Solving Complexity & Search

202551 825H 287 11:56

LC- NE Systen Sdves tre prert Compuintinn Zs6 e

Adoptive T3 fi Wey to fhe Chomning Laoidd,
How fo fpme e fude op  hefivee. exPloiﬁO o SuC 08 e wed
M exPloving Nwial7 o (Ulble. fovgets

The LC- NE System Ts bidely dishimeel ond aferdiog Pielions Ol the Ly to Moo Cates

!

SUth System et 2 fypes 65 Lorthiy rade, Whida his been oyt fo Sdve fhis [Wbdein py ey ploitssion U-S. ExPlantion
[C-VE SYstem s Fesponsihle. dor O oyoirm Clnlnetion, oF Trrse Uatiliy Proviged loy fhe lnpat  Grom Fromnl SHUCtme_

Gain modulation T
Sat 64 lie the (- Twhle's foe
hot The &bt byl Prvide Catin| [npwe o the albas

............
Y
-

<— Lc-pME 'llﬂ"[ to ke Things lp)'y\wi T €0 distingrish betiea, high vl tnga

1
1 + e—(gain*netinput) °

Activity

LOW GAIN

activation =
Phosic Fesponse (< onty Frigumed_
Whon  Sulliciert  R[#vit| ALlumnintss
(n ene ofF the Ity infie Aetisio~ layes
of e behminwed petWik —> PUEPt L hesPorge
Elonte. The Juin 0 oIl (nits —> /35nm7 /zespm,ti;b

An increase in gain (dotted line) increases the
activity of units receiving excitatory input (upward
arrow on right) and decreases the activity of units
receiving inhibitory input (dewnward arrow on left),
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ular input. Thus, we can think of the sud-
den increase in gain as an adaptive sampling
bias (this is the sense in which the LC acts
as a temporal filter), favoring the selection of
states of the entire system that are most heav-
ily influenced by the activi of the units in
Wdetermine the behavioral
response. Thus, the effect of an LC phasic re-
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sponse driven by the threshold crossing in the
task-relevant decision layer can be thought of

as collapsing the multilayered network into

a single-layered network, thus approximating
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the optimal decision-making process imple-

mented by the task-relevant decision layer. In
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this way, the LC phasic response resolves a
fundamental trade-off between the flexibil-
INPUT ity of a complex, multilayered system (that
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cesses responsive to information from differ-
ent sources and different levels of analysis)
and the optimality of a single-layered deci-
sion mechanism. From this perspective, the
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From this perspective, optimization involves
not only determining how to best perform the
current task, but also considering its utility
against alternative courses of action and pur-
suing these if they are more valuable. This
is, of course, a more complex and less well-
defined problem, which presents significant
challenges to formal analysis. Reinforcement -,
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responsive to any stimulus. This uniform in-
crease in responsivity is tantamount to in-
creasing noise and favoring exploration. The
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OFC plays a role in the evaluation of reward.
The OFC receives input from all modalities of
high-order sensory cortices, in particular ar-
eas processing information with strong appet-
itive significance, such as taste and olfaction,
as well as primary limbic structures such as the
ventral striatum and amygdala (Baylis et al.
1995; Carmichael et al. 1994; Carmichael &

ACC plays a role in the evaluation of cost.
Like OFC, ACC receives convergent inputs
from a broad range of neocortical and sub-
cortical structures, including somatosensory
areas and limbic structures such as insular cor-

tex, amygdala, and ventral striatum (Devinsky
et al. 1995, Mesulam 1981). ACC is known

o }‘ssu\r

sss

IN- Semu op £ Kle Sor hoth
. 3{\/&5 Clulunin. ole ny (nne Phsic Mode
2. Reogulafion of the ladime in LE -VE StStom

Performance monitoring /
Utility assessment

Zintlude hoth Zonomel Conglices

q’\u X
¢ LI NG UAL G YRUS
P ~

M. extonal  Seed bk

to be directly responsive to aversive intero-
ceptive and somatosensory stimuli, and to
pain, in particular (e.g., Peyron et al. 2000).

Price 1995a,b; Ongur & Price 2000; Rolls
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by a transition to the LC tonic mode. Im-
portantly, the determination of when to pro-
mote exploration over exploitation requires
that evaluative mechanisms take account of
both short- and long-term changes in utility.
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Adaptive Gain
Modulation

There are many ways of doing so. The fol-
lowing equation describes one simple means
(shown graphically in Figure 10):
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Engagement in current task
= [1 — logistic(short term utility)]
* [logistic(long-term utility)],
(Equation 1)

Task engagement
(LC mode)

where logistic refers to the sigmoid function
1/(1+ eviliw), and high values of the equation
favor the LC phasic mode, whereas low values
favor the tonic mode.
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Figure 10

Plot of the relationship between engagement in the current task and
task-related utility integrated over relatively brief (e.g., seconds) and longer

. ( (e.g., minutes) timescales given by Equation 1 (see text). The adaptive gain
¢ ! N )
C l \ UMC (1A 6 3’ b.n hu( theory of LC-NE function proposes that high values of this equation favor
the LC phasic mode, whereas low values favor the tonic mode. Accordingly,

d‘ \\{ " V\ L C S\l &fem b\'_( low values of long-term utility favor the LC tonic mode (exploration),

whereas high values favor the LC phasic mode (exploitation). Note that
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when long-term utility is low, changes in short-term utility have little

U\lw ?X LYP@‘X i [74) (1N l ‘\.y% o & impact. However, when long-term utility is high, a decrease in short-term
utility augments the LC phasic mode, implementing an adaptive
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