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™

2o =8 p. 163: "He began with 30 male foxes and 100 vixens, most of them from a
commercial fur farm in Estonia." ©] &% o]-¢-2] ¢ A 7| AEUTE 55)2 Z 23t A o]

Lord et al. (2020)0]t}.

£ =% p. 163: "From the outset, Belyaev selected foxes for tameness and tameness

alone, a criterion we have scrupulously followed."

22 =1 p. 163! "To ensure that their tameness results from genetic selection, we do not

train the foxes."

Z2 =5 p. 163: "typically not more than 4 or 5 percent of male offspring and about 20
percent of female offspring have been allowed to breed". Dugatkin (2020)-2 "tamest ten
percent of males and females'2 R 9F3]) T Zt@ 0] £=2]7} tf2t} — o] ML 13} =15

et

Trut, L. N. (1999). Early Canid Domestication: The Farm—Fox Experiment. American
Scientist, 87(2), 160 —169. DOI: 10.1511/1999.2.160, p. 161: "In 1948 his commitment
to orthodox genetics had cost him his job as head of the Department of Fur Animal
Breeding”. @22 AAE ) 722 nj2]e] A7ioln] 34 so]2]= & E7FATh heeps://
courses.washington.edu/anmind/Trut%200n%20the%20R ussian%20fox%20expt%20-%
20Amer%20Sc¢i%201999.pdf

Dugatkin, L. A., & Trut, L. (2017). How to Tame a Fox (and Build a Dog). University of
Chicago Press. A2} ¥ 2]9] Slate ¥3[(2017-06-02): "a few, including fox experiment
leader Dmitry Belyaev's older brother, Nikolai, were murdered by Lysenko's thugs." A&
A= Q2 A= 19374) 9 A= o] Mol 12} FA &2 tfZ6kA] (Qket. https://slate.com/
technology/2017/06/how—khrushchevs—daughter—saved—the—fox—dogs—of-siberia.html

Trut (1999) p. 161: "Belyaev began his experiment in 1959, a time when Soviet genetics
was starting to recover from the anti-Darwinian ideology of Trofim Lysenko."
Ao = 1959WFE] 1985W AP 7HA] A4 o] AThH(E-E &),

22 =8 p. 163: "In the sixth generation bred for tameness we had to add an even
higher—scoring category."

L2 =5 p. 163: "By the tenth generation, 18 percent of fox pups were elite; by the
20th, the figure had reached 35 percent." / "Today elite foxes make up 70 to 80 percent
of our experimentally selected population.” 40d-45,0009H2]-30 — 354 = 22 == pp.
163 -164.

14
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https://slate.com/technology/2017/06/how-khrushchevs-daughter-saved-the-fox-dogs-of-siberia.html
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18

19

22 =8 p. 164: "In our foxes, novel traits began to appear in the eighth to tenth

selected generations.”

4

rlo

=5 p. 164: "Next came traits such as floppy ears and rolled tails similar to those in

some breeds of dog."

T

N

rlo

=1 p. 1641 "After 15 to 20 generations we noted the appearance of foxes with

ul

shorter tails and legs and with underbites or overbites."

2o =8 p. 166: "After 28 to 30 generations of selection, the level had halved again."
(8% ZEFHILEH RO 714 A])

o] A F5ol T &2 ol5°l 7153} S5 oItk — Dugatkin, L. A. (2020). Jump-
Starting Evolution. Cerebrum, cer—03-20: "today this suite of traits is known as the
domestication syndrome.” Trut (1999)°] d& BAEo| = o] o7} glet. off shutbs
T2 QA vh =7l gt 713 714 (4175 41)-2 Wilkins, Wrangham & Fitch (2014).
https://pmc.ncbi.nlm.nih.gov/articles/PMC7192337/

Lord, K. A., Larson, G., Coppinger, R. P., & Karlsson, E. K. (2020). The History of
Farm Foxes Undermines the Animal Domestication Syndrome. Trends in Ecology &
Evolution, 35(2), 125-136. DOI: 10.1016/j.tree.2019.10.011. 25 "Our results suggest
that both the conclusions of the Farm—Fox Experiment and the ubiquity of
domestication syndrome have been overstated." ¥F2: Trut, Kharlamova & Herbeck

(2020). Belyaev's and PEI's Foxes: A Far Cry. TREE, 35(8), 649—651 [A A7k &tol],

Frantz, L. A. F. et al. (2016). Genomic and archaeological evidence suggest a dual origin
of domestic dogs. Science, 352(6290), 1228 —1231. DOI: 10.1126/science.aaf3161. 25

"The geographic and temporal origins of dogs remain controversial." (&7 =)

z

rlo

=8 %5 "dogs may have been domesticated independently in Eastern and Western

Eurasia from distinct wolf populations".

Bergstrom, A. et al. (2020). Origins and genetic legacy of prehistoric dogs. Science,
370(6516), 557 564. DOI: 10.1126/science.aba9572. 2% "all dogs share a common
ancestry distinct from present—day wolves" / "By 11,000 years ago, at least five major
ancestry lineages had diversified". #-& "consistent with a single origin for dogs, though
a scenario involving multiple closely related wolf populations remains possible" /
"However, in our view, the geographical origin of dogs remains unknown." https://pmc.
ncbi.nlm.nih.gov/articles/PMC7116352/

Janssens, L., Giemsch, L., Schmitz, R., Street, M., Van Dongen, S., & Crombé, P. (2018).
A new look at an old dog: Bonn—Oberkassel reconsidered. Journal of Archaeological
Science, 92, 126 —138. DOI: 10.1016/}.jas.2018.01.004. 25 "The Bonn—Oberkassel
dog remains (Upper Pleistocene and 14223 + 58 years old) have been reported more

15


https://pmc.ncbi.nlm.nih.gov/articles/PMC7192337/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7116352/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7116352/

20

21

22

23

24

25

26

27

than 100 years ago." &7 &3 AF&2 §3: "a +40 year old man and a +25 year old
parous woman." ¥=%2] Table 3&= B4 A& 20 12,290-12,050 cal BCE A|A|5HH,
=Ro A AL 12 A A (on the eve of the First World War)' © 29F A=t} —
191492 58 Aro]z] =12] ®7]7F oYt hitps://biblio.ugent.be/publication/85507
58/file/8550759. pd

Ze =8 25! "making this domestic dog burial not only the oldest known, but also the
only one with remains of two dogs."
Ze =R 25! "The Bonn—Oberkassel dog was a late juvenile when it was buried at

approximately age 27— 28 weeks" / "Oral cavity lesions indicate a gravely ill dog that

likely suffered a morbillivirus (canine distemper) infection." B A1 19-21-23F+& § 4.

22 =8 25! "Survival without intensive human assistance would have been unlikely."
/ "Before and during this period, the dog cannot have held any utilitarian use to

humans."

L2 =5 §4: "we hypothesize further that the inferred supportive care probably was

due to compassion or empathy".

Coppinger, R., & Coppinger, L. (2001). Dogs: A New Understanding of Canine Origin,
Behavior and Evolution. Scribner (University of Chicago Press o] 5 2002). XA
2718 "dogs did not evolve directly from wolves, nor were they trained by early
humans" / "they domesticated themselves to exploit a new ecological niche: Mesolithic
village dumps." 2 EZ (15 "The Evolution of the Basic Dog: Commensalism")& ©] Zo]
21 dizxshA] gkoroenz BE BA-S 18514 o=t} https://press.uchicago.edu/ucp/b

ooks/book/chicago/D/bo3644841.html

¥ 714 (Canid Ancestry Hypothesis) 2] -2 Salomons et al. (2021) A2: "The Canid
Ancestry Hypothesis (CAH) provides an alternative to the DH and suggests instead that
Hzo

dogs inherited their interspecific communicative abilities". 228714 714 9] S7 H&5S
A A7 20189 H|¥ =2 A XS ghelshA] Jafl Q18514 k=t

Salomons, H. et al. (2021). Cooperative Communication with Humans Evolved to
Emerge Early in Domestic Dogs. Current Biology, 31(14), 3137-3144.e11. DOI:
10.1016/j.cub.2021.06.051. %= "Here, we compare dog (n = 44) and wolf (n = 37)
puppies, 5-18 weeks old, on a battery of temperament and cognition tasks.” 7§+ %5
HzA 2o s AAY a e, 509 94%%E ARe 1- 240, https://pme.ncbinlm.ni
h.gov/articles/PMC8610089/

£ =5 25 "Wolf puppies remained with littermates but received 12-hour (24%) or
24-hour (76%) human care from 10-11 days after birth." / "In comparison, the dog

puppies received far less contact with humans.”

16
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4

rlo
i

= 25 "As individuals, 17/31 dog puppies and 0/26 wolf puppies performed i
above chance" / "The wolf puppies as a group performed above chance for the pointing
gesture (p =.011) but not the marker gesture". A AFEL 718]7]7] 7l 77.99% vs ST
62.08%.

"

Fe =F 22! "These results are consistent with the idea that domestication enhanced
the cooperative-communicative abilities of dogs as selection for attraction to humans
altered social maturation." ZA-2: "This initial evolution may have led to a second wave of

selection directly acting on individual differences in cooperative communication”.

Kaminski, J., Waller, B. M., Diogo, R., Hartstone—Rose, A., & Burrows, A. M. (2019). '—>
Evolution of facial muscle anatomy in dogs. PNAS, 116(29), 14677 —-14681. DOIL:
10.1073/pnas.1820653116. 3l ZE "gray wolves (Canis lupus, n = 4) and domestic

dogs (Canis familiaris, n = 6)"; Table 1: "This muscle was never present in the gray wolf

as a separate muscle but instead appeared as a small tendon" / 7] ¢l 4l= "consistently

present as an independent muscle in all specimens except for one, a Siberian husky,

where it could not be located." 25-9] "uniformly present in dogs"®2.th Z7} A gsf 222
"6utz] F 5ut2]"2 A Aot https://pme.ncbinlm.nih.gov/articles/PMC6642381/

L2 =7 Y5 2E "wolves (C. lupus, n = 9) and domestic dogs (C. familiaris, n = 27)"
O 27me] & AEE=A BEEo] 20); 25 "with highest—intensity movements

produced exclusively by dogs".

Wialler, B. M. et al. (2013). Paedomorphic facial expressions give dogs a selective i
advantage. PLoS One, 8, e82686 — Kaminski et al. (2019)2] 2 1-&-(ref. 17) 221k

SRIgT o] Ho] ALL x5k eslet.

Kaminski et al. (2019) Discussion: "Humans then consciously or unconsciously favored — «
and therefore selected for those characteristics"; 25 "We hypothesize that dogs with
expressive eyebrows had a selection advantage and that 'puppy dog eyes' are the result of
selection based on humans' preferences.” 2%-2] A]ZF & "in only 33,000 y'& ©] =&0]
A 183 7FE3}E Al olv] 149] ThE A4 (14,2239 wiE-11,0008 A thAl AS) 9}

AIZE e do] th2t

Ze =5 Discussion: "One highly relevant question in this regard would be whether e

selection for tameness alone might create the same scenario.”

thelo] 7HE 28 AL AP AL Trut (1999) p. 162 9 Wilkins, Wrangham &
Fitch (2014)2] A& ("Darwin’s 'domestication syndrome™)-& w2 Zo]w  TEo] 7],

14 98-S o] o] thxakA] erarrh.

17


https://pmc.ncbi.nlm.nih.gov/articles/PMC6642381/

.

KO

ol
10

F

2ol E=0]

1795

(Johann = Friedrich

st=ldtk . Ak 764

S

22}

]

Lo

e
oW FERT o 7}

I

5

AN 2

1795\

=
=

=
pu—

Blumenbach)= <17to] tt

o

se2En g4 9 7h5etE o

o
W | e o} ek 3ol of

of Avi, o2

e}
T

7]

o] Aol

3]
=

1 A4

]

o

A7

s

SHA Q1

ol EFuct o, %

ohe

o

M=

o

v

ER

F1e] 1806

o] AgHE Ttso s

ohE AT AL

=
=

g 7}

=
=

2k

W}

Aot "I™olx QIZF

W

G

|

W 37 ot

=
=

ojn]o] ojw 7}

il

18



o] B 71ol8) A thel A4lo] "BA o FRF T L AL sh
— T Agho] QI7HY WAL BAF Ho] gtk zloldith 2010
o0 Qi v 1 HAE AHOR At

29,
Ho
N
o,
o
N
)
j_(')_[w‘
olN
-]oh
=
o
v
o,
)
rr
i)
o
%,
)
A
o
[
rr
po)
o
ul

it
o\
o

A
HE-8-# (reactive) 5272 1ol 2o diet 244 Hh-golth — 219}
1780 4ol 3 weketh. AgA (proactive) 344> THET

:
'SRl i Re] RAS BRE ok, B T AYH A

Q7S olAFEH Zgoltt We A BAAS AMARL} Wt — o] HoAk
HieRol gtk AFA AL Bk — AMAY BH5 BiHol AL
QU AaFolTh! 20199 F4 il (A Q&) AT 47 o]e.

AT At oA A S5 Hks ofd WAL HiHET EA

19



o
B

e

X

Ho
)

ey
i

Ile]
or
%0

ol

917}

Mo Y Hme o

)

g

a1
54

A7t

ol A4 A

1=
—

Atk Aol FA4S E9n

obdsl — APl

=
=

st}

94

A9

IRRAe

S

ol
!

)
Jo

RES

S

Ml "EEglolnt 0 7 ahale B9l A=k Aol w

ol
_

ol

7]

SEVEEE

Z]of|2] (Robert Cieri)2}

E

=t 20149 =4

ol

B

o Behedr] FE9 g4, 17

hr

At

g A2 AUk

20



e

de 08599

5

o] =Ao] A ot 20219

_ﬂ_

froa

ol 2t 3,000\ "0 Lojytrhar

AN HAH 02 WA

o olEdl o

N

SL=
=

=
=

Al el &7 7t

a1

oy
Ho
]

N

o

SIS EETIESNY

|

3,000 A ®H3pgo] ArEtAH,

A AL Qi Bl At

s} 714do] Aottt Batolel §o](Brian Hare),

=
=

HiHoAMz z7] 7}

=2}

271 7}

= n
=

Eglop IH(Victoria Wobber), @2 2012d¢] Hi-H

H]
=l

i

=

=
BY
)

ol

ToT
el

B

ol
~

A7} Bl 1ol

Solup

S

=22 Holk"

=o}of| thsh

o] o] Qlzte] A7) 7}

o] At 2AF % o

=
=

B'olgt A=}t

of-
Hk

B

ol

K

21



W = T rkek20t

BT M MR T AR RER TR o
T I TR E o ok o g o T 9 o] ¥
R S O LS
IR R N g s T T o
H = Mo E T ooy B oA P T o
w2 L B om BT N T
Lo Eewm BN oA R S T R
AT Gy S T IR B
RYX €2 %2 2 MMOTL_LAEO_E o 8l
T & 23 o< — G = 9
FEILEtgy petEn ¥
T e ® 7 H B Kool Hoy s s
N g Ho ~ W oo ™ 5R 1] el " -
Tow oL N BooHE Bood4g g
g T o o r =T X U T o
il R B ox o=
N R = HLEJ.;%J AN N ° o 2
of- iy = Iof- Jo ® X A X <| 3 —_ o B
T o oE oo oty Sy L of W o

O_]L - = _M_!
mmﬂﬂ,mwxﬁoﬂuunau w_jaw_ﬂmﬂq do 5
Rom g oo W oop WS o I &
- g N m 7 o Moy R OGs X o
v D2y o5 T T " o &
SR I APy 3 Nk X i
o0 o up I =8 T b °
= cr oMoy Ry o DR TGS
NE ST, T T Mo 0w N
B T2 x Ty 2w dE oW ol uSﬂ
RTE AW o5 F E g IRREI: TN
iﬂﬂ%mwé_ﬂﬂﬂu mﬂaﬂlj%i ~ ﬂu%?
L Py Tagreg Ixiecryg E I
W PEwsdH I D®T S A
Tl OT R W oa TR oM 5 oF o oo WS R o W A

22



Bt olb 2ZE gHgo] ohyt,

T
2

R

oA A7 A

71e)

R DS

|
T

= AR, A2 A3 B

1

Z
S

ohe Felt 7

M2g

2&7H7

=
_—_
1

23



ol

Blumenbach, J. F. (1795). De generis humani varietate nativa, 33, Gottingen. % <:
Bendyshe, T. (ed.) (1865). The Anthropological Treatises of Johann Friedrich
Blumenbach. London: Longman, p. 205 ("Conclusions”, 2] 512 A|18}): man "is far
more domesticated and far more advanced from his first beginnings than any other
animal." 2tglo] Yte] s &2 o] o] tfx51A] ¢roktt. https://archive.org/details/ant

hropologicaltO0blumuoft

Blumenbach, Beytrage zur Naturgeschichte 25(1806), &2 G+ pp. 293294, § VIII
"Degeneration of Man, the most perfect of all domestic Animals": T2 FEE-2 "not so
completely born to domestication as he is, having been created by nature immediately a
domestic animal." 71 9] Zt5 12 De Luc®] #]Qlo] et 7| @et 7Hd7kA] A7hetct —

LA Al A& Z2A7F 9lel, ddRte] 159 715 RS Fthe AL

Darwin, C. (1871). The Descent of Man, and Selection in Relation to Sex, 1%, Vol. I,
Ch. IV, pp. 111 =112: "t is nevertheless an error to speak of man -+ as 'far more
domesticated' than any other animal." / "man differs widely from any strictly
domesticated animal; for his breeding has not been controlled, either through methodical
or unconscious selection.” / "No race or body of men has been so completely subjugated
by other men, that certain individuals have been preserved and thus unconsciously
selected”. -2 Fol A thel2 A% HElo] o &g Zzoldl Hehds 51, 79
FRIOA B Z R QlojA ek o]f 2 91 A-8ollA ARt 22 A T p. 2220014 =
IZHS 28 7t&35tH &) vttt hitp://darwin—online.org,uk/content/frameset?ite

mlID=F937.1&viewtype=text&pageseq=1

Del Savio, L., & Mameli, M. (2020). Human domestication and the roles of human
agency in human evolution. History and Philosophy of the Life Sciences, 42(2), 21. DOLI:
10.1007/540656-020-00315-0. tF-1 0] wak-g Efmuts ol digh §dor sk,
"self-domestication"o]gt= 801 9] FAY (2 22)2} Dobzhansky (1962) p. 1969] "self—
domesticated animal'& ¢1-83tc}t. Dobzhansky Q&2 o] #o] tjZ35}4] ¢tk https://p
mec.ncbi.nlm.nih.gov/articles/PMC7250791/

Wrangham, R. W. (2018). Two types of aggression in human evolution. PNAS, 115(2),
245-1253. DOI: 10.1073/pnas.1713611115: "Proactive aggression involves a purposeful
planned attack with an external or internal reward as a goal." https://pmc.ncbi.nlm.nih.g
ov/articles/PMC5777045/

Z2 =% 25 "humans have a low propensity for reactive aggression compared with

chimpanzees'. 124 FA4 3|2 of Tt 7ML A2 AA R "remains speculative” 2,

24
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https://pmc.ncbi.nlm.nih.gov/articles/PMC7250791/
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FE FEZAO TAYL "uncertain" 02 F7|Jch

Wrangham, R. W. (2019). Hypotheses for the Evolution of Reduced Reactive Aggression
in the Context of Human Self-Domestication. Frontiers in Psychology, 10, 1914. DOI:
10.3389/1psyg.2019.01914 — H& W} ¥4 F5 WlE7} op WA Bl B BT} "two to
three orders of magnitude lower". https://www.frontiersin.org/journals/psychology/artic

les/10.3389/fpsyg.2019.01914/full

4

rlo
i

T 25 "Sophisticated language enabled males of low fighting prowess to
cooperatively plan the execution of physically aggressive and domineering alpha males."
E2: "the excesses of would—be despots are suppressed by coalitions of adult males, who

resort to execution when lesser mechanisms fail". A]7-& 2]yt 309 .

Wrangham (2018) %% "Since the aggression used by executioners is proactive, the

execution paradox is solved".

Wrangham (2019) Table 1 #%: "Timing of language skills is speculative; hard to test
(relevant cultural practices extinct)"; 2 A2 "Behavioral comparisons with
prehistoric species are speculative." T4 "The Goodness Paradoxy (2019)+& ©] %
=28 ol o] A2 AA EZ-E thxohA] gt — 919 "FA A S A=

w20l AAE A8l AR Aol

Cieri, R. L., Churchill, S. E., Franciscus, R. G., Tan, J., & Hare, B. (2014). Craniofacial
Feminization, Social Tolerance, and the Origins of Behavioral Modernity. Current
Anthropology, 55(4), 419-443. DOI: 10.1086/677209. 25 "craniofacial feminization
(reduction in average brow ridge projection and shortening of the upper facial skeleton)”
- "reductions in average androgen reactivity" =+ "the evolution of enhanced social
tolerance since the Middle Pleistocene.” ¥ (R =2tz 7|5 1,4000] H)E= o] Ho] =&

w02 g2 ettt

58 529 242 9] A== 212 Henneberg, M. (1988). Decrease of human skull
size in the Holocene. Human Biology, 60(3), 395 - 405 — ©] A2 Y&& tjx5}%]

2okt

DeSilva, J. M., Traniello, J. F. A., Claxton, A. G., & Fannin, L. D. (2021). When and
Why Did Human Brains Decrease in Size? Frontiers in Ecology and Evolution, 9,
742639. N=985. 25 "human brain size reduction was surprisingly recent, occurring in
the last 3,000 years." / "Our dating does not support hypotheses concerning brain size
reduction as **+ a consequence of self~domestication." https://www.frontiersin.org/journ
als/ecology—and—evolution/articles/10.3389/fevo.2021.742639/full

Villmoare, B., & Grabowski, M. (2022). Did the transition to complex societies in the

Holocene drive a reduction in brain size? Frontiers in Ecology and Evolution, 10,

25


https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2019.01914/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2019.01914/full
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2021.742639/full
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2021.742639/full
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19
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21

963568: "human brain size has been remarkably stable over the last 300 ka" / "more than
half of the specimens of a 9.8—million—year analysis are placed in the final 100 years".
DeSilva et al. (2023)] A5FHDOL: 10.3389/fevo.2023.1191274)-2 ©] Ho] tjx5}7]
oroktt. https://www.frontiersin.org/journals/ecology—and—evolution/articles/10.3389/f

v0.2022.963568/full

Hare, B., Wobber, V., & Wrangham, R. (2012). The self-domestication hypothesis:
evolution of bonobo psychology is due to selection against aggression. Animal
Behaviour, 83(3), 573 -585. DOI: 10.1016/j.anbehav.2011.12.007. %% "Here we
consider the bonobo, Pan paniscus, as a candidate for having experienced this 'self-
domestication' process.” ;.3 B}~ "no gorillas competing for access to feeding resources”
/ "male effort to dominate or coerce females thwarted by female coalitions". https://evol

utionaryanthropology.duke.edu/sites/evolutionaryanthropology.duke.edu/files/site—imag

es/hare—et—al—-2012-self-domestication.original.pdf

2o =8 %! "many of these appear to have arisen as incidental by—products rather

than adaptations.”

22 =5 "How applicable the self~domestication hypothesis will be to a wider range of
species remains an open question.” {17t 2-8-2 Hare (2017) Annual Review of
Psychology & Hare & Woods (2020) & o]o]z|L}, o] A2 1 FH-& 214 tf 514
Tt

Wilkins, A. S., Wrangham, R. W., & Fitch, W. T. (2014). The "Domestication Syndrome"
in Mammals: A Unified Explanation Based on Neural Crest Cell Behavior and Genetics.
Genetics, 197(3), 795 -808. DOI: 10.1534/genetics.114.165423. 2% "The origin of

Darwin's 'domestication syndrome’ has remained a conundrum for more than 140 years."
https://pmec.ncbi.nlm.nih.gov/articles/PMC4096361/

Ze =5 "In a nutshell, we suggest that initial selection for tameness leads to reduction

of neural—crest—derived tissues".

24L& =8 "If no NCC genes are found to be so implicated, our hypothesis can be

Z-2 =5 "brain size reduction per se is clearly not a crucial determinant of tameness" /
"Many gaps and uncertainties remain in our proposal.” =& 22| "Homo"& 5745}
¢rom Table 1-2 B K (Hare et al. 2012)%F olg3tch.
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Boehm, C. (1993). Egalitarian Behavior and Reverse Dominance Hierarchy. Current
Anthropology, 34(3), 227—-254. DOI: 10.1086/204166. 487 A}3]9] 2]} B ar(Hu] 12,
FHA] 11, ofe 7t 9, ofAler 5, 7714 4, 25 3, @AlofH o} 2, A Felet S5 2)2t A A
E-E(Table 1) pp. 231 -232. https://www.journals.uchicago.edu/doi/abs/10.1086/204

=
>

Ze =5 p. 236: "rather than being dominated, the rank and file itself manages to
dominate." 25 (p. 227)2] A 2]: "egalitarian behavior as an instance of domination of

leaders by their own followers."

Cheng, J. T., Tracy, J. L., Foulsham, T., Kingstone, A., & Henrich, J. (2013). Two ways
to the top: Evidence that dominance and prestige are distinct yet viable avenues to social
rank and influence. Journal of Personality and Social Psychology, 104(1), 103 - 125.
DOI: 10.1037/a0030398. Study 1 37FF 1919 (53% E4), 3670 B4 A4 -67),

Qe 27 = A9 A B WD AF G FAE (. 109).

Ze =5 p. 103: "Dominance (the use of force and intimidation to induce fear) and

Prestige (the sharing of expertise or know—how to gain respect)"”.

22 =8 p. 103: "those who adopted a Prestige strategy were viewed as likable, whereas
those who adopted a Dominance strategy were not well liked." Study 2(5t544 59,
20% 29 671 oFo]E=F], p. 116): "Dominant and Prestigious targets each received
greater visual attention than targets low on either dimension." ]2} 9]410] vje}-2 o] =]
G AFAEE Tl AT 4= Ak BH= Zeng, Cheng & Henrich (2022).

Dominance in humans. Phil. Trans. R. Soc. B — & C [11].

Carneiro, R. L. (1970). A Theory of the Origin of the State. Science, 169(3947), 733 -
738. DOI: 10.1126/science.169.3947.733. p. 734: "they are all areas of circumscribed
agricultural land." =7Fe] A 2](p. 733)= Y E W th F5AE 8ot Ala 443
H A AhE 7 FYREE A A BASS]. FH S dAAE dod HE

W37t &= 54 198 Carneiro (2000) PNAS — 22 C [4].

Ze =5 p. 734: "while warfare may be a necessary condition for the rise of the state, it

is not a sufficient one."

= St A= A2 "And the price was political subordination to the
Z o= xu AL 7] p. 7352 57 — AR A7 pp. 733 - 7344
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Z& =8 "autonomous neolithic villages were succeeded by chiefdoms, chiefdoms by
kingdoms, and kingdoms by empires." A& "It shows the state to be a predictable
response to certain specific cultural, demographic, and ecological conditions." (& &
=4 pp. 736—738.)

Zinkina, J., Korotayev, A., & Andreev, A. (2016). Circumscription Theory of the Origins
of the State: A Cross—Cultural Re—Analysis. Cliodynamics, 7(2). [A% — o] & @x]7t
222 BFolgi 1 BR-9 of 25}2] 9kttt ] https://escholarship.org/uc/item/1si9n878

Harari, Y. N. Sapiens: A Brief History of Humankind, 2% 5% "History's Biggest Fraud".
A2} FA] Ao E o] 57 'hlof| 4] &el: "We did not domesticate wheat. It domesticated
us." / "Who's the one living in a house? Not the wheat. It's the Sapiens." https://www.yn
harari.com/topic/ecology/ (12 & A5 = W2 HR gt 4] gr=t})

Scott, J. C. (2017). Against the Grain: A Deep History of the Earliest States. Yale
University Press, p. 129: "Only the cereal grains can serve as a basis for taxation"
(o]} A= D7 — visible-divisible-assessable-storable*transportable — & 24} ¥ =gt
gelgitt) — Middleton, G. D. (2019)©] American Journal of Archaeology 41 (DOTI:
10.3764/ajaonline1231.middleton)o] 2 Wz 9} 3] 2143t YBS F3] FIgc}. hip

s://ajaonline.org/book-review/3781/

s

lo
=
e
-
1o
]
et

A(p. 151, F7F oI F
!

w20 37k Egrhe =3 (. 16),
o} ol Aoz B A%(p. 211) — 2L AB A4 o AL 230 AT AAE

Musée du Louvre, collections 7F2 21 "Code de Hammurabi”, Sb 8. A]tH "lére dynastie
de Babylone : Hammurabi (1792 — =1750)", = basalte, $©] 225 cm, 24 Suse
1901 - 1902(#= J. de Morgan), & $1*] Richelieu, Salle 227. https://collections louvre.f
r/en/ark:/53355/cl010174436 — AA= ZT AFolM @FA/ AT =40] 3ol 222

"Ae B2 Atk 22 S84 2809 A8 222 o] Ao] 17} A2 x5t gtk

£ 7P 20! "La scéne représente la rencontre entre le dieu Shamash et le roi
Hammurabi de Babylone -+ légitimant la souveraineté du roi et décisions de justice

gravées sur la stele.”

United Nations (1948). Universal Declaration of Human Rights. General Assembly
resolution 217 A, 1948 129 10 u}f2]of| A A3E. https://www.un.org/en/about—us/un
iversal=declaration—of~human-rights — 322 2] (4 48714 8)2} A (AFol 8 &)=

27 40 5§ 71%olw o] Fo] %3] s|oF0 % thakA] esth.

22 A 98 Al1x: "All human beings are born free and equal in dignity and rights."
A3z "Everyone has the right to life, liberty and security of person." Al4Z: "No one

shall be held in slavery or servitude: slavery and the slave trade shall be prohibited in all

34
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their forms." A]9%: "No one shall be subjected to arbitrary arrest, detention or exile."
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£2|5t =x| £X| (adverse action notice)

g2 old B §1002.97F A% A QA= S
gt A& FAE. Adold SA|o FAA *H—’r%
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1995\, 2 9|2 AL
19959, tiE-& A7) @A o] wAo] Z=Iafom A7

sjywo](Fannie Mae)= "|=r9] FEHEHEGYESS Also] SHOR Hal=
Z|golth, 11 A diES AR EAE Aote TR 221 oF°]
gA35E A-2to]H(Desktop Underwriter) — ZHAY 99] AApdo|c,
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ol

Equal Credit Opportunity Act (1974), 15 U.S.C. § 1691(d) — A< HEA AU H
dmo st eroteh. A4 Regulation B, 12 CER § 1002.9, CFPB eCFR @& 28

(A 93h). https://www.consumerfinance.gov/rules—policy/regulations/1002/9/

2o % §1002.9(b)(2): "Statements that the adverse action was based on the creditor's

internal standards or policies” --+ "failed to achieve a qualifying score on the creditor's
credit scoring system are insufficient." — @& Z1-2 2026 ddY xFo|H, o] B47}

19744 ¥ YRol} 19779 %% Regulation Bell Y QA=A]E ghelstn] grgich BR o
"2 Aol A Ee A R o] @3 27E ZAE Tk

Az & wHoj(dz Y of)- & ofe] 2 (Fe2h It A FAae T8 71Folnh ALY oY
o] 2] (fico.com/en/history) = 1H §F F o2t AlZ= 242 thx5kA] 5303, About
Us #lo] ol o]Fo] girt.

FICO, "About Us". https://www.fico.com/en/about—us — "Founded in 1956, FICO

introduced analytic solutions such as credit scoring that have made credit more widely

available:--"

myFICO, "What is a FICO Score". https://www.myfico.com/credit—education/what—is—

a—fico—score — "Thirty five years ago, FICO debuted FICO® Scores to provide an
industry standard for scoring creditworthiness". '35 "2 m|o]z] 2t Al 7]=2] A
‘oM, o7 F4tet 19892 5§ 7|53 A A5t #o]A] A= AeE A

e,

72 Ho] A (https://www.myfico.com/credit—education/what—is—a—fico—score): "A

FICO® Score is a three—digit number used by 90% of top lenders to assess
creditworthiness.” — /9] th&7129] Hl&o|v] t& 9] Hl-&o] ofyt},

FICO ZFAF Ho]Z]: "--the FICO® Score, the standard measure of consumer credit risk in
the United States." — &% &gt B4 ovt About Us(fico.com/en/about—us)2t A&
(fico.com/en/history) 7}l o] mo]z] 9] 12| = EA5HA] Z3UTt, FAtS] 2]
Agolm E§ Sl gith "Hx 0] A8 H4 AAH 7o AL Z-2 Aol Zio|
22 AA

12 CFR §1002.9(2)(2)(i): "A statement of specific reasons for the action taken";

§ 1002.9(b)(2): "must be specific and indicate the principal reason(s) for the adverse
action.” (% Q182 ZH22] A& THE th&olm shte] £ 0 & o]oj2]7] gf=t}. g=ol=
o] Ao W)
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https://www.myfico.com/credit-education/what-is-a-fico-score
https://www.myfico.com/credit-education/what-is-a-fico-score

10

11

Z2 1 F2] 718 "30 days after receiving a completed application”; A 87 & 60¢,
3141 302 T4 34 (comment 9(b)(2)) — A= A& 18443k @91-S uhodsfjof
ShAL, 4715 He AMre el 2 7HeAol Bon, AHs AE e (o spih2
FAH ez B,

DU9| 1995¥ &A1& 58 7|5<]t}. Fannie Mae 34] 915 H|0]] https://www.fanniem
ae.com/about—us/who-we-are/history = 2 & §E L} Aot EF ojtjo DULk
19909 th7} glet, 22 wlo]z] &S 1980W & FelATFF AR 2=t — "In the

1980s, the development of mortgage—backed securities brought capital from global
markets+". S]ARZ} 301 0] 2 & AT} 199592 Agohit, 19952h= 2AtE B 13}
2o susla 29,

Fannie Mae, "Desktop Underwriter / Desktop Originator” H|©]Z]: "Desktop
Underwriter® (DU®) is Fannie Mae's automated mortgage loan underwriting system.
Building on 30 years of digital underwriting innovation***" — fanniemae.com =] 1] 4]
FRIE = 2ol mlo]x] 272 A3 &t ZHrh 22 3] "30 years” 71
0] 2] (singlefamily.fanniemae.com/++-/30-years)oll = % <312 F£3ct, "t} ojH

Al2RET g2 jES ARl 22 340 7] FAolzh 2ol 222] ekt
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Hofjzl Zo] ofyry — o] mEok A Fo] AHojAA] et FE
Fog 2AgE T =4 4sktt ofd Ao (Adam Kramer), Ao]n]
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e B3

F-E 13 AL Aot 13 &2 HEo] o ZFo] Ex]9]
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46.8MAES A o7l 24mAE BA Golrt Sof qlglet]
0.IMAEEQIEL G Ao] sHRoAE Ro|x] ¢fs Apolch, o] & B
2717} gebglek La17] ol@e 2717} 68 B 91 F9S o, B

T

o150 Yot AREC] ABL LeRIAE "HH Huatg
_]

e A A9 B A4S £2 UL, FIL ot

Mo

2016 LA~ zAESH(Alex Rosenblat)® £33 AEd(Luke Stark)&
ofF & Bt M 2XAEY AES XA AE IRIL” H=
= A7t SHEYPT AAEo] 2
o] HthHo] FA9 FXE °]FH
FH7F T QoA " x 7 Lok W Aol ARt 7 SAINE AR
Zoldet.? obf e A A B Al ojr A dstetal P SHA] =t

AL o] Mo] Rl RS BT AAR T AGELS 1 Hel Fi

20229 94 159, vl= ALAANAL]FTO = s702] 2ol 50 0 2=
"ot3 ff8l-g 52 329 2 (Bringing Dark Patterns to Light) ; 2 AE|Z
H1AE FRAH Y A8 xE 23 A5 2ukel(Samuel Levine)& "o]

45



FHES BEHA B2 Aol L BT £ At olFh
= six|sted st o] n|2'E Aok sHA RtEE A ARt
B2z Aol 93] e Ee Ayl €4 ¥t 247 niE A=d

Y, 7V A ETHE Bl o], 418 A" S FskT A S ol FA| Ak
E]

Ct3 &l (dark patterns)

FTC EExgo] Edogl AH|XE "SolAY 2ES 4 Q1" "4AH|ZL9
AR} A E S sE|AY FAAY 44X 4 9lon] He =
AA TeY. olAL Huzgol AHREo|x] HiAol 4] Aozt oyt
BEnt A0S B0 94, 2 B8, 24558 £717], dolH T4 F

Y o072 skt o] UL Btz ol A AEo|x] Bl Fa Bert

ot

Si#] spE o] mlzolE o] itk sAIsHA Hete £ ofHol= §itt
Je A2 ko of ME] YA vlF] AAE A= BFe] /i
AAE & A "ot Ak 1A 71e] A7 §ff 71 ol5E &9

Ao we glo] AMEiz]e] mofgtornn AH|zte] A€it o)A}

i,
o
o



Hole

1A sporeh. Ag AR

S

5

&2 ol AgAIAE

o

ol
=H

r
%]

&

o

<+
W

ol
X

o F 28 AT 2

'
=

o)

&2 ANAAA oFFAE A Z]A]

=
e

®]
mm_.o

Gl
~—
J|
o%
<+

~
,_oE

KA

Fuh A9 RAgARY RS WY, 1 St A] o] FolA

o

o sAl°ll ARt

o] 1=

Z
L

ST 689 9

N

{7t ofL|ct

=3

P — 0|22 OpAI=I0IX] 7t

o

1E]
=
9

fay

A o, 30MIHE

o]¢ FL 404, 47t 5

i

K
;OE

A
&l

71

)

L=aw By
o H I

Tyt 2olgch 2@y} thach, o ¢ =7

oln

ol
0SS

oA
e}
2

o

R

Adie] FAe R, el

47



11
s }\ﬂtﬂ
b obet 5
(A

i)o|m

e

NN &
oF
tolx}a]
7] o

Ef'_?__

ot

5

o

9

oL
L Aele]

1

~

0.02

R
__o_ll_.l
ﬂLﬂMa‘
,o|_l_1__/|qO
@1,7}%}
EVﬂoLomm
_ﬁm_uﬁﬁi_w_ 5
mﬁgﬂaﬁﬂ :
%Lz:wréﬂ% MMMZL_H
Jﬂmwﬂmﬂw%ﬂdl]%@ﬂ
7= ® = 5 £} T 5 M
11_ E_UEZ\_O_.DO EE,UI_/A
éc_e_n; s e
igodux Lﬂlh Huao,% o
o 0 T JJ oF H N To- N % =
a_}mwﬂ:@é or@.:T@ & P
teiﬁﬂ,qdo} o - ,
gz : 5 2y SENY
Mkﬁ_ﬂ#m]mﬁﬂ QMMMU ﬂi, W%M
1 O Lann
ﬂwlu.%mmaowa z_.%zlﬂ Mm:% w_miﬁﬂ.
Jnuaéﬂlzmow% @Jx'o < oy ﬂ:ﬂ
wqfrﬁﬁﬂlm ﬂl.a.ﬂ_:__k, Eﬁﬂ wmauwwr
ﬂu.ﬂﬂmwﬂdl.mpwﬂh ﬂmmq.u_w éﬂf dﬂmamrﬂf
m_/Hd_am_w_MM]Ll BEO@.] o o ]dﬂlmLf
MMP_4407 ]]Mm o_a 7,_4_'72
%a%%%éﬂ Bfooa E_me}n }%ﬂﬁ
Loﬂ,m;og % g@goﬁw U qu;
ﬁllﬂ_moﬂoq,l_l i AE,ﬂAII‘I‘I <] 1 ~ ]2% n
LT%V 1mA o X L_nlﬁ 2 R
uvﬂler h_oﬂﬂ_mﬂ_ﬂ@u = _.an
qmﬂm._ﬂ_w}o_. aﬁulduma _ﬂ_,;oo: ﬂﬂ:_ﬂl@
a._uﬁvmoE]ulL,mw uaum_ﬂﬁo mMﬂué %ﬂﬂ
‘m_ ol T —_ s} ey - . T —_ o _‘_ —_ Jl ,_ﬂOI,._ O__w 1__/|.A ,_.ml.._
ﬁmgobowﬂx o o7€ o ) = 18 T
moww%ﬂﬁﬂnm @%mﬁ%@ é%ﬂe 5%%%
o ! —
azﬂz E]gfz ﬂiq wzéﬂ,
1;@”5 Ofx =3 au_ﬁ }Jum}]
= 11_n_Hnmu ny LIMN =R ZAO.._
:..A,.Dl 7.A_o i %
=N ﬂmﬂ%m Aﬂc_. uvqﬂo_ewq
N L_LJmJ.Zo_w oﬂa_ﬂ 1__o|teﬂ_.mn_
gl Gy V_u o_u] AL % 9 d_ﬂ_wmomﬂ
_I_Z.._LIH_AI ,_LLIE_E ,E_IEE_,_..__M
OTEZMO ﬂ__oa wm_mm
o_z: K p W oo w 5ol
Y %QM M_u_ﬂﬂﬂ_m
L OTﬂuw meﬂ
@%M 10}%
T ﬂ_avﬁ
=0 ﬂc&;euvﬂzo
Jmomaﬁle
oLLo
7A_a
al

48



™

Kramer, A. D. I, Guillory, J. E., & Hancock, J. T. (2014). Experimental evidence of
massive—scale emotional contagion through social networks. PNAS, 111(24). DOI:
10.1073/pnas.1320040111. 2+ "The experiments took place for 1 wk (January 1118,
2012)." 3k&2] FA] Ho| Aol = H&ehA] £, G7E-> PMC 1]2{(PMC4066473) 9]
AR oIt} https://pme.ncbi.nlm.nih.gov/articles/PMC4066473/

Ze =5 N = 689,003; "~155,000 participants per condition who posted at least one

status update"; "over 3 million posts” / "over 122 million words".

T2 = A gl JAWLIWO) & Ho] A5 AJAF] WA Aaisitt — "such that no
text was seen by the researchers".

T =il oA 2 E A4 2004 3 ©e] Bl B = -0.1% (Cohen's d = 0.02), 573
o] HlE& B = 0.04% (d = 0.001); §74 =& A 2704 £ o] H]& B =-0.07% (d
=0.02), 34 @] H]-& B = 0.06% (d = 0.008). A} A< "the effect sizes from the
manipulations are small (as small as d = 0.001)." Z2°] 0.1 HAEZIE'E= B = -0.1%%

a3 Aol

CAAE T 22.4%7F F @Ol E, 46.8%7F 5 HolE LK

B\
ol

ak:

rlo
rlo

=i

o my

e
=
o]
BA

oo Mo

~

>

iy
rlo
i

= "in—person interaction and nonverbal cues are not strictly necessary for

emotional contagion."

L2 =5 A= "consistent with Facebook's Data Use Policy, to which all users agree
prior to creating an account'©]™ AZHE-2 o] & o] AF9] "informed consent' 2
7€t} &2 o] 98 319 (Expression of Concern, PNAS 111(29):10779,
PMC4115552)-& EAFE ghelgi v 71 Eie Agsha] goheh — 927t 59 Axto] gt
Aolghs A& 58 7|50t ==Fof "This article has been corrected” EA]7} $lott

=
478 W82 =dskA 3

Rosenblat, A., & Stark, L. (2016). Algorithmic Labor and Information Asymmetries: A
Case Study of Uber's Drivers. International Journal of Communication, 10. 2% "nine—
month empirical study of Uber driver experiences"; ¢# ] & X H "freedom, flexibility,
and independence”. 229t |2 ERE PDFE AesbA] 9otk hitps://ijoc.org/index.

php/ijoc/article/view/4892

L2 =7 25 "Uber does leverage significant indirect control over how drivers do their

jobs." / "the information and power asymmetries produced by the Uber application are

49


https://pmc.ncbi.nlm.nih.gov/articles/PMC4066473/
https://ijoc.org/index.php/ijoc/article/view/4892
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<

fundamental to its ability to structure control”. A 2] Zeto] 1} vz} =2-g 0

H&e 250 glof o] B2 1 G2 A7) ghalet.

e

FTC B2tz (2022-09-15). FTC Report Shows Rise in Sophisticated Dark Patterns
Designed to Trick and Trap Consumers. "The Commission voted 5-0 at an open
meeting’ / &4 "April 2021 workshop". HilA A HL2 "P214800 Dark Patterns
Report 9.14.2022 - FINAL.pdf'. =5 A& 75 thx 1, 28| 14 PDF

HBo AFsIR] &ttt https://www.ftc.gov/news—events/news/press—releases/2022/0

9/ftc—report—shows—rise—sophisticated—dark—patterns—designed —trick—trap—consumers

L2 Re2tz, Samuel Levine (Director, Bureau of Consumer Protection): "Our report
shows how more and more companies are using digital dark patterns to trick people into
buying products” / "This report—and our cases—send a clear message that these traps

will not be tolerated.”

Z2 HE2FR ! "requiring users to navigate a maze of screens in order to cancel recurring
subscriptions” / "sneaking unwanted products into consumers’ online shopping carts
without their knowledge". 717} 7F-EETH2 Efo]w ¢} "pre—checked boxes"Ie 2 £A].
Ze Bzt ABCmouse("Easy Cancellation” 3
hidden fees" F1 & E4 5 £47), Vizio(7] 2 474
A9 (allegedly) 4=52] Ago|tt.

2o Rz o] A A5 (YE): "Misleading Consumers and Disguising Ads", "Making it

difficult to cancel subscriptions or charges”, "Burying key terms and junk fees", "Tricking

31 2] ), LendingClub('no
B2 A1 dlolH A32}; i)+ BF

=l
o

consumers into sharing data". 2] &7 dark patterns "can trick or manipulate
consumers’, "can obscure, subvert, or impair consumer choice and decision—-making and
may violate the law". HI1A] 2] T4 27} P4 Aol= 1L BIAE At ghot

SRERES

50


https://www.ftc.gov/news-events/news/press-releases/2022/09/ftc-report-shows-rise-sophisticated-dark-patterns-designed-trick-trap-consumers
https://www.ftc.gov/news-events/news/press-releases/2022/09/ftc-report-shows-rise-sophisticated-dark-patterns-designed-trick-trap-consumers

-

6%

HE

12
rlF
P
re

A O
T H

19984, AH[Ql 2|2

19989, AHQl &2, 72| 7tATZ X (Garry Kasparov) et WA ET 2
(Veselin Topalov)7} \h FQEa, &= AR Hele Z4ARe] PCeE A~

ATEo|7E AR A 7IAE St F= =l ¢ 7 A
22 At & et s =] ks 4-0, 7An R O] 9509l
7IAE Foll & ol¥l A¥t= 3-3. 7tam=zEns 4ol | Fof o|g
Aot " Alitl A o W 991 71 Aol ols) FastE ek

ol AAZt WeAE WA W AL AAn LA

zoAE WA T AL AAAn 1eln stanzmel B WHs
gJofof gk}, haubR L A1 Zlo] okt #71 Zlolch. Atetxl AL St

ohet o] 9%tk — AlA WM AL AA Brdom BE vhe 1 59

45 o go] Aktehs Slo] # glo]4 B HolS WEA It %

l:l
_\d

1. O 1 =2 ==
1 s8e AN AW € = AT "Eelnt. A ¥ ke d2

=
Atol s Aol S ekttt

7% S A, 19979, shante s [BMe] gERete] Arideld At
"W A AA me At | A A BME A2 5

zote meAES 9w, A W4 9ae olgAA P’ 1= 1
NAS o] BA] Qi) "PEEE m2IW lsg FFAATL -
A 2o wWAlozur xFololtt Telm SRAL. "Hu e

51



A FTka S1A] 78] Lokl AL oh QAR dleo] the

71 su o] st — Z1Alel Al tiAl ZIAE Boll Fe 2

Al
Al

ru{m

ofl

22 = 200599] do] skt © SQltt. Playchess.como] @ 2| AEY
2. A= adMErrAH "R, fo#EFH stol=gk(Hydra)®
ofith. "HAFEH Al HHE BAll 2As "= ofupEo] AA A 3
grolglet. stolEeh= et AT HHlR LEERO xgte] !
FhAup2 I o] Qoke ojPrt, "oFgt QITF + Z|A| + ¢ L2 mEA|ATE 7S
AFEH dEEo Lo 19
LEA|AHTHE ST

ARt A+ JIA + ESR

R

19981] A3 91] Axto] Mol Al whAlTh. 2005delis Agte] H Aol

A HolA) ghalrt — BAAL 2L A ANA FolL o gA BEbert.

2016 38, M2

20164 3%, AL, olAEW 72 gulel=e] gubast bl We Fem

L, 7149 FEgek’ ALY Kozt 20 9 ol4
AAZG. T owA wme| 3748 F3 REAE oA A
AR Fol2Q) £ Gkt 1 e oA P 5 Al7le] AFA

= =
S FRQ 19T he B 'RE 79| 50l 1 R of

,J
rlo

ek 2H7] Aot T2 oA 2016W 1€ Tdlo]A, 9
A =Re ontart 8 Aol w5 o](Fan Hu)E 5-00=2 o|Zttal
ks 20169 39 A2olA Z1A7 4-12 o|ZaL, A= 11 H

al
Asel 7172 48 grgtin &t

52



£
rfo
i)
o)
o
1o
D)
o

-
=)
2
)
£

to
=
o)

S~

2
D)

-
2
o
219
=
%9,
39

al, ARl

Al B1A] A2 ti=o] ofyet ZEolth ml= AlFOoF=R(FDA)E Al
AR S=m71719] 555 ol AR F52 F AHLY Ao
A=, W9 FES 20269 6¥ 299 FA, WS K253628, ofrtct
wtjA(Agada Medica)®] 7]7]9th’ FDA: 220l HAL AAR
Agketer. o] =2 Al A f=71719] ZEA =7t oty a2
"QoF Aee] 291 Al ¥ gol& 272 F2 Ad'HY, 559 77]&52

il
'FDAS] sfig Al

(¢

R
o
™
filo
oju
AN
e}
i

£ 2o wel AL 9t AIE VAR 71717} FAIs1e) Alu
A a7g Evehs 2ol A Aol ofuet §4 o) A FZo] Hrhs 2,

220 77l ARAA 2L ohed, 7} opxEt] ARlshe
u

WAool Axto] AelA WHT(1998), ofulFolrl L2AAE oA
(2005), 7177k 4~ 1 o131 5] Aol 7]70] 45 Wj@Thn A} 23
(2016), AIE "AF 71717} 4] B2 A5 F5o] Mrh20261 62
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Kasparov, G. (2010). The Chess Master and the Computer. The New York Review of
Books, 2010-02-113(Diego Rasskin—Gutman, Chess Metaphors, MIT Press A1
P2 9] of|Hlo]). HE-S A A=t "Our advanced chess match ended in a 3-3 draw.
My advantage in calculating tactics had been nullified by the machine." #]-& 1998 tj=-&
732} PCEF A& AT EQJo] 5 A= PAlo|N, ot & Uit ] Ei= 7pAupR O] 4
SOlATHE2 2). https://www.nybooks.com/articles/2010/02/11/the=chess—master—a

nd—the—computer/

.

S = ' lost the rematch in an event that made headlines around the world." 1996
A Ao 7t X Hejek [BMO] ZRAE Fa = T2 29 A&olth("quickly shut
down the project”). A Zof tjsljA& 7}ntg T o] s]afo] "FAEtH(dashed)" 2 9F
A3 Q1AL IBMeo] ARG tH= A&-2 gl

Z2 2 "Deep Blue was only intelligent the way your programmable alarm clock is

intelligent." / "Not that losing to a $10 million alarm clock made me feel any better."

£ 220059 Playchess.com Z2]AEFY t5]9] 952H= "a pair of amateur American
chess players using three computers at the same time"; 4+ FE Hydrat 7$ A7+t
FHIR L EEO] 23to] Ho}. o] t3] A& stAmR o] B o] 952t A -t He
=l fleh. te] 34 7152 vl 2skA] et

Ze 2 "Weak human + machine + better process was superior to a strong computer
alone" / "superior to a strong human + machine + inferior process". ZEF-- 2 A'2h=
YRS 9T HAES Uehi gon e AanzEe Ede R 27 93kt 20104
oLF AFEH7IA 230l 714 W5 ol PeAE 13} BH gxaka] R

Google DeepMind. AlphaGo (research/breakthroughs mo]2]). &S 3 d&Fct.
"AlphaGo's 4-1 victory in Seoul, South Korea, in March 2016 was watched by over 200
million people worldwide." 7HEFAL 2H7] A&o]m] "29f "2 22 AFo] git. QJ-&&of
A o] &2 glar 'olMlE'2 BE XA o020 FRIFNTE, https://deepmind.google/research/

breakthroughs/alphago/

22 o] x]: 2= 374 tisfl "This pivotal and creative move helped AlphaGo win the
game and upended centuries of traditional wisdom." / "Players of all levels have
examined these moves ever since.” Z-2 M| 0] 2] "the first time a computer Go player
had received the highest possible certification."o]2tal e A=t} 7|AHE 9] Sty THao]
ek ZREAF U E] 12F S A (7] - QB )= R okA] Z3ld

Silver, D. et al. (2016). Mastering the game of Go with deep neural networks and tree
search. Nature, 529, 484 —489 (2016—-01-28). DOI: 10.1038/nature16961. A 2|7t
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https://deepmind.google/research/breakthroughs/alphago/
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) Agelx] RgPonz 9 8-e glrk. Bl 5-0(2015-10
dlg7) )} e T2 T A S8 99.8%F H 440 25t slelgit, o] =R
A A 2R WA ANHODE 4-19 27} ohct.

Bi =)

FDA. Artificial Intelligence—Enabled Medical Devices (%), 15 mf|o] 2] 2] A=A
"and Machine Learning (AI/ML)"o] mtxich, dEut dgtgiong =2 440} "Content
current as of E#h= ZI6k2] Z3t. ARt Helo] A4 5 HF 2
06/29/2026, K253628, Agada Medical; &t H9] 9] upAdt &-5: 01/06/2025,
K241079, uCT 780. https://www.fda.gov/medical-devices/software—medical-device—sa

md/artificial~intelligence—enabled—medical—devices

Z2 mlo]x]: "The list is not a comprehensive resource of Al-enabled medical devices." /
"Devices are listed in reverse chronological order by Date of Final Decision." / "identified
primarily based on the use of Al-related terms in the summary descriptions” / "The
devices in this list have met the FDA's applicable premarket requirements", &5 o 52
510(k) AAF & (clearance)©] A 5 (approval)o] ofB& R 'Fel'olehz EHe
2] okeket, A#et W olo A g Bt (Panel(Lead) €)= -2 9JAFolshH(Radiology)
o|Gitt. Ho| A= sk ol Bel-LLM A 717]19] Ad-8A] -2 "AsHIt L

YA gt

o] AL FF FE2 AFQIeHA] Yo n® QleR-2 glry ZEo] 8 x(54 BgolA

=
F2E 93 9, BE B8] 1 4912 v 22 2.0 WE Zlolxt,

il
flle

BEA (2012). Final Report — Accident on 1st June 2009, Airbus A330-203 F-GZCP, Air
France flight AF 447. 114 Q22 G512 3o T5 2287 AU AP, HSH A
2012-07-05 370, AFe (W EW 2Y — £S5 EYA] — A2 oAl — 715 45 4= —
N AT — A% 08 - FEE BT EE A4 0 20 5T Fo|n] B4 2.

Q1-8-517] ¢kettt. bea.aero/docspa/2009/f-cp090601.en/pdf/f-cp090601.en.pdf

€

Hd
rlo
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Trut, L. N. (1999). Early Canid Domestication: The Farm—Fox Experiment. American
Scientist, 87(2), 160—169. DOI: 10.1511/1999.2.160, p. 163: "From the outset, Belyaev
selected foxes for tameness and tameness alone, a criterion we have scrupulously
followed." & B4 AHT~87/H )t v o] A= Arbs 22 & G822 g9
Z+9] mj7| o] A7Holt}, https://courses.washington.edu/anmind/Trut%200n%20the%20R
ussian%20fox%20expt%20-%20Amer%20Sci%201999.pdf

Wrangham, R. W. (2019). Hypotheses for the Evolution of Reduced Reactive Aggression
in the Context of Human Self-Domestication. Frontiers in Psychology, 10, 1914. DOI:
10.3389/fpsyg.2019.01914. E-&: "the excesses of would—be despots are suppressed by
coalitions of adult males, who resort to execution when lesser mechanisms fail". =}
A2 o] 53 o] AHE "speculative" =, T EoH4] P2 25 "hard to test'=
FA At https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsye.2019.
01914/full

Musée du Louvre, collections 7F& 21 "Code de Hammurabi', Sb 8. A|tf| "1ére dynastie
de Babylone : Hammurabi (=1792 — =1750)", $©] 225 cm, ¥ Suse 1901-1902, &
$1#] Richelieu, Salle 227. 7221 Y22 mafAojt}: "légitimant la souveraineté du roi
et décisions de justice gravées sur la stele.” £ A& i Z61A] dgtonzg HEo

v A o] A9} A9t 2}, https://collections.louvre.fr/en/ark:/53355/cl010174436

Thorstad, D. (2026). Instrumental convergence and power—seeking. arXiv:2606.08832,
2026\ 64 79 A& T THUE — B C[8]. ARt =74 8 7] = tigt
Hjgtolm], Al9] ¥ 971 E7Fsstthe A@4 S0] oty o] o] thxgt A2

n oY E Ho]2] o] AlE3}t AR7AZ] o] E2 9185k et T2 S AdeR
EASE o] 2 AFL(FE C [7], The Off-Switch Game)+= 67| Yol A thIt}. https://ar
xiv.org/abs/2606.08832

Darwin, C. (1859). On the Origin of Species John Murray. A|672] Al=-o] "Difficulties
on Theory"#H= A2 T-85&= AHdolw], TF9o] 71, Y82 1At npdrtA 2 o]
o] tjzxot2] ekt
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ol

1 Nozick, R. (1974). Anarchy, State, and Utopia. Basic Books, p. 42 ("The Experience
Machine"): "Suppose there were an experience machine that would give you any
experience you desired.” @22 ZE 7]l 8t} Afo] Eof] &k €A pp. 42-459]
2RO, 1872 1L AZE 9lo] &3] Aolth. https://philosophy.as.uky.edu/sites/def

ault/files/The%20Experience%20Machine%20-%20Robert%20Nozick.pdf

2 o A pp. 42-43(Q1-8 2 p. 43): "Others can also plug in to have the experiences
they want, so there's no need to stay unplugged to serve them. (Ignore problems such as
who will service the machines if everyone plugs in.) Would you plug in?" 2'd ©9] A=}
=L EF 1042~ 10A17E2 425 2ol A 43% Ame]o] AT,

3 2 A p. 43: "First, we want to do certain things, and not just have the experience of

doing them."

4 22 A p. 43: "Someone floating in a tank is an indeterminate blob." / "Plugging into the

machine is a kind of suicide."

5 & A p. 43: "Thirdly, plugging into an experience machine limits us to a man—made

reality, to a world no deeper or more important than that which people can construct.”

6 T2 A p. 45: "Perhaps what we desire is to live (an active verb) ourselves, in contact
with reality." & Z(p. 44)°] &4 A}114 9 = (transformation machine, result machine)©]

qlovt BRI §& bR gsle,

7 Kemp, S. (2025). Digital 2025: Global Overview Report. DataReportal (We Are Social
X Meltwater): "A total of 5.56 billion people use the internet at the start of 2025".
HEE 67.9%, 202419 Z +1° 3,6005F W (+2.5%)2 £-2 HLA, HiA ZEof waed

717} glol, A et AE mrd o] Gt (20259 29 3Y) 2 KHof 2025 29 2=

ZA5ke} https://datareportal.com/reports/digital =2025—global—overview—report

Bl

8 e HIA(XNT HlolE= GWID: "GWI's latest research finds that adult internet users
now spend an average of 6 hours and 38 minutes online each day." / "That's actually 2
minutes less than the figure we reported this time last year". 2023\ & 5=2] 6A|7} 362
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ol

SAH A SAS A EFT (2025). 20249 24 5A, HEAR, 2025-08-27(3)
12:00. 8F p. 1: "FA&AEL 0.758 02 AddH] 0.03% 57}, Resta A7S
Aok F AT QokRoll= da FAEAEC] QoL AT glo] A= 2+
Bzt BRoA ot SAH F4(kostat.go.kr) = A& =7 OB A F4
(mods.go.kr) & go]Zt}. https://mods.go.kr/board.es?mid=a10301010000&bid=204&a
ct=view&list no=438237

EA (2024). 720239 24 B, REARE, 2024-08-28(5) 12:00. £9F p. 1:
"TAEAEL 0.727 02 SATA A/ (19709) o] H A" o] A4 AA HA et
TIL gt} — 24 v OECD ZFE9] 202143 =229 31t} hitps://mods.co.kr/boa
rd.es?mid=a10301010000&bid=204&act=view&list no=432388

Statistics Korea (2025). Birth Statistics in 2024 (J23), Table 1: 2014 1.21 / 2015 1.24
/2016 1.17 /2017 1.05 / 2018 0.98 / 2019 0.92 / 2020 0.84 / 2021 0.81 / 2022 0.78 /
2023 0.72 /2024 0.75. "2015¢ o]% H S A" = o] 322] ¥29](2014-2024) FellA
] S48 el2 Zloltt, JE p. 29] "rose by 0.2 persons from 2023"= 3(+0.03)
oF gbz] of = @ 7jo| B & Q1-8-51x] ¢F=t}. https://kostat.go.kr/board.es?mid=a20108080
000&bid=11773&act=view&list n0=439008

BA @ H7HHolE1A) (2026). 20259 &4 A, HEA=, 2026-08-26. 8F p. 1:
"GAEAES 0.80 0= AAhH] 0.05% 7. 4o 4= 257t 4% 39 B (+19F 64 T,
+6.7%): 2024'A 23%F 83 3 W (+3.6%); 2023 235t W(-7.7%). ZZE 4.5 —~ 4.7 —~
50007 14 B9, BEApR o= AP 71 glo] 24T AFg ] vl o] EARE & 4
S F 8l A U1 A M e REE BAE E4 ¢ glh https://mods.go.kr/bo

ard.es?mid=a10301010000&bid=204&act=view&list no=446625

2220259 Bzt 9oF Ak il A 1.09-A1E 1.06, A A& 0.63; Al A
FatFA0.36. 202392 HHE-AIE 0.97, A& 0.55: 20242 Ze-AlE 1.03, A& 0.58.
o

H
lo,
o,

EArA — 20234 33.64], 20241 33.7A4], 2025 33.8A4] (ZF A HiAtg
Q9 p. .

JEAE g (2024). AF1 54 (2023) ADETREHGT (FEEH) DOREDL — RS R ofEZ:

AR T2 R T288 AT, BIENTTHTSON & 0 4T53471 b L,

BIE324F o NI EREFHAR B AR LIk b L % 5 72, -

At R AEAIZ 120 THIED1.26 L DIRT L, WEFR L 572, " 3 24
CREROMZE, AES Ak — ohd AR 7155 249 L2 2024-09-050] 11,

BYL EE do)z]9] St A lstz] £ TR, & 19479 o] F 5A

Zeolth, M TH2024-06) 0] S5 727,277} g 4 727,2880] th2n] RO
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https://mods.go.kr/board.es?mid=a10301010000&bid=204&act=view&list_no=432388
https://mods.go.kr/board.es?mid=a10301010000&bid=204&act=view&list_no=432388
https://kostat.go.kr/board.es?mid=a20108080000&bid=11773&act=view&list_no=439008
https://kostat.go.kr/board.es?mid=a20108080000&bid=11773&act=view&list_no=439008
https://mods.go.kr/board.es?mid=a10301010000&bid=204&act=view&list_no=446625
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pdf

2w 2SS E BT 30~344 Aol Hrh-FaL, 404 o1 Al o] S5

S A 1,576,016 (W 1,569,050, A} o2l Zeh), A 13.0. 20249 L2 5]
ATl glof 22 ¢kok

United Nations DESA, Population Division (2024). World Population Prospects 2024:

Summary of Results (UN DESA/POP/2024/TR/NO. 9), p. 10: "Currently, the global
fertility rate stands at 2.25 live births per woman, down from 3.31 births in 1990." /

rr

o]

"More than half of all countries and areas globally have fertility below the replacement
level of 2.1 live births per woman." -2 A]2] 2 2] Key Messages= 22 gh& 2.3/3.322
HhE ettt Eut o] o] ARt vl&it 57t o= 7 A0l {ith. hteps://population.un.

org/wpp/assets/Files/WPP2024 Summary—of-Results.pdf

of

22 A p. 18! "the replacement level of fertility is approximated by a total fertility rate
2.

1 births per woman".

L2 B4 p. 9: "around 10.3 billion people in the mid—2080s, up from 8.2 billion in
2024." p. 23: "By the late 2040s, the global fertility rate is projected to decline to 2.1." &
ot %9 A% (medium scenario). 63712024 AA| Q17-2] 28%)-2 2024'd o] %] Ei=

Fol 7 S Awleh

OECD (2023). OECD Family Database, SF2.1: Fertility rates (UPDATED: JULY 2023),
p. 1: "fertility declined markedly across OECD countries, falling on average from 2.84
children per woman of childbearing age in 1970 to 1.58 in 2021." OECD2] & &4
FaE A dElA] ot eyl ofzto| B g2 AHL O &2 9]QIT}. https://web.archive.or

g/web/2024id /https://www.oecd.org/els/family/SE 2 1 Fertility rates.pdf

& B4 p. 1: "in 2021 the TFR was as low as 0.81 in Korea. In 2021, only one OECD
country (Israel) had a TFR above the 2.1 children per woman needed for population
replacement”. 2023 7 7§42 olgt gh=k =2]7F 20219914 W4 213, 20234 0.72+=
ol ZA°f §lrt.

2 BA: Ao} vlFo] A ol4el AL ARFAREL BREY 3T
1970—2021 st 37 o] ZgH|oh-gh=- A 5 F 2 7] o
oA o] ZoflA Al &4 8] A E & AT R — =

4 C
T F2E AU GILT 77 CO| A1E AAE AT,
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https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei23/dl/02_kek.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei23/dl/02_kek.pdf
https://population.un.org/wpp/assets/Files/WPP2024_Summary-of-Results.pdf
https://population.un.org/wpp/assets/Files/WPP2024_Summary-of-Results.pdf
https://web.archive.org/web/2024id_/https://www.oecd.org/els/family/SF_2_1_Fertility_rates.pdf
https://web.archive.org/web/2024id_/https://www.oecd.org/els/family/SF_2_1_Fertility_rates.pdf
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10

ASML (n.d.). EUV lithography systems — Products. asml.com: "At the beginning of
2020, we celebrated the 100th EUV system shipment.” &3} 4 E A= o] Ho]z]of gict.

https://www.asml.com/en/products/euv=-lithography—systems

-2 o] Z]: "prints microchips using light with a wavelength of just 13.5 nm". %Y 24
2|t 50,0002] AL, A&l ot eElE M| 4u)] SAe F-2 wo]2] 0] A|AF] A NXE
AEL NA 0.33-314 = 13 nm, EXE(High NA)+& NA 0.55-314 = 8 nm.

22 wo)A]: glolm 28[o]A] 1/4 nm FE -2 20,0008] 917 B4 o] A5 25
pm; 2% 2 mK. 7|79 FF-71A-2 o] Heo|Aef gl

22 Ho]A]: "The technology, which is unique to ASML, prints microchips using light
with a wavelength of just 13.5 nm". o] 242 ASMLo| 7| 7]&of tjs)] 22 Zo]H
AB3AE] AP S A7 obdth, 2]AHE] 2024\ ARFH LA = o] Mol dFshA] FFct

22 Ho]z]: EUV 70 17, €6 billion 23} 20061 A[47] — 2010 NXE:3100
— 20134 NXE:3300(3 F4t7]) — 2020 = 1005.7] — 2023-12 A High NA(EXE)
QL.

Z-2 Ho]]: "in time, only ASML — with our partners and suppliers — continued work
toward a viable system." F-& 40} FFA & o] Ho]Aof glor, &3] 985+ "10%
N BE-FH FFAF FA= 14 AR R SRIEZ] ¢fof ERof] 22| oottt

Freitas, R. A. Jr., & Gilbreath, W. P. (eds.) (1982-11-01). Advanced Automation for
Space Missions. NASA CP-2255 (A-8618). NASA 7]&H 1A Hyt4o] A& 2= "The
feasibility of using machine intelligence, including automation and robotics, in future

space missions was studied.” 2} A4 — Freitas: Santa Clara Univ.; Gilbreath: NASA

Ames. FEZAZE. https://ntrs.nasa.gov/citations/19830007077

2o BUAA S Ao M o] A7 o 2k La} 9lrh: "Replicating systems
concepts: Self-replicating lunar factory and demonstration”. % Y13 (384 57) et A+
23 A1 (TP 1980 o2 NASA/ASEE summer study)2 21 @2of glo] o] 2%
QFQkrt. https://ntrs.nasa.gov/citations/19830007081

AR B3} 224 Sl e ey Aol 2ot sy Fol AB7AC B
BEe o] Ao] AgrshAl LAk thebd YA AERCH AT 23 AAA At
Faad
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20169 195€ 20193 39714, YI2EH Yo} 2289 3.0] 22 10041] €
FAR T AL YA T A0] 640 FAH o] Tt BES B
T o]l 52 2 1,327 — 2893 1,13870, o34 1897t €&
e 1.10-3.45717tell2%, 2= A2 2ol w7 ge &2 £
HAordeh, 457t 29 494 45122 Alo]2 mnEA 7K
Pt ARl Zm oF 2198|2HIOlE. Mo wAH ARIES
Aojull WA, tiy Zato]A(Danny Price)@t 2392 FA=F7F 20209
+ 3 Eoltt. "ol A E-& FHE 07"

A}

o] 52 ¢ & mETIY 9| 7t Ztolth, Heo|A AR 2] (Breakthrough
Listen)& 2225 109, 19 28, AFo4 7 77k 3 1007 71E
€ 2oty At 10092 ZFHoly, Hu} REo] FHO

170270 ®EolH, o] =%o] dAlz 52 A2 1,327 Al 2k A=

—

42 fle) S A4 AT EXAAL olok ST AT 720 SI
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27 3L}

2018, HAHolU o} )Tl QAR -AF7HsAIAAE o] Aol 2holE
(Jason Wright)e} & 52} 7tietjoHKanodia), FHHLubar)7} HFZ 1
Ais A2 AHEH e olgth Aot e 4 e AYE Ak
Fotp i 4 EF-FHAMEY 5 AE Y 2 7] Fur Aolsta —

= 79 Axyuzty E3 — a7k dEe du)

gao] 1 Hule] At WPEAE ARAch 6927) W £ 201799
o o

o] 2A1E AAEL B2 ST A7 Hhrhs o 1335 x 10° ' ek,

T EEREe] HintES oF 8,0008]E — "t X0 4F 9% Aol
ojdr}'o] Bujtt® eE(Tarter) 50| 201090 Ze HGo] 27 IS
Aohe Ag FolExs 254 &4 AT 230 &2+ 3 =7 919

T Aol ol th — & Ak Azvulg th2A FoFa, 2o EVt Heh
Aﬂﬂﬂom thes EHE o] 3o Sasith ARE AR F 2 AR it o
a2 Azxbu|o] FAE o9A Fikel] wie wiztetn, Ryt X
Age] sAlFoR AANBR ofdgto|A] A7 oyt e 202014 9
1,32770= o] gl &0 AA] &t

T AME U] o] Zo] AsjA}. 1,32779 ¥, 1.10-
345717 622, &2 U, 29 49122 o|y9 wny, & TEHY
A — O & Qtofls §lodoh o] 02 1 F9] 0oltt. 571 X8ttt
42 o] AAm 2R H 1o gheth g EV Q29 ©hA 7t @58 kS
7t et YA~ (Enriquez) @t SHE(Harp) 59 AlHlol= 7H7ke HoflA
AHoR FAShE F2 9 FA7Ig= obel dRel deids g
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Zrh @4 S AL we uiRE o B a3 4] Ak AR
g} Ul § EX AL o ATAY 4 otk Adsts Aol 2717}
G GEO] A7lol4 Felum, gAA SR FRE 290l e 4
olek — BE7} ote] Ao 2 AYAE AT A% nphrbA k.
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Sl AA dafop @k 2 Ao] Wtk 3 shit Ryt
Azol 0oleke 2 Avb Atk maEw FYdc Ty Fo| Hri
A THAL Q1% % ol Zlo] ZeAk thox] gtk 18l 20181
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Price, D. C., Enriquez, J. E., Brzycki, B., Croft, S., Czech, D., et al. (2020). The
Breakthrough Listen Search for Intelligent Life: Observations of 1327 Nearby Stars over
1.10—-3.45 GHz. The Astronomical Journal, 159(3), 86. DOI: 10.3847/1538~
3881/ab65f1; arXiv:1906.07750. 5. #= 717+ "2016 January to 2019 March”, 7
"64-m CSIRO Parkes" % "100-m Robert C. Byrd Green Bank Telescope”, 1327 = GBT
1138 + Parkes 189, ™} GBT "1.10-1.90 GHz and 1.80-2.80 GHz", Parkes "2.60-3.45
GHz". (29 %) https://arxiv.org/abs/1906.07750

e =i 25 EYXZE | I -4 to 4 Hz/s", "B "~219 TB". & T= AIZH
e A HA A G2 250f glo] o] Fo] A7) gFglr)

T =8 25! "we are left with zero candidates” / "the most comprehensive search over
1.10-3.45 GHz for technosignatures to date". % AFehS "2x10712 W, and 9x10712

220
W for GBT and Parkes respectively"& HE=0H(7]5£2 2= YA = A] 4-2).

Breakthrough Initiatives (n.d.). Breakthrough Listen — Initiative page: "The program
includes a survey of the 1,000,000 closest stars to Earth." / "The initiative will span 10
years and commit a total of $100,000,000." H & ¢] 47] A7) Ho]z]o|H, 7S Ho]7] 9]
e vy FAL 2427 oplet mr a8 = T ot} hitps://breakthroughinitiati

ves.org/initiative/1

Price et al. (2020) 25 2> Au} g 79

EH 3E2 "1702 nearby stars" (1-10
GHz). 1009H(Z=2 738 B3) # 1,702(Fat ) # 1,

327(c] =29 #3).

Wright, J. T., Kanodia, S., & Lubar, E. (2018). How Much SETI Has Been Done?
Finding Needles in the n—-Dimensional Cosmic Haystack. The Astronomical Journal,
156(6), 260. DOI: 10.3847/1538-3881/a2e099; arXiv:1809.07252. A} 442 =3
19 9] Center for Exoplanets and Habitable Worlds, Pennsylvania State University. A4t
AFYEE https://doi.org/10.5281/zenodo.1409818 fl 5 7H=H Att. https://arxiv.org/a
bs/1809.07252

Z2 =1 Table 1: Enriquez et al. (2017a) BL L-band 6927} '8 Ajdjo]e] Azt u] E-&

"up to 3.8 x 10 ' °"; "The sum of all of these searches comes out to 6.0 x 107 ' 8"

S =8 24t vt "approximately 1.335 x 10” ' liters (Fakins & Sharman 2010)";
\i]

AeFe "~ 8000 | of seawater, which is somewhere between the volumes of a large hot

ot my

tub and a small swimming pool". § 4 Conclusions: "our current search completeness is
extremely low, akin to having searched something like a large hot tub or small swimming

pool's worth of water out of all of Earth's oceans.”
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https://arxiv.org/abs/1906.07750
https://breakthroughinitiatives.org/initiative/1
https://breakthroughinitiatives.org/initiative/1
https://doi.org/10.5281/zenodo.1409818
https://arxiv.org/abs/1809.07252
https://arxiv.org/abs/1809.07252

Tarter et al. (2010)2] H]-f-= Wright et al. (2018) 52| Ajl-g o 2xt 2FQlgict: "akin to
having searched a drinking glass's worth of seawater for evidence of fish in all of Earth's

oceans'. Tarter ¥E-2 o] Fo] tjxot7] kot

2 =1 "our numbers are very sensitive to our haystack definition and boundaries
(recall that our haystack volume goes as d°_max)". 22579 7}4 AHRE A5 "
(incorrect but sufficient for our purposes)'® E7|gtch 6.0 x 107 ' 82 2018 Table
19] go] ™ Price et al. (2020)2] 1,327/ B2 E=]A] okokrt.

22 = Enriquez-Harp 5] Aol 717ke el 94 grfed 441712k at9)
Aol dhlE WY SR AR5 27 o R =8 ARoIA ggon,
4714 RE A8 A axje GA,

Dick, S. J. (2003). Cultural evolution, the postbiological universe and SETL International
Journal of Astrobiology, 2(1), 65—74. DOI: 10.1017/5147355040300137X — ¥& C
[11]. A=A A5 o] 9 QI A5& 5 289 7Hedt GAR A|jtol= o]&

=80t} https://www.cambridge.org/core/journals/international—journal—of-astrobiol

ogy/article/abs/cultural—evolution—the—postbiological—universe—and—seti/D8FB8F56B 1
2DD52A25ECCA0F46E0984A

NASA Science. Searching for Signs of Intelligent Life: Technosignatures — £= C [17].
20239 AA], Ho] A o] mAIE ZT AL 20259 79 3. Mt oo = ohFet 7] &4
S48 g H2e AYet sl AR RRY 24 B2 of Hojo WEE

QoFSt Ao|t}. https://science.nasa.gov/universe/search—for—life/searching—for—signs—of

—intelligent—life—technosignatures/

Ellery, A. (2022). Self-replicating probes are imminent — implications for SETI.
International Journal of Astrobiology, 21(4), 212-242. DOI:
10.1017/S1473550422000234 — £-5 C [13]. A7 EA1 Q] 414 =73} 7 242
=05k, oF 0.1c9] o] &S 7Hd’t =00l A 25} 71 2 ARk oF 1009 d o=
NG — £ 44 o}l o] 2A]ch, Bo] 4] ghe o] k20| At oblet 105 BES
&L 2 i o] Aol Alatoltt, https://www.cambridge.org/core/journals/international—j

ournal—of—astrobiology/article/selfreplicating—probes—are—imminent—implications—for—
seti/2CB214D26020D497D48AE489756BEETT

NASA Science. Galaxies — 72 C [22]. 98] -&5}2] ¥ ¢ddto] 109t 33 oA ffRet=
A A LS AYst= 7|3 A=) https://science.nasa.gov/universe/galaxies

NASA Science. Cosmic History — -5 C [21]. 5] oF 1389 Wolgt= A HEE

A5 71 22}, https://science.nasa.gov/universe/overview/

Carroll-Nellenback, J., Frank, A., Wright, J., & Scharf, C. (2019). The Fermi Paradox

and the Aurora Effect: Exo—civilization Settlement, Expansion and Steady States. The
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https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/abs/cultural-evolution-the-postbiological-universe-and-seti/D8FB8F56B12DD52A25ECC40F46E0984A
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/abs/cultural-evolution-the-postbiological-universe-and-seti/D8FB8F56B12DD52A25ECC40F46E0984A
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/abs/cultural-evolution-the-postbiological-universe-and-seti/D8FB8F56B12DD52A25ECC40F46E0984A
https://science.nasa.gov/universe/search-for-life/searching-for-signs-of-intelligent-life-technosignatures/
https://science.nasa.gov/universe/search-for-life/searching-for-signs-of-intelligent-life-technosignatures/
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://science.nasa.gov/universe/galaxies/
https://science.nasa.gov/universe/overview/

18

Astronomical Journal, 158, 117 — 5= C [15]. o], A& £H1} A &5 ESH
madoltt. Az wrgol Sl 2okl Ak Hlof Qe FEA7 7Hs @& et hitps://arxiv.
org/abs/1902.04450

Lloyd, S. (2000). Ultimate physical limits to computation. Nature, 406, 1047 - 1054;
arXiviquant-ph/9908043 — 25 C [18]. At £k, FE A1} o] 5 Al4te] E2]4
FHAIE AT =2 A 07 H7F ARl B 470l A Fost 2ol A] H-go]

E2thE A&k o] Alge] B4 7|dl Zo|t}. hitps://arxiv.org/abs/quant—ph/9908043
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Ray, T. S. Evolution, Ecology and Optimization of Digital Organisms. Z2t7} &7t

= (Biology Department, University of Delaware; Aol EAIE Y%t 1995-08-03),
ZZ! "subvert parasites to their own reproduction and drive them to extinction" / "tens
of thousands of self-replicating genotypes of hundreds of genome size classes". CPU A7k
=], wRe=Ed T 259 Azoltt. S AMT Z4= o] Ao A5 1A

¥}, https://tomray.me/pubs/tierra/tierrahtml.html

Elofke] 41 A3o] 19904 19 Lekdlolol M Acks A4, 1211 o @7-2] 41 Wi
A A (Ray, T. S. (1991). An approach to the synthesis of life. Artificial Life II, Santa Fe
Institute)= FHRF A=l Yok — A3 o]opr|t}, dake]o] e} Ak 9] A9
7|t 1991 Y20] AR EZ ALK thZokA] (g

£ =8 "parasites’ Z: "This daughter genotype, consisting of 45 instructions, is named
0045aaa." 27Fo] 80 Folete A2 AwT 0080aaas o] o 92 zloln, o5

ZH Wohe 242 dEshA] ¢ttt https://tomray.me/pubs/tierra/nodel5.html

L

2 A "A creature born with a mutation in the low order bit of instruction 42 would
calculate its size as 45." / "Genotype 0045aaa (Fig. 1) is not able to self-replicate in
isolated culture." B4 A "within the search limit (generally set at 200-400

instructions)".

Z-2 A "Typically, parasites begin to emerge within the first few million instructions of
elapsed time in a run." 7A|7F 7V 71A4]o] Hh o2 vz 4= gloke A2 22 =129 A4

Agoln] Het Fgol obdth, 2714 9 ZiA1e] BY = dRshAl ghot 22 ¢kttt

Lenski, R. E., Ofria, C., Pennock, R. T., & Adami, C. (2003). The evolutionary origin of
complex features. Nature, 423(6936), 139 —144. DOI: 10.1038/nature01568. %5
"computer programs that self-replicate, mutate, compete and evolve" / "differed from
their non—performing parents by only one or two mutations" / "served as stepping—
stones in the evolution of complex features" / "no particular intermediate stage was
essential for evolving complex functions'. @& -2 Europe PMCel| A7 =20l

AEL %), 1 Q%) Z3E o5 (58 B Avida) Tt et At 4= YehtA] oot
HEo|| 2] ¢kt https://europepme.org/article/ MED/12736677

Chan, B. W.—C. (2019). Lenia — Biology of Artificial Life. Complex Systems, 28(3),
251-1286. DOI: 10.25088/ComplexSystems.28.3.251; arXiv:1812.05433 (v3 2019-05-
04). 25 "a two—dimensional cellular automaton with continuous space—time-state and
generalized local rule” / "More than 400 species in 18 families have been identified, many

discovered via interactive evolutionary computation.” "lifeforms"®} "bearing resemblance

110

)

)


https://tomray.me/pubs/tierra/tierrahtml.html
https://tomray.me/pubs/tierra/node15.html
https://europepmc.org/article/MED/12736677

to real-world microscopic organisms"= 9] Aol M7 o 25HA] 9kt hitp

s://arxiv.org/abs/1812.05433

Bostrom, N. (2003). Are You Living in a Computer Simulation? Philosophical Quarterly,
53(211), 243255 (%11 2001 59). AA7}F 570§ -2 "This paper argues that at
least one of the following propositions is true: (1) the human species is very likely to go
extinct before reaching a 'posthuman’ stage; **+ (3) we are almost certainly living in a
computer simulation.” A (2): "any posthuman civilization is extremely unlikely to run
a significant number of simulations of their evolutionary history (or variations thereof)".

https://www.simulation—argument.com/simulation.html

2o =8 upzjaf 22 "Unless we are now living in a simulation, our descendants will
almost certainly never run an ancestor—simulation." § VIl (3)& "¢ &2 43S 71

At AlEE 014 Qb ARz Hlgo] 1o mf¢- TH T = o & Axlegict

m


https://arxiv.org/abs/1812.05433
https://arxiv.org/abs/1812.05433
https://www.simulation-argument.com/simulation.html
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17 2. Trut, L. N. (1999). Early Canid Domestication: The Farm-Fox Experiment.
American Scientist, 87(2), 160—-169. DOI: 10.1511/1999.2.160. Q&322 1% Zt2}
ek

5% ZZx. Kramer, A. D. L, Guillory, J. E., & Hancock, J. T. (2014). Experimental
evidence of massive—scale emotional contagion through social networks. PNAS, 111(24).
DOI: 10.1073/pnas.1320040111. N = 689,003; A8 717+ "1 wk (January 11— 18,
2012)" 34 & g4 200 37 ol HlE B = -0.1%. 972 A7 3

6 Fx. duparaks Al ARIS] A2 Silver, D. et al. (2016). Mastering the game of Go
with deep neural networks and tree search. Nature, 529, 484 — 489 — Azt SFQIct,
20169 39 A9l 4- 13} 71 ] 7|AHso] ] 5 S5 | Aite 2471 6%

A Sesie) Qi gul

8% . Kemp, S. (2025). Digital 2025: Global Overview Report. DataReportal: "A
total of 5.56 billion people use the internet at the start of 2025". E1AE 23 &3t
A3l QUEIYl AF8AFS] S Bt 6A17F 38(GWI 2AD2 879l =45 1= &7
Aolv] EAL 87 7H79} 2,

9% Fzx. FAEATE 0.729 0.802 9% = Lv‘:':‘-’l 2101w, SAH A3 s A= A5 F ]
"2 BA, REARDE FAL 0% A% 2 RERRE 47 APA

10% %2, "The technology, which is unique to ASML" / "only ASML - with our
partners and suppliers — continued work toward a viable system" — ASML A&

wo] 2] o] Zp7] Aol AI3A AR FAIZE ot o] HolX = A3 HFA, EA=
10% 2159 20 28 ok BRAL S 1040] 12 22 31514] 2o 24 gholet,
117 &=, Price, D. C. et al. (2020). The Breakthrough Listen Search for Intelligent Life:
Observations of 1327 Nearby Stars over 1.10—3.45 GHz. The Astronomical Journal,

159(3), 86. DOI: 10.3847/1538-3881/ab65f1. = 7]7F "2016 January to 2019 March".
(=T =)

127 . Ray, T. S. Evolution, Ecology and Optimization of Digital Organisms (%2}

SAEE hitps://tomray.me/pubs/tierra/). "8 422] H|E 5}}"e} A Asyol dxl-
HFate 124 270 435 Id2 g2g — IR-Aa s g9 2kme] §ls, e
oot}
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Ellery (2022). Self-replicating probes are imminent — implications for SETL
International Journal of Astrobiology, 21(4), 212-242. DOI:
10.1017/S1473550422000234. A7] A o] 442 2733} A3t P& =2 det. oF 0.1c9F
oF 1009 W2 B 7} oteff A|AH =Xt} https://www.cambridge.org/core/journals/i
nternational—journal—of—astrobiology/article/selfreplicating—probes—are—imminent—impl
ications—for—seti/2CB214D26020D497D48AE489756BEETT

NASA Science. Cosmic History. $-52] oF 1389] Wolgh= AHH & Aigst= 713

2tz o}, https://science.nasa.gov/universe/overview/

NASA Science. Galaxies. 2] 2sto] ®H ¢Igto] 105t Fd ol FRek= AHEE

Asl= 7)1 A2}, https://science.nasa.gov/universe/galaxies/

Lloyd (2000). Ultimate physical limits to computation. Nature, 406, 1047 —1054;
arXiviquant—ph/9908043. A4F &, A 27} o 2] 5 A4te] 22 A
B A5} https://arxiv.org/abs/quant—ph/9908043

Rahvar & Rouhani (2026). Constraints on the lifespan of intelligent technological
civilizations in the Galaxy. Monthly Notices of the Royal Astronomical Society, 548(3),
stagd05. DOI: 10.1093/mnras/stag405. E& o] ¥t 34 7H4 ofefl 41 At
=0lghet. of 5,000 A 21 1 0] TELolu Al Sgte] otk AR DOI:
10.1093/mnras/stag405 (arXiv #H©] 2] Al&5-2 'Constraining the Lifespan of Intelligent
Technological Civilization in the Galaxy). https://arxiv.org/abs/2602.22252

126


https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/selfreplicating-probes-are-imminent-implications-for-seti/2CB214D26020D497D48AE489756BEE77
https://science.nasa.gov/universe/overview/
https://science.nasa.gov/universe/galaxies/
https://arxiv.org/abs/quant-ph/9908043
https://arxiv.org/abs/2602.22252

obdl Azl g AT Aah-7el EAch AE 227} o] Mo A

QATHANE U 2

Tlo
o
i
k)

IR R B A, 79 BAS

pu— T =2 = =
TR EAYCE B0 skl 71FDL 202619 99 21lnk, 7 FEeo
53220269 99 219 71Zoltt, [F] = 13 AR (AR Ex 22)2 24
Qe Mt g WNE H - [ms] = FASHA Yoy BE A4

1. Zeng, Cheng & Henrich (2022). Dominance in humans. Philosophical
Transactions of the Royal Society B. QI17Fe] Z|uf-9|41-A%hA| ko]
UAE HAES 2ol =RCIE WeEZd A= aqfE A4
zoltt, B4 FRolH BAH AAA wEA Aujgchs 4
AAI5H7) o

https://pmc.ncbi.nlm.nih.gov/articles/PMC8743883/ [F]

iy

e
=

o,

rr

2. Wrangham (2018). Two types of aggression in human evolution.
PNAS, 115(2), 245-253. DOIL: 10.1073/pnas.1713611115. ¥H-2A
A4 AYH  FAHEE  FEske e EAolh
https://pubmed.ncbi.nlm.nih.gov/29279379/ [F]

3. Wrangham (2019). Hypotheses for the Evolution of Reduced Reactive
Aggression in the Context of Human Self-Domestication. Frontiers in
Psychology. DOI: 10.3389/fpsyg.2019.01914. #}7] 7}&35}e] o
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