(» This file verifies a number of cal cul ations used in the paper
titled "Option Value of Cash," by Jialin Yu (Col unbia Busi ness School ) x)

(*» Note: Gamma distribution[a,b] in the paper

is equivalent to GanmaDi stributionf[a, 1/b] in Mathenatica x)
(* probability density function of Gamma prior x)
Sinplify[PDF[GammaDi stribution[a, 1/b], 2], b>0 & a >0 & x> 0]

ba efb A A—1+a

Gamma [a]

(*kkkkrrrkrrrrrttrsrr VErify Lenmma 1 on Bayesi an POSteri Or xxxkkkkkdddskkhhkkkrk)
. . . 1
1 PDF[GammaDi stribution[a, =], A] e?*

] 2] -

Si npl i fy [PDF [GammaDi st ri buti on|a, |
b+a J; PDF[GanmaDi st ri buti on[a, %] 2] e*sdax

a>08& b>0 &% A>0]

(€ T T Verify LEMTB 2 sskkkkdkkhkkhkkdhhhkkhkkhkkhk)
(+ posterior nean and variance =)

Mean [GammaDi stri bution[a, 1/b]]

Vari ance[GammaDi stri bution[a, 1/b]]

(» expected downturn |length x)

1
Ful | Si n'plify[r—PDF[GarmaDistribution[a, 1/b], A1dx, a>1 & b>0]
0 A

e Tl®

-1+a

(*xkkkkrnnkkrnkkrrxx FOrMUI A FOr NPV(A) *xkkkdrnnkkrrhkkrhhkkhhksk)

Si rrplify[re‘” Ddt -r(fe'rsédls)le'“ dt, r >0 & 1> 0]
0 0 0
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(*kkkkkrnkkkrnnrkrns FOrMUl @ FOr V(a, D) wrsddrndddrnddrrnnhhrnhss)

D é
V=r(—- )PDF[GannaDistribution[a, 1/b1, A1 dx;
o \r r+2A

D
Full Sinmplify[V- (——5bae'bra‘lGam"ra[1—a, rb]), a>08& b>0&%r >0]
r

0

(*********************************************************************)
(» verify the statement in the proof of proposition

1 that the limt of b2 Pr2-lGamma[l-a,r b] is 1/r when bow *)
Lim't[bae’bra'lGamTa[l—a, rbl, b- o

1

r

(**xxxxxxxxxxxx%x S0l ve for j in the proof of proposition 3 xxxxxx*xxxx)
Col | ect [Sol ve[Si npl i fy[

o b+n b +i g+n aL a b+na+t b+j g+na+t
Eliminate[{ = : - = : = }oAn, ty],
a-1 a -1 b +i g+na+t b+n+t a-1 a -1

a>l&a >1], ], i]

ai —b+b|_

- : 1}

-l+a (-1+a)g

(***************************************************************************)
(» Solve for ti*, to* and n in the proof of proposition 4 x)
(» First, t;* and n %)

Col | ect [Si mplify[Sol ben _Du+igen A 2 t i, b
ect [Si i ol ve = , = , {n, , {9, i,
[ P y[ [{a-l a_ -1 by +i g+na+t b+l"|+t} ¢ }]] 9 }]
(* Next, to* %)
Sol ve[Sinplify]
b b +i b t b +]j t K
Eliminate[{ +n== L+|g+n’ *n = Lt g+nt }, {n}], a>1&a >1], t] /. j » =
a-1 a_ -1 a-1 aL-1 M
b i b -1 i b (1- -1 b
{{ta B gl B L ,naf( +a) gl B ( aL)f( +a) L}}
a-ag a-ap a-ag a-ap a-ap a-ap
(71+a)g(|7:\<7|)
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(Fhkkkkhhhkkkhhhkkkhhhkkhnkkrrnkkrx Cal CUlALIONS I N FiQUre 2 ,xkkkkdrddkkrhdhkhhdhkhhdkhkhhk)
(» define posterior valuation fornmul ax)

D

VID, 6§, r ,a,b]1:=—-6b2e? r'*Re[Gamma[l-a, br]]
r

(* pessim st discount at begi nning of downturn x)

9 9 3
p=V[l, —, 0.005 —, —]
10 8 4

9
0=V[1, —, 0.005, 2, 1]
10

p/o-1
(» discount after 2 years =)

9 9 3
p=V[l, —, 0.005 —, —+24]
10 8 4

9
0=V[1, —, 0.005, 2, 1+24]
10

p/o-1

197. 515
199. 121
-0. 00806784
164. 102
182. 674

-0. 101667

(**kkkkkkhhhhhnhkrrrkkrxxrrrrx CAl CUlLALTIONS I N Figure 3 xxxxsrkrrdddskkhddddrhhhhhhhddsss)
(» define posterior valuation fornmul ax)

D
,a,b1:=—-6b%e " r*2Re[Gamm[l-a, br]]
r
(» the valuations of the optimsts and pessim st i =0 at the begi nning of downturn x)

VID, 6, r

9 26
V[1, —, 0.005, —, 1]
10 25

9
V[1, —, 0.005, 3, 9]
10
(* time when the buy-and-hol d valuation of i=0 equals that of the optimsts x)

9 9 26
Fi ndRoot [V[1, —, 0.005, 3, 9+t] == V[1, —, 0.005, —, 1+z], {t, 0}]
10 10 25

|3
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(* time when i =0 steps in, solved from Proposition 2 x)
§
3 25

9+t 1+t
(» valuations of the optimists and pessimist i=0 when i =0 steps in %)

entry0 = ¢ /. FindRoot [ . {zT, 0}]

9 26
V[l, —, 0.005, —, 1+entry0]
10 25

9
V[1, —, 0.005, 3, 9 +entry0]
10

(» solve for the time the last liquidity provider i=K/Msteps in =)

9 K 9 26
entryl = ¢ /. FindRoot [V[1, —, 0.005, 3, 9+g —+<t] == V[1, —, 0.005, —, 1+<t], {z, 0}]
10 M 10 25

(+ solve for those investors who buy at the sane time as i=
K/M The result shows that investors i20.084 buy together with i =K/M #)
26

. 3 25 .
Fi ndRoot [ . = . {i, 0}]
9+gi +entryl l+entryl

(* time when the buy-and-hold valuation of i=0.1 matches the market price x)

9 9 26
entry2 = t /. Fi ndRoot [V[l, —, 0.005, 3, 9+gO.l+t] == V[l, —, 0.005, —, 1+r], {z, 0}]
10 10 25
(* the valuation of i=0.1 when his buy-and-hold val uati on matches the market price =x)
9
V[1, o 0.005, 3, 9+9g0.1+entry2]
1
(» the market price and the valuation of i=0.1 when he enters )

9 26
V[1, —, 0.005, —, l+entryl]
10 25

9
V[1, o 0.005, 3, 9+g0.1+entryl]
1

(» solve for the total fraction liquidated 1 year and 2 year into the downturn =)
26

3
M« f /. Fi ndRoot [ - = i, 03]
9+gf +12 1+12

26
i 3 25
M« f /. Fi ndRoot | = . {f, 0}]
9+gf +24 1+24
(» total fraction liquidated 1 year and 2 year
into the dowmnturn if there were no option value to delay =)

9 9 26
M« f /. FindRoot [V[1, —, 0.005, 3, 9+gf +12] == V[1, —, 0.005, —, 1+12], {f, 0}]
10 10 25

9 26
M« f /. FindRoot [V[1, —, 0.005, 3, 9+gf +24] == V[1, —, 0.005, —, 1+24], {f, 0}]
10 10 25

196. 129
196. 11
{t > 0.00693863}
3. 2449
188. 049

194. 777



25. 4538
{i - 0.0837105}
10. 9442

175. 192

159. 062

171. 155

0.165

0.391154
0.539781

0. 953331
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