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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 includes data regarding prices of options on government bond, 

derivatives and includes data regarding prices of options oti government bond futures or government 

bond forwards; calculating, using the 
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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,TD,TN) = 

100 x 
1 <N 

1 

(T-t) 

1 

3 
Putt(Ki,T,TD,TN) CaUt(KitT,TD,TN) 

2, „ AKj + L T A Ki 
r.K^K, Kf i:Kj>K, Kf 

rF((TD,TN)-K, N 

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: 

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

JJSLTI 
TM denotes a time of expiry of government bonds; 

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

Kg denotes the lowest strike of the Z+l options: 

Ki denotes the i'h highest strike of the Z+l options; 

Ky. denotes the highest strike of the Z+l. options; 

A/f, = i (K„=(K, 

if the price is observable at time t , then Ft(Tn,TN> is a price at time t of a government bond 

derivative contract underlying the put and call options, expiring at Tn with an underlying government 

bond maturing at TM: 

if the price is not observable at time t, then Ft(T_r>.T»j') is the strike at. which, the difference 

between the put and call prices is smallest: 

if there exists an option struck, at FtfTri.Ty), then equals Pt(T 

if there does not, exist an option struck at PtOWTiA then is the first available strike below 

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

Putt(Ki,T,TD,TN)_ is a price at time t of a put option, struck at Ki. expiring at T, and having 

an underlying government bond derivative expiring at Tn with an underlying bond maturing at TM; 

_ Callt(Kj,T,TD,TN)_ is a price at time t of a call option, struck at Ki. expiring at T, and ha ving 

an. underlying government bond derivative expiring at Tn with, an underlying bond maturing at TN; 

and 

GB — VI(tj\ Tv, TK!) 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 Tn with an underlying 

bond maturing at TM: transmitting data regarding the government bond volatility index; receiving an 
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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(t,T,TD,TN) = 

1 2 Putt(Ki,T,TD,TN) 
£ o 

Callt (Kj ,T,TD,TN) 
+ Z 7j AKf 

( Ft(TD,TN)-K^ 
2 

(T-t) Pt{T) i:K;<K, K 1 
I 

tKf>K, Kf 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; 

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

TD>T; 



6 

TN denotes a time of expiry of government bonds; 

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

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

K,- denotes the ith highest strike of the Z+l options; 

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

tx, = i (KM - K,_,) for ; > 1, aid AK„ = (K, -K0\AKZ=(KZ- Kz_,); 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government bond 

derivative contract underlying the put and call options, expiring at TD with an underlying government 

bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 Ft(TD,TN); 

if there does not exist an option struck at Ft(TD,TN), then K^, is the first available strike below 

Ft(TD,TN); 

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

Putl(Ki, T, TD,TN) is a price at time t of a put option, struck at Kj, expiring at T, and having 

an underlying government bond derivative expiring at TD with an underlying bond maturing at TN; 

Callt(Ki,T,TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB — VI (t, T, TD, TN) 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 TD with an underlying 

bond maturing at TN. 

[0026] fe-seffle-embe4HaetrtsAccording to a second 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 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 volatility index is 

calculated a time t according to the equation: 
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GB-VIbp(t,T,TD,TN) 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 TD with an 

underlying bond maturing at 'IV 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. 

[0027] la- •seme-effibedifflefiteAccording to a. third 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 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 

OB - vi-,' (t, r, r„, r„) s i oo x 1 * GB - m, T, TD,T„) 
(JJJ ylytj 1 y lj^) 

where 

w=E*, ~ o+-r'+1 "oo+zr"; 
!-t n n n 

and, wherein, in the presence of accrued coupons at time T with the next coupon due at tj, the 

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

GB - Vlf (/, T, TD, TN ) „ 100 x k>] x GB - ¥I(t, T, TD,TN) 

where 
dc(t-T) dc(tN-T) 

PJx) = Y" — (1- x)dc(year) +100(1 + xjdc(year) 
hJ n 

and 

GB — VI(t,T,TD,TN) = 

i f V 

100 X 
i 2 Putt{Ki9T,TD,TN) 

2- • -
Callt {Kt ,T,TD,TN) 

Zu n A A y 
WM-K. 

i (T-t) LW) [_ v-K^K, Kf i:K>K, Kf \ Kt J 

and 
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GB — VIbp (t,T,TD,TN) 

ioo2 x 1 
(r-0 PAT) 

1 Putt(Ki,T,TD,TN)AKi+ I Callt(Kj,T,T ,TN)A£ • 
i\Ki<K, 1 1 i\K->K, 1 1 

-(Ft(TB,TN)-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; 
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P(y) is a bond price corresponding to a bond yield of a coupon-bearing government bond; 
/v 1 /v 

P~ (y) 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; 

P'T\x) is the functional inverse of Pr (x); 

dciyear) 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 -VIyP (t,T,TD,TN)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 TD with an underlying bond maturing at TN; 

GB - VIbp(t, T,TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB - VI(t, T,TD, TN) 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 TD with an underlying bond maturing at TN: 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 

[0028] bnieffle-efflbefeamteAccordiiig to a fourth 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 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: 
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GB-VlbYPd(t,T,TD,TN)s 

lOOx 1+Pr, 
GB-VIbp (t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

xGB-Vlbp (t,T,TD,TN) 

~~dc(h-T) ' dc{tN-T) 

dc(year) fdc(tN~T)\ 

' dc(year) ) 

N C. 
I-1 1+V GB-Vlbp (t,T,Tr 

GB-Vl(t,T,TD,TN) 

dc(year)( dc(t--T)) 
—11—£ U-lOO 

\dc(year) J 
1+Br 

GB~Vrp (t,T,TD,TN) 
GB-VI(t,TJD,TN) 

where 
^ dc(trT) dc(tN-T) 

PJx) = y ^ (1 + X) dc{year) +100(1 + X) dc(year) 
i=j n 

and 
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CaUt(KtiT,TDiTN) 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 TD with an underlying bond maturing at TN; 

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

Cj denotes the amount of the ith 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; 

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

P~T\x) is the functional inverse of PT (x); 

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

government bond; 

dc(T -1) is the number of days between t and T based on a day count convention used for 

the government bond; 

tj is the first coupon payment on or after T; 

GB-n»(t,T,TD,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 TD with an underlying bond maturing at TN; 

GB - VIbp(t,T,TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB - VI{t, T, TD, TN) 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 TD with an underlying bond maturing at TN transmitting data regarding the 

government bond, volatility index; recei ving 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 



13 

price, a bid price, an offer price, or a trade price of the standardized exchange-traded derivative instrument. 

[0031] According to a seeead-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 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, 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,TD,TN) = 

100 x ' 1 

(T-t) PAT) 

PutAKT, Tn, TM) CallAK-, T, 71, TN) 
I ?±J'' D' N,AKi+ Z 

i:K-<K, K i:K>K, K 
I I I I . 

f Ft(TD,TN)-K?2 

Kt 

wherein: 

TKLEI 

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: 

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

TN denotes a time of expiry of government bonds; 

Z+1 denotes a total number of options used in the index calculation: 
Kn denotes the lowest strike of the Z+l options; 
K; denotes the ith highest strike of the Z+ l options; 

K? denotes the highest strike of the Z+l options; 

AX, =!(£„, for,i > 1 jd AK0 = (K, -K,),AKz = (Kz -Kz_,); 

„ if the price is observable at time t, then F(CTn,T>j) is a price at time t of a go vernment bond 

derivative contract underlying the put and call options, expiring at Tn with an underlying government bond 
maturing at TN; 
. i f the price is not observable at time t, then FtfTn.Ty) .is the strike at which the difference between. 
the put and call prices is smallest: 

if there exists an option struck at F/Tn.TV). then K.„ equals FtfTiyiV); 

if there does not exist an option struck at F^TnJV). then K% is the first available strike below 

IMXDJTN}; 
PtfD is a price at time t of a zero-coupon non-defaultable bond maturing at 1"; 
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Putt(Ki,T,TD,TN)_ is a price at time t of a put option, struck at K», expiring at T. arid having an 

underlying government bond derivative expiring at Tn with an underlying bond maturing at TN: 

Callt(KpT,TD,TN) 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 Tn with an underlying bond maturing at TN: and 

GB-VI(t,T,TD,TN) 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 Tn with an underlying bond 

maturing at TN: 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 
European 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. 



15 

CallfoATM 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 TDwith an underlying bond maturing at TN; and 
GB - VI (t, T, TD,TN) 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 TD with an underlying 
bond maturing at TN. 

[0039] jflreeffle-efflbedkaeatsAccording to a. sixth aspect of the present invention, there is provided ef 
tfeea 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, bv 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 — VIbp (t,T,TD,TN) = 

1002 x 
1 2 

(T-t) -W) 
I Puti(Kj,T,T ,TN)&K; + I Callt{Kj,T,TD, TN)AKJ 

L;:£;.<£» ' 1 i:K>K, 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; 
TD denotes a time of maturity of government bond derivatives underlying the options where 

TD>T; 
TN denotes a time of expiry of government bonds; 
Z+l denotes a total number of options used in the index calculation; 
K0 denotes the lowest strike of the Z+l options; 
Kj denotes the ith highest strike of the Z+l options; 
Kz denotes the highest strike of the Z+l options; 

AK, =!(*„,-*,_,) for />l,and AK, =(K,-K„),&KZ = (KZ-KM); 

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

if the price is not observable at time t, then Ft(TD,TN) 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.j. equals Ft(TD,TN); 



16 

if there does not exist an option struck at Ft(TD,TN), then AT... is the first available strike below 

Ft(TD,TN); 
Pt(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 
Putt(Kt, T, TD,TN)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 TD with an underlying bond maturing at TN; 
Calll(Kl,T,TD,TN) 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 TDwith an underlying bond maturing at TN; and 
GB - VIbp (/, T,TD,TN) 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 TD with an 
underlying bond maturing at TN; 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 embedimefits-ef-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 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 011 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, TD, T„) s 100 x r' X GB - VI(t, T,TD,TK) 
(jrJj Vl\t)l)±D)lN) 

where 

P(y)' I",-0+zr +100(1+£)-"; 
,_1 n n n 

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

GB - VI? (t, T,T„TK) = \<Mx PAG^VCU!'TTD'T''^ X aB - m T• 
GB VI \t) ij 7^5 Tj^ ) 

where 

p dc(tj-T) dc(tN-T) 

PT (x) = YH-j (1 + x)dc(year) +100(1 + x) dc(year) 
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GB - VI(t, T, TD, TN)i s 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 TD with an underlying bond maturing at TN; 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. 

[0041] fe-seme-efflbedkaeafcref-tkeAccording 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 trading system based on a 

government bond volatility index, the operations comprising: receiving, bv 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-ribYPd(t,T,TD,TN) = 

lOOx 

dc^_T^ - dc(tN-r) 

dc(year) f dc(tN~T) 

dc(year) 

where 
dc(trT) dc(tN-T) 

pr(x)=Ys -^MI+.Y) d°(year) +1oo(i+x)dc(ymr) 
'-j n 

and 

i+p; ,-i 
GB-nop (t,TJD,TN) 
GB-Vl(t,T,TD,TN) 

*GB-~rrp (tJ,rDJN) 

N C. 
S-1 1+PZ 

GB-rfp (t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

dc(year)f dcif.-T) 

dc(year) 
100 1+P~ 

GB-Vlop (t,T,TDJN) 
GB-VJ(tJ,TD,TN) 

GB-VI(t,T,TD,TN) s 

100 X 
1 

(T-t) PAT) 

Put,(K-, T, Tn, TN) 
Z l— 1 , ° N AKi+ Z 

i:K;<K, K i:K;>K* 
I I I 

Call((Kt, T, TD, TN) 

K. T A Ki 
'wM-K. T 
V K-* J 

and 

GB - VIbp(t,T,TD,TN) 

1 2 

(T-t) _Pt(T) 
ioo2 x Z Putt(Ki,T,TD,TN)AKi+ Z Call((K-,T,T ,TN)MT-

tK^K, 1 1 i:K>K, 1 1 
-(Ft(TD,TN)-Kt) 

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; 

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

TD>T; 

TN denotes a time of expiry of government bonds; 

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

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

K; denotes the ith highest strike of the Z+l options; 

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

for ;> 1,and MT0 =(£,-K„),&KZ = (Kz-Kz_,); 
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GB - VIbp (t,T,TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB-VI(t,T,TD,TN) 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 TD with an underlying bond maturing at TN; 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. 

[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,TD,TN) = 

, 1 
100 x 

PAT) 

Putt{KitT,TD,TN) CaH^TJ^) 
Z T AK:+ Z T A Kj «*,<*. i:K->K, K} 

f ^ (TD,TN)-K. 

K* (T-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; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

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

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

K; denotes the i111 highest strike of the Z+l options; 

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

AKi=^(KM-Ki_l) for />!, and A£0 = (Kl-K0),AKz = (Kz-Kz_l); 
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if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; r 

if the price is not observable at time t, then F^TDJTN) is the strike at which the difference 

between the put and call prices is smallest; 

if there exists an option struck at F^TDJTN), then A* equals F^TDJTN); 

if there does not exist an option struck at Ft(TD,TN), then A'* is the first available strike 

below Ft(TD,TN); 

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

Putj (K:, T, TD, TN)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; 

Callt(Ki} T, TD,TN)is a price at time t of a call option, struck at Ki, expiring at T, and 

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

maturing at TN; and 

GB - VI(t, T, TD, TN)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 TD with an 

underlying bond maturing at TN; 

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: 

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 equation: 

GB - VIbp (t,T,TD,TN) = 

ioo2 x 
1 2 

(T-t) Pt(T) 
. I Putt (Ki ,T,TD, TN )AKf + E Calif (*Tf ,T,TD,TN )AK( •(Ft(TD,TN)-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 bond derivatives; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

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

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

Kj denotes the ith highest strike of the Z+l options; 

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

AK,. = ~(Ki+l -Aw) for i>1, and AK0 = (K, -K(j),AKz = (Kz-KZA); 

if the price is observable at time t, then F^TDJTN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then F^TDJTN) is the strike at which the difference 

between the put and call prices is smallest; 

if there exists an opt ion struck at Ft(To,TN), then A'* equals F^TDJTN); 

if there does not exist an option struck at Ft(TD,TN), then A* is the first available strike 

below Ft(TD,TN); 

Pt(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 
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Putt(Kp T, TD, TN)is a price at time t of a put option, struck at Ki, expiring at T, and 

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

maturing at TN; 

Call, (Kn T, TD, TN)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 TD with an underlying bond 

maturing at TN; and 

GB - VIbp(t, T,TD,TN) 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 TD with an 

underlying bond maturing at TN; 

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 - T, T„ T„). 100 x " 15°' ̂ 'ix GB - VI(t, T, T„, T„) 
GB -VI(t,T,TD,TN) 

where 
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P(y)^N%+^r+lOO(l+^rN; 
n n n 

and, wherein, in the presence of accrued coupons at time T with the next coupon due at tj, the 

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

GB - VI* {t, T, TD, TN) = 100 x p^GB~V1 XQB__ VI^ ̂  T 
GB -VI(t,T,TD,TN) 

where 
„ dc{l-T) dcitfj-T) 

Pr{x)=Y, ^-(l + x) iciyear)+100(1+ x) dc(year) 

'-J n 
and 

GB - VI(t, T, TD, TN) 

100 X 1 

( \ 2 

1 
2 Z + s caller TD,TN) WM-K, 

(T-t) Lw> L iXi<K. Kf iX>K. Kf l\ v K* 

and 

GB-VIbp(t,T,TD,TN)--

1 2 

(T-t) _Pt(T) 
ioo2 x Z Putt(Ki,T,TD,TN)AKi+ Z Callt{Ki,T,TD,TN)bK. 

v.K>K, 
-WTD,TN)-K.f 

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; 

tj is the first coupon payment on or after T; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where T D>T ; 

T>j denotes a time of expiry of government bonds; 

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

K(j denotes the lowest strike of the Z+l options; 

K, denotes the i4 highest strike of the Z+l options; 

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

AKt = ^(Ki+l -KiA) for /> !, and AK0 =(A',-A'U), AKz = (Kz -Kz_x); 
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if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 Ft(TD,TN); 

if there does not exist an option struck at Ft(TD,TN), then is the first available strike 

below Ft(Tp,TN); 

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

Put, (X;, T, TD, TN)is a price at time t of a put option, struck at Kb expiring at T, and 

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

maturing at T»; 

Callt (K{, T, TD,TN)is a price at time t of a call option, struck at Kb expiring at T, and 

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

maturing at TN; 

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

Q denotes the amount of the iA 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; 

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

bond; 

P"l(y) 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; 

P~Tl(x) is the functional inverse of PT(x); 

dc(vear) 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 -1)is the number of days between t and T based on a day count convention used for 

the government bond; 

GB - VIbYp (t,T,TD,TN) 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 TN; 

GB - VIbp (t, T, TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB - VI(t, T, TD, TN) 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 TD with an underlying bond maturing at TN; 

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: 
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GB-Vl{d(l,T,TD,TN) = 

lOOx 1+P'r, 
GB-Vlbp (t,T,Tn,TN) 
GB-VI(tJ,TD,TN) 

xGB-VlDp (t,T,TD,TN) 

N c. 
EJ 

i=J n 
1+Pjl 

GB-VIbP(t,T,TD,TN) 
GB-VI(t,T,TDJ^V 

dc(t-T) 
dc(year)f dcrt.-T)\ 

—^—-MOO 
\dc(year)J 

l+Prr 
GB-VIDp(t,T,TD,TN) 

GB~VI(t,T,TD,TN) 

dc(tN-T) 
dc(year) (dc(tN~T)\ 

^ dc(year) J 

where 

and 

dc(trT) dc(tN-T) 

pjx)=yN -i- (i+A*)ic{year)+ioo(i+x)dc(ymr) 
i=j n 

GB — VI(t, T, TD, TN) 

100 x 
1 2 

(T-t) Pt(T) 

Puit{Ki,T,TD,TN) ̂  | s Callt{Kp T, TD,TN) 

yi'-Kf-iK. Ki 

AK-
i:K>K, KJ 

^ Ft(TD,TN)^K^ 

K K* 

and 

GB- VIbp(t, T, TD, TN) '= 

2 I 1 
100 x . 

(T-t) PAT) 
S Putt(K-,T,T,TN)AK- + £ CalUK-,T,Tn,TN)AK,-

iKf-cK, 1 1 i:K>K, 
-(Ft(TD,TN)-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; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

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

K() denotes the lowest strike of the Z+l options; 

K; denotes the i111 highest strike of the Z+l options; 

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

W, for ' *1. AX, =(Kl-K0),AKz=(Kz-KzJ; 
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if the price is observable at time t, then F^TD^TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at T^; 

if the price is not observable at time t, then Ft(TD,TN) is the strike at which the difference 

between the put and call prices is smallest; 

if there exists an option struck at FI(Tr),TNX then K* equals Ft(TD,T>i); 

if there does not exist an option struck at F^TD/TN), then A'* is the first available strike 

below Ft(TD,TN); 

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

Putt{Kp T, TD,TN)i s a price at time t of a put option, struck at Kb expiring at T, and 

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

maturing at TN; 

Callt (Kt, T, TD, TN)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 TD with an underlying bond 

maturing at TN; 

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

Cj denotes the amount of the ifc 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; 

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

bond; 

PT(x)is the functional inverse of PT(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; 

tj is the first coupon payment on or after T; 
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GB -VIbYpd (t, T, TD,TN) 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 TD with an underlying bond maturing at TN; 

GB - VIbp(t, T, TD, TN) 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 TD with an underlying bond maturing at T^; and 

GB - VI(t, T, TD, TN)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 TD with an underlying bond maturing at TN; 

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 processor 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 ona government bond volatility index, the operations comprising: 
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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,TD,TN) = 

100 x 
1 2 

(T-t) _Pt{T) 

Putt(Kp T,TD,TN) 

i\K.<K. Kf 
I I 

^ CallAK-, T, T , T„) 
AK; + E t 1 r. " ^-AK; 

i:K>K, Kf 
^WD'TN)-K V 

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; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T ; 

TN denotes a time of expiry of government bonds; 

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

K0 denotes the lowest strike of the Z+l options; 

Kj denotes the ith highest strike of the Z+l options; 

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

AK, = for '21. md AK, = (AT,-K,),AKZ = (Kz-Kz_,)-, 

if the price is observable at time t, then Ft(To,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 A'* equals Ft(TD,TN); 

if there does not exist an option struck at Ft(TD,TN), then A* is the first available strike 

below Ft(TD,TN); 
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Pt(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 

Putt(K{, T, TD, TN)is a price at time t of a put option, struck at Ki, expiring at T, and 

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

maturing at TN; 

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

maturing at TN; and 

GB - VI(t, T, TD, TN)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 TD with an 

underlying bond maturing at TN; 

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: 

Callt(Kp T, TD, TN)is a price at time t of a call option, struck at Ki, expiring at T, and 

GB-VIbp(t,T,TD,TN) = 

I _Z Putt(Ki,T,TD,TN)AKi+ Z Callt(Kt,T,TD,TN-(Ft{TD,TN)-Ktf 
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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; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

T>J denotes a time of expiry of government bonds; 

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

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

Kj denotes the ith highest strike of the Z+l options; 

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

AK: = ~ (KM - ) for />1, and AK0 = (K] - K()), AKZ = (Kz - Kz_x); 

if the price is observable at time t, then F^TDJTN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 Ft(TD,TN); 

if there does not exist an option struck at Ft(TD,TN), then K* is the first available strike 

below Ft(TD,TN); 

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

Putt(Kj, T, TD, TN)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; 

Callt(Kp T, TD, TN) 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 TD with an underlying bond 

maturing at TN; and 

GB - VIbp (t, T,TD,TN) 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 TD with an 

underlying bond maturing at TN; 
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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 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, in the absence of accrued coupons at time T, the government bond volatility 

index is calculated at time t according to the equation: 

and, wherein, in the presence of accrued coupons at time T with the next coupon due at tj, the 

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

GB-VI^(t,TJD,TN)^m^p-l[ GB - VIbp(t,T,TD,TN) 
GB — VI(t,T,TD,TN) 

]xGB-VI(t,T,TD,TN) 

where 

v) ^ XA(1+z)"'+1 oo(i+-)"A; 
n n n 

GB - VIbYp(t, T, TD, TN) = 100 x p-\ GB - VIbp(t, T,TD,TN) 
GB - VI(t, T, TD, TN) 

]xGB-VI(t,T,TD,TN) 

where 
dc(trT) dc(tN-T) 

dc(year) 

and 
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GB-VI(t,T,TD,TN) = 

100 X 

1 
1 2 PutJKT, 71, TM ) GalUKT, T, TN) z Z 1 ' ° N AK, 

JX-<K» Kf i:K>K, Kf 
100 X 

1 CT-t Pt{T) 

PutJKT, 71, TM ) GalUKT, T, TN) z Z 1 ' ° N AK, 
JX-<K» Kf i:K>K, Kf \ K* J 

and 

GB—VIbp(t, T, TD, TN) 

ioo2 x 
1 2 

(T-t) _Pt(T) 
Z Putt(Ki,T,TD,TN)AKi+ Z Cal!t(K^T,T , TN)AK 

i:K-<K, 1 1 vX>K, 1 ' 
-{Ft{TD,TN)-Kty 

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; 

tj is the first coupon payment on or after T; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

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

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

Ki denotes the ith highest strike of the Z+l options; 

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

A(KM -) for z > 1, and AK0 = (Kl-K0),Mz = (Kz -Kz_x); 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then F^TDJTN) is the strike at which the difference 

between the put and call prices is smallest; 

if there exists an option struck at Ft(To,TN), then A* equals F4(TD,TN); 

if there does not exist an option struck at Ft(To,TN), then A'* is the first available strike 

below Ft(TD,TN); 

Pt(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 
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Putt(Kt, T, TD, TN)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; 

Call, [K-, T, TD, TN)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 TD 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 ith 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; 

P(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); 

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

government bond; 

Pj(x) is the functional inverse of PT(x); 

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

government bond; 

dc(T -1)is the number of days between t and T based on a day count convention used for 

the government bond; 

GB - VIbYp (t, T,TD,TN)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 TD with an underlying bond maturing at TN; 

GB-VIbp(t, T, TD, TN) 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 TD with an underlying bond maturing at TN; and 
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GB - VI (t, T, TD, TN) 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 TD with an underlying bond maturing at TN; 

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. 

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: 

GB-VI%(t,T,TD,TN). 

lOOx 1+PT 
GB-VIbp (t,T,TD,TN) 
GB-Vl(t,T,TD,TN) 

xGB-VIbp(t,T,TD,TN) 

N c. 
Z-1 1+P~ 

GB-Vlbp(t,T,TD,TN) 
GB-VI{t,T,TD,TN) 

dc(trT) 
dc(year)f dc(t.-T)'] 

—i U-100 
\dc(year)) 

i+P: -1 GB~VIbp(t,T,Tn,TN) 
GB-VI(I,TJD,TN) 

where 

Pr(x) = ̂  —(1+x) dc{year) +100(l+x) dc(year) 
'-•> n 

dc(t-T) dc(tN-T) 

dc(tN~T) 
dc(year) (dc(tN~T) 

dc(year) 

and 
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GB-VI(t,T,TD,TN)S 

100 X 
1 2 v Putt(Ki,T,TD,TN)^ ( v Callt{Ki,TJD,TN)^ 

L i:Ki<K, Kf 1 r.Kj>K, Kf 
rF((TD,TN)-Kty 

100 X 
(T-t) Pt(T) 

v Putt(Ki,T,TD,TN)^ ( v Callt{Ki,TJD,TN)^ 

L i:Ki<K, Kf 1 r.Kj>K, Kf \ K* J 

and 

GB - VIbp(t, T, TD, TN) = 

1002 X 1 * 
(T-t) PAT) 

Z PuttiKf, T, TD, TN)AK( + z c«//, (*f, r, rfl, TN)AKf -(WD>TN)-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; 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

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

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

Kj denotes the ith highest strike of the Z+l options; 

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

AKt = i (.KM -KiA) for />1, and AKI} = (A', - A'(l), AA'Z = (Kz - K7A); 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 A'* equals Ft(To,TN); 

if there does not exist an option struck at Ft(TD,TN), then A'* is the first available strike 

below Ft(TD,TN); 

Pt(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 
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Putt(Kp T, TD, TN)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; 

Callt(Kf, T, TD,TN) 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 TD with an underlying bond 

maturing at TN; 

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

Cj 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; 

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

bond; 
A _1 * Pr(x)is the functional inverse of PT(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; 

tj is the first coupon payment on or after T; 

GB - VIbpd (t, T,TD,TN)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 TD with an underlying bond maturing at TN; 

GB - VIbp (t, T, TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB - VI (t, T, TD, TN) 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 TD with an underlying bond maturing at TN; 

transmitting, by the electronic trading system, data regarding the government bond 

volatility index; 



70 

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 medium 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 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 leasr one processor to 

perform operations comprising: / 

receiving data regarding options on government bojw derivatives; 

calculating, using the data regarding options on government bond derivatives, the 

government bond volatility index; / 

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. The electronic trading system of claim 1 /wherein the data regarding options on government 

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

3. The electronic trading system ofrelaim 2, wherein the data regarding prices of options on 

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

futures or government bond forwards. 

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

calculated at time t according to the equation: 

GB - Vl(t ,T ,TJ/,TN) = 
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Ko denotes the lowest strike of the Z+l options; 

Kj denotes the i1*1 highest strike of the Z+l options; 

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

AKt = i(KM -) for i>\, and A£0 =(Kl~K0),AKz= (Kz - KV_A); 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at To wjxh an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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^TD/TN); 

if there does not exist an option struck at F^TD-TNI- then K* is the first available strike 

below Ft(TD,TN); 

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

Put((Kp T, TD, TN) is a price at time t of a put^ption, struck at Kj, expiring at T, and 

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

maturing at TN; 

Callt(Kp T, TD, TN) is a price at time/of a call option, struck at Kj, expiring at T, and 

having an underlying government bond/derivative expiring at TD with an underlying bond 

maturing at TN; and 

GB-VI(t,T,TD,TH) 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 TD with an 

underlying bond maturing afjN. 

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

calculated at time ^according to the equation: 

GB -VIbp (t,T,Vp,TN) = 

1002 x. 1/ 
(T/t) PAT) 

. I Putt (*f,:TVTD ,TN )AKt + . I Callt {Kt ,T ,TD,TN )A K{ 
Z:A-<A* r.Kj>K* 

•(Ft(.TD,TN)-K.f 

whereh 
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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; / 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; / 

TN denotes a time of expiry of government bonds; / 

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

Ko denotes the lowest strike of the Z+l options; / 

Kj denotes the it!l highest strike of the Z+l options; / 

Kz denotes the highest strike of the Z+l options; / 

A/C = UKM for i > 1, and AK0 = (K{-K0),AKZ = (K/f-K^); 

if the price is observable at time t, then F{(TD,TN) is a prfce at time t of a government 

bond derivative contract underlying the put and call options/expiring at TD with an underlying 

government bond maturing at TN; / 

if the price is not observable at time t, then Ft(%,TN) is the strike at which the difference 

between the put and call prices is smallest; / 

if there exists an option struck at Ft(TD,T*0, then A'* equals Ft(To,TN); 

if there does not exist an option struck at Ft(To,TN), then A* is the first available strike 

below Ft(TD,TN); / 

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

Put, (Kp T, TD, TN)is a price/at time t of a put option, struck at Kf, expiring at T, and 

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

maturing at TN; / 

Call; {Kn T, TD, ThMs a price at time t of a call option, struck at Kj, expiring at T, and 

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

maturing at TN; and/ 

GB - VIb/(t, T, TD, TN) is the value of the government bond volatility index at time t 

calculated ba^ed on options expiring at T on government bond derivatives expiring at TD with an 

underlyimjbond maturing at TN. 
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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 volatility 

index is calculated at time t according to the equation: 

OB - VIf (t, T, TB, r„) = 100x rl'2 - VI«• T> T»< r») 
(jrjj Vl\t)l 

where 

^00=^(1+^+100(1+^; 
n n n 

and, wherein, in the presence of accrued coupons at time T with the next coupon due at tj, the 

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

GB - VIbp(t, T,TD,TN) 
GB - VI{t, T,TD,TN) 

GB - VIyP(t, T, TD, TN) S 100 X x GB - jtff, T, TD, TN) 

where 
N r dc(-'rT) dc(tK-T) 

A(x) = Y ^(1+ x) Myear) +100(1 + x) iciyear) 
i=i n 

and 

GB-VI(t,T,TD,TN) 

100 x 
1 2 

(T-t) 

1 3 

PutAK-, T, T ,TN ) z —f 1 , yN AKi+ z 
tK^K, Kf/ i:K>K, 

caller,TD,TN) 
K; 
X AKt 

'Ft(TD,TN)-KtV 

I K, 

and 

GB — VIbp(t,T,TD,TN) = 

ioo2 x 1 
(T-t) PAT) 

Z PuvAK:, T, T ,TN)AK - + Z CalUKi,T,Tn,TN)bK. 
i:Kt<K, / 1 1 i\K>K, 1 

-(Ft(TD,TN)-Kty 

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; 

tj is the first coupon payment on or after T; 

Ti/aenotes a time of maturity of government bond derivatives underlying the options 
where An>7; 
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TN denotes a time of expiry of government bonds; / 

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

Ko denotes the lowest strike of the Z+l options; / 

K; denotes the i111 highest strike of the Z+l options; / 

Kz denotes the highest strike of the Z+l options; / 

AK,=~(KM-KM) for i>l,and AK^(Kt-Ka),&Kz =(KZ-KM); / 

if the price is observable at time t, then Ft(TD,TN) is a price at time t/of a government 

bond derivative contract underlying the put and call options, expiring at/To with an underlying 

government bond maturing at TN; / 

if the price is not observable at time t, then Ft(TD,TN) 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 A*/equals Ft(TD,TN); 

if there does not exist an option struck at F((T|),T/), then A'* is the first available strike 

below Ft(TD,TN); / 

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

Putt(Kp T, TD, TN)is a price at time t ofa put option, struck at Kj, expiring at T, and 

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

maturing at TN; / 

Call.(Ks, T, TD, TN) 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 TD with an underlying bond 

maturing at TN; / 

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

C; denotes the amjemnt of the i111 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 denoteVthe yield of a government bond; 

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

bond; / 
/A /V 

/P 0)is the functional inverse of P(y); 
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PT(x)is a bond price at time T corresponding to a bond yield of a coupon-bearing 

government bond; 

P^](x)is the functional inverse of PT(x); 

dciyear) is the number of days in a year based on a day count convention us^d for the 

government bond; 

dc(T — t) is the number of days between t and T based on a day count /Convention used 

the government bond; 

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

basis point yield volatility at time t calculated based on options expi/mg at T on government 

bond derivatives expiring at TD with an underlying bond maturing at TN; 

GB - VIbp(t, T, TD, TN) is the value of the government b/md volatility index in terms of 

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

bond derivatives expiring at TD with an underlying bonja maturing at TN; and 

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

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

bond derivatives expiring at To with an underlying bond maturing at TN. 

7. The electronic trading system of clainr3, wherein the government bond volatility index is 

calculated at time t according to the equation: 

GB-VIyPd(t,T,TD,TN)-' 

lOOx 
GB~ribp (t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

x.GB~YIbp (t,T,TD,TN) 

N C. 
I-1 \+p: GB-VIbp (t,T,Trf,TN) 

GB-VI(t,T,/DJN) 

dc(trT) 
dc(year)fdc(t.-T) . 

1 —-l 1+100 
dc(year) 

1+P~ 
GB-Vlbp(t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

dc(tN-r) 

dc(year) ^dc{tN~T)") 

dc{year) J 

where 

PT(X)=-
/N q 
J'=j' n 

dc(trT) dc(tN~T) 

(1 + x) dciyear) +100(1 + x) dc{year) 

and 
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GB — VI(t,T,TD, TN) 

1 ( /\ 2 

100 X 
1 2 z Z WM-A 

(T-t) |_w \j:Kj<K, K? v.K>K, Kf K. Ky/ J 

and 

GB-VIbp(t,T,TD,TNy. 

2 I 1 
100 X 

(T-t) LW) i:K'<K, 
Putt(Ki, T, TD, TN)AKt + Z CaHt(Kif T, TD, TN)AKt 

rX,->K, 
(F/TM-K,) 

wherein: 

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

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

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government borifls; 

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

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

Kj denotes the i111 highest strike of the/Z+1 options; 

Kz denotes the highest strike of thprZ+1 options; 

for i> l.jrfd 

if the price is observable ar time t, then F^TDJTN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing ax TN; 

if the price is not/Observable at time t, then Ft(TD,TN) 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 Ft(TD,TN); 

if there jfoes not exist an opt ion struck at Ft(To,TN), then K* is the first available strike 

below Ft(Tr/rN); 

P/T) is a price at time t o f a zero-coupon non-defaultable bond maturing at T; 
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Putt(KpT,TD,TN) 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 TD with an underlying bond / 

maturing at TN; / 

Callt(Kj, T, TD, TN)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 TD with an underlying bond 

maturing at TN; / 

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

Q 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; / 

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

bond; / 

P'Tl(x) is the functional inverse of P, (x); / 

dciyear) is the number of days in a year baseja on a day count convention used for the 

government bond; / 

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

the government bond; / 

tj is the first coupon payment on or after T; 

GB - VIyPd (t, T, TD, TN) is the/value of the government bond volatility index in terms of 

basis point yield volatility at tinate t calculated based on options expiring at T on government 

bond derivatives expiring at /D with an underlying bond maturing at TN; 

GB - VIbp(t, T, TD,TN) 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 TD with an underlying bond maturing at TN; and 

GB-VI(LT\ TD, TN) 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 TD with an underlying bond maturing at TN. 
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8. The electronic trading system of claim 1, wherein the at least one processor is further cause<f 

to: / 

create a standardized exchange-traded derivative instrument based on the government 

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 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 systenyaata regarding options on government bond 

derivatives; / 

calculating, by the electronic tradings-stem and using the data regarding options on 

government bond derivatives, the government bond volatility index; 

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. 

11. The non-transitory computer readable storage medium of claim 10, wherein the data 

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

government bond derivatives. 





60 

GB — VI(t, T, TD, TN) 

1 
100 X 

1 2 

(T-t) W) 
Putt{KvT TD,TN) ̂  ; ^ Callt{KpTJD,TN)^ 

vXt<K, K1 ' i:K>K, K? 1 
I 

V 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; / 

TD denotes a time of maturity of government bond derivatives underlying the options 

where TD>T; / 

TN denotes a time of expiry of government bonds; / 

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

Ko denotes the lowest strike of the Z+l options; / 

K; denotes the ift highest strike of the Z+l options; / 

Kz denotes the highest strike of the Z+l options; / 

AA-, = i(irw -K,_t) for i > I, and AK0 = (X, -/), tJCz=(Kz-Kz_,); 

if the price is observable at time t, then Ft(%,TN) is a price at time t of a government 

bond derivative contract underlying the put and/call options, expiring at TD with an underlying 

government bond maturing at TN; / 

if the price is not observable at time t, then F,( Tn,TN) 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 Ft(TD,TN); 

if there does not exist aiyoption struck at Ft(TD,TN), then K* is the first available strike 

below Ft(TD,TN); / 

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

Put, (X. T, TD,T/N)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; / 

price at time t of a call option, struck at Kj, expiring at T, and 

having an/underlying government bond derivative expiring at TD with an underlying bond 

maturing at TN; and 
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GB - VI(t, T, TD, TN)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 TD \yith an 

underlying bond maturing at TN. 

14. The non-transitory computer readable storage medium of claim 12, wherein tfye government 

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

GB-VIbp(t,T,TD,TN) = 

ioo2 x 1 
LW) 

E Putt(Ki,T,TD,TN)AKi+ Z Coat(Ki,T,TD,TNysKi 
j-XjKK. 1 1 i:K>K, 1 1 

(F((TD,TN) — K*y 

wherein: 

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

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

TD denotes a time of maturity of government bond/aerivatives underlying the options 

where TD>T; 

TN denotes a time of expiry of government b^nds; 

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

KQ denotes the lowest strike of the Z+l/options; 

Ki denotes the ith highest strike of the Z+l options: 

Kz denotes the highest strike oftjzfe Z+l options; 

= J ) fOT 'a = (Jf, - K,), &KZ = (Kz - K2_,); 

if the price is observable/at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturinsg at TN; 

if the price is nor observable at time t, then Ft(TD,TN) is the strike at which the difference 

between the put and /all prices is smallest; 

if there exj-sts an option struck at Ft(TD,TN), then K* equals Ft(TD,TN); 

if theiy'does not exist an option struck at Ft(TD,TN), then A'* is the first available strike 

below Ft(Tf),TN); 

®t(T) is a price at time t of a zero-coupon non-defaultable bond maturing at T; 
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PutXK.TJM is a price at time t of a put option, struck at Kj, expiring at T, and 

having an underlying government bond derivative expiring at TD with an underlying bond/ 

maturing at TN; 

Callt{K0T,TD,TN) 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 TD with an underlying bond 

maturing at TN; and 

GB - VIbp(t, T, TD, TN)is the value of the government bond volatility/Index at time t 

calculated based on options expiring at T on government bond derivations expiring at TD with an 

underlying bond maturing at TN. 

15. The non-transitory computer readable storage medium of claim 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: 

~hGB-VIbp(t,T,TjTN), GB - VIbp(t, T, TD, TN) = 100X p-'r^ rj x GB _ VI(t T T T) 
GB-VI(t,T,%,TN) D N 

where 

P(y) - E" -0 +-r+100(1+^rN; 
'~l n n n 

and, wherein, in the presence of accrued/coupons at time T with the next coupon due at tj, the 

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

5_iMB~VIbp(t,T,TD,TN). GB - VIbp(t, T, TD, TN) = 100 x P~ 
GB — VI(t,T,TD,TN) 

-]xGB~ VI(t, f, TD, TN) 

where 
N r fCi-T) dc(t„-T) 

PT{x) = Ya — (l + xT^+100(1 + x) dc(year) 

n ' 
and 

GB - VI{tJl\TIr T?;) = 

100 X 
/i 2 

\T-t) 

i 3 

Putt(Ki,T,TD,TN) z —fV z'N'AK;+ z —K, Callt(Ki,T,TD,TN) 

Ki vX>K. K* 
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GB - VIbp(t, T, TD, TN) 

IOO2 x 1 1 

(T-t) PAT) 
Z Putt (Kt ,T,TD, TN )AKt + I Call^T^T^ -(Ft(TD,TN)-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; 

tj is the first coupon payment on or after T; 

TD denotes a time of maturity of government bond derivative/underlying the options 

where TD>T; 

TN denotes a time of expiry of government bonds; 

Z+l denotes a total number of options used in the inp&x calculation; 

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

Kj denotes the ith highest strike of the Z+l options; 

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

AK, = i (KM - KiA) for i > 1, and AK0 ~/(Kl-K0),AKZ=(KZ-KZA); 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at TD with an underlying 

government bond maturing at TN; 

if the price is not observable at time t, then Ft(TD,TN) 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 Ft(TD,TN); 

if there does not e/ist an option struck at Ft(TD,TN), then A'* is the first available strike 

below Ft(TD,TN); 

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

Put, (Xyf, TD, TN)is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing it TN; 
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Call (Kp T, Tw TN) is a price at time t of a call option, struck at Kb expiring at T, and / 

having an underlying government bond derivative expiring at TD with an underlying bond / 

maturing at TN; / 

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

Q denotes the amount of the i111 coupon out of N coupons of a government fefond; 

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 coupon-bearing government 

bond; / 

P_1 (y) is the functional inverse of P(y); / 

PT(x)is a bond price at time T corresponding to ybond yield of a coupon-bearing 

government bond; / 
* -1 A / PT(x) is the functional inverse of Pr(x); / 

dciyear) is the number of days in a yea/based on a day count convention used for the 

government bond; / 

dc(T -1) is the number of days between t and T based on a day count convention used for 

the government bond; / 

GB - VIyP(t, T, TD, TN) is the/v'alue 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/To with an underlying bond maturing at TN; 

GB - VIbp (t, T, TD/TN ) 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 TD with an underlying bond maturing at TN; and 

GB - Vl/t, T,TD,TN) 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 TD with an underlying bond maturing at TN. 
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16. The non-transitory computer readable storage medium of claim 12, wherein the governmejtt 

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

GB-VIy^i,T,TD,TN); 

IOOX 1+K -1 GB-VlbP(t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

xGB-VIbp(t,T,TD,TN) 

N C. 

H" 
1+PZ 

GB-VIop(t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

~Sc(trT) 

dc(year)(djMl\,m 
dc(year) 

1+P~ 
GB-VIbp(t,T,TD,TN) 
GB-VI(t,T,TD,TN) 

dc(fN-T) 

dc(year) fdc(t/-~T) 

c(year) 

where 
dc(t-T) dc(tN-T) 

h(x)=HN —o+*)dc(year)+ioo(i+x)dc(year) 
n 

and 

GB-VI(t, T, TD, TN) s 

100 X 
! i — 

f \ 2 

! i — 2 V FuttiKi,TTD,TN) /Calif (Kt, T, TD, TN) 
T 2/ ^ A K • 

Ft{TD,TN)-K. 

Ci'-t) Lw) iJC;<K, K 1 
L l i ifl>K, Kf \ K, ; 

and 

GB - VIbp(t,T,TD,TN)'-

2 I 1 
100 x 

\(T-t) PAT) 
I Putt(K;,T,T , TN)AK, + I Call A T, T , TN)AK-

i-K^K, 1 / 1 i:K>K, 1 1 
-(Ft(TD,TN)-K.) 

wherein: 

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

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

TD denotes a timexjf maturity of government bond derivatives underlying the options 

where TD>T; 

TN denotes a/Ume of expiry of government bonds; 

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

K0 denotes the lowest strike of the Z+l options; 

Kj denotes the ift highest strike of the Z+l options; 

LZ denotes the highest strike of the Z+l options; 
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AK, = ^(KM - Kt l) for i > 1, and A£0 = {K, -K0), AKZ = (Kz -KZA); / 

if the price is observable at time t, then Ft(TD,TN) is a price at time t of a government 

bond derivative contract underlying the put and call options, expiring at T» with an underlying 

government bond maturing at TN; / 

if the price is not observable at time t, then F^TDJTN) 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 A'* equals Ft(TD,/N); 

if there does not exist an option struck at Ft(TD,TN), then K* is/the first available strike 

below Ft(TD,TN); / 

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

Putt(KpT,TD,TN) is a price at time t of a put option, struck at Kj, expiring at T, and 

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

maturing at TN; / 

CaUt(Ki} T, TD, TN)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 TD 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 itil iroupon 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; 

Pr(x)is a bond price cc(rresponding to a bond yield of a coupon-bearing government 

bond; / 

P'r\x)is the functional inverse of PT(x); 

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

government bond/ 

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

the government bond; 

tfis the first coupon payment on or after T; 
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GB - VIyPd (t, T, TD,TN) 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 governmejM 

bond derivatives expiring at TD with an underlying bond maturing at TN; / 

GB - VIbp(t, T, TD, TN)i s 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 To with an underlying bond maturing at TN; and / 

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

percentage price volatility at time t calculated based on options expirins-m T on government 

bond derivatives expiring at TD with an underlying bond maturing at/T N. 

17. The non-transitory computer readable storage medium of claim 10, wherein the computer-

executable instructions further comprise instructions that, wnen 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. 

18. The non-transitory computer readable storage medium of claim 17, wherein transmitting data 

regarding the standardized exchange-traded derivative instrument includes transmitting data 

regarding one or more o f a settlement price, a bid price, an offer price, or a trade price of the 

standardized exchange-traded derivative instrument. 


