1 Data Generating Process
o T =2, N = 10000
e DGP
Ain = H{mZin + o; +vin > 0}
Yii = Y1 din + o + e > 0}

Ajp = H{ma1Yin + ma2Ait + m23Zio + o + vz > 0}
Yio = H{po1Yin + po2Aio + o + €2 > 0}

— (v1, €1, v, €2, ), mutually independent, jointly normally distributed, mean ~y;, variance 2

— (Z1, Z3), mutually independent, Bernoulli with £; and [

2 Linear Programming

2.1 Definining State Variables

e Introduce
Y2 = 92(y1, a2, s2)
az = h2 ai, yi, 22, 7’2)

(
y1 = g1(a1, 51)

a; = hi(z1,71)

Here, r; enumerates the map z; € {0,1} — a; € {0,1} by enumerating possible value of potential
treatment a1 (21): (a1(0),a1(1)). That is,

r1 = B(a1(0),a1(1))



’ 1 ‘ al(()) ‘ al(l) ‘
1 0 0
2 1 0
3 0 1
4 1 1
Table 1: rq
[ 51 [ 51(0) [ 5 (D) |
1 0 0
2 1 0
3 0 1
4 1 1

Table 2: s; as possible states of map y;(a;)

where §(-) = bi2de(-). Likewise, s; enumerates the map a; € {0,1} — y; € {0,1}, r2 enumerates

(a1,y1,22) — az, and sy enumerates (y1,as) — ya:

s1 = B(y1(0),31(1))
ro = ﬁ(az(0,0,0),ag(0,0, 1), ...,a2(1, 1, 1))
S2 = ﬁ(y2(070)3y2(0¢ 1)’ "'ayQ(la 1))

Then the corresponding sets have cardinality:

Ry| = 22
|81 = 22
IRy| = 22" =28
|Sy| = 22° =24

e Now define

q(r1, 81,72, 82) = Prlry, s1, 72, s2]
in Q with |Q| = |R1| x [S1] x |Ra| x |Sa| = 2% x 22 x 28 x 2% = 65, 536.

e Tables



| r2 [ a2(000) | a2(100) | a2(010) [ a2(110) | a2(001) [ az(101) | az(011) | ap(111) |

256

Table 3: 7o as possible states of map az(ai,yi1, 22)

| s2 | 42(00) | y2(10) | y2(01) | y2(11) |

16

Table 4: so as possible states of map yo2(y1, az)



2.2 Potential Outcomes

e Then, e.g.,

PI‘[Yl(1> = 1,Y2(1, 1) = 1]
[Y(1,1) = (1,1)]
[51,82 : gl(l,Sl) = 1,92(1, 1,52) = 1]

> Pr[Si=81u1) S =81 v, 1s0 u3')
(B,8)yi=ys' =1

P
=Pr

- Z Z q[rlaﬁ(y?vy%)v"ﬂQaﬁ,(ygoayglvyéoayél)]

(r1,r2)ER1XR2 (B,8"):yt=yz'=1

and

Likewise,

= Pr[Si = Byl y1), S2 = B/ (H9% vt v3°, ya')]

and

= Pr[S1 = B(yY,u1), S2 = B/ (190, vt ya0, ya)]

And so on...



| Regime # | di | da(1,dy) | d2(0,dy) |

Table 5: Dynamic Regimes

e Table for regime labels

—_— — o/ o/ — — —

— When h; > 0 and ha(o1) > 0 Vo1, then the analytical solution predicts that 7 and 8 are in the

ID set

2.3 Constraints

e Number of constraints: 26 + 65, 536 + 1

— but most of them are just defining the simplex

Let

e Constraints:

pla1,y1, a2, y2|21, 22)



be the distribution of the data

e Then, e.g.,
p(0,0,0,0/0,0) = Pr[A1(0) = 0,Y1(0) = 0, A2(0,0,0) = 0,Y2(0,0) = 0|Z; = 0, Zy = 0]
= Pr[A1(0) = 0,Y31(0) = 0, A2(0,0,0) = 0, Y¥2(0,0) = 0]
= > qlB(af, at), B'(y1,51), 87 (a3, ag™, s az'h), 87 (y3 s 45 s )]
(/875,aﬂ”76”/)@?:2!?:(1300:3}80:0
and
p(1,1,1,1]1,1) = > qlB(af,a1), B' (W7, u1), B”(a5%, 08", .., a5"h), B (15, 48" ", ")
(B,8",8",8""):a1 =y =azt=y3' =1
=Pr[Y(1,1) =(1,1),A(1,1) = (1,1)]
Note that

~—

(

1,1) = (0,0)] + Pr[Y(1,1) = (1,1), A(1, 1) = (0, 1)]
1 (1,1

= (0 ,
(1,1) = (1,0)] + Pr[Y'(1,1) ), A(1,1) = (1,1)]

e NP LD DD DN LD DD DI A D DD DR

Byi=yit=1 B:ai=al®l=0 Byt=yil=1 B:al=0,alr=1

A
A

Byi=yit=1B:ai=1,altt=0 Byi=yit=1B:ai=alll=1

Q[Tla ,8(3/?, y%)v r2, 5(y307 y817 y%()? y%l)]

Il
(]

B:y%:y%lzl (r1,r2)ER1XR2
and so on...

e Constraints 2 (Simplex):

> qlri,si,ra, 8] =1

T1,51,72,52

q[r1,81,72,52] >0 V(r1,s1,72,82)



2.4 More Constraints
e Consider instead
y2 = g2(y1, az, s2)

as = ha(y1, 22, 12)
Y1 = gl(ahsl)
a; = hi(z1,71)

2.5 Population Distribution of Data

e Calculating p(a1, y1, az, y2|z1, 22)

e Recall
A = H{miZi + a; + vi1 > 0}
Yii = 1{mAin + o +ei1 >0}
Ajo = H{ma1Yi1 + ma0Ai1 + ma3Zio + o + vig > 0}
Yio = H{pa1Yin + pogAiz + o + €2 > 0}
e Then

»(0,0,0,0]0,0) = Pr[A;(0) = 0, Y1(0) = 0, A5(0,0,0) = 0, Y5(0,0) = 0|Z; = 0, Zo = 0]
= Pr[A41(0) = 0,Y1(0) = 0, A5(0,0,0) = 0, Y>(0,0) = 0]

= Pr[ai 4+ vi1 < 0,05 +e;1 <0,0; +vi9 < 0,5 + €59 < 0]
and

p(1,1,1,1]1,1) = Pr[A;1(1) = 1,Y1(1) =1, A2(1,1,1) = 1,Y>(1,1) = 1]

=Pr[m +a; +vi1 > 0,01 + a; + e > 0,m01 + mag + T3 + @ + vig > 0, o1 + o2 + a; + €0 >



