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4 Sensory receptors

[0 Merkel cell nerve endings are found in the basal
epidermis and hair follicles; they react to low
vibrations (5-15 Hz) and deep static touch such as
shapes and edges.

[1 Tactile corpuscles react to moderate vibration
(10-50 Hz) and light touch.

[0 Pacinian corpuscles determine gross touch and
distinguish rough and soft substances. They react
in quick action potentials, especially to vibrations
around 250 Hz (even up to centimeters away)

[0 Bulbous corpuscles react slowly and respond to
sustained skin stretch. They are responsible for the
feeling of object slippage and play a major role in
the kinesthetic sense and control of finger position
and movement.
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The sense of smell, or olfaction, is the special
sense through which smells (or odors) are
perceived. The sense of smell has many functions,
including detecting hazards, and pheromones, and
plays a role in taste.

It occurs when an odor binds to a receptor within
the nasal cavity, transmitting a signal through the
olfactory system. Glomeruli aggregate signals
from these receptors and transmit them to the
olfactory bulb, where the sensory input will start
to interact with parts of the brain responsible for
smell identification, memory, and emotion.

https://en.wikipedia.org/wiki/Sense of smell



https://en.wikipedia.org/wiki/Sense_of_smell
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In humans and other vertebrates, smells are sensed
by olfactory sensory neurons in the olfactory
epithelium. The olfactory epithelium is made up of at
least six morphologically and biochemically different
cell types. The proportion of olfactory epithelium
compared to respiratory epithelium (not innervated,
or supplied with nerves) gives an indication of the
animal's olfactory sensitivity. Humans have about 10
cm2 (1.6 sq in) of olfactory epithelium, whereas some
dogs have 170 cm2 (26 sqg in). A dog's olfactory
epithelium is also considerably more densely
innervated, with a hundred times more receptors per
square centimeter.
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Evolution of olfaction

Odor molecules are detected by the olfactory
receptors (hereafter OR) in the olfactory epithelium of
the nasal cavity. Each receptor type is expressed
within a subset of neurons, from which they directly
connect to the olfactory bulb in the brain.[1] Olfaction
is essential for survival in most vertebrates; however,
the degree to which an animal depends on smell is
highly varied.[2] Great variation exists in the number
of OR genes among vertebrate species, as shown
through bioinformatic analyses. This diversity exists
by virtue of the wide-ranging environments that they
inhabit. For instance, dolphins that are secondarily
adapted to an aquatic niche possess a considerably
smaller subset of genes than most mammals.[ 3]




Evolution of olfaction

OR gene repertoires have also evolved in relation to
other senses, as higher primates with well-developed
vision systems tend to have a smaller number of OR
genes. As such, investigating the evolutionary
changes of OR genes can provide useful information
on how genomes respond to environmental changes.
Differences in smell sensitivity are also dependent on
the anatomy of the olfactory apparatus, such as the
size of the olfactory bulb and epithelium.




The gustatory system or
sense of taste is the sensory oral cavity /tastepore

system that is partially
responsible for the
perception of taste (flavor).
Taste is the perception
produced or stimulated when
a substance in the mouth
reacts chemically with taste

receptor cells located on
taste buds in the oral cavity,
mostly on the tongue.

https://en.wikipedia.org/wiki/Taste



https://en.wikipedia.org/wiki/Taste

I
Y- N

The tongue is covered with
thousands of small bumps
called papillae, which are
visible to the naked eye.
Within each papilla are
hundreds of taste buds.The
exception to this is the filiform
papillae that do not contain
taste buds. There are between
2000 and 5000 taste buds that
are located on the back and
front of the tongue. Others are
located on the roof, sides and
back of the mouth, and in the
throat. Each taste bud contains
50 to 100 taste receptor cells.




Taste receptors in the mouth sense the five taste
modalities: sweetness, sourness, saltiness,
bitterness, and savoriness (also known as savory
or umami).Scientific experiments have
demonstrated that these five tastes exist and are
distinct from one another. Taste buds are able to
distinguish between different tastes through
detecting interaction with different molecules or
ions. Sweet, savoriness, and bitter tastes are
triggered by the binding of molecules to G
protein-coupled receptors on the cell membranes
of taste buds. Saltiness and sourness are
perceived when alkali metal or hydrogen ions
enter taste buds, respectively.




https://en.wikipedia.org/wiki/Hearing




https://en.wikipedia.org/wiki/Neuronal_encoding_of_sound
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NEURONS AND SYNAPSES ® SOCIAL AND SOLITARY WORMS
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Six neurons highlighted
in the diagram are
shown below. Most
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the head, though some, &
like AVA, run the length
of the worm’s body.
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NIH Human Connectome Project

201010F 40EHOE<X
http://www.nih.gov/news/health/sep2010/nimh-15.htm
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Four precision 100 kHz quartz oscillators at the US Bureau of Standards
(now NIST) that became the first quartz frequency standard for the
United States in 1929.



1984F M 51993FF TRIRRFRORIEICFEHN TN
o0 LIRFRET O RIR, ELRFEDEDORT,




s ] D (| PR B %

r%?ﬁ%‘f@ﬁﬁi(iﬁﬁ@ﬁii@ﬁﬂ MEEDTH5H, /EED
FrEt(. HhERD BEZ24BRETEEL . TNEWLDIZIEREIZE
BT H50EBBICEEL TN S=DT=h, J??E#n'l'd)**'r'ld:ﬂﬂ
BROBEREDREZ LRAKLS(2Hof-, ZDT-H19674F,
E[FEMZR (SI) I[ZBEWTIE., 2O LDMEZEMEZELLT
FRAL[145], BB R TIE, 12T EERED 133Cs
BFIZBITA2DODEFNDARAE I RILF—IREERE D ERI-xt
9 ABETM9,192,631,770EEY RENBERE THBIETE
ZLTW5[146], 7 A DEMZEFMAEMNEIELTLYS
o LEFEEHE. 1FET300 2D 1R ERFBLAIIEHALY
[145], FD1=. EFEELITLZAELVhERD BER R E (B H
HEHALENEL, HEHRARICEVWCEMEBATLIEE

o=, |




I EIFF1E 1 DR EFRET D EH

O TR =M I DR AN AEOTREORR 1ZHKLI-EE
ZTI=BF. ENDNEREISOWTOINRFEIEVLSBRZ /™I
?Eéi’g%t;tl RO ENIXEHEDERESLE, FID
E%:%-ts O

O RICHERZHBL TS EE I BRI, ARIZESTERIZEHL
WEDTIEGEW, 122, EQOKDIZIELC BRI THAIDHI DR
#(X. BEALZELDTIEELY,

O —DNDEZIE. ANEAFEGTZEL TREZRSDEL, TR
Rt TS, TRICEEIICDWTEACEMNTESLEE R
HZET=, J)LT_%ZJ SN, TFEIRFEIDRHEE. BFETD
RIHAIZ K> TRIBEICE AT E(TH S,



JL3)—E (BEAMORHE)
£

SHLL L HL®VOEDL BB H

September

sun mon tue wed thur fri sat

—

27 28 29 30 31 1 2

'NOVO. SECONDO LA NVOVA RI-m
. FORMA DELLA CORRETTIONE DEL LANNO.

RIFORMATO DA N. S. GREGORIO XTIII,

Caleulato {otro il meridiano dell' Alma Cicd di Roma,per M. Eufebio de Alcﬂ:nndri Vercellele, nelquale
oleele congiontioni, appolitioni, & quadaci della Luna con il Sole, vifi {on pofteancora lefelte
mobilj, & quelle di Palazzo, & di tinmpidcglin, &li giorni buoni per cauar fangue,e dax
medicine,, & ferue per tre Mefi, cio ¢ Oteobre, Nouembre, & Decembre.

¥ g
LLT 22 di Decembre, fecondo la Nuoua Riforma , & correttione dell*Anno fatta pet ordine diN. S. Papa (‘.r:gugxol
X111, il Solftitio Vernale dara principio, percioche il Sole ad Hore 2o, minuti 24. del giorno medefimo P:_’“:;i' a:&

primo minuto di Capricornoynel quale punto I'Autunbo del Anno 82, & cominciara Iloucrna . Venere °’(’l ‘r
3, el mezzo del Cielo, otrenenda il dominio gid dell'Anno , & per effer clladi natora “‘"‘!"“'M“".“ld“'&p"a “ela it

qualia, fira la flagione che fara alquanto humida, & la maggior parte fredda, non fenza alcune pioggie Purt {¢ glcuno j
§

1

i

-~
7

Breue giuditio , fopralaftagione vernale, dell'Anno Riformato .. R §

W S defidera fap Piﬁ‘:):yirna del Giudicio dell*Anno proffimo del' §3.infieme ¢6 aleuncinfuenze che mx_n:clcu;\oh pmm]r,
| pec li varij afpetti chhanno tra d'eff per queite Jor congiuntionianderd sl mio Calculo delle Congiuntioni, & Oppofitioni del Sele R«m 2
una, & dellaleri piancti ftto fopea 'Anno del 1583, Incominciando ¢ 10 ¢'Orcobres & fui vedera le mutationi delle quariro fiagio

i Cardinaliycio & del folftiti, & equinosijs fecon |

N
-
N
'
N
»
-~
»N
o
N
>

! ne delf Anno, & in qual tempo , giorno, hora, & minuti ydaranno principio & % |
dola nuous riforma dell'Arno. Di pill i fono le mutationi de i tempi & del! ii Sole giornio per giorno in aleendere fopea
il noftro orizonte,, con v belliimo auuertimento che fideue offcrua er diy per dar medicine & andar alla Stuffa. & &i bagni, fecon-
doibuoni & trifti Afpesti de gli piancti, & faralire operationt, come iui fe potra meglio vedere, & ancora la quantita dellhoré del giomo .

Ortobrelettera Diticale G,

L
1 N5

i
Piena ¢ '
oo petsandar alla fraffa la Cemzmemo 1 Secondogea 15 go N, S

. = ey }
o lafefadi vt D, oM ) ) L
Fefia difate 3 Lusa u fantis o o per fola t
camp. 2 bou

—~— o\w 2 3 aroucdeide 3 Gausdoquire 13 18 DM,
A S Fuamefio 4 B, H 3 % 3 bove permedican
2 cqnl 1y § bons per fufs I
i aPile 6 € Tl coumpld,
camps. # 5ano pecmedicing £, Ambrofis y lal mvﬂd- -
% I3 ‘Contepre.  § FehadiTal ecamp,
f 5 Fitas P oe NS

Paleamp. g pe dells Mac |
10 Pieay o 39D M. | doses o i

S Manico v 1¢ 1
| fowoecdiel 1z 1
{ 11 bewo perm Siludavieg. ¢ 13 Pleasp
14 bono pr it "
! 1 Quatee em- 1€
) 16 primogeue 8w NS,

16 it per fny

i 4
| 17 Ot brekescers Diiesle. €. Prima quat .M, | 2 =
N [MON | TUE |WED | THU | FRI | SAT LR N T R Sl I f Bl
3 19 tono per fhala 19 wito perBufts 19
AN 25 bowo per e Pileamp. 1o e

30
31 eillo per fuffa S, Thomafo 3y mediosse permedlcise ‘
Agoficlo. 1

i
12 tono pec atedicing
s

|
3¢ cifto pee il l Y
| 3 1 3 2 {
1E 14 = 4 e, s, b NIy a6 N
Gt x5 averg e 3¢ Luoa X DM, Wi ddN. S, 1y 4
o6 Laniawons 3p Dt | gp e a8 e S, Suh peoto. 18 boao per medicine |
w 1 17 boso per Ny 5. Gio Fusag,
| 8 &

7 iy
£SimonceGid 13 B Vionos, murt. 3% wiflo jer feffa
GApedoli e bouo per fuffa 19 wiflepet sl i

30 boao per Nafls § Andraa Ap. 1
s P19 | SuSikePapa 3o medlotre per moedicine

| | Palecampid. 3t
‘ OTTOBRE, NOVEMBRE.
D H M ' D. H M [
| 5 @ di 18 DM, Ammr | Qo
P 3 v os M A ¢ ena G

Arlese 9
Civao e 1p DM, Tawe, ) Pi 9 o
St o, g l?.‘rvmo_ " at

Volts Gloseds I

gy DM Sagge L
s RIS R b
fecondo 1s Nusor ¥ Afeentione del Nofleo Signate, o i Aty Ay
5 deliAnno, |!|'T'mum\r. 44 d-m&'ﬂ:’
4 & diTebre, il Corpo d Cheio 5 G
b fnoalli 17 ap  dilibbare, Diiche deprola Dest fino all'sds. 3y
c. Refucreedone 10 diApa Faducnto el Nofira Sgvore AR

[ e .
3 | Z a Apprelio Vi
& S —

A “.” 3




“IJ_ ~

7)ot EER [=]
, ¥ (FE{
800FA PR

! I.C"l l ‘

G‘
Am_m




IEEE 1588 (F/®HEALDREED)
2000 1%

{ \o

X R Y f’..“‘\
‘ y N__v" f \
N A # yisihle ;at - 10
o\ & " L -4 A\

GPSI&. 100nsE{ID
IFHELERfEZ . P9 D
TIOtEAT, T/INMARIZ
BEZ5ZELHES

Lee, berxkeiey



Boundary
Clock

Example IEEE 1588 network

PreciseTimeBasic IP \/ \
/ Boundary clock

and transparent clock

Srandmaster
clock
@ IEEE 1588
client/slave
Ethernet
switches with
IEEE 1588 e
—— E—— :L—Q }

5‘ \ IEEE 1588 /
"a_,%

A client/slave
> M oo

=



Precision Time Protocols (PTP)
IEEE 1588 on Ethernet

Press Release October 1, 2007 R . .
Itis becoming routine
National .
semiconductor for physical network
R interfaces (PHY) to
NEWS RELEASE provide hardware
| For Mare laformatios Contact support for PTPs.

Media Contact

Naomi Mitchell

National Semiconductor
(408) 721-2142
naomi.mitcheli@dnsc.com

With this first generation
PHY, clocks on a LAN
agree on the current time

Reader Information
Design Support Group
(800) 272-9959
www.natwonal.com

o JEEE 1588 41 8 2 compliamt

Industry’s First Ethernet B of day to within 8ns, far
Transceiver with IEEE 1588 PTP :

Hardware Support from National Semiconductor Delivers more precise than GPS
Outstanding Clock Accuracy older techniques like

Using DP83640, Designers May Choose Any Microcontroller, FPGA or ASIC to NTP
Achieve 8- Nanosecond Precision with Maximum System Flexibility .

Lee, Berkeley ‘ 28



An Extreme Example:
The Large Hadron Collider

The WhiteRabbit project at CERN is synchronizing the clocks of computers
10 km apart to within about 80 psec using a combination of GPS, |IEEE
1588 PTP and synchronous ethernet.

©r detectors around the 27-km-long accelerator will hant for new partices, incleding the
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US Search Market Share September 2018

132% 0.80% ke

1.48% 1.05% 0.22%

\

0.36%

m Google

= Google Images
YouTube

= Yahoo

= Bing

= Amazon

m Facebook

= Google Maps

= Twitter

= Pinterest

m DuckDuckGo

Clickstream data via

. .
jumpshot
assembled by Rand Fishkin of

SparkToro

Search Engine Market Share Russian

Federation
July 2020 - July 2021

70%

56%

42%

28%

14%

.8
0% 8

= Q S - X =

O Google O YANDEX RU O YANDEX
O Mail.ru O bing = Other (dotted)

Search Engine Market Share China
July 2020 - July 2021

48%

32%

O Baidu O Sogou O Google
< bing <O Haosou = Other (dotted)
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BIEDHFRIE R
“A Mathematical Theory
of Communication”

1948%

This work focuses on the problem of
how best to encode the message a
sender wants to transmit.

U/ oNEHRE=I,¢rE—

H(X)=— 27_1: P(z;)logP(x;)

Shannon's source coding theorem
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“"First Draft of a Report
on the EDVAC”
1945 4
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"Theory of Self-Reproducing
Automata”
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The first implementation of
von Neumann's self-reproducing
universal constructor



“"Computing Machinery and
Intelligence”

19504
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The 25 April 1953 issue of the journal Nature published
a series of five articles giving the Watson and Crick
double-helix structure DNA and evidence supporting it.

The structure was reported in a letter titled
"MOLECULAR STRUCTURE OF NUCLEIC ACIDS A
Structure for Deoxyribose Nucleic Acid”
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AMERICA

Total Deaths

4,876,001

Total Cases
4.876.001 6.553.662.547
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NORTH
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SOUTH
AMERICA

https://coronavirus.jhu.edu/map.html
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Moore's Law was the fifth, not the first, paradigm to bring exponze"nﬁ»aly growth |n
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ATE&T

H0x Mobile Data Traffic Increase in Past 3 Years
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(Normalzed, CQ2:06=100)

Mobile Data Traffic on AT&T's Network
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Cartesian Linguistic : Chomsky
Bio/Gene Linguistic : Fischer
Power of Data : Google

Deep Learning : Sutskever



Cartesian Linguistic

Sentence
| |
NP VP
‘f |
) 1
@ N Verb NP
|
| |
the man hit 7 A

.

the ball
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Chomsky D &1 5%
Cartesian Linguistic
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IR 4 Recursion

|
[0 I ate a banana

O1I know I ate a banana

I think I know I ate a banana

01 declare I think I know I ate a banana

[0 What do you declare I think I know I ate?

1 This is the banana I declare I think I know I ate

[0 There are more bananas I declare I think I
know I ate than bananas that still grow on the
tree

[1 This is the cat that caught the rat that ate the

http://bit.ly/1uc4Taj
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he Faculty of Language:
What Is It, Who Has it,

“and How Did It Evolve?

articles/20021122.pdf
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Bio/Gene Linguistic
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Simon Fisher
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"Language and Genetics”
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SEEENICEBRT HEEF FOXP2
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Chimp
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Orang-utan
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