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In this erratum we correct a mistake in the derivation of the generalizedrgetral control in
lemma 2. More precisely, we show that the tdsrim Equation (20) should not appear at all. This
mistake does not affect any of the results presented in this paper, laseire always dropped out
in all of our applications.

The changes ark:

1. EquatiorZ (tj) = é(ri) + ’\(Ni{')' log(2mdt), in page (3144) should change to:

Z(t) = é(Ti) + )\(NZ_I)I log (2T[G§dt) ,
wherea? is defined such tha; = 62| and the path dependent c&t;) is defined:

. A N—-1
S(t) = S(t) +5 > 109|B(x;.t)],
=l

with B(xy;,tj) = G(X,tj)G(xtj)T.

2. Equation limy_o <Dx<c>§(Ti)> = _Hti_l (Gt(iC)&i —bti), on page (3144) should change ac-
1
cording to the lemma 2 as it is given in this erratum.

3. Equation (20) on page (3145) should change to:
-1
uL(Ti) = I:eith(iC)T (Gt(iC)RingiC)T) Gt(iC)Eti-

~14©)
4. Equatioru (1;) = ﬁ (gt(ic)Tsti - bti), on page (3145) should change to

x. Also at ATR Computational Neuroscience Laboratories, Kyoto 618802apan.
1. An updated version of the paper which includes this erratum can badfauhttp:// ww cl nt. usc. edu/
Resour ces/ Publ i cati ons?i d=10413.
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5. Equation (21) on page (3147) should change {@;) = &.
6. Equationu (tj) = &; — G{lbti, on page (3147), should changeuidT;) = &;.

Next we provide the updated proofs for appendix of the initial paper.
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Appendix A.

Lemmal The optimal control solution to the stochastic optimal control problem expegsdy
(2),(2),(3) and (4) is formulated as:

Uy = lim [—R—lc;t(ic)T/5(Ti)DX§_c)§(Ti)dTi ,

exp(—35T))
Jexp(—3S(Ti))dT;
path function defined a as(1) = S(r) 5 >Nt log|B(xy . tj)| that satisfies the following condition
Iimdt%ofexp(—%S(r, )dr. e ¢ for any sampled trajectory starting from state . Moreover the

term Hy, is given byH;, = Gt(j R- 1Gt(jC)T while the termS(1;) is defined according to

where f(tj) = is a path dependent probability distribution. The teré(ri) is a

N-1 N-1 (| {9 %O © 2
N\ j+1 j C
S(Tl) _(RN—I_ Z qT]dt‘f'é Z 7(,“ _ftj dt
= = Hy
Proof The proof is exactly the same with the one of the initial manuscript. |

Lemma2 Given the stochastic dynamics and the cost in (1),(2),(3) and (4) the graidod the
path function §(Ti), with respect to the directly actuated part of the stzxéé) is formulated as:

1 _ _ A
Dxt(lc S(T ) 2dt (]tl (DXt(ic) Hti 1) ati - Hti 1 <DX§IC)ft(|C)> ati dt Htl th + 2|:| (c) Iog ’$t||

T T
whereH, = G"R1G , 8, = G{”G" anday, = (x(.c) X% —ft(ic)dt).

tit1

2
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Proof:
We are calculating the termx(c>§(ro) . More precisely we have shown that
to

N-1 PN-1 X(C)l x\9 A N-1
St) = cﬂN+thdt+ le“i—ftj Htht+ Zloglﬂft,

To limit the length of our derivation we introduce the notatipn= CXtTJ, htj ai; anday
WO
(x(.c) xt(jc) — ft(jc)dt) and it is easy to show thﬁtu — ft(jc) |2, dt = %, and therefore we will
]

ti1

have:
N-1 N

1 AN
St) =@+ Zdtzyt,+ZQtdt+ zloglﬂ%tj

In the analysis that follows we provide the derivative of the 1th, 2th andetth of the cost
function. For simplicity we will assume that the cost of the state during the timedmo@g = 0.
In cases that this is not true then the derivatii@ EN Qdt results in 0. By calculating the term

t

0o S(1,) we can find the local controls(t;). It is important to mention that the derivative of the
to

path cosiS(1;) is taken only with respect to the current stafe
The first term is:

|:|Xt<iC) ((P(N) =0.

A.1 Derivative of the 2th Term 0, [k SNty ] of the cost S(T)).

The second term can be found as follows:

1 N-1
ngi@ ﬂ;\/tj :

The operatof], « is linear and it can massaged inside the sum:
to

Zx
=

Terms that do not depend 01(%10) drop and thus we will have:

1

2t X Yi-

Substitution of the parametgy = o Hy b oy will result in:

1
2dt Xti [th Ht'l ati]'

By making the substitutiofl, = Hy! a, and applying the rulé (ux)Tv(x)) = O (u(x))v(x) +
O (v(x))u(x) we will have that:
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1
Zidt |:Dxt(iC>CXti Bti * Dxt(iC) Bti ati:| . (1)

Next we find the derivative afy,:
DXt(iC) ay = DXt(iC) [Xt(ii)l — Xt(ic) — fc(Xti )dt} .
and the result is
O g0y ==l — O (c)ft(.C)dt.
Xij 1 X

We substitute back to (1) and we will have:
1
ot |I><I+|:|(Cft it By, + U )Bti ag | -

1 (c 1
ot <|I><I +0 ft, dt> By + ot DXEiC)Bti Ot

After some algebra the result E'fxt(f) <ﬁ zlj\l:—ilwi) is expressed as:

1 1

Togt Pi T D X ft. By + Bt ;..

A.2 First Subterm: — 55 By

We will continue our analysis by finding the limit for each one of the 3 terms @bdte limit of
the first term is calculated as follows:

A3 Second Subterm: —30 o f" B
G

The limit of the second term is calculated as follows:

1 1 1
<2Dxfic)ft(iC) Btl) B _émxﬂc)fc(xti> B = 2 x ft(| )

1 _
- —§Dx§.°>f°(xﬁ) Hot oy

(Hti_l O‘Ii)
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A.4 Third Subterm: & Dxt(iC)Bti a,

Finally the limit of the third term can be found as:

: L 1 (© (), 1 (©)
<2dt Dxt(ic)Bti ati) - Dxt(ic>[3ti (Zdt ati) B Dxff)Bti 2 (( i X )&_fti )

We substitutd, = H; * oy, and write the matrix; * in row form:

1

_ -1 _
= Dxt<i0) (Hti Gti) odt Qg

Ht(il)iT Ht(il)iT at

-T -T
H{? H? oy
1 1
xi So2dt T x . 2dt "
_ Ht(il)*T | _ Ht(il)’T ay |

- -7
0o (MY a

—0y. .
2dt "

We again use the rulé (u(x)Tv(x)) = O (u(x)) v(x) + O (v(x)) u(x) and thus we will have:

- T
T T
<Dx<c> Ht(il) O + L o O Ht(il) )
ti {;

T T
(Dx<c> Ht(iZ) Oty + U, Ot Ht(iz) >
{;

G i

- ‘ 20t

-
NH-T NH-T
<|:|X(c) Ht(i ) ay + Dx(c) a, Ht(i ) )
4 t

We can split the matrix above into two terms and then we pull out the tefnasd 0,0 0y respec-
1;

tively :
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Dxt(.c) Ht| B Hél),T -
i )T i ~
0,0 HE H T
' 1
=lal | ]| Do | g
n-T U
Dxt@Ht(i) L Hy |
=(of OeH4+HT (O gal iat..
G t X odt
1 _ _
2dt <at' D"‘(iC)Hti lati +H, ' (Dxt(iC)atTi> ati) '
Since<DX<c>atT) =—ljx — Dx<c>ft(i°)dt. the final result is expressed as follows
tj tj

1 1 _ _ -
2 b =g | (Se?) et (0 o

A5 Derivative of the Fourth Term Dxt(f) (% z'j\';illoglﬂtj |) of the cost S(1;).

The analysis for the 4th term is given below:

ANZE A
Dxt(ic) > JZ, log|By| | = EDXI(iC) log| By |.

1 _ _ 1 A
S(T ) 2dt th <|:|Xt(ic) Hti 1) ati - Hti 1 <DXt(iC)ft(iC)> ati dt Htl atl + 2|:| c) |Og ’$t||

Theorem 3 The optimal control solution to the stochastic optimal control problem expexsby
(2),(2), (3) and (4) is formulated by the equation that follows:

uy dt = /p uL (t) dr,

where p(T; is a path depended probability distribution and the tera(T;
h )d hd ded probability distributi d th

T
-1
defined asu, (1)) = R~1G{7T <Gt(i°)R—1Gt(iC)T> G\%%,, are the local controls of each sampled

T
trajectory starting from state;,. The term is defined aBl;, = Gt(iC)Rfth(iC)

Proof :
To prove the theorem we make use of the lenmin2aand we substitut@x(qﬁ(n) in the main
t

result of lemma. 1. More precisely from lemmba1 we have that:
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Uy dt = —Rfth(ic)Tdt/ P (Ti) (Dx(c) é('l'i)) dt;.

G

uy dt = —Rfth(f)Tdt/ p(Ti) <Dx{.°>§(“>> dr;

= R*th(iC)T Ef’(Ti) (Dxt(_c) é('[i)dt) .

Now we will find the termEgt;) (Dx<c)§(ri)dt> . More precisely we will have that:
i

~ 1 _ 3
Egw) (ngi@S(Ti)dt) =Ep) <2°‘tTi (ngﬁHti 1) %) =10 (Hu . (ngimft(f)) andt>
o A
— Eﬁ(Ti) Hti ay | + Eﬁ(Ti) EDXt(ic) log| By |dt |.

The first term of the expectation above is calculated as follows:

1 B 1 _
Ef)(‘[l) <2dta;l'- <|:|Xt(iC)Hti 1) Gti) = Eﬁ(TI) <2 (Dxt(ic)Hti 1) C(ti GE)
= }E~ trace( (O oH: 1) apof
2 p(Ti) xt(ic) ti [t
= }trace 0 oH 1) Es ag o
2 xt(ic) t; p(Ti) | Mty :

. y ) _cO@s.cO@7
By taking into account the fact the 1) | 00y | = Gy "ZeGy,” dt

1 _ 1 _ T
Ep‘('[l) <2dta;l'— <DX[<iC)Hti 1) ati) = 2tl’ace< (Dxt(ic)Hti 1) GEC)ZSGEC) dt>

dt T
- 2trace( (DX@Hti 1) G{95:G )
fj
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By using the fact that the noise and the controls are related2via= Gt( )Zth dt =
AGt(j) Gt(j) dt = AHy,dt with Hy, :Gt(j) 1Gt(j) we will have:

1 _ 1 _ T
Eﬁ(Ti)(zag (Dxt(f)Hti 1> o(ti> = 2trace( <Dx§f)Hti 1) Gt(iC)ngt(iC) >

— )\Zdttrace< <Dxt<ic>ﬂ3(xti)‘l> iB(Xti))

)\dt

%5 D, l0g|B(x,)|
)\dt

:_7D o l0g|B(xy,)|.

The second terrpt, (Hti‘l (Dx(c>ft(i°)) o dt) — 0 sincedtay, = dtG{®dw — 0. Itis important
fi

here to note that the teriay, has two equivalent interpretations which ang= Gt(iC)de where

LLT =Sgoray = Gt(ic) Vdte with € ~ A((0,%¢). The first representation is the more proper one and
leads todtay, = dth(iC)dw — 0 becauseltdw — 0. With the equation above we will have that:

Epr) <Dx§_c> §(Ti)dt> = —Ep) (Hri ' <Dx§.°>ft(ic)> ay dt) ~Ep) (Hti 10‘ti>
=B (Hri 1%) :

Substituting back to the optimal control we will have that:

Uy, dt = /p R1G{9TH; a, dr;,

—/p R1G{9TH; 1G{%,d;,

or in a more compact form:

dt / p dTh

where the local controls(l_dt)(ri) are given as follows:

u® (1) = R1G{ITH; 1G\%,.

The detailed version of the derivations on generalized path integrabtastwell as its iterative
version can also be found in Theodorou (2011).
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