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Medinc HouseAge AveRooms AveBedrms Population AveOccup Latitude Longitude MedHouseVal

3.3252 41.0 6.984127 1.023810 3220 2.355556 37.88 -122.23 4,526
23014 21.0 6.238137 0971880 2401.0 2100842 37.86 -122.22 3.585
7.2574 52.0 8288136 1.073446 496.0 2.802260 37.85 -122.24 3.521 ﬁ
5.6431 52.0 5817352 1.073059 558.0 2.347945 37.85 -122.25 3413
3.8462 52.0 6.281853 1.081081 565.0 2.181467 37.85 -122.25 3422 - -

Lo e T Y DirectLINGAM
1.5603 25.0 5.045455 1.133333 845.0 2.560606 3948 -121.09 0.781
2.5568 18.0 6.114035 1.315789 356.0 3.122807 3949 -121.21 0.771
1.7000 17.0 5205543 1.120092 1007.0 2.325635 3943 -121.22 0.923
1.8672 18.0 5329513 1.171920 741.0 2123209 3943 -121.32 0.847 Howsedse
23886 16.0 5254717 1.162264 1387.0 2.616981 3937 -121.24 0.894
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[1]The effects of dark chocolate on cognitive performance during cognitively demanding tasks: A randomized, single-blinded, crossover, dose-
comparison study, Heliyon, 2024, 10 (2)

[2]Franz H. Messerli, “Chocolate Consumption, Cognitive Function, and Nobel Laureates.” New England Journal of Medicine (367), 1563,
Massachusetts Medical Society, 2012.
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[1]The effects of dark chocolate on cognitive performance during cognitively demanding tasks: A randomized, single-blinded, crossover, dose-
comparison study, Heliyon, 2024, 10 (2)

[2]Franz H. Messerli, “Chocolate Consumption, Cognitive Function, and Nobel Laureates.” New England Journal of Medicine (367), 1563,
Massachusetts Medical Society, 2012.
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(0)ETHIEIRHEER & (& 1 RIRDFE S 2 HD
£ 1 (PALM:HER)

TRSOAILABCIH LT, EDEN K DBENRNAZ ?
-> MAb114 & REGN-EB3 (& ZMapp kD BERIEMNKE0N

S. Mulangu et al, A Randomized, Controlled Trial of Ebola Virus Disease Therapeutics, The New
England Journal of Medicine, vol. 381, 2019.

6 2 (ENVWREBES—2a m@HsOo>Toh)

T ZHECHEDORNEREBBEOXNERE U T [FS5 D]
& [OIZPNERTDOER] OFEFEBLSHZIRM ?
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https://www.town.hayama.lg.jp/soshiki/seisaku/osirase/6870.html
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Bl 3(HEERIEIREDERE %)
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k %F*ﬁ{%ﬁu”/\t HOL —— -0.358 —» TG'
‘\0 height
-> FICIRFR \\ % N
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\ o

HDL: high-density lipoprotein cholesterol %&/ / \O
(ELEUNRSY >N RXFO-)L) 2 X
TG : triglyceride (H1%A8RH) 37 g f \""i‘\

% N -

COT e (). 70O e GPT
[3] J. Kotoku et al, Causal relations of health indices inferred statistically using the DirectLINGAM
algorithm from big data of Osaka prefecture health checkups. Plos one, 15(12), 2020, Fig4
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Setting

- ATHAICKT U, € DEREITIIZAT E <.

- HERZ (I35 DHESRZER(Q, F, P) L OEBUEBHERZT IS T 5.
- BERZENX (T U CTXDHAIFHEZ E[X], 7380%Z Var(X) EHh<.

- HERZ X, Y I U TENSDHDEZ Cov(X, V) EEKL.
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ae= St s
EE (BEHIERETETIL)
EEZ“_—"Z{‘%&Xl v X By o EnE 1) o) [ R S5 R PO

Fi: Xi = fi(Xli ...,Xn,Ei) (l — 1,...,77,)

Himle 3 ETD. CDOES, (X)), (E);, (F); ERB3=DfEz&ErFERETI &

LD, 3

/T, Fo, X, EiZ2TNZTNIBERRER, RERH, HEZEHEUD. 2

n

Fi . Xi = Ewa] + Ei (bi,j S ]R)

=1
\t%ﬁ%t%:@ﬁ%ﬁﬁﬁ%?ﬁ%ﬁmﬁﬁﬁﬁﬁE?wtm5.
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* Xl'

X D ERRIT— %R, Eyf .  EJN I ARXIREZRT A A

- _FOORIABEBIERETI)LITIZANT,

X =BX +FE

EERNUTETSD. ZEL, Xi= Xy, .., X)T E:= (Eq, ..., En) T TBIE(®, )RR HD; ;
ETRBEITHITHB.
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ZERD. RCEFDIEHAMISEMI S IZEARI ST I LIEA:

El=t-S {Xl, ...,Xn}, WES . {(XL,X])|b],l + O}, IDEF W(XL,X]) = bj,i'
AR S IMacyclicdd & EEDiEEHERES ) LIFacyclicE LS.
VA SS AN /

acyclic cyclic

Bl X =3Z+E,, Y =-2X+ Z+Ey,, Z =E, D'SRRBEABEAIERETILD

RBOSTIRTHEZSNS. ‘3/\1A
=2 ’
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MZREZE X, ..., X, WEZEE,, ..., E, EEEHEN
X; = fi(Xy, . X E) (i =1,...,0)
D\BTCEZDacyCIicTM%i%_bEI'\) E)LETD. i€{1,..,n},aeR ITHLT
Xi,Xi=a = a,
Xj x;=a f](XlX —aw - Xnx;=a Ej )G #1) (D

ZEDD. TDEE, REZ 0, X x,2q, - Xnx,=a0 INEZRERE, , ..., E,, BISHIERN
(1) ERRBEEHENEST )L EMy, L EDK ZDMNSMy, -2 FDIRIFZX; (C
TTATDHEND. )
1 MX—BZ+EX,Y——2X+Z+Ey,Z—EZ .
= My_s5: Xyx-5 =5, Yx=5 = —2Xx_5 + Zx—5 + Ey, Zx- 5—Ez
E\

3 N\
M / — AN M
—2 > XM»A = Xx=s )
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M’ZWEZ{";‘;& X 91~*"7T‘y51 Ei, .., E, EEERIER
= f;(Xy, ....X,E;) (i =1,..,n)
D‘B@%acyclic@ﬁiﬁbﬁﬂ E)LETD. i€{1,..,n},aeR ITHLT
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X=5 \
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MZEREZE Xy, ..., X, NEZEE,, ..., E, EEERIER
X; = fi(Xy,....X,,E;) (i =1,..,n)

D\BTCEZDacyCIicTM%i%_bEI'\) E)LETD. i€{1,..,n},aeR ITHLT

Xi,Xi=a = a,

X]X =q- f] (XlX —a""'Xn,Xi=a'E )(J'_/:l) S <1>
EEDD. CDEE, WEZE QX x—ar o Xnxicar IMEEIE, , .., By, HBESTER
(1) ERRBEEHENEST )L EMy, L EDK ZDMNSMy, -2 FDIRIFZX; (C

 TTAT S END. y
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(EH (A A
MZEREZE Xy, ..., X, NEZEE,, ..., E, EEERIER
X; = fi(Xy,....X,,E;) (i =1,..,n)
D\BTCEZDacyCIicTM%i%_bEI'\) E)LETD. i€{1,..,n},aeR ITHLT
Xi,Xi=a = a,
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(DFRETHERIR HEimELE
B [Rubin-1974(3FHREZNE ; Average Causal Effect) )
WERTHX, Y e AN TETI)ILORNEZEEETD. a,b e RICHUT,

ACE(X,Y; a,b) = E[Yy—q] — E[Yx=p]
| EXD BYADTHIERMER(ACE) EIF

MR X, V: REZEL, Ey, Ey . NEZHEH S RBBEEAERTTIEEZXD. £/

E#,aTP(X =a) # 0Z2m/Z I EDZD(FHISTHIFFHEZZ X DICH).CD EF,
» —AR(CE[Yyo g [FEATERAFHE E[Y| X = a] & (FEIRD.
Ex. X=Ey,Y=X+Ey,Ex = E,CHEXSNB3BEAIENTETILZERXD.ClCLx=
Ey = Ey (304 A% T OMIT(CH LT DMEREINETD(R- 1, E-0). 9BE
IE:[Yx=o] — ]E[EY] =1/2
E[Y|X = 0] = E[X + Ey |X = 0] = 2E[Ey|Ey = 0] = 0
K ODE[Yy-o] # E[Y| X = 01

D. B. Rubin, Estimating causal effects of treatments in randomized and nonrandomized studies, Journal of educational Psycholog
vol. 66, no. b, p. 688, 1974.
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B [Rubin-1974(3FHREZNE ; Average Causal Effect)
WERZTEX, Y B EAIENETILOREZEET D, a,b e RICHUT,

ACE(X,Y; a,b) = E[Yx=q] — E[Yx=p]
| EXD BYADTHIERMER(ACE) EIF J

B X, Y: REZEH, Ey, Ey . NEZHHSRDBEHLERETILZEZERD. T
E#HaTP(X = a) # 0Zm/lz T BDZED (FAHISHIFFEZZ ZDICD).CDEF,
» —ARICE[Yyo o (FRAFTSBAFHE E[Y| X = a] E(FETRD.
« ES5(CEy, EyMEYITHBESERNDY = F(X,Ey), X = ExCHEIBNBEET E[Yy-,] =
E[Y|X = a]h'AIZ(cf. ./ — bProposition 1.5.1.3, [#ETHRIRERAFI] p.43,87KEF).
5> MEEERTIEE,, Ey MR EIRD LSRR EED, ACERRSDD T & A =HA
THEZRDDZEICIFET D. FHMIETHFFHEET —INSEEIT DD TACENEETED

D. B. Rubin, Estimating causal effects of treatments in randomized and nonrandomized studies, Journal of educational Psycholog
vol. 66, no. b, p. 688, 1974.
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I 5
Bl Yy 5ZN\DACE. N My_, @ L
L A s ([ ) 5ia,
JSUIN —> [/ |
M > Xy Y. X Y /
—2
X =37+ Ey, Xy—q = 3Zy_s + Ey, X o0 0 | 3(a—b)
Y = —2X+Z+Ey, Yyeq = a,
Z =Ey Ly=q = Ly Y | —2(a-p)| 0 |-5(a—Db)
ACE(Y, Z; a, b) 71 0 0 0
— IE[ZYza] — IE[ZYzb]

= E[E;] — E[E]
=0
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Bl Zhr5Y~\DACE.

AN Mz=a ACEG, 1T; a, b)
3 ﬁ JI A 3/ ZZ=a & J) —-I-;al
/ q
—2 - —2 ¥
X =37+ Ey, X,_. =37, +Ey, 0 0 |3(a—b)
Vi=—-2X+Z+E, Y,.,=-2Xy.0+Z,.4+Ey,
Z =k ZZz;i=a T Y | 22@-n)| 0 ps@-b)
ACE(Z,Y;a,b)
= E[Yz=q] — E[Yzp] A 0 0 0
— ]E[_2X2=a + ZZ=a + Ey] — ]E[_ZXZ=b + ZZ=b + Ey]

—2E[X7-q — Xz=p] + El[Z7-0 — Z2-]
—2E[3Z-q + Ex — (3Z3-4q + Ex)] +(a — b)
—6(E[Zz=0] — ElZz=p]) + (a = b) = =5(a - b)
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Bl Zhr5Y~\DACE.

AN Mz=a ACEG, 1T; a, b)
3 ﬁ JI A 3/ ZZ=a & J) —-I-;al
/ q
—2 - —2 ¥
X =37+ Ey, X,_. =37, +Ey, 0 0 |3(a—b)
Vi=—-2X+Z+E, Y,.,=-2Xy.0+Z,.4+Ey,
Z =k ZZz;i=a T Y | 22@-n)| 0 ps@-b)
ACE(Z,Y;a,b)
= E[Yz=q] — E[Yzp] A 0 0 0
— ]E[_2X2=a + ZZ=a + Ey] — ]E[_ZXZ=b + ZZ=b + Ey]

—2E[Xz=q — Xz=p] + E|Zz-q — Z;_p]
—2E[3Z,_, + Ex — (3Z;-, + Ex)]| +(a — b)
—6(E[Zz=q] — ElZz=p]) + (a —Db) = =5(a — b) =>5TBAN
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G=WV,EwWZEMIETTSTET B, JBmx € VD By € VADpath
P:Xop =X X122 Xpq1 > Xpn=1Y

([C3XF U CpathdDEH%=

n—1
w(p): = 1_[ w(x;, X;11)
CTEDD. i=0



(1 }’anrEI’J K RHEREAE
apd| cf. Pearl-Jewell, p82]
ﬁﬂ%%ljﬁz‘tq_v-)I/M%Eacyclicé:@“%. CDESE, NEZEX, Y ICXWHUT,

ACE(X,Y;a,b) = w(p) |(a—b)
[2.")

WIIT D, 2120, p: X » - - YIIMOERRT S JDpath =K.

{5 ACE(®!,1T: a, b)

‘3/\1‘ X |Y| Z
M — > X 0 0 |3(a—b)

X =3Z + Ejy, Y | —2(a-b)| 0 |-5(a—b)
Y =-2X+7Z+ Ey,
/ :EZ Z 0 0 0

J. Pearl, M. Glymour, and N. Jewell, Causal Inference in Statistics: A Primer. Wiley, 2016, p82.
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[=1]
Ln

[in]
[=1]
s}
(=]

i
(=11
o8}
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[in]
[=1]
i}
(=]

Lt
L=

[in]

(2)DirectLiNGAM

T —% NRTIST

Medinc HouseAge AveRooms AveBedrms Population AveOccup Latitude Longitude MedHouseVal

Longitude

8.3252 41.0 6.934127 1.023510 3220 2.555556 37.88 -122.23 4.526

83014 21.0 6.238137 0971830 2401.0 2.1003842 37.86 -122.22 3.585

T1.2574 52.0 5.288136 1.073446 496.0 2802260 37.85 -122.24 3.521 —
5.6431 52.0 5817352 1.073059 553.0 2.547045 37.85 -122.25 3,413

3.8452 52.0 6231853 1.081081 565.0 2181467 37.35 -122.25 3.422 - -

DirectLINGAM

1.5603 25.0 5.045455 1.133333 B845.0 2.560606 3948 -121.09 0.781

2.5568 18.0 B.114035 1.315789 356.0 3.122807 3949 -121.21 0.771

1.7000 17.0 5.205543 1.120092 1007.0 2325635 3043 -121.22 0.023

1.8672 18.0 5329513 1171920 741.0 2.123200 3943 -121.32 0.347

2.3886 16.0 5254717 1.162264 13587.0 2.6169581 3937 -121.24 0.394
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(2)DirectLiNGAM

" EZ® (LINGAMETIL)
EEHEXTETILAU T EEZ I & ZLINGAM(Linear Non-Gaussian Acyclic
Mode)EFILEWLD:
- RIABEATERNESTILTHD
- iBiEAERXTES)LH Acyclic
- AAEZEEIENoNn-Gaussian

- RGE

LINGAMEZ)LIZRZ‘IZ T
» SMEZEROIMRIL M (FIRYZ (CRIEERDILBIRRIDVELY).
- REZZODETTEOTIRL).

N

dm

LATFLINGAMIZ ELDIREZ®WIET & 9D, COESTHNEZHNSHERIT S IR
13 =>DirectLiINGAM.
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(2)DirectLiNGAM

DirectLINGAM
LINGAMET)LORIET S JZ2RNEZEHITITHSETIT DIV T UXLZBNT

(RIRFERT S T (FRH)

Step 1. AR S I DsourceZ4FET B. | Jy l/

Step 2. Step1DHERET S I SHFE U Tzsource L e oz e,

ZIRVWTESNB3ERYTS J%#FDLINGAMES o ,

ILERERR T . | 4/

Step 3. Step 1 & Step 2 =& DIRL, IELZ(E  son | e - sz e

SEUICRNEZRE =], ..., nEXTITITD. DFED ]

BRI (R EET K (IEZL) — (1, .., n)) EHEB. Ve

Step 4. Step3 TESNIERRIEFK(ICEDWT, = .. T
Xi = 2 bl]X] + E; N o s, ..

K(X;)<K(X;) S —e 5 | %7
DR/ N_TECKIDIETTD "




(2)DirectLiNGAM
Step 1.

(&RE (Shimizu-Inazumi-Hyvarien-Kawahara-Washio-Hoyer-Bollen, Lemma 1)
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Rj(‘) = X; COV(X"X )Xi .

I var(X;)
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S. Shimizu, T. Inazumi, Y. Sogawa, A. Hyvarinen, Y. Kawahara, T. Washio, P. O. Hoyer and K. Bollen. DirectLiNGAM: A direct method for
learning a linear non-Gaussian structural equation model. Journal of Machine Learning Research, 12(Apr): 1225-1248. 2011.




(2)DirectLiNGAM
Step 2.

Proof of Corollary 1)
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LINGAMESFILORIRIT S T (FEEEEDRE
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( #5R8 (Shimizu-Inazumi-Hyvarien-Kawahara-Washio-Hoyer-Bollen, Lemma 2))
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S. Shimizu, T. Inazumi, Y. Sogawa, A. Hyvarinen, Y. Kawahara, T. Washio, P. O. Hoyer and K. Bollen. DirectLiNGAM: A direct method for
learning a linear non-Gaussian structural equation model. Journal of Machine Learning Research, 12(Apr): 1225-1248. 2011.
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FESAN—> 3> - SR
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(BT 71 )JL: LInGAM_practice_1
https://colab.research.google.com/drive/1I0lHHXh40tK2FpBy1sY7Sp-8uztlr-UM?usp=sharing
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(3) —4H'DirectLINGAMDARTE % i /= 3 H DT
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Medinc HouseAge AwveRooms AwveBedrms Population AwveOccup Latitude Longitude MedHouseVal
3252 41.0 6.984127 1.023810 322.0 2.555556 37.88 -122.23 4,526
3014 21.0 6.238137 0.971880 2401.0 2109842 37.86 -122.22 3.585
7.2574 52.0 8.288136 1.073445 496.0 2.802260

—

W

3.8462 32.0 6.281853 1.081081 565.0 2181467

7000 17.0 5.205343 1.120092 1007.0 2.325635 3943 -121.22 0.923
1.8672 18.0 5329513 1.171920 741.0 2.123209 39.43 -121.32 0.847
2.3886 16.0 3.254717 1.162264 1387.0 2.616981 3937 -121.24 0.894

- Y.
BEHLENETIVL(SEM), RRI ST, FHHRRIME(ACE)ZZF
ATT. BRIZSEMDIZSEACEED S T D) 7\73\ STE CEC

. DirectLiNGAM%E)Jb\’e“%J:’B [CTRD Tz +{EFEEEH
SRS — A DRIERT S I =Bk

\—|-

Longitude

5%

37.85 -122.24 3.521
5.6431 52.0 5.817352 1.073059 558.0 2.347945 37.85 -122.25 3.413
a7 -

85 -122.25 3.422

1.5603 23.0 5.045455 1.123333 845.0 2.260606 39.48 -121.09 0.781 . .
2.5568 18.0 6.114035 1315789 356.0 3.122807 39.49 -121.21 0.771 I reC I
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