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Uncertainty of Digital Token and
Risk-Hedge Evaluation in a Binomial Model

Kanta Matsuura
(IIS, University of Tokyo)

Abstract: Network-security technologies allow us to trade various digital tokens. In addition to
their prices, the tokens are likely associated with other important numerical values. These
values may change unpredictably over time and cause risks. This paper models those tokens
as security token, which is abbreviated into a word coinage setok. Each setok has its explicit
price, explicit values, and timestamp on it as well as the main contents. For risk-hedging
purposes, a derivative written not on the prices but on the values is introduced to a single-
valued token. The derivative is priced in a binomial model.
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Definition 2.1 (Setok)
security token (setok) 0O 040000

00 (contents): 00000 MACODOOODOOOOODO
0000 (explicit price): 00000000000 000000S0000

0000 (explicit values): 0000000000000 00000000000W, Va, -, Vi
0D000mO00000O000O00O0000 V;,0000000000000000000

000 (timestamp): 0000 t, 000000000000

goooooo



0000 (implicit price): 00000000000 O0O0OOOOOSOOOO

0000 (implicit values): 0000000000000 O0OOOOOVW, Ve, ---,V,0000n
ggooaoboobogd

guoboboobobobboobobboboouobbouboobbogd

e J00OODDDOOOO (price-interpretation process) Y (t)=y (¢, S(¢)) 000000000
00 (occurrence) D0 000000000000 OO0O0OO0y=(t,s)0000000 (price-
interpretation function) 0 000 0sO00000000000000O0ODOOOODOOOOO
goooooaao

e 100D DDODOOOO (value-interpretation processes) Hy(t)=hy(t, V1(t), Va(t), -+, Va(t)),
Hy(t)=ho(t, Vi(t), Va(t), -+, Valt)), -+, Hm(t)=hm(t, Vi(t), Va(t), ---, Va(t)) DODODO
000000 (occurrence) 0000000000000 0ODO0O0O0O0OO0OOM(t, v, ve, -,
vn), ho(t, v1, v, “+-, Vy), o+, hp(t, v1, Vo, --+, vy,) 0000000 (value-interpretation
functions) 0000 000000000000 COOOOOOOOOOOO

00000000 setokD Onotation 000000000 (S,Y;V,H,n,m) 00000000000
000000000000000000 setok 0000 (share) D000 O(S;Vy, Vo, ---, Vi to) O
0oooooooo

Definition 2.2 (Single-Valued Setok) setok0 0000000000000 OOOOOOOO
0000000000000 (singlevalued) D000 0000000000000V = H(t) =
h(to, Vi(to), V2(to), -+, Valto)) DO O ODODO

22 000

Definition 2.3 (Tradability) 00000000 setokd share0 D000 2000000000
0000000000000 T-0000 (T-tradable) 00000000

e IO VOIDOODODOO

e 10 TOOUODODDOOUODOUOLDDUDODOUDOUODODLDOODODOODOOO (value-proportional
price)

7
h(t, Vi(t), Va(t), -, Va(t))

Sp = y(t,S(t))
000 shareDOOOOOO

TOOOOOOO (tradable period) 0000 0000000000000 00O0O0OOOODOOODODO
0000 ¢, 000 [t,00)-00000000000 Doo-0000 (oo-tradable) 000000000
gbbodotbooooboboooboooobboooya

Definition 2.4 (Strict Tradability) setok0 000 30000000000000000000O
000000 T-0000 (strictly T-tradable) D0 0000000

e 00 sharelOODODODOODOO
o OO OODOOOOOO

e JOUIUODODOUDUODUODDUOUOUDDUODDOO shaereO ODOODDOO



000000000000 setokD0 000000000 (untradable) D 000 00
Definition 2.5 (Online Divisibility) setok (S,Y;V,H,n,m)0 00O

e 10U UIDUUOUDUDDDOOOODUDODUOOOODDO (order price)S.(>0)0 O
O0000000D0O0O0OO0O000OO (proportional explicit values)

Se

mhi(toa‘/i(to),VZ(to),---,Vn(to)) (i=1,2,---,m)

ooobooD shereD OO0ODDOO0OOOO¢UOOOOODOO

0000000000000 0O00DO000O0O0000000 (online-divisible) D 000 OO

Definition 2.6 (Offline Divisibility) 000000 SO000 share (S;Vy, Va, -+, Vinsto) O 0
000000 shareO OO0 OO0 (price-proportional manner) 000 0000000000000
0000000000000 0000000 (offtine-divisible) 0000 0000000000000
000 oO(SHy VLV, - Viitg) O (S5 V2 VE - V2i:t) 0D0000000000000000:
_ _ o _ N S
A§+S2:SH§>0H¥>0,W=>§W,@:LZj:LZ~3m)

3 Uuouggon

3.1 00dboboooboo

000000000000000000000000000000000000000000000
0000000000000000000000000000000000 [1)000000000000
0000000000000000000000000000000000000000000000
000000000000000000000000000000000000 setok(S,Y;V, H,1,1)
0000000 OsetokO 000 (tg,tp+T-0000 (T>00000000

00000000000000000000000000000000000000000 setok O
0000000000000000000000000000000000000000000 setok
000000000000 0000000000000000000000000000 [2]-[7]00
0000000 1000000000000000000 Osetok000000000000000
0000000000000000000000000000000000000000000 ¢0
000 0< H(t) < oo, 0 < Vj(t) < oo (j=1,2,--,n) 0000000

Definition 3.1 (A European Call) 00 ¢t =¢t, 00000000000000O0O0O0O0O0OO
(European call option) D0 M 0000000000 Ty(<ty+T7T)DODOOOO setokd shared 1
J0oodobooob00o KOoooooobhoooooboooobooooobooooooooo
00000000000 oO00OO00O000000O00000T,000 (maturity) DOKOOOOO
(strike value 0 O O exercise value) 0000 00O
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000 (¢t=0)000000 CO0000
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Implicit Value
Vo
— Du
d-V
° °
t=20 t=1

O2200000setock00D0O0O0O0OOOO

00000000000000RMKODO0O000000000O000000 A(V)O000000
000000000000000 H(T,)up] = h(u-Vy) 000 H(T,)[down] = h(d-V,) 0000
00000dO0 w0 0<d<1<00000000 h(uVy) #h(dV,)000MO00000000
000000000 p,00000000000000001-p,0000000000p, 0000
0000000000000000 000000

huVp)< KOOOOOOOOOOOODOOO0O00000000000000000000000
O0000 setok000000000000000000000000000

max{0, K — h(uVp)}
h(uVp)

C, = (1)

ggobooboboogooobooobogd:

_ max{0, K — h(dVp)}
Cu= h(dvo) : 2)

shareJ 00000000000, MODOOOOOODOOOOOODOOoOoooooDooooo
0O1l+MCOODOODOODOODOOOOOODOOOOOOOODOOODODOOOOOOODDOOO
gooooood

h(Vo) h(Vo)
-1+MC, = 14+ MC 3
Rty LT h(dvy) LM ®)
0000000000000 shae00000000 (3)0 A(uVp) # h(dVy) 0O
M%){ 1 1 }
M= - 4
Ca—Co Un(aVy) ~ A(dVD) @)
JdododdooddggooooooooooooogobOoooD oD g oo
h(Vo)
1 1+ MC) = 14+ MC. 5

000000 (400 ()0 0000000000000 000OOOOO

_pCut(1-p)Ca_ {(h(dV0)} ' = (Lt rp) {h04)) ©)
Lrp 7 {P(dVo)} " = {h(uVp)} !

000000000 gjoooo0oooo ()00 p, 00000000 MOOOOODODOOO

(risk-neutral measure) 0 000000000000 00000O0O00O0OOOO

C
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