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Artificial intelligence has the potential to create trillions of
dollars of value across the economy—if business leaders work
to understand what Al can and cannot do.

The real-world potential and limitations of artificial intelligence
@McKinsey Quarterly April 2018
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Following booster separation, Falcon Heavy's two side cores landed at SpaceX's Landing Zones 1 and 2 (LZ-1 and LZ-2) at Cape
Canaveral Air Force Station, Florida. Falcon Heavy's center core attempted to land on the "Of Course I Still Love You" droneshlp,

stationed in the Atlantic Ocean.

n Dynamics
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céciuﬁpﬂs&ﬁforrcﬂ Evidence from Al Experts, Kat e er, A L ha v 2 fay 2017 AI

é.% ARE0 0|4 7t +BF
E4 > "AR|Lt ofC|HL}”
- ARE 54 : Fast, FHIEe] 7|HFX|,
Connected, Always On, ...
® Learning from Data+ Unlimite
Data - F90|EX| Hj2 £ Q!

E|- ?
Swimming Virtual Creatures

® Trial Error / Selection algorithm
+ Unlimited number of Trials >
g4 He T E £ YUnt?
+ Speed up the biological evolution

+ Genetic Algorithm




Transhumanism (H+)

i

109 2o= 22 QIZHHEY
(Alol = )7} Er»got Zo|ct
-Ray Kurzweil 2017.7.7

017t2 Hacking 3l= 7|=

ZIEO| HEXfof| S AIFS2

ENERI%IE?!%NG M) S EASE 0|1,
e A R et VA TS rove .f.lxi;_l AI-%‘%% ﬁ%% Z:!
= E Homo Sapiens & Homo Deus

E Yuval Noah Harari

PP YL FEPEY

R0z eSEls =2 2ln|=?

SH. 1| Al 0]’d2| AJCH ASX|S2| AlLH ?
Age of Religion Age of Reason Age of Artificial Intelligence ?
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za atal
e, ofshet 4 “o|sdts EX"ahes o1zt S42 {AIEIR
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Bt Holol Wam xpg x7 (UL S0 AHSEIR
UFZol
- ARE XNSHOE ABASE EXY £ ASW

‘AR ARle FEHoR, £ XHoR ATX| S| R ZH[£|of 2IX| RotCH
Henry A, Kissinger, 20184 Gﬂ
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Dirty Data, Bad Predictions: How Civil Rights Violations

Tmpact Police Data, Predictive Policing Systems, and

Justice
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JobnGiarnandrea.

John Gianandrea at
Google (later Apple),

MIT Technology Review
(2017)

Intelligent Machines

sted o

Gender Inequality Still Exists, Google Advertisment

AISks ¥uel5e
CAEE R
22z FH Y

20134 Google2]
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Jacky Alciné
(@jackyalcine

Google Photos, y'all fucked up. My friend's
not a gorilla.

™

20154 9] Google Photos?| 2K

20189| off4?

Graduation

6:22 am - 29 Jun. 15

3,223 Retweets 2,076 Likes

afs -
9B _10v2p B +Dpd.
i ;

? = nDV2B - wB + xpA,

s
E"—uv-jvp-zpva,-pAﬂ.

Bertozzi, Short and Brantingham



George Mohler

1. QIBXs YUEE Qg Aidsk=7r? 39
Extending Eanthquakes’ Reach S
Thiough Cascadiag
Sk 5 St i i b
-'-'“' -----
Self-Exciting Point Process Modeling of Crime

;.[tr+_a.u+Zr.,[r )

K<t

uniform background rate B3 ’3'&. AlZHY 2oL REL B

9} biased random walk 220 2%t Short
ol gie|E2 Hal o522 & oKl

b3
=

=
process model2 0| &
A=
S X| Rl HF ..
2 3t 7HR| SAMES B ofFt AT
B spot, 22 hot spotlf T2 ¥
_'LE*Il'Jf placedf| F2t 2 MohlerIJ 0|
‘42 Ofd. 0jo] 22 ’.‘J%’Ei
SfCHY2 AFEOIN B2

&3
o HXx |Z‘=_
o+ -

He
W=,

Q =’.==' JI
qlo H

(o]

A 12|50| HAE

LAPDOJA{ San Fernando Valley9| 2004 and

I~ES 8.

2005 M & CJO[E{S HropA

Point-process model worked well!
0|2 testo] M2 <> test + tuning?| 44

0|2 201140 14 =OF Santa Cruz9| A%

At 11% 25 27% 241 (S0 8 E)
HHHHOl (20| 22 S 3 PredPol
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|_

GIOIEY 7L of =X 7t & =7F

* Imputation

* Proxy variable (21248t HEE #]A QLo £ A &b,

G|O|Ef OHO|Y 9] o2 thA| (Barocas & Selbst, 2016)

© S8 H4E Foots MY (ex 118 FHAIL YT Bt O A A

« HO|HO| Ho|8& 1t +7 (ex. L§Z A%t 4H £0[8; Boston's Street Bump)

« EF UH (ex. 287|129 FAHX| BE 0/8)

* Of2|X| & (5ot Ag0| HOjE £49 28z HAE)
* Masking
Lawmaleers Can't Ignore Facial Recognition's Bias Anymare
If wéu’re not a white male, artificial
intyalligence's use in healthcare L\\\ “ \hlill\ ( “ T I(.\OHL

could be dangerous FACIAL RECOGNITION'S BIAS
ANYMORE

under-representation
of ZH|

F01EA o 27
1) Diversity in data
2) DEJiER 08



10 rules for data ethics (Zook et al.,, 2017)

1. Acknowledge that data are people and can do harm

2. Recognize that privacy is more than a binary value
3. Guard aaainst the reidentification of vour data
r data; big does not automatically mean better

tion, research community, or industry

ta and analysis practices

Cathy O'Neil: €12|Z D& 7R MA| (cf. 5| ZIE}E|
2 AN)

* L= Lt A4S S 20l OfLiDy, A 40l Lf 954 12X 428 B4
st

LS JHRI FA0517] SJeh D82 TS AR, 340l LA 2
SeTE gASL

L= 0[98 S8ste @ S10] Q0f 20| HAE 23 SAIN AAey
Ct.

e Lj 282 A8oHs ASO] 1 B0 ts) ARE oS 252 o
Q7L OO0 LH 2307 0188 71T 218 YEE wolAsLI

* L= L 20| AtolQt ZHof X|Thot FgS NE 4 UAZS, 28 I 4T 7
20| L}2| O3} +&2 57t A BHHASLIC
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120 0|2 A diversityS & Eot LSS W

Forc €2 oM 7r o 25=71

under-representation0| OfL|2}
LA, ARSI 0|20 2BiA

7|2 M H|=(base rate)0| CHE 4

7
-

1O
ST

43| 98 )% 225
Northpointe’s COMPAS

Correctional Offender Management Profiling for Alternative Sanctions
Machine Bias

There's \--‘_:-.-..u.-||~..i.|--s-|~~Ii-_u-.---unlu to predict
future eriminals. And it's binsed against blacks

by Juha Angwin, Jeff Larson, Surya Mattu and Laures Kirchner,
ProPublica

White Defendants' Risk Scores

O 8 speing afternoon in 20, Brishs Borden was runnisg lateto pick s
er god i nlmxbml ||en1 spotted an anlocked kid's lue Huly
bicycle and u sibver Razor scooter. Borden and a friend grablbed the bike
mm nma ride them dovn the streetin the Foct Laoderdale
suburb of Coral Springs

Jat a3 e 18-year- ,,..b-m realiting they were 1o big or Uhe tig
d b n &-year-od boy — »
g, “That's sy od s stuff.” Borden and her friend
Muwhdmwnh‘hh ike and scooter and walked way.

(Angwin. Larson, Mattu, and Kirchner, 2016) Bk e e ?




(2 1) Wolof dish Selo|A E2/stH £FE H&Hx(ProPublica, 2016)
el op22|7h nj=9l

A A7t FoaL SR ofF AAEE

_ s 93, 5% 44.9%
24 ool A HaFA] oS- Bha{false positive)
AW A o pResod, AdEE|
47 1% 28.0%

24l oo A3k TE(false negative)

S019] Z% ¥ Y dfalse positive 2 HO10f H|s{A] 2| &= Hf
¢l 3 gfalse negative2 B 010| Z 20 H|of HEEL 27

20l0| BYXoz 19HZ02 25
> Hole ooy Be 47 HYYRZ £RE

Northpointe A= COMPAS7} 37 3sICt F% (Dieterich et al., 2016)

( 2) Wolnt 8010 &M FE2[7t FH5HH LEEX]| b= 3¢
(Dieterich et al,, 2016)

wol ofL2|7}A ujl

A Ha7h Eda EREUT, A4 2
Qhofl A3t 25 (true positive)

A8 A7k S $REAT, AR 2
otof| AHB}A| %2 ThE (true negative)
N, HZH0N Hot Sl 4 28

LLO O LLO O
QL0 A Xt0|= 7|2+ H| & (base rate)0f|A{ Q| X}O[Qf 2H&HAE AL
S0lo| Atz ZHHE THHE 51%, 14% (2l 39%, 9%)

= =— [y |

99% 63%

1% 65%
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* Northpointe
+ calibration: 391071 #0102 3 20| Cf3t W7} $20| W48 B
40| ZCHH, Z Y8t risk scoreE L.
predictive parity: 2%, XI249| H|&0| Z2.

IS d| 'X}T o.|c.)t|mal discrimination OlEf" N. Srebro)

(& 3) 84| 0IZ(formal theory)ol| 7[s10f CIBHH HOIE Ymals S8yl X|g

Aol
5t s

s 98 22

controversy

WY A 75
WABRES | g0 2 Azt Mot 30 :
(Overall accuracy (a+d)/latb+c+d)

thal vk A Yol FU

equality)
i : Y _— (atc)/(atbtetd)
44 §64 7t A3l el T8 HEF 4
. an
(Statistical parity) (marginal distributionsjo] £
(b+d)/(atbtc+d)
2 H 4+;,1.11 tﬁkl.}' a/(a+b)
CEUL 2 Aol 234 44 Ao
(Conditional procedure | o and
| (Conditional procedure accuracy)o] $%
accuracy equality) dfle+d)
L AL e S a/latc)
' ST 2 Aol 224 A 48y
(Conditional use ) ) and
" (Conditional use accuracy)7} %
accuracy equality) d/(b+d)
e 5 Azokct $24d(false negatives)T}

. co| ¢/borble
(Treatment equality) | $1%F4d(false positives) 74| ulgo] F<

\SHUITIALE paliy)E YKVl TS AVl -l 5O H

44 384 oA o M 34 20
(Total fairness) nE v

a YUY, b 9S4, o Y, o TISH (Berk el al, 2018 13-15),



OHE sl 222 UX|gh COMPASE A& AF25IH false positivel| S010| B
O 4AE. 9 0[50 Cf 2% A[7H Z20] > 5019 risk scoreE 2. O &
2 50159 X329 EYSI AHEE O M3HAIZ (Not just learning, or
reflecting our biases, but cyclically amplifying them.)

7t O 3 Argto] 0% &0 S3f U=7tE B7Hte
GO /H. TAte Dol 818, Ag, 48 At X9
("Our law punishes people for what they do, not who

G MR M2 7|5, ZAZE MR =T
FE0|LE T S0 S 22 TR, A2t Y, o, St 2, 32 HY
?

2 0|=9| A% Evidence-Based Sentencing (EBS) - 0]7| A evidences &%
HE[Of TSt SA7F OtLfet MEAE S o Sote O AEEl= 0l2{s 38 Y
A= (Starr 2014).

OXREC

, OXFORD RISK OF
male sex; unemployed before RECIDIVISM TOOL

prison; young age; nonimmigrant
status; previous prison sentence of
short duration; violent index crime;
previous violent crime; never
married; fewer years of education;
low disposable income; alcohol use
disorder; drug use disorder; any tmmigan
mental disorder; any severe mental
disorder; and "high neighborhood
deprivation,” which is determined
using rates or measures of welfare
recipiency, migration status, divorce,
educational levels, residential
mobility, crime, and disposable
income within the individual's
neighborhood. (Slobogin 2018).

f incarceration
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COMPAS OjM 2& X

Predictive Feature

e N e

[y
=

Current Charges

Criminal History: self
Substance Abuse

Stability of Employment & Livin
Personality

Criminal Attitudes
Neighborhood Safety

Criminal History: family and fri
Quality of Social Life & Free Tin
Education & School Behavior

Table 1: The ten features assessed in our
from the COMPAS questionnaire,

Grgi¢-Hlaca et al. 2018

HE D M=l RELORIZE HAELORIZF

Mean | ny
Feature fairness
1. Current Charges 6.38
2. Criminal History: self 6.37
3. Substance Abuse 484
4. Stability of Employment 4.49
5.  Personality 387 | —
6.  Criminal Attitudes 363 |™
7. Neighborhood Safety 3.14
8.  Criminal History: family and friends |  2.78
9.  Quality of Social Life & Free Time 2.70
10. Education & School Behavior 2.70

=H 9| &3} (not o 2!)
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(L7 Explainable Al - What Are We Trying To Do?

2K HEX

=5 HEX
9 72|50| TS| HEHE £ IS
T2p7) Spsii s Bajo] 2ol
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Ex) M50z £2 AH AF0E WX Hotet
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HUMAN DECISIONS AND MACHINE PREDICTIONS™
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4009 QI7to| TEH7TIY Dt ALZ) vs COMPAS € 112|5F
2013-144 B2 QE F}2E|9] 0| E{H 0|A

du2E2 IRt Adst=rr 47

=
ro
Ok
>
or

tot

g 2

OF

N gag|

O

o g} 3

8717

—

4

AZ[OIA 259 2] 90| Tf

2 0f
Ar2EO| BHEHclinical judgement) < E4|1X Bt (actuarial method)

Dressel and Farid 2018 . SCIENCE ADVANCES | RESEARCH ARTICLE
RRECTED 30 MARCH 201 E FULL TEXT |

SCIENCE ADVANCES | RESEARCH ARTICLE
[ Glack defondant

| 'Whito defendant

RESEARCH METHODS

The accuracy, fairness, and limits
of predicting recidivism

Julia Dressel and Hany Farid®

Il

Human COMPAS Human COMPAS Human COMPAS

mhwﬁmmnmmmnudmm— eriminal delerds
iy 4

Py o s that

»..4 ta.and ashried dk W show,
Mllu Mwmmmmmamwn(ms. g more accurate of fair than prodic
thons made by people with lttle of no criminal juitice experiie bn addition, deipie COMPAS's collection of 137
Taatrens the same acowacy can be achioved with & 1imeple bnaar predicior with only two festwred.

INTROOUCTION can docrimnte between il and nansradiit equaly well o
We e the froquent mbjects of prodicrve algucithens dhat dtermine  whiteane Black dfendants 1 messured with the ares et the curve of
s prcomaneradations, produd abvartising, enivenity admision, e rariver oporating charscieristic, AUC- RO {soursy oquity), snd
b placement, and bark kun quuabfication. In the armiral justioe sy the Bhebhood of rcidiviien for sy grven sore s the e reguedeniad - @ |

TS BoSE, S0l0] i3t 928, e g
|:|_||-|O|_| | EHBJ' '?’l%g E—I|:— °|_|7J—| El-l:l_l-ol le”-sl_}" _?__% {F:e:l’:m:[‘nrm condition) versus COMPAS algorithmic predictions

Figure 4. Santa Cruz Data 20052014 Part | Crimes. | | ‘ | |
IIIII | | | ‘
Somer “Asseal bty womied Jusmary 11 MUY, by Peww cophancr o
deparimesh pobscr (me- iy 1Al S0
Fupee 8. Samts Crue Crase Dists 20002004 Larcrsy from Vielacle

predPold] 0% AT(LY HE1}?
(Hayes’s PhD Thesis in 2015)

Fipme . Sants Crar Cresse Dot 2004-2014 Asto Theft

X‘lE

Fipme 7. Santa Cruz Crime Data 2005-2014 Barghary D

Changr €§5 IE‘!’I ! m 10!5\ sl\ G i l!u\ 110&\ Sa-l\ T .....
Sowee: “Ammal Statutics,” accessed Jasuary 13, 2015, btsp:/www catyo fantacruz com’ Sewer: “Asmal Stxtuticr” scoeised fumary 11, 201, I:p www oty asticne com
atistey/anmal atisties Srpartmesty peloe e ity el Sty
2k
U PELE: _ NS
(=2 W=E0

Sow “Assal " comd ey 1, 03, ey P oy o
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4 8 FER

L2 5 IHYZHAZE ZHF
st &
7| Zt st uw 9 3 # =4
1988 ~ 1992 MEtietl Zx et oA}
1992 ~ 1992 MEOietl CHetd ZHefat A=
2006 ~ 2013 HIC| Y E (Vanderbilt) St CHEHY AR5t AL
=2 384
7| s A X9, =
2017 ~ 2019 IHYZHLZ2 = H2E
2013 ~ 2018 U ZHAIE A
2006 ~ 2013 HICLUE CHaim TA 2 RA.
1996 ~ 2006 YRS S A,
rd0rem IR 73 83 T S
XA(2019H) AIRFEZO|(EMET BHL)
XA(2016H) HAER(EMET 7H0)
AR ® =3 Essays on Trade Agreements and Export Dynamics
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» ‘R(recession)2|
-0j2 52 £¢

 ‘D(deflation)o] B=’.. X2 7HC|Z 20| M) ZHit
-89 T2 2IHASE -0.038%

» OO A(Minus) = 2| 2hat
- AQ{A UBS 2593 HE= 0|=0] 0.75% =&
M A =X 34%7} OO LA xHH

3H|

U3 WY E

- Mo|o] cto|2l JPR7A CEO “0j20| £2 FAHHCY
129 A2 8% 571, 529 25 64% 57}

(1970~2014)
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e ZHel 5%

» IHQle] aqet AAIY 2tFo EY

» ZHE oM BE R aEY EHE

» YRYAS Soll Al 2 24
» Alof| X A2 A=HH 24

b2 etd BHA A"l 2+
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AH|XF )
(M=) D(p)

Agdd 24 F| A&/ A
L] D(P)=5(p)) L4 s
A AFXE 23
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17k4 2|Oj

l
£
L &
» ALLHEO| b (B QS AL Al AH F<)
» 2 240| 2 (1st Welfare Theorem):
ANAEH dHAdd2 a2d HE

1K Ards
(1760~1820)

2,3%} 4

MUY 4X} A
(1870,1990) (2016~)
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Y2 L ZH
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Zgst 3o



. Al Xk2xe| 57

Y| 2 & AX|(Square Economy)

» =ef Q1Zto| At
- L1} X2 0| 28 5| 2t Q1 2HA
- Q20| 82l =0 st ==

223 AX| (Convex Economy)

» AR S CHMIStE 7|e2l 88
- S0 A=0| MZ O A Z T
- gl k578 s M2 HHH(L
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"ol AX|(Flat Economy)
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A total cost
cost A total quantity

marginal =
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1. 8 o
71 Zt st uw 9 3 # =4
1977 ~ 1981 MZTsty Zxstat StA}
1983 ~ 1985 University of Chicago Atg|at MAt
1985 ~ 1989 University of Chicago WNCIEIREN,
2292 44
=, ==

2016.01. ~ 2016.08.

Yale University,
Center for Cultural Sociology

2016 ~ 2018 ct=mitell|= ofEd =1
2011~ Today Social Science (Canada) HE
2010 ~ 2018 PNEEI iy HE T

Ao defetsd

2008 EEN =l SER<}
1995 ~ 1997 o4 SDS ANEHH
Stouffer /

1989

University of Chicago

Star Research Award
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Q% PAY W A WS TT S 71%49] Al of T WL Al of TSt e
Moz upHQl ANAAD), Al 9 positive T 2B JAHFANE Tlo] AT
Q= bias & AHF= ANEAHL), vhAEo2 Al o J5lA ARET Y= A2 A
o]

EE2o A= Al of &3t o] Al story 7t SRR, §-27F HEEA] S1={sfoFd AT 71z

AR = 79 7| 248 (Human motivation and Solidarity)?] wAo]1 &4
= AHY v ZHOoZRE opy|E= Auiet A= (Information Asymmetry,

Domination and Power)9] &A4<l.

| S719Wa A& (Human motivation and Solidarity)2| 2|

oju] 1004 Hof &R} H Frederick Taylor + 7The Principles of Scientific
Management (1911) oA Q1719 = 2YZ IATHRE E8(decompose) A,
Z7A o]|E vlgto g st WA} yeld Y E ESfA Lo 2/ MAMYL Zslst

ol 4 (93t time and motion studies: manless management & )

.|_4

u}x] Q17to] gloj® A4S L8 1 benefito] 718 4 Y= F4
I8y AFRFES “AFFOZ” (treat people as human beings) tHe @ AJAkAo] Z7
2 & ok ¥HEo] 5. & Human Relations Movement.

oju] 193649] Chester Barnard. 7The functions of the Executive ; 22| Al3]A]
ggt=olsel A&y, Atido] 249 459 Key.

19209 Hawthorne study o458 Z|22] Bank of America 9 7H &Ads
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L

S Aol =2 L2 informal interaction < E3F solidarity %< 3t €.

=31t AHj 27t wkE Ao oA AR AuiRl= A AREES Gxbet
(atomization of individuals) AFFE°] HAEst HH =45 @ &40 &,

ZIeAE7E 7HA & 23] glefFol’ il Al FHEold ARE? Tleddge 7

=79 S=?

. HEH|En sHoz QIS H2n X|di(Information Asymmetry and the Problem

of Domination)

ZtX19] O

2.1 Uber platform; BA] =87} 91& W= 7|AEE T2l UA st= Aol H3k: 9f?

o we] B 4 9J oY}, o]l& Q84 behavioral economics & d+43=
o|-&stal A¥

Information Asymmetry: Nudge & &4 7]AF=<& manipulation; & IJAFYA
ofld Z=o P4 A=0] B=FFE Soh LA AA19 e =3l 7PhA et
Shal 42 7|AREE stoja vhA| Z20] = E 7137 ¥ 2E A o= JEE &
V==AAE EE Q=t== UAA] A& =2 A7E Hf(nudge); °l1& BHA
7N 2% 7S EEHO AS EotHUA sHE AL S 7MY A%
FARHL TS o8 & AHK0E U3 guestE AFE2E AAA|7|= algorithm<

concoct. ‘platform ©] neutral 3FA] &3l JJAF} exploit St THEO1 A%

2.2 Political Marketing

Big data + "digital traces" of your choices and actione 9]u].

Michal Kosinski -psychometrics and questionnaire ; five personality traits;
openness, how considerate; extrovert? etc. 2 W9 facebook click £°ot4!
o171 7HAAL 90HAIE o=, o) 68Ho]™H sexual orientation (88%), I5-A
(95%), H1/3313 AA(85%); ¥ 3HgE--gay A, olH FH7HA L A A9
A oS

o]& AHA|H O = o]&: Cambridge Analytica 2= 3JAF. Trump campaign 9 F
o; political marketing; influence politics; platform *FA+9] power.

Monopoly of information and exercise of power.
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olf FolAM dizld #AT 71 eH s Hele =0] IR S e AF
oJTHHIA HolE Y 0.2% ). wetA HEde HEC F&she 7led IUlA
T TS olF7] et =8 Ve A e ANdAoR S ot ¥
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o] & Atfolyt AA| FAto] LA H7F oty QIF A5 AH|AE A o] &
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ol AX|s
Autor et al.(2003) b4 Frey & Osborne(2013)
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EEEENSSS ' T S See)
| gEAE | UBEHTY ! :
axxy ! Ay 01| %4 :
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] I [
: : : :;..-.w-.. HoH x|
| - 2
LT EELE | A X5
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o AYPHFZH 7]<FXE(RBTC: Routine-Biased Technological Change) 7Hd<

o 7le o] =AHLAE, da 9ol vAe ¥ 2%
1=

o Y WEZQl dF(routine task)E HAShH= VI 7|eHIPF s &
o 2. v Z29E RS v 5k AFEYE AdA 9, dHEEQ
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P = izt
6 1996, 10, 1. &EKIRTA| o1& IS0l Cfsto 223
71996, 11 4. 2147 DEPIEHIEe] NEm BAlEO| Y 2ole
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