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SEAGHF

[

IS adwmfidHi (Volatlhty) AR EIE E G RIRFEE . B IZR
(historical volatility) % Ley—1EE &, L KA LE—BIFH T, & Z R E
P 69AR AR £, B E 6,8 0 BT AT T 8, B AR R S 1R 48R, Aadt
89, M EFEFE (Volatility Index, VIX) £—AE4E40948125 2, AT 5] ME9E
RE T E AR O EAF RGN E, RO, HE TR RBEIHE A,
A CBBARE ARG VIX AREF R L R AHZ 2B EL
B ONRE T, BT HFREATE, VIX B F 43 08 fe, e 10%~30% 89K
#, R fe 2008 THFHaa e ai, VIX ¥ 5iE 80%; £201158 A
AR L2 MFFF 8] (Standard & Poor rating company) A% % B £ 4£3F
Ftk, FEARETHRK, @ VIX &7 2] 50%, 2ABAGRASELITEAL? BIBEA
PIE 4o iz 89452 51 MERT? RIWEEAIRE G RFEEN, CAEHE L
b RAVA B SR By R AR 6 R R, Sk PG ST 2 A5 B SR B LB A et
Rk 6 B %o

. HERETH
—. ThERZEEEApEIE D

FERIE 2 RAVT R IR SRS R E TR HE RSP E N SUR LR LEMEIR Y
HES — MPEBRERE R, 1827 FHEHEIIEYEZEX Robert Brown BEFECHH
BB IR TR AE KT B, EMREEN G 2R T A RARIEER. £ THCeusEEEH, Bk
WIS dn L RMEES) (Brownian motion)s

HEEBEER Louis Bachelier 7£ 1900 SRR L CH, il THBARIEDR
fTiA G A, (B R ShE & 23— R DU BEE B A R AU &R A, thZR et i T AR B
EE B DL R ER BN RBTE, I B MAERN BRI R MEE (Markov property)

26
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EAZRBE (martingale) HFEFEMATE (stochastic process) FHIE B,

1905 & ARHEER Albert Einstein #E5H T 70 BHES) A R SR EC 2 X 45

DTFHIRMNG 1923 FEELBEHEBFR Norbert Wiener DURFEREER kB A HHES), TS

THGSERRER, MHLERIMEC R EER (Wiener process), 1931 FMEBIEER Kol-
mogorov $RaY T — A IR BEER B AT KB, B 1944 FHAHER Kiyoshi
Ito R THMPLEB BRI —EER, EFEENEERES, EMNA Ito’s AR BEH—
E BRI (stochastic calculus) BIFHETI%, DMERE—RHIFERKIL D /T2 (stochas-
tic differential equation)s,

RBLL EREERE, FERCARRERIF ZEEU K AR B, 1948 kBB R Paul Levy #
T EEARNAAIESEAERE (junp) B Levy 1812, EESH, BESTE BR—IK, if
HEAFBEEMN,. BARSETE, e 2FHEEwm, mMEEEARENEH EE+D
[ R T

—. fTEMtEmmE

SR Bachelier 7£ 1900 A9 153/ SCIEH 1= H1E RSB 3w B RIS EL, 3w EE
—{EE DR BEB M B R E R RIS NEBER R, MR A AR 3 R HAIFE R
BOMIART, ERAME TEIPHEA SRR EZNHERER: Black-Scholes RYZEERERTE
AR B Bachelier BEFNHE, &R Courtault et al. (2000); MREIR Bachelier Fyf#
AwOCR S, BB, DA BRARZESE, miE—4 28l Davis and Etheridge (2006)
Fi&% < “Louis Bachelier’s Theory of Speculation”, i EZEZ BIEE “The Origins
of Modern Finance” #x i Bachelier fy1# +- 3w X H B R eREE G L AR E 2,

3 Bachelier TEMSZSH & RE R EFUSRE G EARNEAINE, BRIERZELTIEE
20 HACHIN IR B EIZRIER, TEH Levy ERF% Bachelier HEimxXi—@EzHE “Too
much on finance!” AIAHEE . BEEENEEEZRESHMEBNERE, F16 7 Bachelier —{
TEMERYE S E AL, 1959 5 M. Osborne EFeHEE T F R FAIHEHES) (geometric Brownian
motion) KHEEEEEEEENKEE, FINRESEREFES (equity security) HIER.
1965 FAEPEER P. Samuelson® HEE T FFEMTE SRR KM R SRIVRE; M
[FIFRFthiZHR L Bachelier B TTE, Wi/ iER EREFAE, ZEELFE F. Black B M.
Scholes 7E 1973 F# % TE &M Black-Scholes SEEBHFTEAR,; FFEZINEHRIEER B AT
(Chicago Board of Options Exchange, CBOE) f&37. £ 1997 4 Scholes # Merton 3
[FIERS T3 R 6%, IR M3 mEsT B8 s L H AR TV, A =AE, Black

LeE: BAR Tto's AXRMEH, SURBAEIHE R R AR 1940 £, BEEEER W. Doeblin BB HELHIRE, Tibft
FEBREN Sl i, AT IS (5 SR 14 AE P A A FE A I,

25 1970 EEBRBBREE,
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FRAEER 1995 Fadriit, TRIMTAREH ARENEE.

B 1970 FACLAeER AT A 1 Sl it DUbe i 7 B RS 5B B O TH X, SR R R o BT 2
Em TR PR ER, BRARRELNZEE BN AT, REHNRIEAREEM, R
i, B3k, SRR FEEEMAE, J—ERROAER, ME EXRE, KMERFMEEORIGIE, &
ERFIZR( CO2 FFERRRESS, EAETETSRTTEEN.

=. TRlTHE

B TE& Bachelier BTIE, BIrP 1996 i Bachelier Finance Society 2&—fE
BT REEESHHERFRNEE, EXFNWEFLEE. UkSBBCRIVHEBEFRIEAL
Wikt ZEGFMEEN —RIEFRE (World Congress) DR E—{EZ AT E, SKILF
S Em R R R R T K, SR R R —3E,

S H, —EEERN AW SR TR TR — (3 ER 20T, R R TR
#®& (International Association of Financial Engineer, IAFE) HE#, £ TETE
B ERHE EURREMEE", CHrHERs ‘B A" (mathematical finance), “&
RIEE” (financial mathematics) & “GFHEEA” (computational finance); FEZE ALK
BEZHTBE St (B) ELEY (quantitative finance), £@l T AR HEHBEUET
W BT, ERBE, EFRIE, DRSS, EREERMR SR FRHEMMEE, Bk
B FERREERM THRNEERE, THEAKRSMBBSFHERETE, FREBNESE
iR IAFE #8556 http:/ /iafe.org,

A\, EEFEEAE] B 5% OER

el b, EEER NN ELHE TZRNER, EEENEE NEEN, BIEEE,
FEFE B 5 LUBTTHIE X SO A B B AR, 2RI, — (BB (European call option)
=—IREN), EHE TR AN, BIEEE, RUMERXEENEEE T, D—EFERE
HFTRERER K, RKEE-BANENEE. &S Sr ARENEELIAHENER, R
REEAETIHHNERE, MBS (payoff), 2 h(Sr) = (Sr — K)*, HhisRmi
HEES h(z) = (r — K)T = max(z — K,0), :82HREHFFE G ATEDEH BRIE
WEKE K, RS ENEE Sr, W ZENS FEEHEE, DUES Sy — K MFNE,
® Sp AR K B, ZNFENEEEFERNIAEESE, AT (BHE%) AREIE
il R 0o

EX=NE M (European put option) BEEMEM(], B 7 EZNFHE NEHERN], BIERE,
AIDAVEREENEIEH (maturity, expiration date) T, M—{ETELREF THENERE K,
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KEH—BAENEE, B2 ERE, RAEEHERNRMAZ h(Sr) = (K - Sp)T

—fiRME, BEERENCERE THRNERE S X2 T ’RME h(Sr), #
HHEREEE 1 (2) RIEER. HEERR, h(z) = (v — K)T; BEHERR, hiz) = (K—2)"
BRA RIS ML (path-independent) BIEK], ERHEPERERM h(Sr) EREF
B EER Sr NEE. ARENRMEIIIHNNEEERER, IBSEEHIK (path-
dependent) HZEEEME, BIANENEEZME (American option), FEEHZEEME (Asian option),
LUREF % HEHB R 2 M (exotic option) KIEHY,

HE (futures) BUZEEARY (forward contracts) 7] LA BERGE M RG, N8
EMETS LR S EEAR, R E R G ERRIERE h(r) = o BB BHPHIE
THEESE, PETMSNWERBEREA. B4E 18EZMFMELR FFT (Chicago Board
of Trade, CBOT*) BRI, CBOT HEHIEMMEST 7ML, WARERE NEEHTH
G GATR, FEMINRE R R A B TR ER R, SR e ERORER
B GNHERESR, NEERTHLSIFERENEENIETS, fIEL (BEHEEEEE
&B) WE. RENE MEHE, UERHEHAREFERSRTHBEREETS (over the
counter, OTC) FHER Fo FPITERMEIEWAIAIERIFERIEZRIAEEZRE, H DL 184841
37Ky CBOT 2 1973532 CBOE fERMIERES, ERBERERILE T —XUo <z —1F
THH#T,

—. Black-Scholes E]{BIE:%[[OIRE

EERERIIC N, RN EEERN, iR, BENGNHEE EEEERKNER
R, RSN ERE, Eis A TEERERN §T (7)) BhE”. HRERREEERNXE
HERNEEERM ERENFE, REEEIER (2001a, b), LATEREIEE Black-Scholes
BE A CE T B R B AS R

EE—ERGUEEEAERM (payoft) B h(Sr), HPEEERK S, BEUKRE, 2H—F
BT BEERN R AR ZER (Q, F) Fy, P) FiE%:

dS; = uSidt + oS dW, So==x (1)

HAp A28 o R (BERM) 28, o BEMEIZE, AR 925" W, R/, ThEER
R HAAAER W, (REERE (1985)) sKi#id, [Rax MR ENZREERE r, R fR)E
BrEZ L EERE (self financing) P —EHREHE, WAEMKEERF] (no arbitrage) FIBRHET
RN PR A HRM, RIFEE—2BIH aRERE ¢ DR ERKREER S, = o, #iE
FERIERS B P(t, ) B2 Black-Scholes f@f#sr A2 (partial differential equation,

43 BB 2007 EFFAZIMERZFHEE (CME groups, Inc.), BEEEER SR EEIFERLY, MRELETRE. FIZE fE
KR BEEY MERSBES,
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PDE), E&MWIT:

%—J;(t, x) + %02:1:2227];(25, x) + maa—i(t, xz)—rP(t,x) =0 (2)
ARG (terminal condition) B P(T,z) = h(z). WHERE—ELRMEEFE YA K
PDE, H@H ¢t B » WEREE [0,T) x (0,00), £ Black-Scholes PDE #If#, 7]
MR TR R T EBGE B — L BIE S &, WBREDE, KetEGH.

BREER (1) RARROENEERRE 1 MR EHBAE Black-Scholes PDE H,
2/ Black-Sholes ] {EH &+ —E5 AT RO R, ERL T EMERERLS AN B TEFHE
JEBE B ER R REREE RN ESE, HETT G SR B RN TE S . i
Hd S ob—Te g SRR TR SR s 2T, ARV R T .

TEELFRMEZSMIE P %R/ (equivalent) EBEHIL (risk-neutral) BZSHIE P* 2T,
EFRREER ] LI E BT BEIRAN (discounted payoff) HIRHFIAZL (conditional expec-
tation). B FHIRRHE, FEARPIEERZEM (Q, F, F, P*) T, BA®RM h(Sr) HyEE
MEERGERE P(t, x) W2

P(t,x) = E*[e " YH(Ss) | S, = 7] (3)

i B ERENREAT BB B
S, = rSydt + o S,dW; (4)

Her W) BEEEREP SRR P TRMELED.

BB LRGIFE: FRRE S REREERBREHE P 2T, RITEETEEREER
K, S RMBEMEERIE AR IBREARE P 2 T7 82 b REWE T R (martingale)
MWH, DRSS B E, AL, e ENERRE SRR, BEEEE
RETD BRI AR BB, RE ANTEART B, REEa Rk ATAZEEEERM (u—1)/0
(B ‘T ABR ER” (market price of risk) 5“1 (risk premium)) ZHE, F15
Wi =W+ ((n—r)/o)t, EEEBEEFERRE S WERITRERN (1) S#EK (4), 8
e R Rl BRI

ERFIEREMEAE P T, S, WEEERR p, R (1); MERBRSRIEEEE P
TEESMEAREAZE r, B (4). WBERERRTIINRET, BHENSEPIES 1 E
M EE HRERT, EEEEERKERE Black-Scholes PDE /1, 3RAEF| R £IRA A
B FMER, WX (3) Ak, BRI DIBAERIE HIZK,

B (2) & (3) #RARE RS EFENEREE P(t, ), BE PDE Bz
HE G ERE R G A EEEERNRMRIR? EX2EEN, % Feynman®-Kac AR,

5%: Richard Feynman, 1965 43 BE#ESHE+, ERHEEERHHR RSB IROATY, ERYESFEH, FETN
DARISE; SR T AANBATE R, AR EE R SRS F (5 ) T S BEBRE S
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BMHRERESA A (3) FGREGIILHE L (2) B Black-Scholes PDE, Kz 784,

ARSI FTMEEES &, RFTURZNAEECEHEEEE, flnENEE
MESRE TR A R R B, B, HAEEME (probabilistic) MIZMIREEEERE (Monte
Carlo simulation method) FR—MERE RRIHHERMEETZ (3) REERER, TALARE
HEREYE (deterministic) BifE PDE K75k, Eht2HR, ATLA RS REERKKE PDE
HIBUERE, A, BRSO EARTTER (parallel computing). I FZREEEE
NE. TIEEGHERE LG ER TIEREZREESS (graphics processing unit, GPU) &
RAEEL &, MH GPU RGBT TRE, KitfE45 H REHERNZRETNER, B
A AR SRR TEAMEAERGES (personal super computing), KIEHEIN T FE#
SRR HEE A, ARPTREREE SR TENERABRNAZR, HPEREEA S HE
B, TR IR,

—. Black-Scholes ZEEZEEIEAN

— (BB B B A — (R PAME, O/ Cps(t, v), BT

Cps(t,z) = zN(dy) — Ke " T"UN(dy,) (5)
Hr
; In(x/K) + (r—i—%aQ)(T—t)
1= U\/ﬁ )
do=d; — VT —1t,

1[4 s
N(d)=—— ~ 2.
D= o /of !
BEEEREEEEF BNRREREEEENETRR (put-call parity)

Cps(t,z) — Ppg(t,z) =2 — Ke "1~
gk e MR AR W] DUE A B DU T B9 Ry 12 =0
0 1 0? 0
(E + §a2x2@ + i r) (Cps(t,x) — Pps(t,x)) =0
FL& 8 et h(x) = v — K BIAIfH (Cps — Pps)(t,r) = o — Ke "1,

BT HEREETRERMARERE, 15 LI ErGEFENBURE (sensitivity) 24T,
Mt ER RS IRABE (IR ¢, EYER ») BEERN2H (PINEERRAZE r,
WEZR o) HEE, WHELRMDMER HIRFR (Greek letters), EE, OP/0t M
© (Theta), OP/0x W A (Delta), 9*P/0x? W T' (Gamma), OP/Or M p (Rho),
OP/0o W v (Vega), HFEBRZ Vega EBIRAENABFE,
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2. MENREIERNHZEE

DLEFR TR R A LU £ ERRER, ERMEEEE, M A OS5 L
FERIERE R G E Black-Scholes HAIFHFFIE?

HEEZEIE Black-Scholes ARXE S, RE—-HELEZFEZNV2H, BB KEE 0. B
REETS (PIUIRETS) EERETS (PIIRFERFENS) it ERPETRE, —
fix fE 5 _ERLE R B A 78R R DU T 5 R AR BB AR o

1. Bk ERETSHENEEN AR R ERFY, kit EHRINEE, REEHIREEE
FEMZ B EEEEZE” (historical volatility).

2. BEE: WMEERBETSTRPEIEE T BEBNE K BB (SE#) HEE
fB#%, FIA Black-Scholes FHMEAR K o, TBIF ‘BB & EZ" (implied volatility),
BHEWMECH 04y (T, K)o

SR I EN ARG E TR E Rk, B 1 2EB S&P 500 FeEUBEE N AEETE 30 K
ZE BB A, NEEERE I S I B A G REEIF ) A P, Wi9E 240 Black-Scholes A
TR “HEED RENE, BF R BRI RIE o), TR G RERE, o B RTERRH ¢
B R W ENER, [BRRREREREZ 1 B 0 WL T, Black-Scholes RIS

%S: = o, dW; (6)
RS R TE B R B S, EMAGET R REIZE o, 187 £ TR BRI IREKHE
(filtering problem), H—MHF AT, £ TRERT, AIEZEINTS v, BTN
Xy WUV S KB A, R Y, = X, 5. M7ERGTE Y, BAE— SRR
BREE T, Mt R ER X, 18?7 W REAHE H R, B Kalman-Bucy s
(filter), EFEERIFER (6) H, BZE dS,/S; THEBHEFRMIEHEMOERH. BEBFEFE
K (6) FIREGH B, EARMEL R “AE5R” RIRRIRE R HEIN” AURASR, B TR R
TRBE 2 B8, DA S R A IR BT 5 A A5 RE i P AR DR ety ¢ B 2RO fk SRR BARE oy
HIfEET 7Tk, BFTE LR N R TR B AR VIX BIRE —BREEER AL,

VLB Frakey i Bt 2l b i e (E s A S REis S E M B T, U TR
%5 —SCE BRI HIAVIEE, HA R ERN 25t 2/~8%E2 (Econometrics),
1982 4 Robert Engle #2H 7 B BERH AR GEAHFZREBNE M (autoregressive condi-
tional heteroscedasticity, ARCH) #&Y, F DAt 3 B2 FE 5 BUHF#  (time-varying)
75, HBEELETHLWESR ARCH (Generalized ARCH, GARCH) EWEjZ&R i
A TR LR P E B k. K% ARCH HAMFAIMETIE, Engle BEELES
(con-integration) #J Clive Granger #F2E T 2003 F36 R#iEHE 28T, HARUR

3

\
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R HAf s AR BRI EE, # R Tsai (2003) €8 Engle (2009) B9EE, DUTFRMD
SR [ B S A T A 2
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0 T T T T T T
2001/1/2 2002/1/2 2003/1/2 2004/1/2 2005/1/2 2006/1/2 2007/1/2

——Hvol ——VIX

1. EE30KEARE L EENZ (B Hvol) BREIZSTEEL (i VIX) BYELE,

BT, BB MBS &, RS & WERmE # R Black-Scholes 7
BT EER, KRBT EE AT EAR, FRAEHREE, R 5
BT B TR RO R e, RIS B A W T S T S L B
PRI B A T,

—. WERHER
BEKEERAW IR FEIEIFHNREHENSHESEH, BRI EEY
Vega EfHEHRIE:

aacfs (t,x) = 65;5 (t,z) = Ke "IN (do)VT —t > 0

EETEHER TR S KEEFENE S, BRI EE—-RIAREKESELARE—HE, &
RHCERELNTEIME T RENE K ARG —EXE; BERERER 0y (T, K) E1E
RERR R R & I B A o B IR TR,

ST L, ELEECREERNEEIEE Uk B EE, —RE 2Rk EEm 3
E R, EEFEEZEH (3.6.9.12 F) #UEL R E=ERE=ECE A2 I, BH &E
WEIEAH A EEERE, FRENRNEIEHE T REKNE K %, HENEESFEERPKT
—{ERER T, BANBEZ BEESHEZAME (Implied Volatility Surface). 38 {6 #H HE 2 H
TSHFEEERREEFENE L, R fEEE ALK S TREP I EERE,
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DUT R—Ew B A K i B Bl E—BEErEIH THEAEFSENE, LR E
Z8 (Yl B2 X #h59 LMMR (Log Moneyness to Maturity Ratio; &5 In(K/S;)/(T—
t)) TR — LB RER, BB BUCCH R AIE 2R, # Black-Scholes A
FviRe 2 & B B2 2 IEMERY, RIFF R RS S B AR IER A, I PRI R AR . K
Z, SRECUR IR, MERK VS EFERTEEFEM TS, EEHENE —(HRERN &
RIER SR, AR R SE kR At Em, B — KRBT ] DAMERR TS5 B i B 2R E R o B
2006/08/03 2006/08/03
0.19
0.18f
047y © 0.25}
0.16f ©
0.15¢ o

0.2t o
0.14} ©

B 8158 (Implied Volatility)
o]

B2 % E = (Implied Volatility)

0.1 . . . . . 0.1 . . . . . .
-1 05 0 0.5 1 15 -1 0 1 2 3 4 5
LMMR LMMR

(a) EBE S&P500 5B 21 (b) GfeEEME
B 2. BEadEhdsE LMMR BRE (B HHE2006/08/03, BEELE BHEIH) .

Z. Dupire’s R: [BESEERKEHE (Implied local volatility surface)

R AR R RS S R BN A A T . B aAE R E (R R R e BiE % 2 Bruno Dupire
o B NFFENZ, g TR & EIZ T M5E2H Black-Scholes 5] PDE #J “#H&” PDE
SRAE

Cr(0,T,2,K) = %mep(T, K)K?*Cgr(0,T,2,K) —rKCk(0,T,z, K) (7)
HABABE#ER C0,T,z, K) EEEE THRHE 0 RERES «, BENEEES T KEN
B K. ElkERRET, R
(1) BBz R LUK BRSO B B
(2) 5 EEMEMEIME T EENE K MR ERERSEEL S ER
R (T, K) e R &k B g Rk Dupire’s A

Cr(0,7,2, K) +rKCk(0,T, z, K)

2 (T, K)=2
O-'me( ) ) KQCKK(O;TaxaK)
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B (7) H#EHE Black-Scholes PDE HH#EHE T BBE AR BZS R, £ M0 T3] 3 HATER,
THREMEEREERNT:

—. Dupire’s AXEERER TRBZEEHLE LRGN REEE, EHEERH. E4E0H, 238 E
MR REEEIZR" (local volatility). HEEEE R BT HN B FHENHEIPH,
Rt #E—F BFERER (model free) WFFFRMEE. Dupire’s AR 2 HEEEER £
CHERBRGT, #iS LEEEN RS EAEBRRE B EIZE, MIEARRIRE
WENZRR BN, EW& Engle ATtz ARCH FRHPHEIZRNZEIEA! (para-
metric model), FFLAREETHY 75 EEEC# H Ko
BATERRERE S FRER R R, BTS2 HEERHw (asymptotic theory)
A B R, & Fouque et al. (2011) KM TR, ERRAVIFRR R BA YR RERER =
(model error) #J “GEENE” (robustness), ARMEF% LIEIEHIEEHEBETISE AR E
RAVR R FERCE |, P10 Heston AYREREIEED (stochastic volatility) #8Y, 8L TR
BEEAME (model calibration), & Gatheral (2006), i H—%&ES R &ELH
fIRE,

=, Dupire’s AR FEH—EEE W ENHEAIEE (interpolation) 773, HSEEEE TS
EREARNEIE T MEROENE K, EFES TR T 8 K §REREE
W, R EEFEMEHENRSWE R, UFEHFETHERNER. B (8) AT
B, FHEERE IR S HEAREE, BAFEERENIFETF SR AR REE
B, D EEET RMORRIRE, EFFFRENEEZE, EVERNNTS L, HE
R ERNERER, MEEMUHEHFIA Spline HEEITHEE, BHIHBIERAEIER
B, MERMARICE B2 HEE, RRUBET R EEFEER ST AR —
ERATRIE, RSB BRI ORBI AT AT REE A RIRRE, H 2 B A SRR A B
RUFfT AT RE 2R Y BB

. VIX: MimigiRas

&2 EIH Dupire’s AR (If) MO T ELZ TR ESKEZE, BATHLAER
EERIRE L ER SR ERGTE, TRERS  “BREAEEAS A BN BBEAR
BHep TREALRLH, THkEZAREE (Volatility Index, VIX) B2 &IFRIEH,

B VIX BRGIAE —BRirey 8RB ER, mBREALRIEE (The investor fear
gauge) B VIX, [RAEfEEBIZMEERMELZ S (CBOE) 19934 1 A#tH, 2L S&P100
R B R R A AT B R RS (EF TR EE, HEaEEEmES

O3t FAE B B AR
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BRAEZER. 2001 F#H U S&PH00 FEBRETEERZ VIX, 2 HEHEREL B kX
B S&PH00 FEBUREBEMEZ fe S B2, BT LSS, EEEEELIRE &K EZEN TS
X, RIEGKEBZEHRESR, MEZRHEHE LN E, ZEREMSRERTS. BE1P 2003
FHEESHEL, D S&PH00 fEECEFMEER, stHHBNEMETERMERDR VIX. R
TEEMEmMP BRI (variance swap) NWENEZ, EALEEEE; W4, VIX #
MBI, BIECEBELNIMZ Black-Scholes E/EE AR, MRt T8 5%,
i, CBOE HRE A LR &K EZARHIEEN TR, MSiER VXO, UTHRMER VIX
HE R H SR BB ERT,

E2ETN W T S ERTIRE RN — LB ETH, ELHLIRR TS, BT E
b T AR R, &RlTHS b, BEEESH (variance swap) B—EK, TRE T A
B2 AR e A A A S E T BT U TR 5168, NI E E ) “EE” B K %=
AR R B R R, MEREEEE LB BEHREEZ (realized volatility), B/
ER BT AERHE ¢ k T FFIE, I BFRERIIFEI R T2 7 H SRR ER
S EEEH, WTHxR:

S 2 T ds, Sr
- ds = _In=L
T—t) 7% T—t[/t So S

FARBBIHIT: BRIENE EVER R —EEEEICERE dS,/S: = pdt+ o dWy, TR
ZIERS S, FIBLBIZE T DU BN JEAD Black-Scholes 1AL, - EREUE AEEHEE dIn S, =
(10— 07 /2)dt + o, dW,, BEEFH —o7 /2 AR Ito’s ARKIETEE, &MRAMREES
5.

BRI TR PR BRI R R AL, TBHEPENZ S8
HERRER G (exchange) ¥AT, MREAEIEETS (over the counter, OTC), —
i E NS HENEE L EENRZ AR, WAL SRR E IR, KEZEREEH VIX
HH BT 2 T DL ERO R, TR T,

BB AR RN SR RS BREEE [ o2ds/(T - t) k%R
FAERE B TS A R EIE [ 1/5,dS,, DABFFHER BTt — (BRI MERLHY In(Sp/S,) B
AANCAERL, @ RS BT LN, S (ERR (R B MR TR 7. Frs TER
e — 4 R T W BRI BRI . BN ETR R, EHREBERTETSRE A
BHETTRENERT,

H—EEWENE K > 0, B#E—E& > 0, BFIUTEOTER

x T o0 dk K
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