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show either an enhancement or lack of deterioration following a night of sleep as compared to a waking interval of the same duration. One limitation of this line of research
is that the overnight gains in memory are
small, typically on the order of a few words
in a word-pair association task raising questions about whether the overnight learning/
memory consolidation is perhaps only one
of the many functions of sleep.
More recently Vyazovskiy and Harris
(2013) proposed that sleep’s primary function, in particular that of non-REM sleep, is
to allow individual neurons to perform prophylactic cellular maintenance. They suggest
that periods of reduced synaptic input (‘off
periods’ or ‘down states’) are necessary for
such maintenance. To allow this upkeep to
occur would require a state of globally synchronized neuronal inactivity reflected in
the occurrence of slow waves, reduced sensory input and behavioral immobility — the
well-known manifestations of non-REM sleep.
Sleep may play a crucial role in organizing or reorganizing neuronal networks of the
brain towards states with optimized information processing, i.e. critical dynamical states
characterized by balanced activity patterns
(Meisel et al. 2013). Meisel et al. (2013)
demonstrated that signatures of criticality
are progressively disturbed during wakefulness and restored by sleep. Thus, sleep may
be important to reorganize cortical network
dynamics to a critical state to ensure optimal
computational functioning for the following
time awake (Meisel et al. 2013).
Though in recent years there has been
much speculation about the function of nonREM sleep and particular oscillations during
this sleep state (e.g., SWA), fewer hypotheses
have addressed the role of REM sleep. A va-

riety of functions have been proposed for
REM sleep, including playing an active role
in development (Roffwarg et al. 1966), processing of emotional information (Gujar et
al. 2011, Baran et al. 2012), and memory formation (e.g., Smith 1985, Karni et al. 1994,
Stickgold 1998, Watts et al. 2012, Perogamvros et al. 2013, Rasch and Born 2013).
The latest hypothesis proposed by Vyazovskiy and Delogu (2014) suggests that during
REM sleep the degree to which homeostasis
has been achieved during non-REM sleep is
tested in different brain networks.
Humans’ interest in sleep and its function has a long history and we have learned
much since Aristotle first wrote his treatise
“On Sleep and Sleeplessness” (written 350
B.C.E). We now know that sleep is a homeostatic process in all species studied. Sleep
deprivation not only impacts the functioning of an organism across many domains,
but also, leads to an increase in sleep duration and intensity. Furthermore, through
slow wave activity, we have a measure, that
increases with sleep loss and is an index of
sleep depth. However, despite all our progress regarding the function of sleep and the
mechanisms by which sleep washes away
the waking day and restores equilibrium, the
fundamental purpose of sleep remain elusive
and mysterious.
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HUMAN SLEEP AND ITS REGULATION
Summary
Every night we give ourselves over to sleep.
Observing a sleeping person one might mistakenly
think that sleep is a time of inactivity for the body
and brain. However, this is far from true. During
sleep the brain is buzzing with activity and cortical oscillations emerge that can only be seen while
asleep. In this article we discuss methods used to
capture brain activity during sleep, and focus on a
cortical oscillation called the slow wave. Slow waves

are low frequency high amplitude waves that reflect
the sleep homeostatic processes — they track the
amount of prior sleep and wakefulness, increasing
with time awake and decreasing during sleep. We
discuss how these waves have been used to model
the homeostatic sleep process. Finally, we conclude
by giving an overview of a few of the most prominent theories about the functions of sleep.

