bM="></latexit><latexit sha1_base64="X5n6TB9qPFexcK5BKXRPJCzs0bM="></latexit>

E[kut+1 � u⇤
t+1k]  ⇣tku0 � u⇤

0k+
tX

i=0

�i(↵E[keik] + �i)
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(1� �), � 2 (0, 1)
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t+1k 

✓
2e

✓

◆✓
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✓
2

�
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⇣tku0 � u⇤

0k+
tX

i=0

�i(↵⌫i + �i)

!
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Example: real-time feedback-based OPF
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Example: real-time feedback-based DM

Research effortsft(u) := Jt(u) + Ct(Gu+Hwt)
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