estimate the volatility in the GB markets over a given investment horizon and tenor of the underlying
bond. Because no standardized benchmark currently exists that reflects the option-implied fair market
value of expected GB volatility, traders, other market participants, and/or money managers currently
trade options on GB futures and options to hedge other financial positions, facilitate market-making,
and/or take particular investment positions related to market volatility. However, the strategies
employed in attempting to hedge risk via the trading of options on GB futures do not necessarily lead
to accurate profits and losses due to price dependency, i.e., the tendency to generate profits and losses
that are affected by the path of price movements between trade inception and expiry dates rather than

the absolute price level prevailing at the time of option expiry.

[0015] As such, some embodiments of the invention provide techniques for calculating an effective
volatility index related to the GB market. Additionally, some embodiments of the invention provide

techniques for instantiating and/or facilitating trading of derivative products based on such an index.

[0016] In some embodiments, techniques are provided for creating and disseminating one or more
volatility indices calculated using data for options on government bond derivatives such as futures and
forwards (i.e., an option granting its owner the right but not the obligation to enter into an underlying
bond derivative contract), and facilitating the electronic creation and trading of derivative products

based on one or more indices relating to volatility.

[0017] Additional features and advantages of the invention will be set forth in the description that
follows, and in part will be apparent from the description, or may be learned by practice of the
invention. The objectives and advantages of the invention will be realized and attained by the method
that is particularly pointed out in the written description and claims hereof as well as the appended

drawings.

[0018] According to a first aspect of the present invention, there is provided an electronic trading
system for trading derivative products based on a government bond volatility index, the electronic
trading system comprising memory configured to store at least one program; and at least one
processor communicatively coupled to the memory, in which the at least one program, when executed
by the at least one processor, causes the at least one processor to perform operations comprising:

receiving data regarding options on government bond derivatives, wherein the data regarding options

on government bond derivatives inchudes data regarding prices of options on government bond

derivatives and includes data regarding vrices of options on government bond futures or government




data regarding options on government bond derivatives, the government bond volatility index,

wherein the government bond volatility index is caleulated at time t according to the equation:

GB-VI(,T,T,,T,)=

f
o0 Rkl Puy(Kp T, Ty) oo Cally K DT Ty | F(3,0 1) =K 2
V (T —=1)| P(T)| iK;<K Kzz TKEK. Kzz . K.

wherein;
-....... t denotes a time at which the government bond volatility index is calculated:
B T denotes a tume of expiry of options on governiment bond derivatives;

T denotes a time of maturity of government bond derivatives underlying the options where
T2 s

Ty denotes a time of expiry of government bonds:

Z+1 denotes a total number of options used in the index calculation:

Ko denotes the lowest strike of the Z+1 options;

K denotes the i™ highest strike of the Z+1 options:

Kz denotes the highest strike of the 71 options;

=1, and AK, =(K,-K,),AK, =(K,-K, )

————

AK, = %(Km "Ki-l)égif

if the price is observable at time t, then Ft(Tp. Ty} 1s & price at time t of a government bond

between the put and call prices is smallest;

if there exists an option struck at Ft(Tp. Ty, then equals Ft(Tp. Tn):

if there does not exist an option struck at Ft(T,,

Et(Tp, T

PH(T) is 4 price at time t of a zero-coupon non-defaultable bond maturing at T,

o

). then is the first available strike below

_ Put(K,T,T,,T,) is a price at time t of a put option, struck at Ki, expiring at T, and having
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electronic order for a derivative product based on the government bond volatility index; and executing

the electronic order.

[0019] In some embodiments, the data regarding options on government bond derivatives includes

data regarding prices of options on government bond derivatives.

[0020] In one embodiment, the data regarding prices of options on government bond derivatives

includes data regarding prices of options on government bond futures or government bond forwards.

[0021] In another embodiment, the data regarding prices of options on government bond derivatives

includes data regarding prices of European style options on government bond forwards.

[0022] In some embodiments, the data regarding prices of options on government bond derivatives
includes data regarding prices of options that are not European style options on government bond

forwards.

[0023] In some embodiments, when the data regarding prices of options on government bond
derivatives includes data regarding prices of options that are not European-style options on
government bond forwards, converting the data regarding prices of options that are not European-
style options on government forwards to data regarding prices of European style options on

government bond forwards.

[0024] In some embodiments, calculating the government bond volatility index includes valuing a
basket of options on the government bond derivatives required for model-independent pricing of a

variance swap contract on the government bond derivatives.

[0025] In some embodiments, the government bond volatility index is calculated at time t according

to the equation:

GB—-VI(1,T,T,,T,) =

100

2
2 Puty (K T Ty Ty) s Cally(K; 7.7, Ty) | [ BT, Ty) - K
i:Ki<K*

X J—
(T.ﬁt) PAT) Kf ! LK 2K, Ki2 ! K.

wherein:
t denotes a time at which the government bond volatility index is calculated;
T denotes a time of expiry of options on government bond derivatives;
Tp denotes a time of maturity of government bond derivatives underlying the options where

Tp>T;



Ty denotes a time of expiry of government bonds;

7+1 denotes a total number of options used in the index calculation;

Kg denotes the lowest strike of the Z+1 options;

K; denotes the i" highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK = —;—(KM K., for i21,and AK, = (K,~ K,),AK, = (K, ~ K ,.,);

if the price is observable at time t, then F(Tp,Ty) is a price at time t of a government bond
derivative contract underlying the put and call options, expiring at Tp, with an underlying government
bond maturing at Ty;

if the price is not observable at time t, then F(Tp, Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Tx), then K, equals F(Tp,Tx);
if there does not exist an option struck at F(Tp,Ty), then K, is the first available strike below

F(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put (K, T,T,,T, }V)is a price at time t of a put option, struck at K;, expiring at T, and having
an underlying government bond derivative expiring at T with an underlying bond maturing at Ty;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at T, and having
an underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty; and

GB-VI(t,T,T,, T, )is the value of the government bond volatility index at time t calculated

based on options expiring at T on government bond derivatives expiring at Tp with an underlying

bond maturing at Tx.

[0026]

an electronic trading system for tradine derivative products based on a sovernment bond volatility

sAccording to a second aspect of the present invention, there is provided

index, the electronic trading system comprising: memory configured to store at least one program: and

at least one processor communicatively coupled to the memory, in which the at least one program,

when executed by the at least one processor, causes the at least one processor to perform operations

comprising: receiving data regarding options on government bond derivatives, wherein the data

regarding options on vovernment bond derivatives includes data regarding prices of options on

government bond derivatives and includes data regarding prices of options on covernment bond

futures or government bond forwards; calculating, using the data resarding options on government

bond derivatives, the government bond volatility index, wherein the government volatility index is

calculated a time t according to the equation:



GB-VI* (t,T,T,,T,)is the value of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an

underlying bond maturing at Ty; transmitting data regarding the government bond volatility index;

recelving an electronic order for a derivative product based on the government bond volatility indesx;

and executing the elecironic order.

[0027]

electronic trading system for trading derivative products based on a government bond volatility index

According to a third aspect of the present invention, there is provided an

AT

the electronic trading system comprising: memory configured to store at least one program; and at

least one processor communicatively coupled to the memory, in which the at least one program, when

executed by the at least one processor, causes the at least one processor to perform operations

comprising: receiving data regsarding options on government bond derivatives. wherein the data

regarding options on government bond derivatives includes data regarding prices of options on

government bond derivatives and includes data regarding prices of options on government bond

futures or government bond forwards: calculating, using the data regarding options on government

bond derivatives, the government bond volatility index, wherein, in the absence of accrued coupons at

time T, the government bond volatility index is calculated at time t according to the equation

GB-VI™(t, ,D,T)
GB-VI(,T,T,,T,)

GB-VI"(t,T,T,,T,)=100x P7'[ \xGB-VI(t,T,T,,T,)

where

P(y)= Z (1+ )"+100(1+y)“

and, wherein, in the presence of accrued coupons at time T with the next coupon due at t;, the
government bond volatility index is calculated at time t according to the equation:

GB-VI"(t,T,T,,T,)

GB-VIP (1, T,T,,T,)=100x B[
GB-VI(t,T,T,,T,)

] GB"VI(taTaTDaTN)
where

_de(t-T)y _de(ty=T)

ﬁT(X) = Z,’ (1 + x) de(year) +1 00(1 + x) de(year)

and

GB-VI(,T,T,,T,) =

2
100)( 2 Z Putt(K ’ D’TN) K.+ z Callf(Kl ’ D’T ) (F;(TD’TN)_K*j
(T —1)| P(T)| iK;<K. K; "k 2K, K7 AR K.

and
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GB-VI”(,T,T,,T,) =

1002 x

2 2
>~ Put,(K,T,T ,T))AK.+ 2 Call,(K.,T,T ,TAK: |- (F.(T,,T)~K:)
\)(T—I)LPz(TMKﬁK* A e A T

wherein:
t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;
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ﬁ(y) is a bond price corresponding to a bond yield of a coupon-bearing government bond;

P'(y)is the functional inverse of P(y);

ﬁr (x)is a bond price at time T corresponding to a bond yield of a coupon-bearing
government bond;

Is}l(x)is the functional inverse of }A’T (x);

dc(year)is the number of days in a year based on a day count convention used for the
government bond;

dc(T - Z) is the number of days between t and T based on a day count convention used for
the government bond;

GB-VIF(,T,T,,T, ) is the value of the government bond volatility index in terms of basis

point yield volatility at time t calculated based on options expiring at T on government bond
derivatives expiring at Tp with an underlying bond maturing at Ty;

GB-VI”(t,T,T, s 1y )is the value of the government bond volatility index in terms of basis
point price volatility at time t calculated based on options expiring at T on government bond
derivatives expiring at T with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp, with an underlying bond maturing at Ty, transmitting data regarding the

government bond volatility index; receiving an electronic order for a derivative product based on the

covernment bond volatility index; and executing the electronic order

[0028] & sAccording to a fourth aspect of the present invention, there is provided

an electronic trading svstem for trading derivative products based on a sovernment bond volatility

index, the electronic trading system comprising: memory configured to store at least one prograny

and at least one processor communicatively coupled to the memory, in which the at least one

program, when executed by the at least one processor, causes the at least one processor to perform

operations comprising: receiving data regarding options on government bond derivatives, wherein the

data regarding options on government bond derivatives includes data regarding prices of options

on sovernment bond derivatives and includes data regarding prices of options on eovernment bond

futures or government bond forwards: calculating, using the data regarding options on gsovernment

bond derivatives, the government bond volatility index, wherein the government bond volatility index

is calculated at time t according to the equation:
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bp ~
GB~Vly (t.1. T, Tyy) =

bp
| GB-VIF (T, T, T,
1003 14771 GG IpTy) }GB-VIPP (17,17, Ty,)

GB-VI(t.T.Tp,,Ty,)

dety ™) LEGYS)

_ybp | 4 _ o bp - i
NC'[x l{w R T)}uoo[ {w 0 (s )

I 1+ Py
=" GHINL I Ty) de(year) GB-VI(6T. T Ty)

de(year)

where

(lc(ti—T) de(ty~T)
C i, de(ty=T)

ﬁT(X) = szj(l + x) de(year) +100(1 + X) de(year)

and
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Call (K,,T,T,,,T,,)is a price at time t of a call option, struck at K;, expiring at T, and having

an underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty;
N denotes the total number of coupon payments of a government bond;
C; denotes the amount of the i coupon out of N coupons of a government bond;
n denotes the frequency of coupon payments per annum of a government bond;

x denotes the yield of a government bond;
}A’T(x) is a bond price corresponding to a bond yield of a coupon-bearing government bond;
ﬁ;l(x)is the functional inverse of }A’T (x);

dc(year)is the number of days in a year based on a day count convention used for the
government bond;
dc(T — t)is the number of days between t and T based on a day count convention used for

the government bond,;

t; is the first coupon payment on or after T;
GB-VI ;’5 (t,T,7,,T,)is the value of the government bond volatility index in terms of basis

point yield volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp with an underlying bond maturing at Ty;
GB-VI*(1,T,T, 1» 1) is the value of the government bond volatility index in terms of basis

point price volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp with an underlying bond maturing at Ty; and
GB~-VI(t,T,T,,T, )is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp with an underlying bond maturing at Ty transmitting data regarding the

gsovernment bond volatility index; receiving an electronic order for a derivative product based on the

government bond volatility index: and executing the electronic order.

[0029] In some embodiments, the at least one processor is further caused to create a standardized
exchange-traded derivative instrument based on the government bond volatility index; and transmit

data regarding the standardized exchange-traded derivative.

[0030] In some embodiments, transmitting data regarding the standardized exchange-traded derivative

instrument includes transmitting data regarding one or more of a settlement
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price, a bid price, an offer price, or a trade price of the standardized exchange-traded derivative instrument.

[0031] According to a seeend-fifth aspect of the present invention, there is provided a non-transitory
computer readable storage medium having computer-executable instructions recorded thereon that, when
executed by at least one computer, configure the at least one computer to perform operations for trading
derivative products in an electronic trading system based on a government bond volatility index, the
operations comprising receiving, by the electronic trading system, data regarding options on government

bond derivatives, wherein the data regarding ontions on government bond derivatives includes data

regarding prices of options on government bond derivatives and includes data regarding prices of options

on government bond futures or government bond forwards; calculating, by the electronic trading system

and using the data regarding options on government bond derivatives, the government bond volatility

index, wherein the sovernment bond volatility index is calculated at time t according to the equation:

GB-VI,T,T,,T,)=

2
00 1 2 s Put,(Ki,T,TD,TN)AK LT Call,(Ki,T,TD,TN)AK | BT, Ty) - Ky
(T —1)| B(I)| iK<K. K; FEKCK. K’ : K.

wherein:

t denotes a time at which the government bond volatility index is calculated:

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options where

Ty denotes a time of expiry of government bonds:

Z+1 denotes a total number of options used in the index calculation:

Ko denotes the lowest strike of the Z+1 options;

K. denotes the ith highest strike of the 741 options;

Kz denotes the highest strike of the Z+1 options;

AK, :_;—(Km ~K, ) for i 21, and AK, =(K,~K,),AK, =(K,~K,):

if the price is observable at time t, then F(Tp.Tn) is a price at time t of a government bond

maturing at Ty:

SARREXEER ARAI WYY B

if the price is not observable at time t, then F(Tp,Ty) is the strike at which the difference between

the put and call prices is smallest;

if there exists an option struck at F(Tp, T'w), then K, equals F(T;, Ty):

if there does not exist an option struck at F(Tp, Ty), then K, is the first available strike below

Fi TDJ_INL

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T
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- Put ; (Kl., T,T D T N) is a price at time t of a put option, struck at K, expiring at T, and having an

underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty,

Call (K.,T,T,,T,) is a price at time t of a call option, struck at K., expiring at T, and having an
e — t 252 D>+ N :

underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty; and

) GB-VI (l‘, I,T D T N) is the value of the government bond volatility index at time t calculated

based on options expiring at T on government bond derivatives expiring at Tp with an underlving bond

maturing at Ty; transmitting, by the electronic trading system, data regarding the government bond
volatility index; receiving, by the electronic trading system, an electronic order for a derivative product

based on the government bond volatility index; and executing the electronic order.

[0032] In some embodiments of the non-transitory computer readable storage medium, the data regarding
options on government bond derivatives includes data regarding prices of options on government bond

derivatives.

[0033] In one embodiment.of the non-transitory computer readable storage medium, the data regarding
prices of options on government bond derivatives includes data regarding prices of options on government

bond futures or government bond forwards.

[0034] In some embodiments of the non-transitory computer readable storage medium, the data regarding
prices of options on government bond derivatives includes data regarding prices of European style options

on government bond forwards.

[0035] In some embodiments of the non-transitory computer readable storage medium, the data regarding
prices of options on government bond derivatives includes data regarding prices of options that are not

European style options on government bond forwards.

[0036] In some embodiments of the non-transitory computer readable storage medium, when the data
regarding prices of options on government bond derivatives includes data regarding prices of options that
are not European-style options on government bond forwards, converting the data regarding prices of
options that are not European-style options on government bond forwards to data regarding prices of

Furopean style options on government bond forwards,.

[0037] In some embodiments of the non-transitory computer readable storage medium, calculating the
government bond volatility index includes valuing a basket of options on the government bond derivatives

required for model-independent pricing of a variance swap contract on the government bond derivatives.
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Call (K,,T,T,,T, )is a price at time t of a call option, struck at K;, expiring at T, and having

an underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty; and
GB-VI(t,T,T,,T,)is the value of the government bond volatility index at time t calculated

based on options expiring at T on government bond derivatives expiring at Tp, with an underlying

bond maturing at Ty.

[0039] in-seme-embodimentsAccording to a sixth aspect of the present invention, there is provided of

thea non-transitory computer readable storage medium having computer-executable instructions

recorded thereon that, when executed by at least one computer, configure the at least one computer to

perform operations for trading derivative products in an electronic trading svstem based on a

government bond volatility index, the operations comprising: receiving. by the electronic trading

system, data regarding options on government bond derivatives, wherein the data regarding options on

government bond derivatives includes data regarding prices of options on government bond

derivatives including data regarding prices of options on government bond futures or governmen

bond forwards; calculating, by the electronic trading svstem and using the data reearding options on

government bond derivatives, the government bond volatility index, wherein the government bond

volatility index is calculated at time t according to the equation:

GB-VI"(t,T,T,,T,) =

2 1 2
X Py (KT, T)8K + 3 Callt(Kl-,T,TD,TN)AKiJ—(IT[(Yj),TN)~K*)2

100° x
(T —-1t)| BT KK, K 2K,

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options where
T=T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ky denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

Ky denotes the highest strike of the Z+1 options;

AR, = %:(KM K, for i21, and AK, = (K, ~K,),AK, = (K, ~K,.,):

if the price is observable at time t, then F(Tp,Ty) is a price at time t of a government bond
derivative contract underlying the put and call options, expiring at Tp with an underlying government

bond maturing at Ty;

if the price is not observable at time t, then F{(Tp, Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Ty), then K, equals Fy(Tp,Ty);
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if there does not exist an option struck at Fy(Tp,Ty), then K, is the first available strike below

F(Tp,Tn);
P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;
Put (K,,T,T,, T, )is a price at time t of a put option, struck at K;, expiring at T, and having
an underlying government bond derivative expiring at Tp with an underlying bond maturing at Tk;
Call (K,,T,T,, T, )is a price at time t of a call option, struck at K;, expiring at T, and having
an underlying government bond derivative expiring at Tp with an underlying bond maturing at Ty; and
GB-VI”(t,T,T,,T,)is the value of the government bond volatility index at time t
calculated based on options expiring at T on government bond derivatives expiring at Tp with an

underlying bond maturing at Ty; transmitting, by the electronic trading system, data regarding the

government bond volatility index: receiving, by the electronic trading system. an electronic order for a

derivative product based on the government bond volatility index: and executing the electronic order.

[0040] In-some-embediments-of-theAccording to a seventh aspect of the present invention, there is

provided a non-transitory computer readable storage medium_having computer-executable instructions

recorded thereon that, when executed by at least one computer, configure the at least one computer to

perform operations for trading derivative products in an electronic trading svstem based on a

government bond volatility index, the operations comprising: receiving, by the electronic trading

system, data regarding options on government bond derivatives, wherein the data regarding options on

government bond derivatives includes data regarding prices of options on government bond

derivatives including data regarding prices of options on government bond futures or sovernment

bond forwards: calculating, by the electronic trading system and using the data regarding options on
government bond derivatives. the sovernment bond volatility index, wherein, in the absence of

accrued coupons at time T, the government bond volatility index is calculated at time t according to

the equation

GB-VI¥(1,T,T,,T,)=100x P'[

GB—V]bp(t,T,TD,TN)]‘XGB_VI(t.TT Ty)
GB_V](Z‘,T,TD,TN) shodpsdy

where
Pry=Y. 1%(pri-)—f +100(1+%)*N;

and, in the presence of accrued coupons at time T with the next coupon due at t;, the government bond

volatility index is calculated at time t according to the equation;

~ - bp
GB—VT?(, T,T, T,)=100x B [CB VL p D)y G _pror 1)
GB-VI(1,T,T,,T,)

where

_de(t,-T) de{ty~T)

f’T (x)= ZZ j%(l +x) %0 L 100(1+x) %0
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GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp with an underlying bond maturing at Ty; transmitting, by the electronic

trading system, data regarding the government bond volatility index; receiving, by the electronic

trading system, an electronic order for a derivative product based on the sovernment bond volatility

index: and executing the electronic order.

[0041] Ix-seme-embediments-of-theAccording to an eighth aspect of the present invention, there is

provided a non-transitory computer readable storage medium having computer-executable instructions

recorded thereon that, when executed by at least one computer, configure the at least one computer to

perform operations for trading derivative products in an electronic frading system based on a

government bond volatility index, the operations comprising: receiving, by the electronic trading

system, data regarding options on government bond derivatives., wherein the data regarding options on

ecovernment bond derivatives includes data regarding prices of options on government bond

derivatives including data regarding prices of options on government bond futures or government

bond forwards:; calculating, by the electronic trading system and using the data regarding options on

government bond derivatives, the government bond volatility index, wherein the government bond

volatility index is calculated at time t according to the equation:

bp ~
GB - VIyy (1. T, Ty, Ty) =

bp
| GB-PP (T T T
100 1+ GBI (LT Ty) wGB-VI%P (1,T.Tp Tyy)
GBVI(LT,Tp) )

(=T . @ty =T)
b B b }
g &(HFA’;{GB—VI P (41,77, Ty,) dc(yea"){dc(ti—T)}moi HIS;{GB—VI P (t,T,TD,TN)l de(year) ( dc(tN—T)]
=7 " L GB—VI(t,T,TD,TN) de(year) L GB—VI(E,T,TD,TN) J) \ de{year}
where
N C _de(1-T) de(ty=T)
P(x)=), —L(l+x) “O £100(1+x) 0o
=] n
and

GB-VI(t,T,T,,T,)=

-

100 2 |y PuKTTT o CalE T T | (T T - K
(T —1)| B(T)| iK;<K. K; 'K 2K, Klz ! K.

and

GB-VI"(4,T,T,,T,)=

;
!

2. 2 2

1007 x — X Puty(K,T.T,,TOAK. + 2 Call (K, T,T,,T\)AK, |—(FAT,,Ty)~Ks)
(T =) LK<k, L o A R

wherein:
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t denotes a time at which the government bond volatility index is calculated;
T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options where

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;
K, denotes the lowest strike of the Z+1 options;

K; denotes the i highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK; Z%(Km ~K,,) for i21, and AK =(K,-K,),AK, =(K, - K, );
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GB-VI”(t,T,T 5> 1y ) is the value of the government bond volatility index in terms of basis

point price volatility at time t calculated based on options expiring at T on government bond
derivatives expiring at Tp, with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of
percentage price volatility at time t calculated based on options expiring at T on government bond

derivatives expiring at Tp with an underlying bond maturing at Ty; transmitting, by the electronic

trading svstem. data regarding the government bond volatility index: receiving, by the electronic

trading svstem, an electronic order for a derivative product based on the government bond volatility

index; and executing the electronic order.

[0042] In some embodiments of the non-transitory computer readable storage medium, the at least one
processor is further caused to create a standardized exchange-traded derivative instrument based on
the government bond volatility index; and transmit data regarding the standardized exchange-traded

derivative.

[0043] In some embodiments of the non-transitory computer readable storage medium, transmitting
data regarding the standardized exchange-traded derivative instrument includes transmitting data
regarding one or more of a settlement price, a bid price, an offer price, or a trade price of the

standardized exchange-traded derivative instrument.

[0044] The foregoing is a non-limiting summary of the invention, some embodiments of which are

defined by the attached claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[0045] Figure 1 is a diagram of a financial exchange's computerized trading system;
[0046] Figure 2 is a diagram of a financial exchange's back end trading system;
[0047] Figure 3 is a flow diagram of a method of calculating a Basis Point GB price volatility index;
[0048] Figure 4 is a flow diagram of a method of calculating a Percentage GB price volatility index;

[0049] Figure 5 is a diagram of a general purpose computer system that can be modified via computer
hardware or software to be customized and specialized so as to be suitable for use in a financial

exchanges computerized trading system; and
[0050] Figure 6 is a flow diagram of a method of calculating a Basis Point GB yield volatility index.

[0051] Figure 7 is a flow diagram of a method of calculating a Modified Duration-Based Basis Point
GB yield volatility index.
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WHAT IS CLAIMED IS:

1. An electronic trading system for trading derivative products based on a government bond
volatility index, the electronic trading system comprising:
memory configured to store at least one program; and
at least one processor communicatively coupled to the memory, in which the at least one
program, when executed by the at least one processor, causes the at least one processor to
perform operations comprising:
receiving data regarding options on government bond derivatives, wherein the
data regarding options on government bond derivatives includes data regarding prices of options
on government bond derivatives and includes data regarding prices of options on government
bond futures or government bond forwards;
calculating, using the data regarding options on government bond derivatives, the
government bond volatility index, wherein the government bond volatility index is calculated at
time t according to the equation:

GB-VI(t,T,T,,T,)=

2
L00x | 2 . Put,(Ki,T,TD,TN)AK'Jr 5 Callt(Ki,T,TD,TN)AK. [ A (T, Ty) - Ke
(T —1)| B(T)| EK<K. K 'RKSK. K> ! Ke

2 1

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T; |

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK, =%(Ki+l -K,,) for iz 1, and AKy=(K,-K,),AK, =(K,~K,);
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if the price is observable at time t, then Fy(Tp,Tn) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at Ty; ‘

if the price is not observable at time t, then Fy(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Tx), then K, equals F(Tp,Tx);
if there does not exist an option struck at F(Tp,T), then K, is the first available strike

below F(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put (K, T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

Call (K, T,T,,T,)is aprice at time t of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an
underlying bond maturing at Tx;

transmitting data regarding the government bond volatility index;

receiving an electronic order for a derivative product based on the government
bond volatility index; and

executing the electronic order.

2. An electronic trading system for trading derivative products based on a government bond
. volatility index; the electronic trading system comprising:

k'memory configured to store at least one program; and

at least one processor communicatively coupled to the memory, in which the at least one
program, when executed by the at least one processor, causes the at least one processor to

perform operations comprising:
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receiving data regarding options on government bond derivatives, wherein the
data regarding options on government bond derivatives includes data regarding prices of options
on government bond derivatives and includes data regarding prices of options on government
bond futures or government bond forwards;

calculating, using the data regarding options on government bond derivatives, the
government bond volatility index, wherein the government bond volatility index is calculated at

time t according to the eqﬁation:

GB-VI*(t,T,T,,T,) =

[

2 2 2
— Put, (K;,T,T,,Ty JAK; Call (K;, T, T, T\ AK: | = (FAT..Ty) - Ks

" X\J(T*‘f)[P;(T)LKiéK* wi (Ko 1o T T ) l+i:Ki§K* ally (Ry 1.7, Ty ) ’J (F(T,.Ty) )}

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T; |

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

K, denotes the lowest strike of the Z+1 options;

K; denotes the i highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK, =%(Ki+1—1<,»_,) for i 21, and AK, = (K, ~K,),AK, =(K, K, )

if the price is observable at time t, then F(Tp,Ty) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at T;

if the price is not observable at time t, then Fy(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Tw), then K, equals F(Tp,Tn);
if there does not exist an option struck at Fy(Tp,Tw), then K, is the first available strike

below Fy(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;
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Put (K, T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; ’

| Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Tﬁ; and _

GB-VI"(t,T,T,,T,)is the value of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an
underlying bond maturing at Ty;

transmitting data regarding the government bond volatility index;

receiving an electronic order for a derivative product based on the government
bond volatility index; and

executing the electronic order.

3. An electronic trading system for trading derivative products based on a government bond
volatility index, the electronic trading system comprising:
memory configured to store at least one program; and
at least one processor communicatively coupled to the memory, in which the at least one
program, when executed by the at least one processor, causes the at least one processor to
perform operations comprising:
receiving data regarding options on government bond derivatives, wherein the
data regarding options on government bond derivatives includes data regarding prices of options
on government bond derivatives and includes data regarding prices of options on government
bond futures or government bond forwards;
calculating, using the data regarding options on government bond derivatives, the
government bond volatility index, wherein, in the absence of accrued coupons at time T, the
government bond volatility index is calculated at time t according to the equation:
GB-VI”(t,T,T,,T,)

GB—VI (T, T, T,)=100x P
y ( > Iy) [GB_V](t,T,TD,TN)

1xGB=VI(t,T,T,,T,)

where
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~ r¥ C. = B
P@)EZM—;(H%) +100(1+i’-) v,

and, wherein, in the presence of accrued coupons at time T with the next coupon due at t;, the
government bond volatility index is calculated at time t according to the equation:

bp
GB-VI*(,T,T, N)] GB-VI(,T,T, T,)
GB-VI(,T,1,,T,)

GB-VI¥(1,T,T,,T,)=100x B[

where

_de(t-T) _de(ty-T)

ﬁr(x)sz —£(1+) 0er) 1 100(1+x) w0

and

GB-VI(t,T,T,, T,)=

.
100 x BN s Pu KT T Ty )ikt v Callt(Ki’T’Tn’T)v) | BT, ) - K.
: “‘““—T““ )
(T ~1)| P(T)| K <K. K ki EK K. K2 AKi X

1 i 1
and

GB-VI”(,T,T,,T,)=

100% x L] 2 Y Put(K;,T,T,,T\)OAK;+ X Call(K;,T,T,,T, )AKJ (Fi(T,, Ty)- Ky
(T - 1) BT iK<K. iK 2K,

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

t; 1s the first coupon payment on or after T;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ky denotes the lowest strike of the Z+1 options;

K; denotes the i™ higheSt strike of the Z+1 options;

K denotes the highest strike of the Z+1 options;

AK, =%(K,+1 -K, ) for i21,and AK, =(K,-K,),AK,=(K,-K,);
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if the price is observable at time t, then F(Tp,Ty) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at T;

if the price is not observable at time t, then Fy(Tp,T) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Ty), then K, equals F(Tp,Ty);

if there does not exist an option struck at F(Tp,Ty), then K, is the first available strike
below Fy(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put,(K,,T,T,,T,)is a price at time t of a put option, struck at K, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

Call (K,,T,T,, T, )is a price at time t of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Tn;

N denotes the total number of coupon payments of a government bond;

C; denotes the amount of the i™ coupon out of N coupons of a government bond;

n denotes the frequency of coupon payments per annum of a government bond;

y denotes the yield of a government bond;

x denotes the yield of a government bond;

ﬁ(y) is a bond price corresponding to a bond yield of a coupon-bearing government
bond;
P (»)is the functional inverse of P(y);

PT (x)is a bond price at time T corresponding to a bond yield of a coupon-bearing
government bond,
Is}l(x)is the functional inverse of ﬁT (x);

dc(year)is the number of days in a year based on a day count convention used for the

government bond,
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dc(T — t)is the number of days between t and T based on a day count convention used for

the government bond;

GB-VI¥(t,T,T,,T,)is the value of the government bond volatility index in terms of

basis point yield volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at T with an underlying bond maturing at Ty;

GB~VI”(t,T,T,,T,)is the value of the government bond volatility index in terms of

basis point price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Tw;

transmitting data regarding the government bond volatility index;

receiving an electronic order for a derivative product based on the government
bond volatility index; and

executing the electronic order.

4. An electronic trading system for trading derivative products based on a government bond
volatility index, the electronic trading system comprising:
memory configured to store at least one program; and
at least one processor communicatively coupled to the memory, in which the at least one
program, when executed by the at least one processor, causes the at least one processor to
perform operations comprising:
receiving data regarding options on government bond derivatives, wherein the
data regarding options on government bond derivatives includes data regarding prices of options
on government bond derivatives and includes data regarding prices of options on government
bond futures or government bond forwards;
| calculating, using the data regarding options on government bond derivatives, the
government bond volatility index, wherein the government bond volatility index is calculated at

time t according to the equation:



58

bp _
GB—VIgy (T, Tpy, Ty ) =

GB-VI(1,1,Tp,Ty)
_dc(tl.—T) _dc(zN~1 )

Gl pl GB-VIPP (1,1, T Ty) ”’C(W“’)(dc(t,-*T) o ! GBI (1,1, Ty || de0ear) (de(ey -T)
T\ " GBVI(LT,Tp Ty T "GBVI(T, Ty Ty)

bp
i GBI (T T T,
100x[1+PTlli-’-—-——£ DN )BXGB~V1bp(t,T,TD,TN)

;1

j de{year)

de(year)

UYL

where

ey Jdelty=T)

ﬁT (x) _ ZZ}% (1 +.x) de(year) +100(1 + )C) de(year)

and
GB-VIt,T,Tp, T)=
-
2 Put,(K;, T, T, T, Cally(K;, T, T, . T, T, Ty)- K
100 x T —ML(_’_ZLQAKZ.+ y A N)AKZ- —(F’(D v) K]
\[(T—-t) PT)| KK, K: iK 2K, K K.
and

GB-VI"(,T,T,,T,) =

1002 X

2 2
2 PutK,T.T,,T)OAK. + 2 Call,(K;,T,T,, T\,)AK, |~ (FAT,, Ty)~Ks)
(T—0)| Bl akier. 0o W e TR o R [T

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Tx denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK :%(KM—KI,_I) for i1, and AK, =(K,~K,),AK, =(K,~K,.);
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if the price is observable at time t, then F(Tp,Tn) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at Ty;

if the price is not observable at time t, then F(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest; ‘

if there exists an option struck at Fy(Tp,Tn), then K, equals F(Tp,Tn);

if there does not exist an option struck at Fy(Tp,Tn), then K, is the first available strike
below F(T D,Tg);

P¢(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put (K., T,T,,T,)is a price at time t of a put option, struck at Kj, expiring at T, and
having an underlying government bond derivaﬁve expiring at Tp with an underlying bond
maturing at Ty;

Call (K, T,T,, T, )is a price at time t of a call option, struck at Kj, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

N denotes the total number of coupon payments of a government bond;

C; denotes the amount of the i coupon out of N coupons of a government bond;

n denotes the frequency of coupon payments per annum of a government bond;

x denotes the yield of a government bond;

ﬁT (x)is a bond price corresponding to a bond yield of a coupon-bearing government

bond;

f’}l(x)is the functional inverse of ﬁT (x);

dc(year)is the number of days in a year based on a day count convention used for the
government bond;

de(T - t)is the number of days between t and T based on a day count convention used for

the government bond;

tjis the first coupon payment on or after T;
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GB-VIZ(t,T,T,,T,)is the value of the government bond volatility index in terms of

basis point yield volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Tx;

GB-VI”(1,T,T,,T,)is the value of the government bond volatility index in terms of

basis point price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Tx;

transmitting data regarding the government bond volatility index;

receiving an electronic order for a derivative product based on the government
bond volatility index; and

executing the electronic order.

5. The electronic trading system of claim 1, wherein the at least one proce‘ssor is further
configured to:

create a standardized exchange-traded derivative instrument based on the government
bond volatility index; and

transmit data regarding the standardized exchange-traded derivative.

6. The electronic trading system of claim 5, wherein to transmit data regarding the standardized
exchange-traded derivative instrument the at least one processor is further configured to transmit
data regarding one or more of a settlement price, a bid price, an offer price, or a trade price of the

standardized exchange-traded derivative instrument.

7. A non-transitory computer readable storage medium having computer-executable instructions
recorded thereon that, when executed by at least one computer, configure the at least one
computer to perform operations for trading derivative products in an electronic trading system

based on a government bond volatility index, the operations comprising:



61

receiving, by the electronic trading system, data regarding options on government bond
derivatives, wherein the data regarding options on government bond derivatives includes data
regarding prices of options on government bond derivatives including data regarding prices of
options on government bond futures or government bond forwards;

calculating, by the electronic trading system and using the data regarding options on
government bond derivatives, the government bond volatility index, wherein the government
bond volatility index is calculated at time t according to the equation:

GB-VItT,T,,T,)=

\T-nlamliKx K A S i .

100 x f 1 2 { < Puty(K;, T, T,, Ty ) Aot T Call (K;, T, T,, TN)AK :‘_[Ft(?'b, TN)—K*JZJ
i i

wherein:

t denotes a time at which the government bond volatility index is calculated; -

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

K7 denotes the highest strike of the Z+1 options;
AK, =—;‘—(Ki+1 ~-K ) foriz1, and AK =(K,-K,),AK, =(K,-K,);

if the price is observable at time t, then Fy(Tp,Tn) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp, with an underlying
government bond maturing at Tx;

if the price is not observable at time t, then F(Tp,T) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Tx), then K, equals F(Tp,Tn);
if there does not exist an option struck at F(Tp,Tx), then K, is the first available strike

- below Fy(Tp,Tn);
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P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put (K., T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Tx;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at T, and
having ah underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; and

GB-VI(t,T,1,,T,)is the value of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an
underlying bond maturing at Ty;

transmitting, by the electronic trading system, data regarding the government bond
volatility index;

receiving, by the electronic trading system, an electronic order for a derivative product
based on the government bond volatility index; and

executing the electronic order.

8. A non-transitory computer readable storage medium having computer-executable instructions
recorded thereon that, when executed by at least one computer, configure the at least one
computer to perform operations for trading derivative products in an electronic trading system
based on_a government bond volatility index, the operations comprising:

receiving, by the electronic trading system, data regarding options on government bond
derivatives, wherein the data regarding options on government bond derivatives includes data
regarding prices of options on government bond derivatives including data regarding prices of
options on government bond futures or government bond forwards;

calculating, by the electronic trading system and using the data regarding options on
government bond derivatives, the government bond volatility index, wherein the government

bond volatility index is calculated at time t according to the equation:

GB-VI*(,T,T,,T,) =

1 2
1007 S PuK, T, TyMK + S Call, (K, ToT, Ty AK; |~ (FAT,, Ty)— KoY
\/(T-t)_Pt(T)_i:Ki<K* AR Y = A el B ’
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wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

K¢ denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK, =“;.(1<i+1 K. for i21,and AK, =(K,~K,),AK, = (K,~K,.):

if the price is observable at time t, then F(Tp,Tw) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at Tx;

if the price is not observable at time t, then F(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at Ft(TD,TN), then K, equals F(Tp,Tn);

if there does not exist an option struck at F(Tp,Tn), then K, is the first available strike
below Fy(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;

Put (K., T,T,,T,)is aprice at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; and

GB-VI” (t,T,T,,T,)is the value of the govemmént bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an

underlying bond maturing at Ty;
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transmitting, by the electronic trading system, data regarding the government bond
volatility index; }

receiving, by the electronic trading system, an electronic order for a derivative product
based on the government bond volatility index; and

executing the electronic order.

9. A non-transitory computer readable storage medium having computer-executable instructions
recorded thereon that, when executed by at least one computer, configure the at least one
computer to perform operations for trading derivative products in an electronic trading system
based on_a government bond volatility index, the operations comprising:

receiving, by the electronic trading system, data regarding options on government bond
derivatives, wherein the data regarding options on government bond derivatives includes data
regarding prices of options on government bond derivatives including data regardihg prices of
options on government bond futures or government bond forwards;

calculating, by the electronic trading system and using the data regarding options on
government bond derivatives, the government bond volatility index,

wherein, in the absence of accrued coupons at time T, the government bond volatility
index is calculated at time t according to the equation:

GB=VI"(t,T,T,,T,)
GB-VI(,T,T,,T,)

GB-VI”(t,T,T,,T,)=100xP[ 1xGB=VIT,T,,T,)

where

P(y)= Z (1+y)-'+100(1+ )-N

and, wherein, in the presence of accrued coupons at time T with the next coupon due at t;, the
government bond volatility index is calculated at time t according to the equation:

GB-VI”(t,T,T,,T,)
GB-VI(t,T,T,,T,)

GB - VI””(tTTD,T) 100x B[ 1xGB=-VI(t,T,T,,T,)

where
dc(t -T) dc(tN—T)

A r(x)= Z (1+x) devear) £ 100(1+ x) %0

and
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GB-VI(T,T,,T,)=

| 2]
100xf 1 2| g PUGTTLT) o Call (KT T || R, T - Ke
\‘f(T-—z) P(T)| #K<K. K; : iK 2K, Klz : K.

and

GB-VI*(,T,T,,T,) =

1002 X

2 2
| Y Put(K,T.T,,T\)AK;+ X Call(K;,T,T,,T\)AK; |- (F{(T,, T,) - Ky)
(T -npmlix 0T e R Rl A

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

t; is the first coupon payment on or after T;

- Tp denotes a time of maturity of government bond derivatives underlying the options

where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K; denotes the i highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK =%(Ki+1-1<,.ﬁl) for =1, and AK, =(K,~K,),AK, =(K,~K,,.);

if the price is observable at time t, then Fy(Tp,Ty) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at T;

if the price is not observable at time t, then F(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at Fy(Tp,Tw), then K, equals F(Tp,Tn);
if there does not exist an option struck at Fy(Tp,Tn), then K, is the first available strike

below Ft(TD,TN);

P«(T) is a price at time t 6f a zero-coupon non-defaultable bond maturing at T;
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Put(K,,T,T,,T, )is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Tx;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at T, with an underlying bond
maturing at Ty; ‘

N denotes the total number of coupon payments of a government bond;

C; denotes the amount of the i™ coupon out of N coupons of a government bond;

n denotes the frequency of coupon payments per annum of a government bond;

y denotes the yield of a government bond;

x denotes the yield of a government bond,

f’(y) is a bond price corresponding to a bond yield of a coupon-bearing government
bond;

P\(y)is the functional inverse of P(y);

f’T (x)is a bond price at time T corresponding to a bond yield of a coupon-bearing
government bond;

}S}l(x) is the functional inverse of IST (x);

dc(year)is the number of days in a year based on a day count convention used for the
government bond;

dc(T - t)is the number of days between t and T based on a day count convention used for
the government bond;

GB-VIr(t,T,T,,T,)is the value of the government bond volatility index in terms of
basis point yield volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at T with an underlying bond maturing at Ty;

GB-VI"(,T,T,

1> Iy )1is the value of the government bond volatility index in terms of

basis point price volatility at time t calculated based on options expiring at T on government

bond derivatives expiring at Tp with an underlying bond maturing at Ty; and
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GB-VI(t,T,T,, T, )is the value of the government bond volatility index in terms of

percentage price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty;

transmitting, by the electronic trading system, data regarding the government bond
volatility index;

receiving, by the electronic trading system, an electronic order for a derivative product
based on the government bbnd volatility index; and

executing the electronic order.

10. A non-transitory computer readable storage medium having computer-executable instructions
recorded thereon that, when executed by at least one computer, configure the at least one
computer to perform operations for trading derivative products in an electronic trading system
based on_a government bond volatility index, the operations comprising:

receiving, by the electronic trading system, data regarding options on government bond
derivatives, wherein the data regarding options on government bond derivatives includes data
regarding prices of options on government bond derivatives including data regarding prices of
options on government bond futures or government bond forwards;

calculating, by the electronic trading system and using the data regarding options on
government bond derivatives, the government bond volatility index, wherein the government

bond volatility index is calculated at time t according to the equation:

bp ; -
GB ~ Vg, (1, T. Ty, Ty) =
bp
| GB-VIP (1,1, T, T,
1004 1+771 GBIV (T, Ip Ty) <GB-VIPP (4,7, Ty))
GB-VI(¢,1,Tp. Ty
, _a’c(tl.~T) _dc(tN—I)
_y1op d _ _yrb _
Ig Q{HﬁE{GB VIPP (7.7 Tyy) C(year)[dc(zi T) 10[ A_I{GB VIP (1,1, Ty ) || de(vear) [dc(tN T)J
.

0f 1+7
i=j GB=VI(,T,Tp,Ty) de(year) T GB—VI(!,T,TD,TN) de(year)

where

_de(t;-T) _de{iy-T)

}ST(X) = ZZj%(l—!—x) deyear) +100(1 +x) de(year).

and
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GB-VI(t, T, T, Ty) =

2
100x{ 1 2 s P K TILT)s »Callt(Ki,T,TD»TN)AK':l“(Ft(T'”TN)—K*)J

(T —~1)| B(T)| EK;<K. K; ! K 2K. x? g K.

i

and

GB-VI”(t,T,T,,T,) =

1002 X

2
Y Puty(K, 1.7, Ty)AK; + X Cally(K;, T, T,, TyOAK; = (F(T,, Ty) - K.Y’
\‘(T—-t) B(T)| iK<K. B o NI EKZK. (8B Do dpr I B8 T e Ty

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K denotes the i highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK, =%—(K,-+1 _K.,) for i21, and AK, = (K, - K,),AK, = (K,~K,.);

if the price is observable at time t, then Fy(Tp,Tw) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at Tx;

if the price is not observable at time t, then Fy(Tp,Ty) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Tn), then K, equals F(Tp,Tn);
if there does not exist an option struck at F(Tp,Tw), then K, is the first available strike

below Fy(Tp,Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;
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Put (K, T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with én underlying bond
maturing at Ty;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at ‘TN;

N denotes the total number of coupon payments of a government bond;

C; denotes the amount of the i® coupon out of N coupons of a government bond;

n denotes the frequency of coupon payments per annum of a government bond;

x denotes the yield of a government bond;

}A’T (x)is a bond price corresponding to a bond yield of a coupon-bearing government
bond;.

ﬁ}l(x) is the functional inverse of f’T (x);

dc(year)is the number of days in a year based on a day count convention used for the
government bond;

dc(T —t)is the number of days between t and T based on a day count convention used for
the government bond;

t;is the first coupon payment on or after T;

GB-VI; (., T,T,

7» I, )is the value of the government bond volatility index in terms of
basis point yield volatility at time t calculated based on options expiring at T on government

bond derivatives expiring at Tp with an underlying bond maturing at Tx;
GB-VI”(1,T,T,,T,)is the value 6f the government bond volatility index in terms of
basis point price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and
GB-VI(t,T,T,,T,)is the value of the government bond volatility index in terms of
percentage price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty;
transmitting, by the electronic trading system, data regarding the government bond

volatility index;
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receiving, by the electronic trading system, an electronic order for a derivative product
based on the government bond volatility index; and

executing the electronic order.

11. The non-transitory computer readable storage médium of claim 7, wherein the computer-
executable instructions further comprise instructions that, when executed by the at least one
computer, configure the at least one computer to perform operations comprising:

creating a standardized exchange-traded derivative instrument based on the government
bond volatility index; and

transmitting data regarding the standardized exchange-traded derivative instrument.

12. The non-transitory computer readable storage medium of claim 11, wherein the computer-
executable instructions for transmitting data regarding the standardized exchange-traded
derivative instrument include instructions for transmitting data regarding one or more of a
settlement price, a bid price, an offer price, or a trade price of the standardized exchange-traded

derivative instrument.
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WHAT IS CLAIMED IS:

1. An electronic trading system for trading derivative products based on a govemmt bond
volatility index, the electronic trading system comprising: "
memory configured to store at least one program; and
at least one processor communicatively coupled to the memory, in ich the at least one
program, when executed by the at least one processor, causes the at leasg one processor to
perform operations comprising: |
receiving data regarding options on government bopd derivatives;
calculating, using the data regarding options on government bond derivatives, the
government bond volatility index;
transmitting data regarding the governmenybond volatility index;
- receiving an electronic order for a deriv; tive product based on the government
bond volatility index; and |

executing the electronic order.

2. The electronic trading system of claim 1 Avherein the data regarding options on government

bond derivatives includes data regarding/rices of options on government bond derivatives.

3. The electronic trading system of/Claim 2, wherein the data regarding prices of options on
government bond derivatives ingludes data regarding prices of options on government bond
futures or government bond férwards.

4, The electronic trading system of claim 3, wherein the government bond volatility index is

calculated at time t afcording to the equation:

GB-VI(t,T,T{T,)=

100 x

1 2 Puty (K;,T.T,,Ty) Call, (K;,T,T,,Ty) FAT,.Ty) =K )
z AK; + AR || 2N T

(T #1) P (T) K <K, Ki2 . K2 K. Ki2 K.
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t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the opt}

where Tp>T;

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;
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Ko denotes the lowest strike of the Z+1 options;
K; denotes the i™ highest strike of the Z+1 options;
Kz denotes the highest strike of the Z+1 options;

AK, =%(Ki+1—Ki_1) for i1, and AK, = (K, - K,),AK, = (K,~K,,.);

if the price is observable at time t, then F((Tp,Tn) is a price at time t of a government
bond derivative contract underlying the put and call options, expiring at Tp with an underlying
government bond maturing at Ty; '

if the price is not observable at time t, then Fy(Tp,Tx) is the strikg at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,T), then K, equals F(Tp,T);

if there does not exist an option struck at Fy(Tp,Tw), thgn K, is the first available strike
below Fy(Tn, Tx): |

P(T) is a price at time t of a zero-coupon non-dg¢faultable bond maturing at T;

Put (K, T,T,,T,)is aprice at time t of a put gption, struck at K;, expiring at T, and
having an underlying government bond derivativg expiring at Tp with an underlying bond
maturing at Ty;

Call (K, T,T,,T,)is a price at time{ of a call option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; and |

GB-VI(t,T,T,,T,)is the ¥alue of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an

underlying bond maturing gt Ty.

5. The electronic tradifg system of claim 3, wherein the government bond volatility index is

calculated at time t According to the equation:

GB-VI" (t,T,%.T,) =

K. <K, : i—K*

[ T Put (KT, Ty)AK + % Callt(Ki,T,TD,TN)AKi}—(FZ(TD,TN)—K*)z:I
1
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t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bond derivatives;

Tp denotes a time of maturity of government bond derivatives underlying the optjéns
where Tp>T; ’

Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;

Ko denotes the lowest strike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;

K7 denotes the highest strike of the Z+1 options;

AK =-;—(Ki+1~f<i_l) for 121, and AK, = (K, ~K,),AK, = (/| ~K,.);

if the price is observable at time t, then F(Tp,Tx) is a pyice at time t of a government
bond derivative contract underlying the put and call options /&xpiring at Tp with an underlying
government bond maturing at Ty;

if the price is not observable at time t, then F(Pp,Tx) is the strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp, Tx), then K, equals F{(Tp,Tn);

if there does not exist an option strucK at Fy(Tp,Tx), then K is the first available sfrike
below F(Tp,Tn);

Py(T) is a price at time t of a zgfo-coupon non-defaultable bond maturing at T;

Put, (K, T,T,, T, )is a price 4t time t of a put option, struck at K, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

Call (K, T,T,, T, ¥is a price at time t of a call option, struck at X;, expiring at T, and
having an underlying government bond derivative expiring at T with an underlying bond
maturing at Ty; an

GB-VI'/(t,T,T,,T,)is the value of the government bond volatility index at time t

calculated baged on options expiring at T on governmenf bond derivatives expiring at Tp with an

underlying bond maturing at Ty
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6. The electronic trading system of claim 3,

wherein, in the absence of accrued coupons at time T, the government bond volatilit

index is calculated at time t according to the equation: -

GB-VIP(t,T,T,,T,)=100x P'[

where

P(y)= 2

and, wherein, in the presence of accrued coupons at time T with the ne

(1+ )“’ +100(1+= )*N

bp
CBVI" LIy 1)y Gp_yi1,1,,1,)
GB-VI(t,T,T,,T,)

GB-VI”(t,T,T,,T,)

coupon due at t;, the

GB-VI"(t,T,T,,T,)=

GB-VIF(t,T,T, 100x 2;! x GB - T,
A )= Ay VI, T,T,T, )J R
where
de(t~T) _de(ty=-T)
P (x)= Z —(1+x) e +100(1+x) o
and
GB-VI(t,T,T,,T,)=
mOX! 1 2 Put,(K;,T,T,, N) AGs S Callt(Kl.,T,TD,TN)AK _(F}(TD,TN)—K$
\‘}(Tm )_'Pt(T)_i:Ki<K* Kz' 'K K. Klz ! K.
“and

2 1

1007 x

2

wherein:

l@-nl

BT

>

i:Kl.<K*

Py, DT Ty)AK; + % Call (K, TT, Ty )AKJ (Fi(T,, Ty, )~K*)2J

t denotes a fime at which the government bond volatility index is calculated;

]
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Ty denotes a time of expiry of government bonds;

Z+1 denotes a total number of options used in the index calculation;
K, denotes the lowest strike of the Z+1 options;

K; denotes the i highest strike of the Z+1 options;

Kz denotes the highest strike of the Z+1 options;

AK, Z%(Ki+l ~-K,,) for (2], and AK,=(K,-K,),AK, =(K,-K, );

if the price is observable at time t, then F(Tp,Tx) is a price at time /of a government
bond derivative contract underlying the put and call options, expiring at/I'p with an undeﬂying
government bond maturing at Ty;

if the price is not observable at time t, then Fy(Tp,Ty) is the/strike at which the difference
between the put and call prices is smallest;

if there exists an option struck at F(Tp,Ty), then K, /fquals F(Tp,Tn);

if there does not exist an option struck at F(Tp,Tx), then K, is the first available strike

below F(Tp,Tn);

P«(T) is a price at time t of a zero-coupon poOn-defaultable bond maturing at T;

Put (K, T,T,,T,)is a price at time t of £ put option, struck at K;, expiring at T, and.
having an underlying government bond deri#ative expiring at Tp with an underlying bond
maturing at Ty;

Call (K,,T,T,,T,)is a price a/time t of a call option, struck at X, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

N denotes the total ndmber of coupon payments of a government bond;
G denotes the amgunt of the i® coupon out of N coupons of a government bond;

n denotes the frequency of coupon payments per annum of a government bond;
yield of a government bond;

x denoteg’'the yield of a government bond,

ﬁ(y) is a bond price corresponding to a bond yield of a coupon-bearing government

bond;
P! (»)is the functional inverse of P(y);
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f’T (x)is a bond price at time T correspohding to a bond yield of a coupon-bearing
government bond;

ﬁ}l(x)is the functional inverse of }A’T (x);

dc(year)is the number of days in a year based on a day count convention uséd for the
government bond; |

dc(T — t)is the number of days between t and T based on a day count onvention used for
the government bond; ;

GB-VIY (1, T, T,,T,)is the value of the government bond volatjfity index in terms of
basis point yield volatility at time t calculated based on options expifing at T on government
bond derivatives expiring at T with an underlying bond maturing at Ty;

GB-VI”(t,T,T,,T,)is the value of the government bghd volatility index in terms of
basis point price volatility at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the goverpfment bond volatility index in terms of

percentage price volatility at time t calculated baged on options expiring at T on government

bond derivatives expiring at Tp with an under}ying bond maturing at Ty.

7. The electronic trading system of clainy 3, wherein the government bond volatility index is

calculated at time t according to the eguation:

bp
GB - Vlyg (6T, Ty, Ty ) =
/| 6B-v1® (1,11,
100 b 2o DN
GBVI(1.T. T, Iy)
(=T =T

ﬁ—l(GB—Vlbp(t,T,T Ty) dc(year)(dc(ti_T) W GB»VIbp(t,T,TD,TN) de(year) dc(zN—m
T [ GB-VI(t,T.7 . Ty) T\ GB-VI(t,T,T.Tyy) de(year )

Dxcmwbp (LT Ty Ty

N,
T b1+
= 1t

de{vear)

S

where

de(t-T) _de(ty=T)

Bx)= Zj%(Hx) seear) 4 100(1+x) 0=
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GB-VI,T,T,,T,)=

1 2 Put (K, T,T.,T, Call (K., T,T,,T F(T.,T ../{* ‘
IOOXJ Z [( i D N)AK + Z t( 1 D N)AKI _ t(DKN)

.. pi i 2
(T - 1) P(D)| K <K - KS iK 2K. K;

H
and

GB-VI”(1,T,T,,T,)

1002 X

2 2
2 Put, (K, T,T,TOHAK+ %~ Call,(K.,,T,T,, T\ AK: |—(FAT, , T.,)~ K+
V(T—t)_@(T)_i:Ki<K* ) Y

wherein:

t denotes a time at which the government bond volatility index is calculated;

T denotes a time of expiry of options on government bgnd derivatives;

Tp denotes a time of maturity of government bond ¢érivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bouds;

Z+1 denotes a total number of options used/in the index calculation;

Ky denotes the lowest strike of the Z+1 ¢ptions;

K; denotes the i highest strike of the/Z+1 options;

Kz denotes the highest strike of thg’Z+1 options;

AK, =-;—(Ki+l_Ki-l) for i1, g0d AK, =(K,-K,),AK, =(K, K, );

if the price is observable af'time t, then F(Tp,Tx) is a price at time t of a government
bond derivative contract under}§ing the put and call options, expiring at Tp with an underlying
government bond maturing at Tx;

if the price is not gbservable at time t, then Fy(Tp,Ty) is the strike at which the difference
between the put and cgll prices is smallest;

if there exist§ an option struck at F(Tp,Tx), then K, equals F(Tp,Tn);
if there does not exist an option struck at F(Tp,Tx), then K, is the first available strike

below Fy(Tp/Tn);

P(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;
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Put (K., T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at T;

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at 1, and
having an underlying government bond derivative expiring at T with an underlyjtg bond
maturing at Ty;

N denotes the total number of coupon payments of a government bord;

C; denotes the amount of the i coupon out of N coupons of a goyernment bond;

n denotes the frequency of coupon payments per annum of a gdvernment bond,;

x denotes the yield of a government bond;

f)T (x)is a bond price corresponding to a bond yield of #'coupon-bearing government

bond;

P;(x)is the functional inverse of By (x);

dc(year) is the number of days in a year based on a day count convention used for the
government bond;

de(T —t)is the number of days betweep(t and T based on a day count convention used for
the government bond;
tjis the first coupon payment on of after T;

GB-VIX(,T,T,

7, I, )is theAralue of the government bond volatility index in terms of

basis point yield volatility at tirge t calculated based on options expiring at T on government
bond derivatives expiring at p with an underlying bond maturing at Ty;

GB-VI"(1,T, T@ ", )is the value of the government bond volatility index in terms of
basis point price volatjlity at time t calculated based on options expiring at T on government
bond derivatives exgiring at Tp with an underlying bond maturing at Ty; and

GB-VI(T,T,,T,)is the value of the government bond volatility index in terms of

percentage pyice volatility at time t calculated based on options expiring at T on government

tives expiring at Tp with an underlying bond maturing at Tx.
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8. The electronic trading system of claim 1, wherein the at least one processor is further cause
to:

create a standardized exchange-traded derivative instrument based on the governpgient
bond volatility index; and

transmit data regarding the standardized exchange-traded derivative.

9. The computer system of claim 8, wherein transmitting data regarding the standardized
exchange-traded derivative instrument includes transmitting data regarding one or more of a
settlement price, a bid price, an offer price, or a trade price of the standardized exchange-traded

derivative instrument.

10. A non-transitory computer readable storage medium having computer-executable instructions
recorded thereon that, when executed by at least one compwyfer, configure the at least one
computer to perform operations for trading derivative prgducts in an electronic trading system
based on_a government bond volatility index, the opeyations comprising:

receiving, by the electronic trading system ata regarding options on government bond
derivatives;

calculating, by the electronic trading gystem and using the data regarding options oh
government bond derivatives, the government bond volatility index;

transmitting, by the electronic trading system, data regarding the government bond
volatility index;

receiving, by the electronj¢ trading system, an electronic order for a derivative product
based on the government bond/volatility index; and

executing the electrghic order.

11. The non-transitory’ computer readable storage medium of claim 10, wherein the data
regarding options oh government bond derivatives includes data regarding prices of options on

government bond derivatives.
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12. The non-transitory computer readable storage medium of claim 11, wherein the data
regarding prices of options on government bond derivatives includes data regarding prices

options on government bond futures or government bond forwards.

13. The non-transitory computer readable storage medium of claim 12, wherein the’government

bond volatility index is calculated at time t according to the equation:
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GB-VI,T,T,,T,)=

2
2 s Puty (Kp T T Ty) 5 Callt(Kl-,T,TD,TN)AK.il_[Ft(TD,TN)wK*j

100 x ‘ ; i+ . ;
(T —1)| PAT) iK<K. K] iK 2K, K; Ks
wherein:
t denotes a time at which the government bond volatility index is calculated;
T denotes a time of expiry of options on government bond derivatives;
Tp denotes a time of maturity of government bond derivatives underlying the options
where Tp>T;

Ty denotes a time of expiry of government bonds;
Z+1 denotes a total number of options used in the index calgulation;
Ko denotes the lowest stfike of the Z+1 options;

K; denotes the i™ highest strike of the Z+1 options;
Kz denotes the highest strike of the Z+1 options;

AK, :-;—(Km K for i21, and AK, = (K, ~ K,),AK, = (K,~K,.):

if the price is observable at time t, then F{(Pp,Tx) is a price at time t of a government
bond derivative contract underlying the put and/all options, expiring at Tp with an underlying

government bond maturing at Ty;
if the price is not observable at time t, then F((Tp,Tn) is the strike at which the difference
between the put and call prices is smalj€st;

if there exists an option strugk at F(Tp,Tx), then K, equals F(Tp,Tx);

if there does not exist an/Option struck at F(Tp,Tn), then K, is the first available strike

below Fy(Tp,Tn);

P(T) is a price at ffme t of a zero-coupon non-defaultable bond maturing at T;

Put (K, T,T,,

. )is a price at time t of a put option, struck at K;, expiring at T, and

maturifdg at Ty; and
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GB-VI(t,T,T,,T, )is the value of the government bond volatility index at time t

calculated based on options expiring at T on government bond derivatives expiring at Tp with an
underlying bond maturing at Tx.
14. The non-transitory computer readable storage medium of claim 12, wherein th¢ government

bond volatility index is calculated at time t according to the equation:

GB-VI*(,T,T,,T,) =

1 2
1007 x ——| T PutgK,T,T,,T)AK;+ % Cally(K;,T.T,, Ty AK,
(T = )| PAT) LK <K, K 2K,

wherein:
t denotes a time at which the government bond volatilityindex is calculated;
T denotes a time of expiry of options on government Bond derivatives;
Tp denotes a time of maturity of government bond/derivatives underlying the dptions
where Tp>T;
Ty denotes a time of expiry of government bgnds;
Z+1 denotes a total number of options used in the index calculation;

K denotes the lowest strike of the Z+1/options;

if the price is observable/t time t, then F(Tp,Ty) is a price at time t of a government
bond derivative contract undeflying the put and call options, expiring at Tp with an underlying
government bond maturing at Ty;

if the price is not observable at time t, then Fy(Tp,Tn) is the strike at which the difference
between the put and gall prices is smallest;

if there exjéts an option struck at F(Tp,Tn), then K, equals F(Tp,Tx);

if therg¢’does not exist an option struck at F((Tp,Tw), then K, is the first available strike

«(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T;
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Put (K, T,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty; '

Call (K, T,T,,T,)is a price at time t of a call option, struck at K;, expiring at/T, and
having an underlying government bond derivative expiring at Tp with an underlyihg bond

maturing at Ty; and

GB-VI”,T,T,

15 Iy )18 the value of the government bond volatility Andex at time t
calculated based on options expiring at T on government bond derivativés expiring at Tp with an

underlying bond maturing at T.

15. The non-transitory computer readable storage medium of cldim 12,
wherein, in the absence of accrued coupons at time T/ the government bond volatility

index is calculated at time t according to the equation:
GB-VI*(,T,T
GB-VI(t,T,

W19 GB-VILT, T,.T,)

GB-VI¥t,T,T,,T,)=100x P'[
D’TN

where
P(y)= ZN -(—ji(l + 2;—)"' +100(1+ Z)'N :
=l p n n

and, wherein, in the presence of accrued £oupons at time T with the next coupon due at t;, the

government bond volatility index is calculated at time t according to the equation:

B-VI?(t,T,T,,T,)

 GB-VI®W,T,T,,T,)=100x P
r (110 1) "/ GB-VIWT,T,,T,)

IxGB-VI(,T,T,,T,)

where

v C _de(ty=T)
PT(X) y n‘ dc(year) +100(1+X) dc(year)

-
s PuKpTTT) o Call (KT T T }_[@(TD,TN)—K*) J
T ARt y) i

Ki z:KizK* Ki K

and
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GB-VI*(t,T,T,.T,) =

2 1 2
1007 x ed X Puty(K, T T, TOAK + X Call (K, T, T, TAK: |=(F(T,, T}~ K.)
(T=0)| p(myLik<k. 07 N g R AN PR N

2

wherein:
t denotes a time at which the government bond volatility index is calcylated;
T denotes a time of expiry of options on government bond derivati |
t; is the first coupon payment on or after T;
Tp denotes a time of maturity of government bond derivativeg'underlying the options

where Tp>T;
Tndenotes a time of expiry of government bonds;
Z+1 denotes a total number of options used in the inglex calculation;
Ko denotes the lowest strike of the Z+1 options;
K; denotes the i™ highest strike of the Z+1 opti
Kz denotes the highest strike of the Z+1 optjéns;

AK, =%(K,.+I ~-K, ) for iz1, and AK, /K, -K,),AK, =(K,-K,,);

if the price is observable at time t, then Fy(Tp,Ty) is a price at time t of a government
bond derivative contract underlying the plit and call options, expiring at Tp with an underlying
government bond maturing at Tx;
if the price is not observablé at time t, then Fy(Tp,Ty) is the strike at which the difference
between the put and call prices % smallest;

if there exists an optigh struck at F(Tp,Tx), then K, equals F(Tp,Tx);
if there does not eXist an option struck at Fy(Tp,Tx), then K, is the first available strike

below F(Tp,Tn);
P(T) is a pyice at time t of a zero-coupon non-defaultable bond maturing at T;
Put (K /1,T,,T,)is a price at time t of a put option, struck at K;, expiring at T, and

having an upderlying government bond derivative expiring at Tp with an underlying bond

maturing 4t Ty;
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Call (K, T,T,,T,)is aprice at time t of a call option, struck at K, expiring at T, and
having an underlying government bond derivative expiring at Tp with an underlying bond
maturing at Ty;

N denotes the total number of coupon payments of a government bond;

C; denotes the amount of the i" coupon out of N coupons of a government pond;

n denotes the frequency of coupon payments per annum of a government bond;

y denotes the yield of a government bond;

x denotes the yield of a government bond;

P(y) is a bond price corresponding to a bond yield of a cougon-bearing government
bond;

P'(y)is the functional inverse of P(y);

]ST (x)is a bond price at time T corresponding to a/bond yield of a‘coupon—bearing
government bond;

Is}l(x) is the functional inverse of }A’T (x);

dc(year)is the number of days in a year'based on a day count convention used for the
government bond;

de(T —t)is the number of days bgiween t and T based on a day count convention used for
the government bond;

GB-VIP(1,T,T,,T,)is th valu‘e of the government bond volatility index in terms of
basis point yield volatility at tipae t calculated based on options expiring at T on government
bond derivatives expiring at/I'p with an underlying bond maturing at Ty;

GB-VI”(t,T,T,/T,)is the value of the government bond volatility index in terms of
basis point price volaglity at time t calculated based on options expiring at T on government
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and

GB-VIit,T,T,,T, )is the value of the government bond volatility index in terms of

percentage pfice volatility at time t calculated based on options expiring at T on government

Watives expiring at Tp with an underlying bond maturing at Tx.
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16. The non-transitory computer readable storage medium of claim 12, wherein the governmept

bond volatility index is calculated at time t according to the equation:

bp
GB - Vg (t,1,Tpy, Ty ) =

GB-VIP (4, T,T,.T
100x 1457 GBIV (LT, Tp Ty) }GB-VIPP (4T, Tp,, Ty
GBVI(LT,Tp.Ty)

T —deliy=T)

%’c Lope] GB-VIPP (1, ) | de(year) de(1,=T) 00(1 ol GB-VI p(tTTD Ty )| delyear)
T\ GBI Ty Ty) 5 de(year) TV GBVI(T. T Tyy)

i
N

‘]

where

_de(4,-T) _de(ty=T)

IST(X) = Zl (1 +.7C) de(year) | 100(1 +x) de(year)

and
GB-VI(t,T,T,,T,)=
100 x 2 > w Call (K, T 2’ D’T) X (F;‘(TD’TN)_K*JH
\j(T—f)_P;(T)_i'Ki«* K; . K; K.
and

GB-VI*(,T,T,,T,) =

2 1 2
100° x —— X Puty(K;,T
(T =) B iK;<K.

s D’
liKiZK*

TWAK; + T Call(K;,T.T,, Ty )AKJ (F(T,, Ty )—K*)EJ

wherein:
t denotes a time at whicl{ the government bond volatility index is calculated;
T denotes a time of eXpiry of options on government bond derivati\}es;
Tp denotes a time Of maturity of government bond derivatives underlying the options
where Tp>T;
T denotes gAime of expiry of government bonds;
Z+1 denotes a total number of options used in the index calculation;
Ko dendtes the lowest strike of the Z+1 options;
K; génotes the i™ highest strike of the Z+1 options;

7 denotes the highest strike of the Z+1 options;




66

AK, =—;—(KM ~K,,) for i21, and AK, = (K, ~K,),AK, = (K, ~K,.);

if the price is observable at time t, then F(Tp,Tn) is a price at time t of a gove
bond derivative contract underlying the put and call options, expiring at Tp with an u
- government bond maturing at T;
if the price is not observable at time t, then F(Tp,T) is the strike at which the difference
between the put and call prices is smallest; |

if there exists an option struck at F(Tp,Tn), then K, equals F(Tp,

if there does not exist an option struck at Fi(Tp,Tx), then K, iythe first available strike

below F(Tp,Tn);
P«(T) is a price at time t of a zero-coupon non-defaultablg bond maturing at T;
Put (K, T,T,,T, )is a price at time t of a put option, struck at K;, expiring at T, and

having an underlying government bond derivative expiring at Tp with an underlying bond

maturing at Ty;
Call (K., T,T,,T,)is a price at time t of a cal option, struck at K, expiring at T, and

having an underlying government bond derivatiye expiring at Tp with an underlying bond

maturing at Ty;
N denotes the total number of coupbdn payments of a government bond;

C; denotes the amount of the i® oupon out of N coupons of a government bond;

n denotes the frequency of coipon payments per annum of a government bond,;

x denotes the yield of a go¥ernment bond;

}A’T (x)is a bond price cgrresponding to a bond yield of a coupon-bearing government

bond;
ﬁ;l(x)is the fungfional inverse of ]3T (x);

dc(year)is the number of days in a year based on a day count convention used for the

1s the first coupon payment on or after T;
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GB -VIZ(t,T, T,,T,)is the value of the government bond volatility index in terms of

basis point yield volatility at time t calculated based on options expiring at T on governmept
bond derivatives expiring at Tp with an underlying bond maturing at Ty;

GB-VI"(1,T,T,,T,)is the value of the government bond volatility index in férms of

basis point price volatility at time t calculated based on options expiring at T on gbvernment
bond derivatives expiring at Tp with an underlying bond maturing at Ty; and

GB-VI(t,T,T,,T,)is the value of the government bond volatility ipflex in terms of

percentage price volatility at time t calculated based on options expiring/at T on government

bond derivatives expiring at Tp with an underlying bond maturing at/'x.

17. The non-transitory computer readable storage medium of cJaim 10, wherein the computer-
executable instructions further comprise instructions that, when executed by the at least one
computer, configure the at least one computer to perform/Operations comprising::

creating a standardized exchange-traded derivgtive instrument based on the government
bond volatility index; and

transmitting data regarding the standardiged exchange-traded derivative instrument.

18. The non-transitory computer readable gtorage medium of claim 17, wherein transmitting data
regarding the standardized exchange-trgded derivative instrument includes transmitting data
regarding one or more of a settlement price, a bid price, an offer price, or a trade price of the

standardized exchange-traded derpative instrument.




