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Recent Advances in Intelligent Algorithms
• AlphaGo

• ChatGPT

• Deepfake & Generative AI

• Transfer Learning



Concerns…

Despite these concerns, can we make use of recent advances in intelligent algorithms in 
economics & finance studies?



Analogy: When are blackbox predictors useful?

Quantifying a complex process, even with a blackbox, can be useful – measure similarity

https://youtu.be/RESb0QVkLcM

https://youtu.be/bRroa-Xip7o

Three AI Mozart Pieces -- composed using 
MuseNet artificial intelligence by OpenAI

https://youtu.be/RESb0QVkLcM
https://youtu.be/bRroa-Xip7o


Today’s Main Idea: Quantifying Complex I/O Mapping Using A Blackbox

Quantify production process/organization, and measure distances (compare functions).

Other Application: Generative AI-based Counterfactuals

Retail Firm

Manufacturing Firm

What if a manufacturing firm acquires a retail firm?
Using deterioration of prediction performance as a distance of industry’s production function 

?
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Why Quantify Production Process/Organization?
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Related Literature
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• Jovanovic and Rousseau, 2001, 2002; Rhodes-Kropf and Robinson, 2008.
• Harford, 2005; Hoberg and Phillips, 2010, 2016; Hoberg, Phillips, and Prabhala, 2014; Ahern, 2012; Ahern 

and Harford, 2014.
• We offer a dynamic view of how firm boundary is reconfigured and influences corporate value and operating 

performance.
• We also supplement the important product-based industry classifications pioneered by Hoberg, Phillips, and 

Prabhala (2014) by providing a novel approach to quantify production process (comparing functions; focus on 
inner workings of firms) (dis)similarity between a pair of industries under the conventional industry 
classifications (e.g., SIC, FF).
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• Grossman & Hart, 1986; Hart, 1988; Hart & Moor, 1990; Bolton & Dewatripont, 1994; Hart & Holmstrom, 2010; 

Baker, Gibbons & Murphy, 2002
• Sah and Stiglitz, 1986; Dessein, 2002; Dessein and Santos, 2006
• We relate organizational capital as latent factors of the underlying decision-making process of a firm in 

making corporate M&A decisions.

• !"#$"#%.)+"#$)%*+,%7(.& /2"#$"#%0+&"$#*&0(+%"880-0"+-)
• Devos, Kadapakkam, and Krishnamurthy, 2008; Hoberg and Phillips, 2010; Deng, Kang, and Low, 2013
• We examine dynamic integration process and its performance implications.



Industry Distance
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Step 1. Train Network for
             Acquiror Industry (A)

Step 2. Test Network for Target Industry (B)
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[Measure 1] Unadjusted Distance

[Measure 2] Transfer Learning-Based Distance
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• Alternative specifications: ROA-Based Distances (Table 7, Table 8)

• Alternative fitting model: XGBoost (Table 11, Table 12, Table 13)

• Exclude Self-Industry Pairs (Table 12)
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• New measure of industry distance by incorporating recent AI-based algorithms in 
econometrics
• Our measure captures the differences in the underlying production processes across industries
• Using both canonical and transfer-learning-based deep learning techniques, our measure helps 

compare the layer-level differences between two industries’ production decision-making 
processes.

• This novel approach is both economically and computationally meaningful.

• We show that the cost of integration of merged organizations is important in explaining 
likelihood of mergers and the post-merger survival of the new organization. 
• Our economically motivated industry distances tend to better capture the economic outcomes of 

cross-industry M&A activities.

• Future Applications: task similarity (labor skills), bundling products, legal environment
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Transfer Learning
Definition
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How does it work?
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Jacot et.al (2018) on Neural Tangent Kernel; !"#$%&'()*+( ,)-+) (./0//12

Applications
LLMs like Google’s word2vec, BERT, OpenAI’s GPTs.
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e.g., Production Function for Baseline

-./ /%& *,2 ) / :
(

,

:
(

,

; 3 < = >
0
,; ,< ) / :

(

, @
A

= <0 = >0 3 < = >3 B<> ,< )
0A
C

= ?0

-./ /%& *,0 ) / :
(

,

:
(

,

@; 0 3 @;> = >0 ,; ,< ) /
@
A

3 B>= >0 )
@
A

= ?0D

?7,9



!"#$%&G(&345&51./6/./%0&7TPM*0.,-&D"/,98%",&D"P%$;&'<<=92=2'>

!"#"$%"$&'()*+),-"
./0 .//0 .///0 ./(0 .(0 .(/0

-12.3$)%456&"%'!+6&)$7"089:;<9=== 8>:???=== 8@:<9?===
A8B>:CDE A8B>:F<E A8BC:;FE

-12.GH'!+6&)$7"0 8@:B>F=== 8@:BDF=== 8@:B>9===
A8BD:C>E A8B<:>CE A8BF:>DE

/$&"*7"#& >:9?<=== >:@9?===>:9B<=== >:@9D===>:9F;=== >:B9?===
AD@:F<EADB:F?E AD<:@CEAD<:DDE A@F:??E A@9:9FE

I")*'HJ K1 K1 I"6 I"6 I"6 I"6
/$%56&*L'HJ K1 K1 K1 K1 I"6 I"6
M,6"*N)&+1$6 @O<?C @O<?C @O<?C @O<?C @O<?C @O<?C
P86Q5)*"% ?:?CF ?:B9< ?:?;F ?:B>9 ?:DBB ?:@@@

-12.K5R,"*'1S'TUV'!")-60

?7,9



!"#$%&J(&U@#%,V9DL/$$/O0&!?TNG&)1@,%&7'<<=92='<>

!"#$%&'()*+ ,)-./0123456+2&785610(+9
,)-./0123456+2&785610(+9 :;<=;>?@
,)-.!A&785610(+9 :;<;B>>@ ;<C%B;@

!"#"$%"$&'()*+),-"
./0 .//0 .///0 ./(0 .(0 .(/0

12/34'567*" 89:849;;; 89:<=>;; ?:@A=;;89:@<>;;;89:?88;;; 8B:A8B;;;
C9:?8D C9:>4D C9:=>D C9:?AD C9:?BD C9:A>D

-7E.F$)%GHI&"%'!+I&)$6"0J9:A4?;;; J9:A=4;;; J<:@=<;;;
CJ84:>ADCJ84:>ADCJ8>:BAD

-7E.1K'!+I&)$6"0 J<:BBB;;;J4:AA>;;;J<:B8A;;;
CJ8<:4>DCJ8<:?>DCJ8=:8@D

/$&"*6"#& 9:?4@;;; 9:?48;;; 4:B9>;;; 4:BB?;;; 9:AAA;;; 9:>?A;;;
C8?:BADC8>:9BDC98:>4D C8?:?<D C8?:B8DC8A:84D

L")*'KM 27 L"I L"I 27 L"I L"I
/$%HI&*N'KM 27 27 L"I 27 27 L"I
O,I"*P)&+7$I <Q4BB <Q4BB <Q4BB <Q4BB <Q4BB <Q4BB
RJISH)*"% B:88> B:89? B:@98 B:8@B B:8@= B:<@<

-7E.2HT,"*'7U'VWX'!")-I0

'7$6.&F<&G)((6.7#")$;&

'7$6.&G<&'7$6.&H6%(6;;")$&!)(&.)%/5+BD67.3&

?7,9



!"#$%&I(&345&51./6/./%0&7TPM*0.,-&D"/,98%",&D"P%$;&'<<=92=2'>;&
TP.%,"1./@P&:%.W%%P&B/0."P1%&3%"0*,%0

!"#"$%"$&'()*+),-"
./0 .//0 .///0

-12.3$)%456&"%'!+6&)$7"0 89:;<9=== 89:;>9=== 8?:@AB===
C8A?:AAD C8A?:E>D C8A;:EAD

-12.FG'!+6&)$7"0'H"6+%5)- E:<I@ E:<A9 8E:@>A
CE:I@D CE:@>D C8A:9ED

-12.3$)%456&"%'!+6&)$7"0 8>:EB>=== 8I:B9B=== 8?:A?E==
'''''''J'-12.FG'!+6&)$7"0'H"6+%5)- C8<:E<D C8<:EED C89:AED
/$&"*7"#& <:A>9=== <:A;<=== <:9IE===

C@<:>BD C@B:><D C?<:IED

K")*'GL M1 K"6 K"6
/$%56&*N'GL M1 M1 K"6
O,6"*P)&+1$6 ?QIE; ?QIE; ?QIE;
H86R5)*"% E:AA; E:A9I E:@<<

-12.M5S,"*'1T'UVW'!")-60

?7,9



!"#$%&X(&5P&5$.%,P"./6%&)O%1/A/1"./@P&A@,&TPM*0.,-&B/0."P1%;&
345&51./6/./%0&7TPM*0.,-&D"/,98%",&D"P%$;&'<<=92=2'>

!"#"$%"$&'()*+),-"
./0 .//0 .///0 ./(0 .(0 .(/0

12345)6"%'-78.9$)%:;6&"%'!+6&)$<"04=>?@ABBB 4=>CDEBBB 4D>@=?BBB
F4=E>?GH F4=?>?GH F4DA>CIH

12345)6"%'-78.JK'!+6&)$<"0 4D>?CGBBB 4L>AL@BBB 4D>CCDBBB
F4?>GDH F4?>CDH F4C>EAH

/$&"*<"#& L>=@=BBBL>DD=BBBL>=?EBBBL>D@ABBBD>CC@BBBD>CGDBBB
F@A>?DHFL@>G?HFEC>I@HFLI>=EHFGD>I@HFLA>ALH

M")*'KN O7 O7 M"6 M"6 M"6 M"6
/$%;6&*P'KN O7 O7 O7 O7 M"6 M"6
2,6"*Q)&+7$6 GR@A?GR@A?GR@A?GR@A?GR@A?GR@A?
146S;)*"% A>ACE A>AC= A>=AC A>=AD A>G?E A>G=G

-78.O;T,"*'7U'VW3'!")-60

'7$6.&F<&!!@A&I$*+;#(J&'7"(KL67(&'7$6.&

?7,9



!"#"$%"$&'()*+),-"

./0 .//0 .///0 ./(0 .(0 .(/0 .(//0 .(///0

12345)6"%'-78.9$)%:;6&"%'!+6&)$<"04=>?@ABBB 4=>?CDBBB 4=>?EFBB 4=>G=E
H4I>G@J H4G>G?J H4?>IFJ H4C>GDJ

12345)6"%'-78.KL4!+6&)$<"0 4=>G?GBBB 4=>?AFBBB 4=>?DA 4=>DCFBBB
H4I>?GJ H4G>@AJ H4C>@?J H4?>ADJ

M7%"- N*7,+& N*7,+& N*7,+& N*7,+& N*7,+& N*7,+& N*7,+& N*7,+&
N;,-+<'3<O;+*7* P"6 P"6 P"6 P"6
N;,-+<'K)*8"& P"6 P"6
P")*'LQ R7 R7 P"6 P"6 P"6 P"6 P"6 P"6
/$%;6&*S'LQ R7 R7 R7 R7 P"6 P"6 P"6 P"6
2,6"*T)&+7$6 G@UEC@G@UEC@G@UEC@G@UEC@C?UGAFC?UGAF GUGCF GUGCF

/$%+<)&7*'V7*'!")-'W7X#-"&+7$
3--'!")-6 N;,-+<'3<O;+*7*3<O;+*7*'Y'K)*8"&'N;,-+<

'7$6.&?<&1DG&'.7#"$+B&0MF&D7#7&/D6N6$*6$#&O7("7P.64&D67.&G)BN.6#6*&I$*",7#)(3&

?7,9



!"#$%&Y(&5P&5$.%,P"./6%&)O%1/A/1"./@P&A@,&TPM*0.,-&B/0."P1%;&
U@#%,V9DL/$$/O0&!?TNG&)1@,%&7'<<=92='<>
'7$6.&F<&G)((6.7#")$;&

'7$6.&G<&.)%/5+BD67.3&H6%(6;;")$&

!"#$%&'()*+ ,-./012+3&4)5678139:2;+3&<=2;18(+>
,-./012+3&4)5678139:2;+3&<=2;18(+> /?@?ABAC
,-./012+3&4)56!D&<=2;18(+> /?@?EFGC ?@HG?IC

!"#"$%"$&'()*+),-"
./0 .//0 .///0 ./(0 .(0 .(/0

12/34'567*" 89:;<;===84:8>?===@:9>4===84:A>9===84:B44===88:@9@===
C4:>9D C9:@9D C9:@?D C9:@4D C9:;AD C4:>9D

EFGHI)J"%'-7K.L$)%MNJ&"%'!+J&)$6"0H8:;9@===H8:;@?===H9:A;;===
CH8;:B4DCH8@:@9DCH9>:4>D

EFGHI)J"%'-7K.1O'!+J&)$6"0 H9:BA;===H9:;;9===H9:;<B===
CHB:;8DCH;:99D CH;:@<D

/$&"*6"#& 9:B<9===9:B;>===9:B4A===9:BBB===9:;>?===9:AB@===
C8@:?9DC8@:8>DC9>:ABDC8<:;BD C8A:;9D C8<:>>D

P")*'OQ
/$%NJ&*R'OQ
F,J"*S)&+7$J ?T4>> ?T4>> ?T4>> ?T4>> ?T4>> ?T4>>
EHJUN)*"% >:89? >:84B >:?@A >:88A >:89B >:?94

-7K.2NV,"*'7W'XYG'!")-J0

?7,9



!"#$%&<(&345&5PP@*P1%+%P.&RAA%1.&7)BN&D$"./P*+&B%"$&E%6%$;&'<<=92=2'>

!"#"$%"$&'()*+),-"
./0 .//0 .///0 ./(0 .(0 .(/0

-12.3$)%456&"%'!+6&)$7"0 89:;<<== 89:;>?== 89:9<<==
@8A:B?C @8A:<<C @8A:9DC

-12.EF'!+6&)$7"0 89:;?A 89:B<D=== 89:9??=
@8;:<GC @8B:9>C @8;:>BC

H7I5+*1*8E)*2"&'J"+2K&+$2 LI5)- LI5)- LI5)- LI5)- ()-5" ()-5"
M")*'FL M"6 M"6 M"6 M"6 M"6 M"6
/$%56&*N'FL M"6 M"6 M"6 M"6 M"6 M"6
O,6"*P)&+1$6 ;QAB< ;QAB< ;Q99B ;Q99B ;Q99B ;Q99B
R86I5)*"% 9:;AS 9:;A? 9:;DS 9:;DD 9:;?; 9:;B>

THR.&8;'&1'&0 THR.&8;'&1'&U;0THR.&8;'&1'&U;0

?7,9



!"#$%&'=(&D@0.93%,V%,&Z%"$&RAA%1.0&7)BN&D$"./P*+&B%"$&E%6%$;&'<<=92=2'>;&
D@0.93%,V%,&51[*/,@,&)*,6/6"$

!"#$%&
'()&*"+,-.()/0(1 ,23 ,23 ,24 ,24 ,23 ,23 ,24 ,24 ,23 ,23 ,24 ,24

567 5667 56667 5687 587 5867 58667 586667 5697 597 5967 59667
%(:5;1"<=>+,&<-?/+,"1*&7 @ABCDCEEE @ABFFCEEE @ABD3AE @ABGHDEEE ABCGG @ABAFH

I@GBGDJ I@DBG4J I@3BH4J I@4BCCJ I3BGFJ I@AB3KJ
%(:5L'-?/+,"1*&7 @ABKAHEEE @ABC44EEE @ABCKGEE @ABC4DEE AB4D4 @AB4FM

I@4BMFJ I@4BKFJ I@4BGFJ I@4BDKJ IABGDJ I@ABDKJ

N(<&% O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/, O)(P/,
O>P%/*-Q*R>/)() S( S( S( S( T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+
O>P%/*-L"):&, S( S( S( S( S( S( S( S( T&+ T&+ T&+ T&+
T&")-'U T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+
61<>+,)V-'U T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+ T&+
O+&><(-W4 ABAGK ABAGC ABAGD ABAGG ABACGABACDABAFMABAFM AB3GK AB3GC AB33G AB33G
XP+&)Y",/(1+ 3DZHGH3DZHGH3DZCCC3DZCCC33ZDHG33ZDHG33Z4CC33Z4CC 4ZHGF 4ZHGF GZ3GA GZ3GA

Q%%-?&"%+ ?&"%+-[/,\-O>P%/*-Q*R>/)()+?&"%+-[/,\-O>P%/*-Q*R>/)()+@O>P%/*-L"):&,

?7,9



!"#$ !"#$
%&'()#'" '*&'#' %&'()#'" '*&'#' %&'()#'" '*&'#' %&'()#'" '*&'#' %&'()#'" '*&'#' %&'()#'" '*&'#'

+,- +,,- +,,,- +,.- +.- +.,- +,- +,,- +,,,- +,.- +.- +.,-
/001 *234/0555 6*73489 *:3422555 6*;31<9 *830:0555 6*031:9 8117 *:3;2;555 6*:3</9 *231/;555 6*238/9 *83;87555 6*73279
/00/ *:311<555 6*23;09 *23872555 6*23;<9 *83<:0555 6*434/9 811< *:3:<2555 6*:3479 *238:;555 6*23/19 *837<7555 6*73819
/008 *830/<555 6*:3419 *23;:/555 6*237:9 *:31::555 6*03::9 8114 *838<4555 6*23;19 *83/<8555 6*:3<:9 *:3/04555 6*43:89
/00: *838;4555 6*83009 *73<17555 6*738<9 *83<1:555 6*<3<89 8110 *23:27555 6*;31;9 *:3<88555 6*23<89 *8317;555 6*;3:89
/002 *83;0;555 6*:3/79 *73::2555 6*;3779 *:31/;555 6*431:9 81/1 *:3;<<555 6*23//9 *:3<2/555 6*232/9 */34<8555 6*;31:9
/00; */32:455 6*83/29 *;3024555 6*23009 *:3108555 6*431;9 81// *:30;<555 6*;3:89 *83001555 6*23879 *83:<;555 6*73409
/007 *23/:2555 6*23<:9 *738<<555 6*731<9 *:3848555 6*432<9 81/8 *:3<<1555 6*232/9 *:370:555 6*23:29 *83<:4555 6*<3019
/00< *23472555 6*;3119 *<37:/555 6*;38:9 *:3:7:555 6*438:9 81/: *83218555 6*:3849 *;3872555 6*;30/9 *8378<555 6*<3:;9
/004 *;3281555 6*;3009 *<34:0555 6*73;:9 *:3/82555 6*43</9 81/2 *830:<555 6*:34/9 *231/4555 6*230;9 *832<1555 6*730<9
/000 *83/0;555 6*:3879 *<3:71555 6*73789 *83;;8555 6*73<;9 81/; */347855 6*838<9 *:3822555 6*:3:<9 *83728555 6*<3189
8111 *;3/:2555 6*;3;:9 *;3208555 6*;31/9 *83<4;555 6*<3:09 81/7 *83</7555 6*:3;/9 *83<88555 6*:3<09 *834<1555 6*<3<89
811/ *830:1555 6*;3149 *23172555 6*;3;19 *837<7555 6*<34:9 81/< *13042 6*/3189 *:310;555 6*83429 */3040555 6*;34;9
8118 *<388<555 6*<3:<9 *2328;555 6*23<19 *8348/555 6*<3179 81/4 *83<10555 6*83<79 *231:8555 6*23189 *831;2555 6*;38;9
811: *;372/555 6*;3219 *:34<0555 6*:3229 *:3880555 6*43;19 81/0 */342455 6*838<9 *23/40555 6*23;29 *83/4;555 6*73119
8112 *;31;/555 6*;38<9 *23748555 6*23<;9 *:310<555 6*<3429 8181 */3;/:5 6*/30/9 *:3;:<555 6*23189 *83;24555 6*73/;9
811; *:3:<4555 6*:3819 *23;:;555 6*23109 *:31:/555 6*431<9 818/ */3/88 6*/3829 *;38;/555 6*23;:9 *8321;555 6*73109

=>?+@ABCD(&'#EF"- G>?+HE#IJK&'"ICD(&'#EF"- =>?+LMCD(&'#EF"- =>?+@ABCD(&'#EF"-G>?+HE#IJK&'"ICD(&'#EF"- =>?+LMCD(&'#EF"-

!"#$%&''(&5$.%,P"./6%&)O%1/A/1"./@P&7\]:@@0.>

?7,9



!"#$%&'2(&5$.%,P"./6%&)O%1/A/1"./@P&7\]:@@0.>&4&Z@#*0.P%00&7CC'2&D"/,&$%6%$>

!"#"$%"$&'()*+),-"
.)/#-"

0(112 0(1112 0132 0(112 0(1112 0132

-4506$)%789&"%'!+9&)$:"2;<=>?@AAA ;?=B@>AAA
C;DE=FGH C;D<=>EH

-450IJ'!+9&)$:"2 ;<=DB?AAA ;B=>BKAAA
C;DG=BKH C;DG=K>H

-4503LM'!+9&)$:"2 ;?=FKDAAA ;D=KD?AAA
C;KD=K<H C;D?=>BH

1$&"*:"#& B=?GFAAAB=D?@AAA?=<<?AAA?=<<KAAA?=G@GAAA?=DDDAAA
C<G=@@HC<?=?GHCKF=EBH C<D=<<HC<@=FDHC<F=G?H

N")*'JO N"9 N"9 N"9 N"9 N"9 N"9
1$%89&*P'JO N"9 N"9 N"9 N"9 N"9 N"9
Q,9"*R)&+4$9 <S>@E <S>@E <S>@E <S??< <S??< <S??<
T;9U8)*"% @=KDD @=<<< @=>?E @=K@F @=KEK @=<EB

-450V8/,"*'4W'XYZ'!")-92
O[:-8%"'."-W'JJD?'\)+*J8--'.)/#-"

?7,9



!"#"$%"$&'()*+),-"
./(0 .(0 .(/0 .(//0 .(///0 ./10 ./(0 .(0 .(/0

-23.4$)%567&"%'!+7&)$8"09:;<=:>> 9:;:??>> 9:;?@<>>>
A9B;B=C A9B;:?C A9D;EDC

-23.FG'!+7&)$8"0 9:;EE:>>> 9:;:DD> 9:;@<H>>>
A9B;H@C A9<;HBC A9B;=DC

-23.1IJ'!+7&)$8"0 9:;:D= 9:;:<@ 9:;<H@>>>
A9<;@KC A9<;@DC A9E;D=C

/$&"*8"#& :;BDE>>>:;BKB>>>:;B:=>>> :;:=E>>> :;:=K>>> :;:@<>> <;EB@>>><;D?H>>><;<HB>>>
AE;<@C AE;@=C AB;=@C AB;HBC AB;KHC AB;D@C A<E;=HCA<D;?:C A<<;?EC

L2%"- M+$")* M+$")* M+$")* M+$")* M+$")* M+$")* N*2,+& N*2,+& N*2,+&
O8P6+*2*9F)*3"&'Q"+3R&+$3SP6)- SP6)- SP6)- ()-6" ()-6" ()-6"
T")*'GS T"7 T"7 T"7 T"7 T"7 T"7 T"7 T"7 T"7
/$%67&*U'GS T"7 T"7 T"7 T"7 T"7 T"7 T"7 T"7 T"7
V,7"*W)&+2$7 KKK KKK KKK KKK KKK KKK <DX@@H<DX@@H<DX@@H
Y97P6)*"% :;<K< :;<KE :;<K: :;<D< :;<EK :;<D<

ZOY.&9<'&2'&[<0 ZOY.&9<'&2'&[<0 \6*W+W)-'/$%+8)&2*'.&[B0

!"#$%&'G(&5$.%,P"./6%&)O%1/A/1"./@P&7\]:@@0.>;&5PP@*P1%+%P.&RAA%1.&4&)*,6/6"$

?7,9



R7#$%"J$7'-' 4"@6/\4"R881)$#"J$$8"X$-7%)%*"?"<-7'"]="I&%2&1G')&%-1"[$G7-1"[$'Y&7L(4"Z$#)G;3,&;

VGG16 Image Classification

?7,9



-&.(/0122+,*3&,"'405((2637( 8#3%(90)"$'&(/63*&$3+%

?7,9



:('(/3&,;( 81<=05((2637(=0:1>

Music

Hollywood

Medicine

News & Politics



[Component 1] Anomaly Detection

Example from Radiology

<(%(#$1.#
N(14.#J

O+&M#+/+%$1.#
N(14.#J

L$J()O$1$

P($*)O$1$

"#$+%)<(%(#$1.#)1.)
0#.-3M()'$J()-$1$)12$1)
M$%)'..*)O+&M#+/+%$1.#

"#$+%)O+&M#+/+%$1.#)
1.)-(1(M1)'$J()-$1$

[Component 2] Deepfake Counterfactuals
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Model Explained Decisions DiscriminationFavoritism
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• Advantages of GAN (& Neural Networks)

cGAN generator: ! % . / 0#12
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! Generate very realistic synthetic data (GAN)
! No a priori parametric assumption on nonlinearity
! Scales well for large number of inputs (big data)
! Mitigate overfitting (GAN)

• Advantages of Anomaly Detection
! Avoid Averaging (e.g., Strategic Discrimination)
! Imbalanced Sample
! Direction of Discrimination

Supervised Learning: ! %3/12
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