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o 1930 FERNILEIOTIC LD HIERIIERRICLD, MRIRIEL
ENHZHNRIENMRIES N, BIENERE L COERRAEIILE.

o ZLDNHTHILHNDER L DTE.

o HEXRBAE M| ™ Rl OLSICRBRNICEZ, ZOEKRERD
A AYERab =
“HERE I, IIR—THETHD. "
C@Eﬁﬁ&ﬁﬁ@ﬁ#%K%E%Mt%@@H
. {REEE, 1944,

e JAYV - =Z—HXRM OO F—T] OFBRIEIENESNT
Loz,
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o JJLEIOTBEBIF—ENEHSL). Kolmogorov(1963) MD—E:

The set-theoretic axioms of probability theory, in whose formu-
lation it was my lot to take part, allowed to eliminate most
of the difficulties in constructing the mathematical apparatus
appropriate for numerous applications of probabilistic methods,
and so successfully, that the problem of finding the causes of
the applicability of mathematical probability theory was felt by
many researches to be of secondary importance.

| have already expressed the point of view that the basis of
the applicability of the mathematical theory of probability to
random events of the real world is the frequency approach to
probability in one form or another, which was so strongly ad-
vocated by von Mises.
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@ random HNE SMIFEBRDRINE BIELWLWEDHNSELDH?
o JJLEIJOTEEI(Z Kolmogorov complexity MIRIEA

o FERMMATE (L, FEAEITRTOMREER,
MR =R &5
@ Shafer and Vovk (2001) “Probability and Finance, It's Only a Game!"
D&%
@ Vovk (& Kolmogorov ME & TIEGRZEEZE UV ZREBDZEED—A
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o T—LRHERRCIIT —LDOHERET .

o T—LDEET, LAV —DBENTHINFREISCEERT.
o AIEMEL (C, REOMER, RIOEEREE, EENHDZEA, <
S5(CHIBT 7 17 Y X H (T BT (FTDFERTN (Black-Scholes

formula) DEEEAE N S.
o FLVIBPREIER & Black-Scholes formula A\ TEE] TH 3 C & EBARE
(EDHB.
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T — LERRIRESRERAPY (O V(T — L)

o Z_ADTL AV —DEDTEEER T — L

o Skeptic (Investor) : BEE T DA
o Reality (Market) : BEDIEREEH DA

@ Skeptic — Reality = S - R — D& DICKRE(CFH
o [Skeptic DFFE — Reality DFH| 15O VREERD.

o —LMTIVRE n TKRL, "—LOBOERLZE n=1,2,... &
95

o Skeptic DFIHAEE: Ko =1 EE#(L

0 BSIUYVRICHEWT, ETF Skeptic N HENEE M, cR &#BHSH
(£TD. BEREIEHEL, WSTENSTVEOEENAIEE. a0
BEE T AlRE.
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T — LERIERGRAR (O VRITT — L)

0 TNEHMOIZLT, Redlity [d x, =1 (K) HdWE x, = -1 (B) &

E
@ Skeptic ANDZILW (RTF T) (F Myx,
@ Skeptic DEETNZEAL

Kn=Kp-1+ Mpx,

o —LMZORII:
Ko=1
FORn=1,2,...
Skeptic announces M,, € R.
Reality announces x, € {—1,1}.
Kni=Knp_1+ Myx,.
END FOR
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o Readlity (& x, = £1 DFEE M, DS EHFEIBRIC EMRTEDN
5, Skeptic (FINTFEZETD.

o ECLBNMZMIBETTE Reality (FREBERINICITENIT S CE&EHAULS
na.

L] Skeptic (CHENT (CHZEE U 7K L\EBRLAITLBES P MEEL
(COHYRERMICHASMNCLIZELTE), €U Reality N
lim 1(xl—i----—i—xn) =0
n—oo N
BEDIUEEVWKSICITET DIFS(C(FRAT

lim IC, = o0

n—oo

EEB.
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o HEXIRREE ULV R DB B (ICEED—EEISDHEET SHR (
)

o c BRRNDEEER

Kn= H(l + €xi), log K\, = Z log(1 + €x;)

=1 i=1

e 0<e/h&LT

n

Zlogl—i—ex, —EZX, lzzx _er,—fen

= ne(X, — 56)

@ limsup, K, =00 if limsup,X, > €/2.
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o KDEEICIE
log(1+t)>t—t?, Vt>-1/2

ZRHUT, logk, E TFhsdTzNE L0

o c[CDVTIZE, AIEEM MO | ZEIEDENIE LKL,

o HiiRE L TIE, B—NREEATSEIED( I SN DM DXT () ( [S1ERIAE
M (CEREE)

o MIKTHIHLU CLBOREICLINDZL NEEERAT DIDMEKL?
T2 EEBNSKINT ZHEXNLEVNAS, BIRTHRIIL TLELO
BECEEEIERLTH?

o BIEHIC, BMEDLOLERDBEDOMARERICIE, BN DUOSVEIR
BB MMEF L ULVET. Exploitation and exploration @) dilemma.
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HRFEHREDY Xk (Tokyo Papers)!

http://www.probabilityandfinance.com/ (C Vovk EKNMEHRZEHNL
TLD. EREEHRDE!

“Tokyo papers in chronological order”

@ "On a simple strategy weakly forcing the strong law of large numbers
in the bounded forecasting game”, Kumon and AT. (Aug05) The
article constructs an explicit strategy that weakly forces the strong law of
large numbers in the bounded forecasting game with rate of convergence
O(y/logn/n). AISM, 60, 801-812 (2008).

@ "Game theoretic derivation of discrete distributions and discrete
pricing formulas”, AT and Taiji Suzuki. (Sep05) The authors illustrate
the generality of discrete finite-horizon game-theoretic probability protocols.
The game-theoretic framework is advantageous because no a priori
probabilistic assumption is needed. J. Japan Stat. Soc., 37, 87-104
(2007).

'EFZENETNORIAE D E TREANADMN>TUS
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@ "Capital process and optimality properties of Bayesian Skeptic in the
fair and biased coin games”, Kumon, AT and Takeuchi. (Oct05) The
article studies capital process behavior in the fair-coin and biased-coin
games. A Bayesian strategy for Sceptic with a beta prior weakly forces the
strong law of large numbers with rate of convergence O(y/log n/n). If
Reality violates the law, then the exponential growth rate of the capital
process is very accurately described in terms of Kullback divergence. The
authors also investigate optimality properties of Bayesian strategies.

Stochastic Analysis and Applications, 26, 1161-1180 (2008).
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@ "Game-theoretic versions of strong law of large numbers for
unbounded variables”, Kumon, AT and Takeuchi. (Mar06) The
authors prove several versions of the game-theoretic strong law of large
numbers in the case where Reality’s moves are unbounded. Stochastics,

79, 449-468 (2007).

@ “Implications of contrarian and one-sided strategies for the fair-coin
game”, Yasunori Horikoshi and AT. (Mar07) The authors derive results
on contrarian and one-sided strategies for Skeptic in the fair-coin game. For
the strong law of large numbers, they prove that Skeptic can prevent the
convergence from being faster than n=1/2. They also derive a corresponding

one-sided result. Stochastic Processes and their Applications, 118,

2125-2142 (2008).
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@ “A new formulation of asset trading games in continuous time with
essential forcing of variation exponent”, Takeuchi, Kumon and AT.
(Aug07) This article introduces a new formulation of continuous-time asset
trading in the game-theoretic framework for probability. The market moves
continuously but an investor trades at discrete times which can depend on

the past path of the market. Bernoulli, 15, 1243-1258 (2009).
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@ “Multistep Bayesian strategy in coin-tossing games and its application
to asset trading games in continuous time”, Takeuchi, Kumon and
AT. (Feb08) The article studies multistep Bayesian betting strategies in
coin-tossing games in the framework of game-theoretic probability. By a
countable mixture of these strategies, a gambler or an investor can exploit
arbitrary patterns of deviations of nature’s moves from independent
Bernoulli trials. The authors apply their scheme to asset trading games in
continuous time and derive the exponential growth rate of the investor's
capital when the variation exponent of the asset price path deviates from
two. To appear in Stochastic Analysis and Applications.
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@ "The generality of the zero-one laws”, by AT, Vovk and Shafer.
(Mar08) The authors prove game-theoretic generalizations of some well
known zero-one laws. Their proofs make the martingales behind the laws
explicit, and their results illustrate how martingale arguments can have
implications going beyond measure-theoretic probability. AISM,
doi:10.1007/s10463-009-0262-0

@ “New procedures for testing whether stock price processes are
martingales”, Takeuchi, AT and Kumon. (Jul09). The authors propose
procedures for testing whether stock price processes are martingales based
on limit order type betting strategies. With high frequency Markov type
strategies they find that martingale null hypotheses are rejected for many
stocks traded on the Tokyo Stock Exchange. To appear in Computational
Economics.
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@ "Sequential optimizing strategy in multi-dimensional bounded
forecasting games”, Kumon, AT and Takeuchi. (Nov09). The authors
propose a sequential optimizing betting strategy in the multi-dimensional
bounded forecasting game in the framework of game-theoretic probability.
By studying the asymptotic behavior of its capital process, they prove a
generalization of the strong law of large numbers. They also introduce an
information criterion for selecting efficient betting items. These results are
then applied to multiple asset trading strategies in discrete-time and
continuous-time games. In conclusion they give numerical examples
involving stock price data from the Tokyo Stock Exchange.

@ "Sequential optimizing investing strategy with neural networks”, Ryo
Adachi and AT. arXiv:1002.2265v1 (Febl0).
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o FARMINDE—DEEEADIIZHDD

o ETBENKEET DRODEBMDA —5 — D

o ZMDHTO Kullback-Leibler E¥RE NEEIDBEARE{L
o HBEERENTZ VL VESLHBEDIRV\DIRIR
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5 — LREIRESR SRR FE A DN

o MILLETMEEDT, LWBLBLREZRITSAREEND S
o ZLTHMXIIEIFS. ZIEL, WKTIEIHERIERSTS.

o LML, &KDRERLEIKDNHTDEREL LS.

o BXRRCRAEISIZLDNHFOERZEEHMI SHELNDS.
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o T—LmHERROERL, BRI LMEOERERTELL.

o HE&IFAAEICHILT S.

o MAIEMS, ILARFEEE (Caratheodory's extension) ZFUL\T, BIAIZL
EDICRBDZBRIMHELDA?

ZEZEIMRTEL, BROABZEFEO>TUVT, BN THS.
RAHEEE(FALE? (ECEDHSEW)

THEERO0] ZERULIZVDOTHONE, ILhREEEAE.

CDOBHBIZD(E Vovk, Shafer KEINTDIHE (“zero-one law”) TUL'S
NWBEEXTUVS.

e 6 ¢ ¢
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doubling strategy & HESR MDA Eid

o A VEITOT —LT, €U X, Miid. Bernoulli BT —1 (TE
ELTUVEITNIE, DFED P(X,=1)=p>07E5(E, doubling
strategy NAXIL

o JSDUVEBKENEMIFHMEEZEXD L, VFLIAEBDOLDIS,
\EIR OB (CHEELO O & SNB3DT, €U doubling strategy
ZHTE, —BET Investor DEES(CIED>TLED.

e p>0& p=0IFHEXRPMELTIE, (—HAEMII) singular 21, 0
T TOBERD (FBRETIEXBIE DAV

o F—LEmMOFORIILTIZE, Reality (IEMBLITENITDNS,
doubling strategy (ZAID TFE]1 TEEL!
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JEE maringale & LELL

CCTlE, BEOAERMNEZMEHS T, THFEN 1 DIFEVILF VT —
V] & TAEL NEETH D EEZHRTD. U— LARNEERRIERE
BlCHIES.

WX Fn,n=0,1,2,... Z filtration £ 93. T F=F . Z_LNH%&
BUR/ND o-field £ET 3.

F LOBEFRAE P Z—DEREL, P (CE8I 3IEE martingale M,
n=0,1,2,... TEM,)=1VYn EEBDENEEZXD. C_T M, &L

BLETIHRAE Q EBMI S. 2L Q (3 F LOESKAE (CHIER
INTUVBIRBEEL, & F, LOBER Q, DIETREMRA

Ac fn = Qn(A) - Qn+1(A)
ZEWmIEIECTHOHNIEXK.
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JEE maringale & LELL
ITCEZXSNE M, ERHVT, F, TOEXAE Q, &
Q,,(A):/I\/I,,dP, Ae F, (1)
BT3B, COTBE Qu(Q) = J, MadP = E(M,) =1 £E1ED, Q, &

.7: J:U)ﬁﬁ$ AEEED. Fe (1) N(&, Radon-Nikodym DE&ERLKD

dQn
dP

THO, M, FLEBLLTHD. TEBEUFREHICDVTIFAc F, &N
(EE Ae fn+1 Thbh

M, =

Quir(A / Mpi1dP = E(IaMps1) = E(E(IaMps1] F»))

= E(IAE( n+1|'7:n)) = E(IAMn) = Qn(A)

gD, BEMRGEETRILLTULS. L E (3 P (CEAT SHAfHERE X
LTus.
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JEE maringale & LELL

W(CBEBNE F,, n=0,1,2,..., FOBEFIEDT] Q,Q,... THD
T, & Q, MPICHLTHEMEHR CHD, DT

dQ,

Mn = dP

NEETBLSHFIEERS. BESHIC
dQ,

E(Mn) =

A deP:/QdQn:Qn(Q):l

THd. TOICREDETHHEICDWVT E(Mpy1|Fy) = M, ERTICIE,
EFED AcF, [CWLT

/ M dP = / My 1dP
A A

EREELOR, CNEBEERE Qi (A) = Quii(A) ZDENTHS.
BIE KD LB LEAEARHE 1 MIEE martingale &1L EMREINE.
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JEE maringale & LELL

LT, mAROMIGNREINZDT, P ICRTSHME 1 DIEEVIL
FUT=ILER n T P (I L THESERS B S RLRERAE DS D EHE
ThdCeMNREIn.

3T, T—LHwmMNIC(E, prudent FEEE(CI T SEEBEET —LDY X
DRI HEZEDE & CTHHE 1 DRIERNEIEEVILF VT —ILTHS.
ULHLEC, UXOFRITEROE E TOHERFHE 1 ORERNIIEE VIV
FUT=ILNT —LOETBERE UTEERTESIMNIDHSLL). horse
race game DK D(C IFEfF ] T — LIESIEEMRBDII DM, —RAIIC
Skeptic M move space BHIFRETNTUNBDIFEICIETFEEK DI DEFERES
U\, LT, BEC U THIKEVDIG, 5X5NIZRERNGIEEY
WFIT=IUICH LT, ZNEETERE U TERERISL O —L%E
HREITDHEETHD.
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- EEERDMOTONIIL

o [X;,Xo,... Miid TN(,1) [CRED] CEICHBI BT —LIE
mhv
o ENOY) ZEETFRNENEE COMFMMEERT ETS.

@ S-V M p.181 M “Generalized Coin Tossing” 00~ JJL%& B{ARIIC
BECERDLSICES.
Ko=1
FORn=1,2,...
Skeptic announces any function f, : R — R
with ENOD(f,) = 0.
Reality announces x, € R
Kn=Knp_1+ fn(Xn).

END FOR
o COTORINDEET x1,%,... [F iid. N(0,1) &EXBIHADHE
WIETF
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