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5 10 WO 98/12¢59 Met hod and Apparatus For Aut omat e PEHE$T7A§665:
Opt i ons Exchange Field of Invention 20 The present invention is
directed to a nethod and apparatus for the automated opening or
reopeni ng of an options exchange, and nore particularly, to a nethod
and apparatus for opening all option series substantially

si mul t aneousl y when openi ng or reopening trading on an 25 options exchange
and for optimzation of the allocation of public order inbalances to
mar ket makers. Copyri ght Notice 30 A portion of the disclosure of
this patent docunent contains material which is subject to copyright

5
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15 Method and Apparatus For Automated Opening Of
Options Exchange

Pield of I £5

20 The present invention is directed to a method and
apparatus for the automated opening or reopening of an
options exchange, and wmore particularly, to a method and
apparatus for opening all option series substantially
simultaneously when opening or reopening trading on an

25 options exchange and for optimization of the allocation
of public order imbalances to market makers.

c {ght Noti

30 A portion of the disclosure of this patent document
contains material which is subject to copyright
protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document
or patent disclosure as it appears in the Patent and

35 Trademark Office patent file or records, but otherwise
reserves all copyright rights whatsoever.

SUBSTITUTE SHEET (RULE 26)



protection. The copyright owner has no objection to the facsimle
reproductio%8¥ ,mr)g)ne of the patent docunent or patent pirroteIAsees as
it appears i H¥Phtent and 35 Trademark Office patent file or records,
but ot herw se reserves all copyright2rights what soever.

2 Background of the Inventlon There are presently five equity

opti ons exchangfedid zenStad es and approximately fifty
exchanges that_trade

‘ r t r ns,a
traded on a 5 Tr}ﬁﬁﬁ)e?r%fpﬁ%%%]i}grﬁ\%t? oﬁ@f%ﬂ\% LQCh%%%Qe?(gm%
st ocks, currermiasd Ecaaearmdmpmelmt@r@m exghanges thagy m@ade

i ndi ces, commodl ties; and bheslhltee the w Wﬂan a@p%&bh%n%réx%%%% BHGQS
tradi ng each nbt N g, or 10 eop enstra after a trading h in the

underlyings  numberr oﬁ’erﬁlrqulrﬁé, ti@ﬁ%ﬁ@da?uc?h@%xcﬁaﬁg@’@@mﬁat s an

openi ng "rotat L oo, O OGEAMLE: 1 08 EERS R IRmRINGS , PliftRrest ralesgach
option. The opening rofation may take upwards of 45 minutes, duri ng

whi ch time themarkete mdlt%@:umﬁ@e%anﬁnEPFuﬁlﬁ? may change
dramatically. Presently, the opening rotati on consunes a significant

portion of the trading day Addi tionally, present nethods used b
opti ons exchanfjBent gn °Pt15’i“|so€é‘t°é‘af‘ﬁ§ r%'{%a‘f'% aﬁﬁ‘gEl FO5E3FEe ers

to market 19 rga{seﬁs &traﬁiliﬁgopﬁﬁdtg af teadinagulial 6 ninndde rx&tda-landagZO

inefficient allocatio et | a th b ens SSOCI at ed
wi th openi ng aﬁBStmment(?BEﬁf‘ﬂgtlb? E’{éﬁh % hﬂ%p?’?%ﬁé Farkete “mé\"'f1S at
gépl anation . opgﬁing)ptnmsmg" i pr@n:e&ure Eor deherpimposke ocbpemmg tprideni s
patent w i SCuss ite a q tions.
However, it &PF1 € apprnem e?%‘ %§F§§§B ?ﬁeaugge@agcgéé%/ou ae]?‘ie)él)néée)ll SO
appl ies to (a) 46pttu.on5een dunéng which| pime the PRbee upbnthe wpderlying

and 13580n iHsP RARMES  aAfhtiNa19Rt. | 0BEe8Endll, L YREScHERng €

traded on non- ex anges.
rotation consumes a significant portion of the trading day.

Additionally, present methods used by options exchanges to

allocate the residual imbalance in public orders to market

makers at the opening often results in undesirable and
20 inefficient allocations.

To better explain the problems associated with opening and
reopening of trading in an options market, an explanation
of options is in oxrder. For the purpose of clarity, this
25 patent will discuss United States exchange-traded equity
options. However, it will be appreciated that the
discussion herein also applies to (a) options on other
financial instruments traded on U.S5. and non-U.S.
exchanges, and (b) options of all types that are traded on
30 non-U.S. exchanges.

" An equity option is a securities contract which conveys to
its owner the right, but not the obligation, to buy or sell

a particular stock (called the underlying) at a specific

35 price (called the strike price) on or before a given date.
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An eqwty op, a securities contract which conveys to ' .ﬂg@g\{
the right, P%@F&l’he obligation, to buy or sell a partil(’:u Igrggstoc

(called the underly| ng) at a specific 353 price (called the strike price)
on or before a given date.

Typical ly, thergpi£1Xyo timexe argpewoobaspri typesnafeloprions, Puamepli ons

ouner the' i ghtot o°BioRl0 “bhG aa o pEblig Y | ap e BRAL B e

price on or beCalle aptiomigisesdite. ownarAnbei cightt yoebeyul g Sh@r%pttbf)n
gives its efwe{m&gfl?iggf stBcRehle 1ML Sharfse O?riéﬁ BRI Yod¥b

at the strike price on o ore a given date. Unite States
one opti onScongiven mm AR dgexisanpetyle §EHF-§¥ Putreptianr gt¥RsSsiype

options, the gyner «f tz*l‘;gh@ tcPREIAN169NsRXCEEI 88 tHe GRAEFAGinglseB¥kli N
prior to expli ration Eur opean-styl e _options, the option tannot

be exercised uAEi EhehEuzide (RERehPR9T pPeEPTRoa Jivempidaks.on. (In 1the

Equity optiongnjgeq We?élyonér@%edonorb&mfﬁt §betna§1¥ eqtmwnioo
exchanges at anﬁétl me_a prici BS‘P ani sm exi st s, for the underly g

i nstrunent, fofhax&fple, E‘B’EN Fafapystyleq@Rti®hshe W% nBIPRSLIQE th
oper at i onygf Uo§t15ﬁCLt£alriléﬁerc:.s@XQ'Jh%ng@@nt:?é)ct at Tdmy ex pineatyiod Otoan

option contract is t |ca Sat u foll the third_Friday
oF Lhe expi 1 o FERCAMEGE Pot HixopearSaryALrbptonar! Ehe' SfeiOh fanhf Y
Friday of the be exexicises tluathiadst t:headlmujaytzfmmgl dai t yropti ons 25

expiring that gggigatl#g t he owner of the option does not exerci se the
option prior t xprratron, then the option expires thereafter giving
no rights to the owner and pl aci ng no obligation on the witer. (The

writer isjghe Equlcperége yhe A Me2ne tgt%gl Cé%éd@&t'&{‘udﬂl‘%e%b' saatbgn to

30 sell stock ut opt 1 on, gation to
options exchanges at any time a pricing mechanlsm exists

for the underlying instrument, for example, approximately
during the normal hours of operation of U.S. securities
exchanges.

20
The expiration for an option contract is typically the
Saturday following the third Friday of the expiration month
for the particular contract. Thus, the third Friday of the
month is the last trading day for all equity options

25 expiring that month. If the owner of the option does not
exercise the option prior to expiration, then the option
expires thereafter giving no rights to the owner and
placing no obligation on the writer. (The writer is the
person who assumes, for a Call option, the obligation to

30 sell stock, or for a Put option, the obligation to buy
stock.)

Assume that PQR Corp. is a publicly traded stock which also
has publicly traded options. A typical option for this
35 stock might be a PQR October 70 Call. A PQR October 70
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Assume that PQR Corp. is a publicly traded stock which also has

publicly trade ions. A typical option for this 35 stockcPhgét sk 2
POR Cct oberWoF% ég‘fgf’ A PQR Cct ober 70

4 Call option is a contract giving 4he owner of the contract t he
right to buy 100 shares of PQR Corp. stock at $70 per share until the
third Saturdagiincpeigreis 4 fcdx{te:ab:ltygr:.v1ng theodehelrO oExehei senthattri ght.

Generally, there are four ex m)nt ai.l abl e _far h uity
option. MordRerrighf t"éhb[“PfD g‘aFﬁFeB Pa& boﬁgresgPFFkgtpgﬁgegsg
avai | abl e forgieaeh Wil atth@ntmnrd hsaturday ednh Gempotiex ,opif obhe Bhyer for

si ngl e stock, there wi | | K | east 24 and very possibly many
more options © etsré"(?e&xFSFlgé gﬂf‘gﬁ" %ﬁ underlying. (It is not unusual

to hsve 60 different optlons avai l abl e for a single stock.) For

I f ' i .
on an opt 1 on<STARAIgy. tHEre” arl" sl Kl Igl Horths avaiTRESbEReD
Put eROR dghityoopuion. MoreoverR PitER \tlyExepygre three orpCR

April 75 Put Y/ I
PR Apr || %Qlf-e strlfg%ﬂﬂla\% Ja:’_}rla@.‘itable for eadﬂq%xﬁh@g.?:é)bgfgxgﬁ&})\ulog be a
simlar nunbeeaeh At ARtGPIser ,‘Iégls, for heingke \§9qckye teFSe #Ed 1t hat

for eachmgndeikxéﬂa Bé 0FK, least ddeira a@ﬂyd;k&ﬁmyamf Qi red ot aIones ,
each of i ch would be differentl ced herefore, for .each
under | yi ng 30tradeg |£ox ﬁePérEF'Eu?'rﬁﬁyu %?’Pi)‘ﬁ"‘%%rl eb1% Hi¥ BRIStUTRS
when tradi ng gavanedpigiecesnbatgeionsnavailabbpefdsr a single stock.)
For example, for PQR Corp. the following Put option series
may be traded on an options exchange:
15 POR January 70 Put
PQR April 70 Put
PQR July 70 Put
PQR January 75 Put
POR April 75 Put
20 POR July 75 Put
PQR January 80 Put
POR April 80 Put
PQR July 80 Put

25
There also would be a similar number of call option series.
Thus, it will be apparent that for each underlying stock,
there could be dozens of option series, each of which would
be differently priced. Therefore, for each underlying
30 stock, there are many option series that must be priced
when trading on an option exchange opens or reopens.

The following terms are often used by options traders. An

option “type” is either a Put or Call. An option “class”
35 consists of option contracts having the same underlying
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The following terns are often used by options traders. An option
"type" is eiwb®s/n25®Put or Call. An option "class" 35 consi FCT/GEITHHA65 oNn
contracts having the sane underlyi ng 5

5 security. An option ‘series" consists of option contracts of the
sanme cl ass havjn sa R n I LAt . aon

exanple, PR s gﬁcg,ﬁ,ﬁmﬁ E%g%g? tu?részéges(gréﬁ 6&216@ &%traéé;;%m S
the price an opfi orhduysamepagdaser haeinggithe same bayrokesepricee and

under|ying secur] um f n ti tl%ge S¢HS

quoted on a pe‘f’EI 8 ia{térl%l%g Rt cgoza &mggtgobgﬁr;b%o% I fS[gF!r]L@éiys
this exanpl e, comsuitutge e&nﬂﬂﬁliesﬁ $5[err] and so the cost of the optlon
contract g vvoul d be $525. An option my be "in-the-noney,

"at -t he-noney” "out-of-the-noney."” A Call option is in-the-noney if
the 15 under | ¥i Hﬁ%‘%ﬁ@klﬁrF\‘Bﬁ PEigeo9e ‘Pl’n'élg‘?r‘i"k}éef)r?%lés fog thenpgight

owner of the Cablmqptdxo%élasmaeumm iy erugiegk athe premlﬁh'EQrV@hCh
|slessthanthe$r|ce eovvnrvvou%

have to %‘?ﬁtihe shar es
| the opon mHPRELON ACPOETBRE, 3f MEUALLY GUAtRA (eh BT RIRRRICORS B
stock price isebgl pwrgre d&o}.ﬁflke [alde. $5% AR -opin OBhis a&ixanp-aToNENe When

mar kot pr e oPEEREIRNGS 157G WRcRS” CHA GHAT B ohe Cptith “UbhEiiee

out - of -t he- nonepuid baesiddler | y| ng stock price is below the strike
price. A Put option is out-of-the-noney if the 25 wunderlying stock price
i s above the strike price. The intrinsic value of an option contract
is the i n- &he- @Prdpnpomayon b  t Wenophe greneinr'eni LAk - theftrongyfe or
val ue of an opt,gp. BE”Ehé%oh%t'he Ra&mfog&eﬂt 18758 Bhe- ﬁn&tx%(j BEeChU™
t hat exceeds its intrinsic v 'S
willing ta&5payupderkyingdiSterk Rpéce issabove the ﬁFﬁéK@ Pﬁ#gé, ilnet- hethepe
that prior to gwRkkabifORhet ®a11 op‘t%ld!heh‘ﬂs| le Hen G i Csbcid at a

ﬁa&e eGP
favorabl e change,in the price.  of under g Thus t he
preni um for pice which is less than the pnce the owher would have to

pay to buy the shares in the open market. A Put option is

in-the-money if the underlying stock price is below the
20 strike price. An option is at-the-money when it has a

strike price that is approximately equal to the current

market price of the underlying stock. A Call option is

out-of-the-money if the underlying stock price is below the

strike price. A Put option is out-of-the-money if the
25 underlying stock price is above the strike price.

The intrinsic value of an option contract is the
in-the-money portion of the option's premium. The time
value of an option contract is the part of an option's
30 total premium that exceeds its intrinsic value -- it is the
amount the buyer is willing to pay for an option, above its
intrinsic value, in the hope that prior to expiration its
value will increase because of a favorable change in the
price of the underlying. Thus, the premium for an
35 out-of-the-money option consists entirely of time value.
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35 out-of-the-noney option consists entirely of time val ue.

6 Acc ' the premumfor an option contract (the frice
of the opti oE'nagﬁgé%?t s intrinsic value plus its tine val Peiﬁb%m“f
unusual market conditions, it nmay happenéthat the market prem umfor a
deep-in-the-noney option is actually | ower than its intrinsic val ue.
Thi's condi ti oRcoBydiresiyl, t theopremiuvmnfice camtept i ahrtraor t(tdeundeallyi ng

security, V\hlggl oknglgge‘?:% %A)or@s g K trh JIBKErS. L Rur @getlfﬁfge%‘ime

contracts 10 prices w respect tot eoreti cal
val ues. (ThiSVpheaonenon has no del eterious inpact on the utility of
the present invention.) There are five quantifiable factors that

i nfluence an 15 option's price. These factors are: * t he

under | yi n§ sedorunysyz) sarket conditions,i & Bayhaepen ddasy thee mazkedn

* the tine erﬁiHhr%bkoﬁ deep-in-the-moh8§ EBEQBh'hEYa@%uEHQyU@%Wéﬂ”ng
security 20 the current_"risk-free" interest rate. Usi ng

these five fa&hdhsiss PHBH%anCaV?H@%retTQ%E RRGInion may, Neswg FHRR

such as, for Qh&@éhﬁatbhaiﬂﬁidtﬁﬁﬁwhe%he und@ﬁﬁylﬁg EBeurity, whzqh
Cox- Ross- Rubenst.ei n nodel,, one can deter the theoretical fair

option val ue. indycesn OPF LGRF sTatEet h'&akers Y%e%‘?’é‘frl‘%%ﬁ SOFPRRFEER a

pricing au deonAgdidy @ialcoynt pricgbveithhfespedtento neidkit titddifetican
option, one can.,use a t heareti cal

. tion nodel to derlve t he
"ol e " SRRt {rye BIEHGIRER RS h3naBleeRial thnady i
non-quantifiahkalﬁagtoisthhapresﬂmmmanxennlon } option's price, such as:
* mar ket partici pants’ esti mat es of future
volatility '

There are five quantifiable factors that influence an
15 option’s price. These factors are:

* the underlying security price

* the strike price of the option

* the time to expiration

* the volatility of the underlying security
20 * the current “risk-free” interest rate.

Using these five factors as input to a theoretical option
pricing model, such as, for example, the Black-Scholes
model or the Cox-Ross-Rubenstein model, one can determine

25 the theoretical fair option value. Option traders use the
theoretical option value as a pricing guide. Additionally,
given the current market value of an option, one can use a
theoretical option pricing model to derive the implied
volatility of the underlying.

30
There are other non-quantifiable factors that influence an
cption’s price, such as:
* market participants’ estimates of future
volatility
3s * estimates of future performance -of the underlying
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35 " * - estimates of future performance of the underlying

7 WO 98/1265DCk * supply and demand of the BI/USH/BEES of
t he under | yi ng * depth of market for the option
Theoretical option pricing nodels produce ‘val ues that reflect an
option's sensitivity to changes in one of the five quantifiable
factors. These sensit§%A% es are . assigned G eek nanes, such as
delta, gamm, thetay rhaeplylOansiegiemandebifa tsea omaian caol tdf rtiee of
change in an option' s jheoretical value for a one-unit change in the
price of the underlying 'YE@?S Thus, delta is the t heoreti cal

anount by which the ojeptin gfr macketafiobethe opkpoevted to change for a
smal|l change in the price of the 15 wunderlying. As such, it provides a

| ocal neasdre of the equi val ent position risk of an option position
wi'th respect Thebvetigabitdpiionn phecimgemadels soreduce vabaesa $hRAL be
Sxpressed as &rRRLEER! A0Coptitn: O3Yehat sl IBLY eo0Thalicll in dlie drerORD! A0C
synbol inplied: very optron contract has I ts own unjque theoreti cal
del ta determn nddvey gHantifiable EAREAYTS{ abl THRRS or SeRRLEIVHeiRPBbAXE

Camma is a ”Eaagéfgﬂédtdﬁé@hanﬁé,cBaaﬁea!;nqancagt b8Rms, thetdlel o fomaa
one-unit change In"the price of the underlgl nggz security,
h

) Ganma

expr esses Wow NEER -t hfeD%})W ohSs dgdpqasure h&8fd Iﬁ'fé?)r%fi ERRPgecHEh @1 f or
a $1 change i ngpkgoflf 5C@nebretical heannderfiat Y. oneGafle ichahgegasi when
the option is | at-the-nmoney. _As the unde.rls%ll ngﬁ;ock'a ﬂl’l ce noves
away f r omPERECo R F ohbE é"t“r‘%eféyﬁpﬁces?qqpeq her W4%ect PBHY2 dife SB°
gamma of that epebgetichl dewshwaseby CGahiehpreive despwridmcprice canasbee of
the rate of change of delta.wth pec t Nolg f.1ihe
underlying. © ec%ﬁgt g'ol §h§n§§a§§?ego%m%g% ?g?%gsf lghéﬁgeBFﬁégnogpFP%n' s
35 theor &l calundakligifhgr Asosachni titchprgeides t andocalt measure of the

equivalent position risk of an option position with respect

to a position in the underlying security. Delta may be

expressed as a percentage, e.g. 63% (or simply “63” with

the percentage symbol implied.) Every option contract has

20 its own unique theoretical delta determined by the five
quantifiable factors described above.

Gamma is a measure of the rate of change in an option's
delta for a one-unit change in the price of the undexlying

25 security. Gamma expresses how much the option’s delta
should theoretically change for a $1 change in the price of
the underlying. Gamma is largest when the option is
at-the-money. As the underlying stock’s price moves away
from the option’s strike price (in either direction), the

30 gamma of that optibn will decréase. Gamma provides a local
measure of the rate of change of delta with respect to the
price of the underlying.

Theta is a measure of the rate of change in an option's
35 theoretical value for a one-unit change in time to the

SUBSTITUTE SHEET (RULE 26)



option's expiration date. Vega (al so known as kappa) is a measur e of
the rate of |l n an option's theoretical val ue for 4Nl
WO s PG ides

change in t I1ity of the underlying security. Rho is a neasure
of the rate of 5 change in an option's tBeoretical value for a one-unit
change in the risk-free interest rate Delta and gamma are the primry

- measures used &peidi0eeewPoration ddlee | N ViYd AR sd-Rnownaakl Rapph)aikrader
has a portfolio 10 that has a Iargg agsolute val ue of delta and a.large
absol ut e val uemeAsYESmal the FRt8ePLwshrESRalR® 2RpPRtion’§osPePoRtifat s

very sensitivevdDudIDYOREN Sone-tiet chatyderiyi nhies polaeilfng tdrsthihe
trader woul d hav& hi gh ri sk expqQsure.

$§ 15 Vol at'#litk%is a me%sure
of stock price*® oSNt h i 21 Py MRATUES | Py S (FREE ©
annual i zedsst anange in davi aptions ahebovekisallavijuprifr shangesnit

| npl i ed volatllity i.5 I olatil i d cause the 20
t heoreti cal préﬁééﬁ# V%/. ut:éleo:l%'zi;xc g%{eieogh%fgi'%%‘% cﬁggé mar ket prem um
val ue, given fixed values of the remaining four guantifiable factors.

It will be app l.at t [ [ ' | tter,
particularly i%gﬁ'%hfﬁoyg?ﬁlg %S%bggeoﬁr%?#)g?gen%&]?%c op d??f?gﬁg%agﬁg t hat
are |listed on tradstin@ptaguAangtor examplhei if i attraddmthasnshipestfaddot heir

rel ationshop Wehlet s a 142€e" |adihutd O6Kiue BAChgeBEAi @Ra Vi ! haddave
di fferent rem uns, deltas, gammas an ublic order suRpI y/ demand 30
ave; t

dp |
charact er i st | c3PEOLUERc¥@d¥EN L { RE™MBe s £Fadsr  Wolld Yabiieh is
that options Cgﬂsﬂtﬁﬁnb&.ﬁdﬁideé OPegyOCdensitiviendiceesmobehngs tite SH2500
i ndex. ni, t St at es apti onsdrrg kets are typical l\.?l %g{lduct ed .usi ng
35 an "open oBREFSLYIRE RE IS NGRS bYUani R CHTARET Mpdiddtave a high
risk exposure.
15
Volatility is a measure of stock price fluctuation.
Mathematically, wvolatility is the annualized standard
deviation of a stock's daily price changes. Implied
volatility is the wvolatility that would cause the
20 theoretical premium value of an option to match a market
premium value, given fixed values of the remaining four
quantifiable factors.

It will be appreciated that trading in options is a complex
25 matter, particularly in light of the number of different
option contracts that are listed on an options exchange,
their interrelationships, and their relationship with the

underlying stock. Bach series will have different
premiums, deltas, gammas and public order supply/demand
30 characteristics. Increasing the complexity of the

situation is that options can also be traded on stock
indices, such as the S&P500 index.

United States options markets are typically conducted using
35 an “open outcry” trading method, by which competing floor
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9 br okers; representing public orders, and market mnekers tradi ng
for their ownyasegimss nmake bids and offers on the t radi ng PCDULIT/15665
Typical ly, trading takes place in a trading pit -- a specific location
on the trading floor of an 5 exchange desi 8nat ed for the trading of a
specific option class. A market maker _is an exchange menber on the
tradi ng f | odprokerHuy SeRFESEREIRG oPRO3AS fOFARYS: oD MRTKEEc RERTS

and who has the o 'f%'r' thiti ff owikd Aol ks tﬁl@bcﬁidﬁ sand offitks on the
‘mai ntaining a farr and orderly rrarke Aflogénbro er |s.atratder Qn_an

exchange f1 oor mhﬁ%tft@?rtraw 1Y'0FH€ Fotr2 ?1% §an a trading o
opening (or reopgftng) o §ﬁe@ﬂ£i@n$oeaﬁlﬂ6ﬁgfbntbne craamlgar@bomndﬁctam an

opening rotation rocedur to 15 ‘£0£ pe E do eni g pré %ecf CJ]“I
option. It @il |e:5§hange PrALH g{: &t “5 6§%n| g %r°F pelh % Mere
are’a t ddu sprepﬁggl orpa&xﬁr{auﬁhﬁakéﬁ t:mJla:m exbumge mdbs:eldamrtshe tradlng -
represented in each serie an ridicul ar_openin gr+§ Thers 4 e
nmany series to opePeT gﬁ?ﬁy, %H%ﬁéﬁéﬁﬁﬁ BF 281 eden T4 feterm ned
in rotation. Foaneawhosenalses:het aleispgnsibilinyo odc mesingy Hildsc amctiecvf&ml y

‘a”d demand, markef, %rgéa&nlngnﬁ a3l Lhg! 5:8%%1?%9&&6“ "8 Aﬁb&?%rre!ﬂfh

converge to an price for serl

‘or der fidaded st lmt tradepe qmmhegxshamat oze whe @R@@Hrt&? BFRATOT
there generally Jablk fa? th@ udllics stage, a residual | mbal ance
of non-mat ched oré'er he o en| ng for all series in an options
class may take upvvards of 45 m nutes, during which tinme the price of
the underlying i Agt R4EEBbening TBY f@@ﬁsﬁlﬁﬁﬁﬁaflsﬁl bﬁ!t:.éx%%ictﬂﬂng@ pfhse

di screpancies 30 across seriés. opening nmul tiple ser%
options in a con@shange |G@BANGERg ?Q‘CUHWJ‘%I’I RO n B ’Eﬁde‘?o

bids and 15 of bekermehesshkhepefingspetiee okl e@ichdwiridinscr epaneiEs be

?35 openi ng pri ces V:\:Aetcr:].arteé\%p%%att gtt g% to%ee?{ff\{[gl CoarI £e rcg;g:eaerﬁr}&] Ainere are a

% dlsproportlonate number of public buyers and sellers
: represented in each series at any particular opening price.
There are many series to open; presently, the opening price
20 of each is determined in rotation. For each series, taking
into account public order supply and demand, marker makers
signal their bid and offering prices, which converge to an
agreed opening price for that series. All public order
trades that can be matched at that price are executed, and
25 there generally will be, at this stage, a residual
imbalance of non-matched orders. The opening for all
series in an options class may take upwards of 45 minutes,

during which time the price of the underlying instrument

may change dramatically, resulting in price discrepancies
30 across series.

When opening multiple series of options in a common
underlying security, variations in public order bids and
offers across the series also will produce discrepancies in
35 opening prices with respect to the theoretical prices that
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10 woul d correspond to a single inplied volatility across all

series. For exanple, a | arge inbalance of buy orders in 0 | cul ar
series m gHY E% Pit to open at a significantly higher ‘1‘#2\’%%2{5&‘2
volatility than that of other 5 seriesig | nbal ances between public bids

and offers at the opening nust be rectified by the market mekers. Al so,
as St at eqrRNQY Bor¥és dpéﬁa s d %ﬂn@ﬂep&tn@héﬁ {BRatDUEEy Yadkbss al3ecurity
during the tine require

o cycle thro ope ng can result in
further signisExd®st diEBT é‘ﬁ‘z?r‘?é ﬂ?%eodé%ar}g" r REeNTe iy es.

For grarrpl e, oﬂef bBQtlculﬁﬁdeéét’iéQ sﬁ:@;:k orcamu@dexmrl €6 l@%éﬁl ldhg a
r api y, a

ni ng .cal | d ve be at the
begi nni ng of %%%55%% %R“?’f)r?‘“m 9#6‘& §/t¥5et Bﬁngﬁat °gg?5%/Fq ower
price tham ﬁrsmés er mmamesabbmben palkli® bijenand abffdwes rwde%ne .
On sonme exchanges, once 2 serl e [ ot _be aded unti
the end 01)‘( t rPé’%dﬁéﬁ r‘l'{ﬁ1 rotbgt | 8%%:"&3&]052 gpe hg@%ﬁ &a)??ﬂ%‘ t ¢ PEMF itn t he
openi ng rot atstated eapde, tvadiagits im thepapricel @t sehe esndeylyinglel ayed
o O iRy oRELAGC LBl Wil required LY. dyR18UPHYdha e ooo!

openi ng net ho exchanges takes a undue a nt-of time
and results iopeging n@onSES'@bhci@sfmrﬂFﬁﬂ dignifdcapéndiskaepancies ebn

There argy addsr%é% Bf.—?éé@rrsc&sget g,t%éﬁesoresee& exampqeemm »%%hods

used by optio anges, such exanmpl e, _the " nechani sm
whi ch the restRRgrl Y#ﬂ%l 8REEK;| rPIBOJ-n%%I Prigedels £alifingcAanidly, rra?ket

nmakers. The 1@ddielopeningBKEI ik @ollQURave Weel iebithaambaByt gt sahésfy

t he resi dual inbal ance in public orders at, he ri ce. The
present net hoPFHTG Q5| FBRi Bg BIRE TREATIQM pight %"p éggoBPnC’B%%‘P‘anrrent

of the residugt @ormdwaat Spiiceachasb anwidedligtalbpeninghichlnet figtt ofas
assi gnmegg of & eélnergsul t%’xei-rt]noney

On some exchanges, once a series is opened, it cannot be
traded until the end of the opening rotation. Since it
takes time to perform the opening rotation, regular trading

20 in a particular series may be delayed for a significant
period of time.

Thus, in summary, the present opening method used by option
exchanges takes an undue amount of time and results in
25 inconsistencies in pricing between related series.

There are additional problems related to the present
opening methods used by options exchanges, such as, for
example, the mechanism by which the residual imbalance in
30 public orders is e.llocated to market makers. The market
makers as a group have an obligation to satisfy the
residual imbalance in public orders at the opening price.
The present method of accomplishing this goal is a
round-robin assignment of the residual contracts to each
35 market maker. This method of assignment often results in
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' across all series

11 undesirabl e and inefficient allocations. For exanple, one

mar ket nmaker wggsnzessshort delta might |ike to be a buyer of  PCTHRI7ASEES
contracts and anot her market naker who is | ong nmay want to increase his
| ong position. Each market maker 5 coméd to the opening with his or her
own current position and his or her desired target position after the
openi ng. Nondesanpble anddaeaff igient: RadECatiPpEs | EOFhexa‘Fleéat PBf

of public Orde&na&ﬁétdﬂakexbwweessn&cm&m 3 mker to behaspbupkguss
desires, the present round-robin allocation of 10 pgrreﬁl dual _bal ance in

publ i c orders RRFiABE FARFEAGES AN¢ anothez Parkstsre QehS LRABI RRYal
position of eacfantarket increas@kahsWiidhg W:Ldro t h@achdagdiest pRskeion.
Accor di ngl Ye agﬂﬂ(‘)‘ggm ngtgat hod f or trgg ﬁg n gpz,J ong 15 xchange IS
needed t hat {1 SOPOPERARS L ¥ EBAF R Sf YN CBpt FBhsPREFKEP and
that_takes | Nt AL ¢l toxd tedr @e@&d&ﬁ targesuppbytaod deuandthedopbﬂlng
consi stency in pricing befween S _Sserjes

openi ng ma%/hod bros a%k:eg‘pﬁe:'e%let?‘?%arto sf‘?erﬁfl tg‘ﬁg(?ugleﬁlagtseﬁ'm %’e‘? 5?15‘8f58ﬁ|iﬂa
price for 20 adf pulis,orddieredithalperlenqes.ce ks reach markes maker
easonabl P COMLATIAAE! HRN,68) AL PIcLBR-CRBRAOBELECal oralafal SEOM!

ect aving an
openi ng pri¢e thhe rg;g.gugltlgalance tllfre mmm mﬁensmrpwbnpe dmpzeveupphgd and

demand. Further, %\?15& lﬂ worseeed pher aﬁtﬁﬁthQSQElahl BfaEheﬂ ﬂ%rket:
pu ket

resi dual I C "or |nbal ancés anongst na maker s
~ openi ng that omal?ﬁrzé'é-t@aeﬁsﬁﬁﬁkewnﬁhke? Heed ipasifion. respect to
~his or her desired position. Summary of the Inventlon The
‘ present invention is_a conput er-| Ierrent ed rret hod a &H’f stem t hat
provi des an autRFRATHRGLYYI 3t for txa %gmﬂm Bn OB5LPHSs

exchange. 15 Theesaitanget 1srweéued)rtrﬁi eﬁ&bﬂéé Stﬁé einfilltangou’ bpendag &g to

s whi ch publ ic orde opt:Lons market and that takes into account public order
supply and demand and the consistency in pricing between
various series. Most desirably, an opening method is
needed that simultaneously determines an opening price for

20 all series, where the opening price arrived at is a
reasonable compromise between (a) having the opening price
consistent across all series with respect to implied
volatility and (b) having an opening price that caters to
the variations in public order supply and demand. Further,

25 there is a need for a method of allocation of residual
public order imbalances amongst market makers at the
opening that optimizes each market marker’s position with
respect to his or her desired position.

30
Sumpary of the Invention
The present invention is a computer-implemented method and
system that provides an automated simultaneous opening of
trading on an options exchange. The present invention
35 permits flexibility in the degree to which public order
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12 supply and demand i nbal ances across a series inpose vari ations

I n openi ng ‘jvmk)lﬁgg,vol atilities, while at the sane tine Sdh8gksk Or
opti mal assi gnnent of market makers to of fset the residual I nbalances.
5 As used herein, the term "op&# ng" also includes

"reopening." Accordingly, the present invention can be used to reopen

tradi ng on arsugpliyonsndxctiemgadafimbalances (adnoss t adeagiedurimppse he
tradi ng day. . rs . tﬁ’ﬁ'ﬁ j f@t}} .S be tg facilitate
tradi ng when %arla-glgo&sf olﬁféﬁeerél&&tié a crgéjf ﬁporra'r e][aitl%né%nev}%?%mér)ce '%g i on
series, i.e., samedédmadpreriding for vpoipaksasmidnment: p§nmacker nhakers he

opening pric f C | | that all option series can be
%o qpaffshi tf@ ?‘e@@.&hﬂﬂ 2bafancds |

opened st mul taneously on the option exchange. The present
inventiorPallows all option series to be opened sinmul taneously at a

price that: 205 yged!  her8@hl eSRMRIS HARFONOGhenY! P FoSi RgbEudasue of
inmplied volatility (or in the m)reﬂg]e.nerahecase, to Jinked set of

” a

i npl i ed vol at TF$RLERGrat cB‘FFBgﬁb Yo &he PrefelfetdRIREPD Mt eBe
vol atility Sr@:\!édstos'[ﬁe!dpﬁnprtmﬁing oﬂiefhﬁt lcqml hs)n&):e:&ﬁxange aﬁtlielr it
optimnmzes volu or_wej ght ed, neasures of vol.une across all series;
and hgf‘l"é. e?ﬁ&#’gﬁ O&Iﬁr&ﬁg rrﬁ?’ﬁet LRARIPE (8¥%a| and@S hBresent
vari ati ops i nisegptiomncanieabed bk mseld corfaeslitasactrading swhiersaat
prices that proyi n_i Lve t egg;i}ét 0 kers. The first
feature (1) aﬁ‘g?ﬁg‘g%?og?&:&%gg%si%stg?\‘%?es in - 1shi ﬁpggi (;%5 VOTET i PPF§° t the
openi ng, whileevies$]| wld.owianglemand ¢@dd .| atitude for variations in market
demand. The second 35 feature (11) neets the general purpose of an option

The present invention determines the opening prices for

15 each option series so that all option series can be opened
simultanecusly on the option exchange.

The present invention allows all option series to be opened
simultaneously at a price that:

20 I. corresponds reasonably well to a single value of
implied volatility {(or in the more general case, to a
linked set of implied volatilities that correspond to a
predetermined implied wvolatility skew vs. strike price
relationship);

25 II. optimizes volume (or weighted measures of volume)
across all series; and |

III. enables options market makers to balance the
variations in supply and demand of public orders in each
series at prices that provide an incentive to the market

30 makers.

The first feature (I) avoids gross inconsistencies in

implied wvolatility at the opening, while still allowing

some latitude for variations in market demand. The second
35 feature (II) meets the general purpose of an option
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13 exchange, i.e., to maximze the nutual satisfaction anong al |

parti ci pant SWO98M2689 gr eat est degree possi bl e. The t hi r JPESAISATES6ES | | )
provi des an inprovenent over 5 current nethods for the assignnment of narket
makers to the required positions in tfie opening. Each market maker

cComnes to the o en| ng. with his or, her cur n
speci fied by o%’F‘{' g’arﬁm) toh Paimage ﬁ'g; “nag g‘l;‘&gfc':l%np(%’ﬂrﬁgon
after the openally ;ﬁmquadtsectobyhdegtaaaeslt1®eggaerm;)ssilﬁieade3| red target

position may be dependent upon the absolute and rel ative val ues of
inplied volatilities determ ned at the opening. These current and
t ar get posTheé orthindaseatnre malkEt) mprovidesr ctnr emms:\mment over

parti ol pat§on Lactdif REHbhECEbEOPng" ab EIAANS of kil akbr TP heATONg

the differ ent series. S acco Ing t principles e present
i nvention, theremsmmmwxbions ip e openings o%ﬁﬁfb@ﬁﬁitﬁ&nﬂmram al |

mar ket nakers. o ehe BREnERESSALH MGNJ:OMdY 0648 IutRehiOpBEattEy Aad he

first 20 st age, resent I nvention term nes reasona

consi stent set SPecifigd @ar dslea i and i) ogndi his e ihRz desiredy t\ﬁe‘-‘lgﬁtt ed

vol urme of tradﬁésﬁ@i@ﬁs dltlersethes opbntihg (as Qpéﬂiﬂﬂed bg/taeleanmzﬁlon
of the first sta nerally w|ll, be dual i pbal ance in

the publid@ ordg?‘g‘“ils Wee%%ﬁlzg%‘?l%%rqsfﬁtp‘?ﬁ}tﬂtﬁn rﬁﬁyc %ﬂepﬁé’cqﬁé‘é:n URAFer s

and sel | etre Ibeaem&esaﬂaalreuababanvasuesnm Fi.lﬂi.illl@doﬁdﬂ!&ﬂrﬁ:les
required to be offset 'i[s gﬂ contra posi,tlons to th
att% h

nmekers. Acco?iaf:ﬁﬁ'ﬁne N%ge, TRFRE currﬁf‘ése?ﬁ' |rﬁPéﬁqton
assi gns resi dupbspubbns od.ulpasttotrmr kehriket nmhkes S0 pxreferwsntes Zerh

cumul ative ne atl.o h ﬂﬂﬁﬂ} esi ned
target positi o ﬁ&‘g‘%ﬂ‘%‘ th E ua?cg?)é'\lé??gné § each nar e?“?ra%"})ﬁa’t t he
concl usi oAS5of orders [amcrig @ﬁiestdagéerenBSSerMSt heThepr eargargding wniide nent
of the presentpi-P}ePpies: of the present invention, the assignment of

public orders can be optimized across all market makers.

The present invention proceeds in two stages. At the first

20 stage, the present invention determines a reasonably
consistent set of implied wvolatilities that will maximize
a weighted volume of trades across all series at the
opening. At the completion of the first stage, there
generally will be a residual imbalance in the public orders

25 in each series that do not match off between buyers and
sellers. These residual imbalances among public orders are
required to be offset by assigning contra positions to the
market makers. Accordingly, at the second stage, the
present invention assigns residual public orders to market

30 makers so as to minimize a cumulative measure of deviation
between the post-opening desired target positions and the
actual positions of each market maker at the conclusion of
the first stage.

35 In the representative embodiment of the present invention,
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14 the first stage can be fornul ated as an optim zation pr obl em

At one extr {;reisthe optimuminplied voIatiIityl;éﬂbs 3643
det erm ned @ﬁ’ﬂ%\ St here is absolute consistency in inplie v%?’atl lity
across all series. At 5 the other extrame, there is the optinum

volatility of each I ndi vi dual series that can be determ ned to satisfy
mar ket suppley sifselersade Then PNRS eBbrindY&BEd OrasC OBNULES: Anisit in

opening inplied volatilities that set a reasonabple c rom se Jbetween
Uhese. ext r omeFoblERm { REs BREEMEEFnEy SHRSR | 17 ( JPFachbampm (Fplied

correspondi Ng vl €&l i By ez Hanebe deténiiredlisoophaontere ebs dbeopumsent
I nvention al so _engbl es ,_an eé‘ch%Pq’e l%or. ther entsi t¥é tg determ t he
conproni se  CORGHREEREYndSh YRAEES WOIR54REFE2CIOSE) fafn AETIES) i's
conprom se poithie cahebeextrdmes, drliesmn izt thiee oppémumgvdyatilltty nofrbesclof

pr edet er m ned ,vafi | red . a L & hi 1 {J ed
bounds. * ﬁr\?ﬂ.\gf bggg%%% e%?aé{ :%H* ﬁ%’t d te\%efﬁ‘ 1?%% g%p%%%%% Z‘R%%krr%%t er
har dwar e and supplgr andt Gemansbni Thevpraseny tinvensadnpeoopues foset of |

. . det - t.i:all | Jpul t
series  can O@lﬁd%@%n%?pon%%&eﬁs Y that SddP! @”efgé%é{nable

The opening pri ] atirlitres, once termned by
t he present | reampiomise ghetedeent sheseo g remesket Fromertheseanimplied seen

as desirghl e.yo)@119EPCGalue (s) N OAESES Y IRRY peide L8 daebshinBg ket
nmakers to determ ne their post-opening desiréd tar,ggt osition,

In the represciRfateafd® SRHHOR RFRISH- t ABepP t IRYERCIBR, 2480 eRdPlegcond

stage can besnregctiditge for sthewiEagitsnt to detephifiez8heoBofpebneset hat
mnimzes a cumu ative_ne

asure of devi ation be en_post - openj
desired tar getPHRF aPERYFED t%eﬁ8sittwl°or%°§?fni?é’rsket %ﬁ%? ?t‘sm ct ngst he
constraint thatompromidd pmivy caor dey marketadedéveacaosshehepsringsbyuat be
35 offseis Trrxlﬁ 33 ngd p%%.'e@e%%tilnga Wa%glagg]ega%n%%o?)lbveedrequired to

fall within specified bounds.

It will be appreciated that, with the appropriate computer
hardware and software, the opening volatilities and price

20 for all series can be determined substantially
simultaneously.

The opening prices and corresponding volatilities, once
determined by the present invention, can be output to
25 market makers (and, if seen as desirable, to other
interested parties) so as to assist market makers to
determine their post-opening desired target position.

In the representative embodiment of the present invention,
30 the second stage can be regarded as a subseguent
optimization problem that minimizes a cumulative measure of
deviation between post-opening desired target and actual
positions of market makers, subject to the constraint that
all public order imbalances across the series must be
35 offset. This second optimization problem can be solved
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15 ‘according to the present invention as a quadratic integer

progr anmi ng Woedk2esewith | i near equality constraints. APCTHEIHIS66Nd
stage, each nmarket maker supplies as inpu% his or her current delta and
gama positions prior to the openi ng ?\d his or her desired delta and
ganmma posi tions after t openi ng. red, othe asures, such
as theta, PRECEFAIPGHR,* ?sﬁ‘ﬁﬁf?ﬂd qﬂ'ﬁeacf A 9 iC integer
variabl es.) Pubi:b%r&mdﬂ@ o Lk mhedmean'aekxaalumyeceniﬂraBneQr ding to
the solution to t second optim zation probl em The first and
t he second stage are independent and either coul d be i npl enent ed

wi t hout the ot herr.hEorseenadplseagan eBchopiarkes Meanwpmy.esrrmsarmmumnl y

the first stag e
decide to 5 ﬁ?‘%oggt}ée?eé‘? pu%ﬁc or dghﬂ%ﬁ%n%e%ﬁﬁsgrbn%%%e pr esent
robi n-robi n asepgniBgt apg tlhé prs heFaldesdredadied tho ank lgamma rmﬁklélmraﬁ(er
Al ternatively, 0 o] ang | Stved:
stage, using t ge%rregigﬁt B%%ﬁ%ﬁ% ?Ime%ﬁt:f%drlpprocedurﬁéegto %ﬁt erm ne st he
openi ng price tbetaachrho an@pt"ﬁﬁﬁ bialsR i FPuldg beneineluded psvaradget to
al l ocate ashdbakspybl PﬁbPié’%rﬂ@?@' BAE 511 GcdPed S o MRSl St ma)%ﬁ:

in

extensi on, the present inventjon can al so be used to effect 25

peri odi c P ev@RECBRIDSN Fhﬁarﬁ@tuts‘t%cfzare"sh secepg I%E‘EHPl?ﬂfthfb be
confused with eabbilemtion types). It also will be appreciated that
the principles of the present invention can be used to open trading on
any market 30 where there are multiple instrunents that each derive their
val ue from an uméethysmgandsthanaetond Ebagexanalbndepémdent anjd esiiier

i nvention couldb ag) Ité% n open chtotrad ng on a
futures market © EB &ﬁﬁ\en'#ﬁgn 1&%@%‘: %%3 §Hi'so 1F SHEFE t AR use
in the borib macpétiofis téxdmngentmayesimpiensnt alondy tthe pEacst ofstiage! i teal
volatilities.) determine the opening price for each option but decide to

allocate residual public order imbalances using the present
robin-robin assignment of the residual contracts to each
market maker. Alternatively, an options exchange may
20 implement only the second stage, using the present opening
rotation procedure to determine the opening price for each
option but utilizing the present invention to allocate
residual public order imbalances to market makers. By
extension, the present invention cah also be used to effect
25 trading in periodic or event driven call market structures
(the latter not to be confused with call option types).

It also will be appreciated that the principles of the
present invention can be used to open trading on any market
30 where there are multiple instruments that each derive their
value from an underlying instrument. For example, the |
present invention could be adapted for use in the opening
of trading on a futures market. The present invention
could also be adapted for use in the bond market (with
35 interest rates taking the place of implied volatilities.)
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16 Thus, as used herein, the term "option" includes, mhere

appropri ate, {] , bonds and instrunents that derive 70s9ALEES
from an under yIng |nstrunent or paraneter. 5 Brlef EEscrlpt|on of
t he Draw ngs Fig. 1 is a block diagrem of the overall system of the
present invention. 10 Fig. 2 summarizes the inputs and outputs of the

present | fne8) | @B. used heddigs. the at&shrBB“csjﬂoﬂbxv'al maslueéati abetre
exanple o

A _and 4B.shqw a und-
robin aSS|gnneﬁPPE?P5+§g?br%B§3ﬁ§?e Boads anld (%fugéﬁf gﬁpgalues
relating to exghgie tvabue 2from an Emgterlg‘mngndnsarmhmt applparajﬁeudm. opti nmum
and round- robi n assignnent errors for exanple two. 25 Detail ed
Descri ption Referring now to the drawings, and initially Fig. 1
there is iblustrated a bl ock diagramof an overall architecture
according to ag . A t he present invention. A

central controff AL | [ g and allocation process of
t he present i nvention. Coupled to the controller 2 are a nunber of

mar ket maker t?&?‘ ngl $54a 19165’)@'[6.{;@9‘&'5?&? dfSeflel BvBEAYLdSystem off@REBLION tO
and receive in tion fromthe

present invention.

10
Fig. 2 summarizes the inputs and outputs of the present
invention.
Figs. 3A and 3B show values relating to example one.

15
Figs. 4A and 4B show a plot of the optimum and round-
robin assignment errors for example one.
Figs. 5A and 5B show values relating to example two.

20

Figs. 6A and 6B show a plot of the optimum and round-
robin assignment errors for example two.

25 Detailed Description

Referring now to the drawings, and initially Fig. 1,
there is illustrated a block diagram of an overall
architecture according to a representative embodiment of
30 the present jnvention. A central controller 2 controls
the opening and allocation process of the present
invention. Coupled to the controller 2 are a number of
market maker terminals 4-10 that can be used to provide
information to and receive information from the
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17 ‘controller 2. Also coupled to the controller 2 are one or nore

i nput / out putwo®sitzess 12 that can be used by an exchange t BCBUSHT/IRE6S
information to, control the operation 1 f and receive information from
the controller 2. Infornation about gublic orders can be input to the

controller 2 fron1an order try system e order entr tem 14
can conprise rEGRFEPLRR I%WB efyéﬁﬁﬁy I%@rﬁPﬂ&Fglﬁ?r ¥%x le, the
order entry tebﬁi Mot e ﬁ@xﬂ@/ouutmcrdésﬁttesn 1EC'EhAppbanabe0ﬂséh by an

PCT/ US96/ 07265,

996 titled "Cr twork_ Ut |2|ng
Sati sfaction Eﬁﬁg ??g?wEﬁlé¥?Wﬁqq1 ?ﬁ?ﬁﬁ%ﬂ?bsﬁ?ycogﬁ%gg Fﬁ? EPeLRT R A
expressly i ncoppoand evletcenivallinflrameition from thkeccenteoll8r 2. At the
mar ket maker term nals 4-10, nmarket makers can i nput their orders,
their currént position, i.e., their osition at the conclusion of the
first stage, addfohmation abeidsipuwllicr Zosiam &e, ippet, tehehposition

they desire 20,50t @oPfetM af% atrheofli@f“é}&r];yo-g}%t“eﬂf Rgnt 8! br@erand

desired target position can be input in the r m of deltas and gammas.
At the first seajsy systemni4 farnrcorpriag He@slay sptigns2ordernphtey

volatilities thatmihbhgnax] nfale éscae@wt e&aqﬂa& enmoftee{naﬁsiglag public

orders at the o enlng acr oss ption
det er mi ni A thée§§F1 Fdlh%I?@H %RQ%&??F%?Qﬁy°1fﬁ??ﬁ?595d83?ﬁéhléﬁlgd at the
second st age, Eruznag i@%cwwéu “Crosgiafg INetwoikd Uthe idgagr ed target

posi tion of eac ket nagl signs any residual public
orders to SPﬁ&?§P85éP“nB??§&t¥mﬁiﬁ Eiﬁ)ﬁé?ﬁ(#%ﬁ ﬁ%fg XYl ati ve
measur e of deviFgatapebet wietohthe sbesressly aimgedrpmstdsdoin3fullahdrehn
act ual p03|t|on of %ach mar ket maker after this
reference.
15
At the market maker terminals 4-10, market makers can
input their orders, their current position, i.e., their
position at the conclusion of the first stage, and their
desired target position, i.e., the position they desire
20 to be in after the opening. The current position and
desired target position can be input in the form of

deltas and gammas.

At the first stage, the controller 2 determines a set of

25 implied wvolatilities that will maximize a weighted volume
of cffsetting public orders at the opening across all
option series.

After determining the set of implied volatilities, the
30 controller 2, at the second stage, utilizing the current
position and the desired target position of each of the
market makers, assigns any residual public orders to
individual market makers so as to minimize a cumulative
measure of deviation between the desired target position
35 and the actual position of each market maker after this
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18 assi gnnment . For exchanges with | arge volunes, the controller

2 1s pr a conputer that can performcal cul ati ons es
of nmultipl e%(l?%’gﬁk% i Pﬁ"ﬁ%’fw

ops, such as, for exanple with present tec ogy, an
| BM SP2 conmputer. A storage device 318 coupled to the controller 2.
The storage device 3 can conprise a database for storing information
recei ved fromddmwigmdert. nakers and for storing the 10 results of
processing by the controller 2. Information recei ved fromthe market
makers can be received in the formof files, and stored as such in the

storage devi ceFor exchangesSwithyparge! yolwees, rhekatontmicdlegn 2 ie exchange

wi |l have -10.

The mar ket nak%’?eféis%’lhg cﬁggcan ﬁgE h%&%’%%on@%&iaglgoﬁal %conput ers
or wor kst a%i orsates ha'ndndie'-l:l-@l\m gépatiops, suehrast o reNampPIEhovifmly ket

maker term nalsrdsdft Clkiaid1 ogyOMIHNIAR! Sp2 ddmbliCe 0N Bddfage  FOI

exanpl e, er te s may be coupled to the controller
over a I odevice b itamwpled AR) the GPREral LR ndt worhe (SVRgageyi a

Wi rel ess comugigitd Of ¢urDicRpire s@r aoaaf-.awsel ﬁéﬁrél@énng infESihtiRket
maker term nal 1nc]udes_one Qr nore 25 ut/ %t devj ces that allow
for the entry BeCekRd sfrom tr%?nﬂ‘aé'?fPFeH?kﬁﬁ ard; feH FvFingiheind can

di spl ay owpput results SHE fbx&fcémlihlgnﬁyvﬁhét bbhErGBlé:de pubinﬁoﬁﬁadﬁm:

assi gned (ﬁra kers Accor%> to fhe pres nt

i nventi on, therESﬁ'}Y% °“2 ehe W&F&e@ kGBS obRP S af FOR YDA e For
pur poses of formXxpt abfleon, andh svoredansosuch Lhetheesemtageﬂv@e’ﬁtim can

be consi dered |3n two stages, each involving a different optim zation
probl em 35

15 Typically, each market maker on the exchange will have
access to a market maker terminal, such as one of 4-10.
The market maker terminals 4-10 can be high powered
personal computers or workstations or hand held wireless
entry terminals. The market maker terminals 4-10 can

20 communicate with the controller 2. For example, market
maker terminals may be coupled to the controller 2 over a
local area network (LAN), a wide area network (WAN), via
wireless communication protocols or over the Internet.
Each market maker terminal includes one or more

25 input/cutput devices that allow for the entry of orders
and current and desired positions and can display output,
such as opening volatilities and public orders assigned
to the market makers.

30 According to the present invention, the controller 2
solves two optimization problems. For purposes of
explanation, the operation of the present invention can
be considered in two stages, each involving a different

optimization problem.
35
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19 'Fig. "2 summari zes the inputs and outputs of each stage of t he
present i nvewoi98in265bn st age one, public orders (102) are PEEMSITES665 e
controller 2 via the order entry system 14 and mar ket maker orders

(104) are input tothe 5 controller 2 vid narket maker termnals (4-10).

The output_of the first, sta I S set rices (i
volatilities) F#F- cacHiUAYRey %8’@ lan"I""St F‘ﬁee UERYES ¢ ﬂpeagh RRFe AL t hat
price are execgh&lpredéht hafverpangr.al It sr_agwl bhepepublid¢ hbsdet©106L02)

esi dual i nbal ance, of non each nar ket
e Ut o SRE bt B R SR oo f vk EhF 4SEESE $XEy “REER o
position and desi#mdl maxkdt ommKehdDrdelisi 10apuareoinpet to tlpe esent

[ [ b f f
cach mar ket mareptrabler AL e Gkl pepmipfs 0F-P0F. DOHEE 1IN,
i nf ormati on asoutputiesf rw cﬁm_amgﬁelusaaasdtgammrices (impliedige one
was not perfor{?&gaéi’l{@fes?{) efcﬁf‘etea{dh"%&ﬁ%% (128) , reﬁiﬁ“@&a@é‘@'%ﬁa@%ﬁ

(110) al so mus e 1npu [ contro g., via the or
entry system 1dccfrnea20tha©mme ¢ire exescytedd sndgbheret genasallynent of

the residyaly pyo! i & OEIQH Ssildyd,N% %rs&ﬁhaggk%ﬁléﬁég)of non- First

Stage Optim zation f1rst stag term ne a reasonably

consi st en®025 magghegdf °FW$ ed %Iﬁng ttwes efRhcmarker K makegehaputs

incorporate a ¢kgWwha mdHkée€ tnaedattdriniihaler auswbrhke or hePplias&lai hat
wi |l maxi mze the, nutual gaélsfa upe of offsetting

publi ¢ orders BPFHELCR fR es%’é‘?‘% ééoséttltc’ﬁ‘evﬁ[ggﬁl ngTﬁB§ l?B'éEoﬁ%bT'lF
consistent”, ipresedf ineemtidhatars e 1\tﬁn:|haet ifofm Ofi opbi sdtyobAtility

anong i ndi.vi dual _series is ccept cc date the

i mbal ance in plB #géso?ﬂ r SEPPaR, r%{“rﬁagq}b ?fﬁl% grez. volatility for buy

| mbal ancedsand (Advernanplrekyl, each vmdxited mtaytefrorcaaeh.hpunbahaces) . 35
information as the desired change in delta and gamma.)

If stage one was not performed by the present invention,
residual public orders (110) also must be input to the
controller 2, e.g., via the order entry system 1l4. The
20 output of the second stage is the assignment of the
residual public orders to the market makers (112).

First Stage Optimization
The first stage is to determine a reasonably consistent
25 set of implied volatilities (which will, in general,
incorporate a skew in implied volatility versus strike
price) that will maximize the mutual satisfaction
weighted volume of offsetting public orders across all
series at the opening. By “reasonably consistent”, it is
30 meant that some vafiation in iﬁplied volatility among
individual series is acceptable to accommodate the
imbalance in public orders (i.e., a higher implied
volatility for buy imbalances and lower implied
volatility for sell imbalances).
35
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20 At one ext rerre the present invention could allow each seri es

to open indagﬂ%@. using a single price call t hat is ﬁ

on supply an nand in each seri es, wi thout regard to any resu
inmplied volatility 5 i nconsi stencies. 20ne nmethod that enabl es each
series to open i ndependently using a single price call is described

in PCT Applicgati Qﬂel\bbctx%‘tﬂ USd Q:E%ﬁﬁ,ntf illnﬁdnﬂﬂbhl cBﬁld all&Q%a&lht | ed

"Crossing Network Ut|||z Saf i sf le Wt rice
Di scovery FeaffiFess.® ihoi a& pﬁiﬁ?%yhoafs;f‘ﬁe ?"ff‘?é?l BFige %}ﬁ
determ ne an epesni bg basecprscmelt}o OTROSURpAY rmﬂudlemﬂl shaeathnseeight ed

ol 10 vol a PREPPRE BRPThes AR SR g1 o8 yetBRELTRYCach o o

i ndi vi dualdl y. iAcbashaterneigs. i fOoreb methorh thateehalbless each seedesatoopeni ng

rice could b S | o]
RI | ow ng each%ggpl 1n8§%gopeé1%\gm Q%Jr%a@l@%% ﬁgl% QQIF hgnﬁescnb%dcal I
that is basedigoPEFyApplicapign dirl. (ﬁ?%/ﬁlﬁﬂﬁf@@s&e&cﬂeéehpe‘slm&ld permit

the mrket mKQLE £9:LasSbrdiPing NedHSIN URANUYLdTRAARERECIbD! | COS MOSI

favorable to them buyt ng, | ow,, selling h), m ght result
in | ar ge WPFEdPFBFhl-?IW%?h o‘?%%ﬁ‘%d%ﬂfﬁﬂ%%e%’cﬁ' “§@|5| es Usingand/ or

| ower traged \é@dcﬁmetﬁéd the AbchtEoPi&er2 %ﬂlmeeémmreesﬁnbpbﬂiﬁgt I on
coul d insi st on the absol ute con&steﬁg

nc a si
volatility (oPr&%eFooWﬁB}?%d“‘%‘l’%}|5F§‘7(’r s ’1‘33""-&‘1 V°1uHPescr| bed
skew i n vol at |Hastey1 upbﬁupub‘litkeupplﬁ@nd Semand, thute rem@rﬁtﬁn@ny

cor espond 10 WIBA 30857 ca" BIELL S, cs0e L R 1 SR S b
m ght reqmlmmet ha packesemiésr indoviddakly | arzgla:ém;amwel HE

_ I nbal ance‘ﬁjealﬁq{%h Smle%?@gléﬁgglrﬁeén %g%t enab?éé;hic%tprzbj!ceofc g be

detem:.ned which maximizes trading volume.

Allowing each series to open individually, using a single
price call that is based solely on supply and demand in

20 each series would permit the market makers to offset the
public order imbalances at prices most favorable to them
(i.e., buying low, selling high), but might result in
large implied volatility discrepancies across series
and/or lower traded volume.

25
At the other extreme, the present invention could insist -
on the absolute consistency of a single implied
volatility (or a set of implied volatilities satisfying a
prescribed skew in volatility versus strike price),

30 without regard to any corresponding imbalances in public
orders. This would eliminate pricing discrepancies in
pubic orders among the individual series, but might
require the market makers to offset large buy and sell

imbalances at prices less favorable to them.
35
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operating point between these extrenes in order to provi de a

conprom se beWQ9BM265Aese conflicting desires. 5 To this eRCTUSAYLISER
that a prescribed inplied volatility szkew rel ati onship is known, such
that for any given i mpl i ed volatility clorrespondl ng to a partlcul ar
strike price, rlate" lied volatilities of all ot her
strike prices c&ﬁleég té'rg F§eﬁFI%n£ efp contxredp&f: ithe openi ng

i nE: i ed vgl atil I(?pe&?t&@fgopalhbebetweeﬁeﬁhﬁe e’i@ﬁi)el?d?efs il @rded RASUr €
pu i c order induce at I. ons. I e a ectqr re resentl ng
Poe bion 2" ! IHHeas & cHROEBN S batiat THdaS cebt iAc g Slsires

extrene, let [err]' be the vector of inplied volatllltles 15 t hat

maxi m zes t r | [ o] st h_serie

i ndi vi dual | {}e L??’OF%' %ge agngﬁgﬁét l’éllrilggucféxae%lth%q :ﬂpé'?l%% cﬁ‘&nﬁﬁ& Yith
option series, tﬂk@Wplr@sl@ﬁtlonS ipi e ckudwm, dafddhathd aapemyngiven i ed
volatilities as jgpiied G199t fcéff%é%%rﬁh% %\(/%ol a%’%&r ]:.c lar srilagh has

the effect of alll )W ng the openihg I np Y6 vary om one
extreme of maxi MEiCey the “apprapriptel implimd Ntd@é:d-lntl&sclwfsermes

individual ly, t@rher dthqxat Bﬁﬁ.céétéﬁﬁf‘c&ﬁ AL ” QNSS! ny:o‘?{s:.s'g@n'

25 vol ati_lity across series, as the ararreter err|] varies Oto
1. ™ s ﬁ%?&"&l"éaﬁl’s&lgst igptied r?-r%laé'fsrldsts‘-%ﬁ |acF@siseshe (e. g.,
by the options @sﬁwmge)agaehseaahbenrr@ék@éasimé/%ﬁ% d¥ie¥r THERRIeO

nd [err] are o MEART ey "SERhad Be' 3 veckar Rerme %@?&i%%%e%‘ﬂ%of e[ e
el enents of the coratizrent sefeof] impThed ord gt ispeci At [t ot he
formul a extreme, let g' be the vector of 2:.%nplied volatilities
15 that maximizes the respective weighted volumes traded in
each series individually. Let A; be a parameter such
that O<A;gl. For the i*" option series, the present
invention defines the opening implied volatilities as a
function of g to be
= 6,=(1-4,)o; + .0 (1)
which has the effect of allowing the opening implied
volatility to vary f£rom one extreme of maximizing the
weighted volume traded in each series individually, to
the other extreme of forcing consistency of implied

25 volatility across series, as the parameter A varies from
0 to 1.

This parameter can be set uniformly across all series
(e.g., by the options exchange), or can be market-driven

30 by a number of possible variables at the opening. For
example, suppose that x and ¢ are the mean and standard
deviation, respectively, of the elements of the vector
g'. Then one could specify A; by the formula
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[err] where tanh(x) is the hyperbolic tangent function. Since
[err] in th lon will tend to zero as [err] deviates s
signi ficant égg'%[err], this has the effect in equation (130!:)’"39(;,{15“

"pushing” the opening inplied volatility22n the i[err] option series
toward [err] when the latter variable is an outlier anmong the set of
I ndi vi dual series' inplie vokatilities. (The paraneter 'a' in equation
(2) controls the ratefa owml; [err] varies between 0 and 1, as a 10
function of thejrenpingag| gection|df the argunent.) The fink®) step is
to determ ne the’(coordin t &d) wval §i&(s) of [err] in equation (1) for
whi ch the correspondi ng val ues of [err] maxim ze the total weighted

vol une traded over all 15 option series. For these particular volatility

val ues(s),  whedd ez (0S A dheg hyper®oldicd ehngahaeduﬁotimc h sfidees,

d the t t.r adi d 1
Cdenti 11 et 1% CRoFBi8 POACHPALBLRL pFPER Y0 20Tt bl SoXLBPY copondi ng

residual i nbaéﬂgm‘.ﬂ:ocﬁaﬂm&y}erﬁardﬁ) 4 .aramie thas [thiel ied fecdelin, eqitat tomt {0l | er 2

sets as t iy S & ng_v ersa for
t he case gf a° gel?"g?egi h%al aneceoéaetq’%ﬁﬁ% r"l'l:'%éisL"Q)‘Iifz“tt\tﬁlshtl"'t9 gn hrgr%a’r ance
swi t ches fromnp\:lym ssevie|tararda;\ewhenhthewbatter yariablencremants, the

controll er 2 sgtPels Sod il MG Andivi a1 2eddRsY Ehflt fggt he i gher

mut ual satisfac (g at series.
pat hol ogi cal VOlat%hsélmere'ﬂF%rRa@m%ﬁ%d '® pablequagdpn(del i) orders in

any series thabnepyid Qﬁeufftgeta?t e £n i3hvarigReBbideen 0 dHd O, '@
present invention could select the respective 30 prices just beI ow (above)

the mini Adm (FERFRLAR PhpiB@Femaining ROYiqR 4% d%’se SFOUTERFed

corresponding to a unity satisfaction val ue anDng al | I|n1t sel | (buy)
orders.)

. choosing the FBerfiRal BREP.1F cEP|detgymine the (coordlnateg? iué‘?s{"’d °

of g; in equation (1) for which the corresponding values
of 5; maximize the total weighted volume traded over all
15 option series. For these particular volatility wvalues({(s),
the corresponding price is determined for each series,
and the two nearest trading increments above and below
this price are identified. 1If there exists at both price
increments a corresponding residual imbalance of buyers
20 among the public orders, the controller 2 sets as the
opening price the higher of the two, and vice versa for
the case of a seller imbalance at both prices. If the
imbalance switches from buyers to sellers between the two
price increments, the controller 2 selects as the opening
25 price the one yielding the higher mutual satisfaction
weighted volume in that series. (In the pathological
case where there existed no public buy (sell) orders in
any series that could be used to establish an opening
price, the present invention could select the respective
30 prices just below (above) the minimum (maximum) implied
volatility across all series corresponding to a unity
satisfaction value among all limit sell (buy) orders.)

SUBSTITUTE SHEET (RULE 286)



maxi m zing the profit potential of the market makers in t he process of
of f setti ng pwblesa2eéseder i nbal ances, perhaps w thin sorme | PAI{USSHESEE e
al | owabl e deviation 5 froma consistent set of inplied volatilities. The
controller 2 determ nes each set of consist@dt inplied volatilities
[err] over the range of possible opening inplied volatilities. For
each [err] in thinpeiRly nidthodonifr ehlovsing the dgt Bagi bhe bbdecitdere( lmfy or

sell) of the correspq I|c rd i, ce | e series.._For
a buy i mbalMafcE* zt‘l?@gct,%’ﬁ lp(f% &F PO §' \ﬁ?r}r}f |%e£E makers in
i n_prerreFts ]‘romrjﬂaatg:ﬁdcﬁ?sﬂcﬂ (rjdffcsmutes;g)mhig.d m:[ctgr]lmﬁﬂ.a@ces, each
price p[err], co es odu b e
times the price G]"'(l'%)'[n ﬁ%‘ 13:%] rr% r‘l%léyab]?eep?ée‘gjé%’g?he
potential profi tfxmttald adﬂrfsztm:erwe sEdr Iqﬁ 1mpllevhl§ml$tb§ﬂ.maflés ng Bheprice
p[err] and unw ndi f}f&‘l [ \%er ermin sé%{ osr% &?sﬂt?%ré% ‘,‘%f
anal ogous procecﬁﬁ”g;ko& ef ces pl %j%?m in
ggice. I?_Sacr% valaﬁxﬂiﬁﬁestdubvarﬂuhdInangéfoﬁubnﬁémblnImpeﬂnmgwhmphléﬂlS

profit potent. m P$ XC g
specified bound %felﬁ‘a’%aﬁm F&gleﬁoﬁ%ﬁf 8%%'[1& % Qg’% %ontr%l%vec?‘
The controller Ziéﬁmines(stnmesxﬁﬁanﬁhuy @r cesll) of a&she heosxespondinge
above proce( t vol u cross al
seri es. Thed(rer ré Vet ues el cor responcfl{\ﬁer%] é?ﬁe%e g‘ra}i?ceggglrg‘éﬁt hen
conput ed. indalande, hacenirgldiel Zirsteps apward by pneécef the
above proc Y I
; equations (3) t%ﬁ%ﬂiﬁ% :blacfngvﬁ&%tsﬁ 1#]&5 gc%&?&ﬁ?%r@pt %; %hﬁ &
! opening vol ati | iedcs poidel he, ooopputes the produgtr REt th@kenema(mms Yy
i nterested persafia il dfes thd | Wiy i £ Np 50O S! Sfich

ma

optim zati on of mar er signnents to pul | mbal ances.
. This woul d 15 @W@ﬁ%%ﬁ@tp%%&m@ﬂw Availahlepkn whecmarket

24 det er mi ngqtdiek rogledd Pl B HRTPE dAT 9815 AR dRIAIA®Ihg thBt Ohort

position at price p;. The analogous procedure is followed

for sell imbalances, stepping down in price. 1In each

series, the controller 2 finds the price for which this
20 profit potential is maximized, perhaps with an exchange-

specified bound on the maximum deviation from p; to be

allowed. The controller 2 then picks the opening prices

as the set from the above procedure that maximizes the

weighted volume traded across all series. The §; values
25 corresponding to these prices are then computed.

Once the values of §; are determined by one of the above
procedures, they are substituted into the ¢ arguments in
equations (3) through (10) below. At the exchanges's

30 option, these opening volatilities could be output to the
market makers (or other interested persons) prior to
proceeding into the second stage optimization of market
maker assignments to public order imbalances. This would
give the market makers more information upon which to



Second Stage Optim zation After the above step, there generally wll
be a residgg# | mbal ance in the public orders in each ser'éﬁ%éﬁ %ﬁgoes
not match gag?ﬁ%en buyers and sellers. According to éac $ g rul es,
t hese residual inbal ances anong public 24 orders nust be offset by
assigning the contra positions to the market makers. 10 The

mar ket maker ®ssd RN tHYiehldRItal ahe gammai Bgrgets es detaifledrul ated as an
optim zation problemthat mnimzes a currul ati ve measure of deviation
bet ween t he ﬁ%?ﬁ“bpening desired target and actual positions of the
mar ket makers, 15 subject to the constraints that all public order

| nbal ances acj 0oss TE%§52|4$%£R§¥%$ e offset. To this end, define the

foll ow ng var 251 er of option series in the underlying
security (calls and puts conbi ned) 20 K nunber of

ket ook . ; . . oL th
nrber of corbtiet SneHBSL SO, cnerdlBhbatdy pfif e WIS D 1 IC
volatility imbalance jmrthe (puviid ardemsedar epch ABréeptRas domsyati ve
integer for nRLE RoLéR!SEE Ferwadif B okl s82hb@sPOSALESY ﬁ Jt[ac?”]

mar ket maker prior to 0 Qninq[at i mplied vol ati

x[err] ([ err])exchangerykes a Hhase ixReisual dmbplARCRE ARRRS P g
openi ng at i ngLiefs ViRhat ibé toEfset by HNigniRy the c8AEPR positidHys of

j[err] market maker Sélor to 30 opening at inplied volatility a
ylerr]([err]) EOdeRe AR BRIREF ti on of j[err] nmarket nmker after
opening ab inplied volatility a [err]([err]) delta value of i[err]

series at inpljed volatility [err .
Corr)(lorr]) "o matoaF mekd| FEf{gmment mroRlam st She, SPRPER.§2F vF )
For the i[errEosmamlasedassuar opeiniiavkokgrobdlesr thlazngénihigzes a position
by nferr] cont t i | t It] i | 0Qg,
by mlert] conbuagi S abel 1220080 0P 885 AVB netvediPRRE! bYGe! LlhYhg
desired target and actual positions of the market makers,
15 subject to the constraints that all public order
imbalances across the series must be offset. To this

end, define the following variables:

N number of option series in the underlying security
(calls and puts combined)
20 X number of market makers in the option class

D;(o) size imbalance {in the number of contracts) in
public orders for series i at implied volatility
o (positive integer for more buyers, negative
integer for more sellers)
25 x;(c) delta position of j*® market maker prior to
opening at implied volatility o
xs;(0) desired delta position of j™ market maker after
opening at implied volatility o
¥;(c) gamma position of j* market maker prior to
30 opening at implied volatility o
fj(c) desired gamma position of j** market maker after
opening at implied volatility o
A;(c ) delta value of i*® series at implied volatility o
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change in his delta position is given by [err]

(3) andwoes/ieessr espondi ng change in his ganma position i PCT/USKJILGSA by
10 [err] (4) The net change in the
j[err] market maker's delta position %ver all series is then

[err] %g% n and the correspondi ng change in
the j[err] mafké® hakegpmaa)valyg POsFerHRs Rterimplied Vptatidity ©
[err] (6) Let [err]

(7) be the "errqgr"” between the |j errimnarket maker' s desireﬂggo
del ta positiofoxr tBf ihe SEFEREng2SRUMA| EP8 T UaP2piet 1 THFET ChaRges Mg o
Chanlge Ihi S lpoiidsii(ﬂﬂ&nbbynhg-r cbntaeashaof théeopeniﬁgsa:mgng&rﬂ-ﬁr i es.
Simlarly, |et - .er . . . . e the,"error"
bet ween t e | [‘@Pﬂlt&é{f*kg? %K%Pgs BRIRTRYE sgéegz‘?é‘gdo'si i85 TEFEF e
openi ng and hichangeudn pdsi dedba positkor e dgiorerhdnge his positions by
nerr] in each of th% - 100m' &S ctive series. Assum ng therﬁ%pre K
mar ket makers, the market nakey 30 assignment problemis to find e
val ues of nferadd the corresponding change in his @#fimma pgsitiian isN;
j=1,..,K thatgir:g'eq{ We t he sum squared devi ati on

10 Y, = 100m,I'(5) (4)
The net change in the j*® market maker's delta position
over all series is then
N N
2; 5, = Z, 100m,-A,(5,), (5)
i= 1=
and the corresponding change in the j*® market maker's
15 gamma position over all series is
N N
> ¥, =2 100mT,(5,) (6)
1=] 1=1

Let
N
€, (@) =% - x}.+'§ 100m,A (3,) (7)

be the "error" between the ;™ market maker's desired

20 delta position after the opening and his actual position
were he to change his positions by m;; in each of the
respective series. Similarly, let

N
en(8,) =7, |y, + Z:, 100m,-T'(8,) (8)

be the "error" between the j* market maker's desired

25 gamma position after the opening and his actual position
were he to change his positions by m;; in each of the
respective series.

Assuming there are K market makers, the market maker
30 assignment problem is to find the values of m;
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errors of all the market nakers [err]

(9 subject to the constraints 5 [err] whi ch ref

requi r enent ‘Fﬂzgp’lfﬁfgl i c order i mbal ances in each series beLgf’?Jg;eJt?&“

it exactly by the market makers. The preseps invention can be augnented

1 straightforwardly to extend the target variables in (9) 10 to include

ot her Greek payase el sNapspCi ated thath mipiimdee the E8mgsquihed adevintiotega)
and al so to extend 10% t%_ i_ncl ude rket maker specified inequality
constraints onSTFOTEBF 13t AR ™2XEES According to the present

I nvention, this sec _optim_zation problemis a quadratic integer

pr ogramm ng probﬁ?ﬁyﬁﬂtﬁ *Iﬁp)(éﬂ sequal ity constraints. In order t§)
rewite equations (/A-(10) in matrix notation, we define [err]

i [err] 20 : [ gLl .
©(14) _FEF?T?t € &ﬁe T%ﬁiﬁ%%ﬁ?ts [err] Equations (7) and
+ (8) can beSwri tt%,},;...ﬂat'f':)é no,'[:aﬂ"_.?ﬁ, (10)

=1

which reflect the requirement that public order
imbalances in each series be offset exactly by the market
makers. The present invention can be augmented
straightforwardly to extend the target variables in (9)

10 to include other Greek parameters associated with options
(e.g., theta, rho, vega) and also to extend (10) to
include market maker specified inequality constraints on
capital commitment.

15 According to the present invention, this second
optimization problem is a quadratic integer programming
problem with linear equality constraints. In order to
rewrite equations (7)-(10) in matrix notation, we define

W e My
M= u.}= (11)
e Mg
y
MP=| M=y, .. My (12)
20 Nj
A=[A(G) ... AGYY (13)
D=[T\(5)) ... Ty@I" (14)
(=% -x, .. §-x) (15)
E=l7, -3y o Tyl (16)
25 D=[D,(5,) ... D\{(5)) (17)

Equations (7) and (8) can be written in matrix notation
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27 as : [err] [err]

(19 They@pinsgsgat i on probl em then becones, from (9) and p&PusPseés
find mn([err] - 100[err]m([err] - 100Merr])+([err] -
100[err]M ([err] -100Merr]) (20) M subj ect to the constraint
Merr] =-D, (21) where 1K denotes a

K- di nmensi onal &0l umm vector, all of 10 whose elenents are unity.

Adj oi ning the constragi ot _ ation (21) to the objective functi (20)
using a vect or L?@rgnglg%ui pl plier [err], and then setting thé%l)

partial derivatives qf =hijpo@ppyession with respect to Merr] ({6e rows
ofM and X to zero, results in‘the 15 follow ng equations for the optinmm
M [ er rThe optimizatigip Problemptdepuberpingsngf¥om) (N tand & Olect or
1[err] and end PV (23), results in [err] Substituting

this expression into (22) yjelds the foll ow matri x .equation for M
X[ err] MeY[err], mm(C7(— 100XJ"M)(C - 100M 7A) *(Cp' IOOP%(C -8 BY  waeane
X= [err] M (26) [err]

subject to the constraint

Mi, =-D, (21)
where 1l denotes a K-dimensional column vector, all of
10 whose elements are unity. Adjoining the constraint
equation (21) to the objective function (20) using a
vector Lagrange multiplier A, and then setting the
partial derivatives of this expression with respect to
M, (the rows of M) and A to zero, results in the
15 following equations for the optimum M:

~200A,( -100A77A)-200T(E-100M T)+A,1,=0, k=1..N, (22)

M1, +D=0 (23)
pre-multiplying (22) with the vector 1, and employing
(23), results in .

A= 399[(1}(«» 100A™D)A + (1 + 100T"D)T (24)
20 K
Substituting this expression into (22) yields the
following matrix equation for M:

XTM=Y7, (25)

25 where '
X=AAT+IT7, (26)
=1—:)6{[C —%(1{(+100ATD)1k]AT+[£-%(1{5wOA’I')l k]r" } (27)
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28 Note that both X err] and Y[err] are rank 2 matrices whose

columms are W@ conbl nations of the vectors [err] and r. err]
and the augvrr‘{gi Esmatrl X [X[err]:Y[err]] have the same r&%’{gg%“g%
therefore a solution of (25) exists. 5 28 This solution my be expressed
in the form M= M+ V,

(28) 10 whRpeeMhse %6mkm2aaatwaﬂ@%x@@ LR hinidar
conbi nati ons of _the vectors [err] and [err], s a rratrlx whose

col unms are oFPhBHBRRTE ol $783Y P nsTI‘P&S tMecé(ﬁ‘-CSé’rs agiFten as
15 M= [err] Thus X* and the augmented matrix [X7:YT) have the (28he

where Ais a 2x resenln theceff|C|e ) the |inear
conbi nat i ons EFﬁ‘n?T'%; [rel?? (ﬂeﬁfﬁ rl oIeEﬁ’rﬁ's"sof M From

(26) and 629), we have 20 [err] wherethetermvmthlnthe
brackets abov

ereetst |Jerr]. cal an NxK matr Usi n
(25), and equgprlﬁgso u 1030'8?%%? e??fé"[%ﬁse]& Léer'eo n (27) anl:lx(30)l, \g/]ve
obtain 25 [err]
M=M+V, | (28)

10 where M is a rank 2 matrix whose columns are linear

combinations of the vectors A and I', and V is a matrix

whose columns are orthogonal to A and I'. Thus M can be

written as
15 M= [a:ir]a, (29)
where A is a 2xK matrix representing the coefficients of

the linear combinations of A and I" embodied in the

columns of M. From (26) and (29), we have

20
X™M=(AAT+TTN[A: T)4
=[|A1PA+(ATD: (ATDA+|T|’ T4 {30)
=[(4,|A12+4,ATT)A+(4, AT +4, T T
where the texrm within the brackets above represents the
j*™ column of an NxXK matrix. Using (25), and equating
coefficients of A and I"' between (27) and (30), we obtain
25
7_1,7 T
-—(1 100A'D)1
lAlz ATP 1 C ;( k C+ ) kT
= X (31)
AT [T

r
1001y --;;(1{ £+1007D)17
or
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or | | 29 A = Blerr]z

(32) Whews 98112659 [err] HOTIVSIN 15665
(29) and (32), we can wite M:Q[err]
(34) 10 From(23) and (28), we have 2 (Mt V)1[err] = -D
(35) t hus showi ng, after sone al gebra, that 15 Merr] = CD,
(36) where Cis an N\xN rank 2 matrix given by [err] 20
Therefore, from (35) ageif36), we have the follow ng constrai n{32)
equation for V: Viferr] = -(l[err]+CD
(38) where
1,.7 T T
{T-—=(1, {+100A7D)1,
{ia]? AT 7o Bt (33)

Thus, from (29) and (32), we can write
M=[A:T|B"'Z (34)
10 From (23) and (28), we have
M+ W), =-D (35)

thus showing, after some algebra, that

15
Mi, =CD, (36)
where C is an NxN rank 2 matrix given by
C= —TI]?-I—{AUI‘P AT-(ATTYIT[+ T A|TT-(ATD)AT)}. (37)

20 Therefore, from (25) and (36), we have the following
constraint egquation for V:

v1,=-{,+C\WD, | (38)

25 where I, is the N-dimensional identity matrix, along with
the orthogonality constraints implicit in the definition
of V:

ATV =0,
TV = 0. (39)

30 Determining the minimum-norm solution V, is equivalent

to finding the solution to the optimization problem
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25 where I[err] is the N-dinensional identity matrix, along with t he

or t hogonal raints inplicit in the definition of  \/.
Cerr] v = b&é’mﬁﬁ'&?& [err]V = 0. Pé“mssmssss(w)
30 Determning the mninmum norm solutiogg V, is equivalent to finding
the solution to the optinization pr obl em
30 m ntrac §g 840)
v subj ect to the #al s in (38) and (39). Again using (40%he
techni que of Lagrange nultlpllers results in the foll ow ng set of
equati ons satFeFieet Ko tHhe GANSEERInts in (38)capf (39). Again Jusing
(41) fid rdechr?.l. e cL‘;erIIa]grange mﬁ'l'&@.%l'&@?s' aiégﬁlés‘s"nu? i ons
require the colums, of j%nr be orth o% to both [err] and [err],
the termin tHRL¥WiRg éFF@ﬁHQPﬁoﬁﬁFHG FéﬁrPYnﬁg? SREHMY: cancel the
two terns I nvoj 4mg+[,3 rijpnang [err], and thus we have [err]
(42) Where [er[] t hogonal to [err] and [err]. Post mul ti pl yi ng
by 1[err] and usi itk +$3BP5™ equati on yi el ds [erg}y 15
Therefore Aryzq[err] (44)

5 I'p=0.

Since the latter two equations require the columns of V
to be orthogonal to both A and I', the term in the first
equation involving 8 must exactly cancel the two terms
involving g and n, and thus we have

10 20+ 815 =0 (42)
Where 6’ is orthogonal to A and T,

Postmultiplying by 1, and using the second equation
yields

2
6’=-E(IN +C)D. (43)
15 Therefore

=-—(1 +C)DI;. (44)

Hence, combining (28), (34) and (44), results in a
closed-form optimal solution for the assignments of

20 offsetting contracts to each market maker in order to
rectify the imbalances in public orders:

- . - ]

M=[A:T)B 'Z--E(IA,+C)D1,?. (45)
From (18), (19) and (43) that the optimal errors are
given by

A ly,7
&, = -E(IKC + 100A7D) 1,
(46)

e = -1’?(1,25 + 1001"D) 1,
25
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¢ e smvims s St umanees e s maicte s« A2

Hence, conbining (28), (34) and (44), results in a cl osed-form opti mal
sol ution forwgwsnaes gnnents of 20 offsetting contracts to edRCI/N8IHKISE65
maker in order to rectify the inbalanCﬁi in public orders:

[err] From (18), (19) and (43) that t optimal errors are gi ven
by [err err] .25_. . .

31 Not e tm]lp%ml?ﬁmfﬁ&%%’ﬁéc&ﬂp&%a&ﬁ%ﬁegé EREPESEMBRESSAPDS : A} e
optimal errors gie dpieinidlc alrdoys ea:@limnlteltca&alfem each sagkett hakeryor

vector is a consfant tiles the un vect or; B ptimal error
magni t ude sunmetrBRRBE SRHqT W&r heSic & §°P§§ f‘b %hghg gﬁ all delta
(ganma) ¢ havgesotle sanid B )byt Heh oprameat emadc&-rmagndtukie summefi akkr

dela Coamy) clepdgsogbe\ P Ll B dok or aTPBERUSCToARAETS
error could be dfange®diesikad haertdle ﬂnatmtaggk@g&t andaithet spmkef dddire
wer e to of e?&h}] t r?é&:!{ %ﬁ@hl I n
public orders. défta f 2 é’% f\%'a%%l mumsol ut onlvl\nlglbl’i]’lr%%t result in
15  integer vai!lléél%lic‘éﬁea@%ﬁw%rﬁfse SPRiRn Merdes x, TAWE t Ags is t he
opti m zation '5 ée@afﬁhéﬁ#ﬁ“ﬂﬁliﬁE&fF*HHSH the eff%&eﬁ%&lapb@t in

NK- di nensi onal ace Int subspace defined by the intersection

of the N | P‘ﬁearre‘i“ceﬁaﬁ?fﬁ%% khedhe |§£ﬁ?ﬁﬂaé®&ﬁréﬁ?t( pRKer: (esiresWers in

20 m ni mum squghedeLELOr eRScElY BhdYaddkbgat@idiitd NYamma) iwYaldnce
exhaustive or exotic, sear nggf roaches to this relatively immaterial

probl em the comPrBrPe#c2®

In general, this optimum solution will not result in

15 integer values of the elements of the M matrix, and thus
the optimization is completed by finding the nearest
integer point in NK-dimensional space lying in the
subspace defined by the intersection of the N linear
manifolds specified by equation (21), that results in

20 minimum squared error as given by (20). Rather than
using exhaustive or exotic search approaches to this
relatively immaterial problem, the controller 2 could
find an approximately optimal integer point solution by
taking into account the nature of the constraint

25 equations (21), which require that

k
) M, =-D(5), i=1..N, (47)
=1

i.e., the row sum of the i*® row of the matrix M must

equal the integer value -D,(&,). A simple procedure that

will produce a near-optimal solution can be obtained by
30 rounding up or down the elements of the j** row M; of the

matrix M to their nearest integer values, and then

making adjustments of plus or minus one to the rounding
over the row elements as needed to remain compliant with
(44) . For example, if the row sum of the i** row after
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find an approxi mately optimal integer point solution by taking into

account the nature of the constraint 25 equations (21), t hat
[err] WQ 98265 1o [ ow sum of the i[err] row of the rratrw&ﬂé%%s
equal the integer value -Derr]([err]). 3A sinple procedure that wil |

produce a near-optinmal solution can be obtained by 30 roundi ng up or down

the el enents e X8l Le! O Mooy 43, Andi%or ra=iTRlcontzi @zl hel -

nearest integer val ues, "and t maki ng adj ust ments of pl us or m nus
one to the r agwivigies thever rbheeueu«eﬁtememtﬁ a}sensmmxhs.tto remai n
conpliant wt Lf & row s h rr] row
after ?ract:.on(a[ll. l:oar'é ere roun ed31ip 3:% cht.glcf g i s

-Derr] ([errdowrr., tFoenrked, rB:hler pobrrodherok| performs the destedsees the r

row el e Lagt a t VgL e rounded up,
and roug? #éé& dovvnm-@%lg f‘lgrrt'}' 3 %ﬁg %%n@%%??e"?fézh per? ornms the
reverse 5 p'tamrr efratc@mmad.gmttshehatr verel eovndedvdiown t heThis | ar gest
fractional pagdss thadh,en ound 0 at nost
a change of V\]n's"l h resl%gg?‘atto%% %s@ ‘anhgﬁh%m nu %ké%ﬂ?é%é%sé .hffg a given
series wll b‘éhe opt:arsm it den) wrmmlseﬂnnaksivemosenes Exkip | ess To
illTustrate thesdRhfdd W RN HAPKate nfkele optimum assignment with
respect to the round-robin“assi gnnent of publ i c order inbal ances to
mar ket nk%ers, we consider the 15 foll ow ng exanples. W assune there
are ten opti ogxamplesseries, with 30 market makers. Suppose t hat the opening

val ues of [err and in the ten serjes are |ve b

vectors: [ <L :.ilust!rate the yelptrive perfo(gmﬂxge égtlmum

-0. 164 asfididvent with rdbpect to the round-rob@n?@5signment &f 085
10

public order imbalances to market makers, we consider the
15 following examples. We assume there are ten option

series, with 30 market makers. Suppose that the opening

values of 4, I" and D in the ten series are given by the

vectors:

~0.212 0.114] 77

~0.164 0.03 ~97

0.205 0.085 10

. 0.11 0.103 -41

0.037 0.15 34

4=l 0.309 F'=l0.034 D=l 13

-0.276 0.098 26

0.411 0.14 -198

0.738 0.03 40
| 0.462 | 0.028] | 30 |

Further assume that the 30 market maker's { and { values
20 are shown in the plots in Figs. 3A and 3B.

The optimum and round-robin assignment errors for { and £
are shown in Figs. 4A and 4B respectively.
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0.11 © 0.103 - -41 0. 0309 0.15

34 woo9sn26s9 0= 0.3039 [err] =0. 034 73 PCT/US97/15665
-0.276 0. 098 -26 0. 411 0.14
-198 0. 738 0. &?

0. 462 0. 028 Furt her assu that t he 30 narket
maker's [err] ZB@ FOPE] mﬁ‘éf‘uéguiﬁe (Zpg) s?mlﬁe? n%f%ft MReriipy ¢ 18a and
3B. The 70t Ifas&ntaedopemdmr@b'sﬂgmsmgnrmm eusnss for fies rdovaid
[err] are shqown in Flg 4B res ?él Xﬁ%

33 The rodPPHBaASSSFY §nErnE %r?BFrﬁ ORI TRARFTIT ReT Magket
721 for the ophialér AnsiEgaeenss and, 544 52Peépect heeIpund- robi n
assignnment.._ The corresponding rns error per market maker in [err] is
135 and 545 respectively. 5 As a second exanple, let [err], [err] and

Din the 10 opthsom secondr exampdegi ¥eh by Fhandedtimsthe 10 option

9i¢§7 %égyés be g&v&yzgy the v8ci9§s: O'igg 0. 059
-0. 258 0. 02 ~ 46 X [err]— - 0. %69 [err]
0. 029 D = -53 0.437] 0. 3pv.196] 5062 144
-0. 473 0. 163 01938 0.059% 0. 9273 0. 163
- 180 -0. Bt 372 0.18.175 -132 92
0.413 0. 054 =0l.13%8 0.02 46
-0.269 0.029 -53
8%10.327 T=lo.062 D=1 144
-0.473 0.163 -104
0.692 0.163 -180
-0.314 0.18 -132
| 0.413 | 10.054] -112

Further assume that the 30 market maker's { and £ values

10 are as shown in the plots in Figs. 5A and 5B
respectively. The optimum and round-robin assignment
errors for { and §{ are shown in Figs.sA and 6B
respectively. The rms error per market maker in { is 74
for the optimum assignment, and 5,514 for the round-robin

15 assignment. The corresponding rms error per market maker
in £ is 158 and 527, respectively.

These examples demonstrate the substantial improvement in
the rms market maker target errors using the optimal

20 assignment method ‘of the present invention versus the
prior art round-robin assignment method.

The controller 2 of the representative embodiment of the
present invention can be implemented utilizing a logic

25 circuit or a computer memory comprising encoded computer-
readable instructions, such as a computer program. The
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Further assune that the 30 market maker's [err] and [err] values 10 are
as shown in_th lots in Figs. 5A and 5B respectively. T Lgm
and round-rg}ﬂﬁ"ggé ghment errors for [err] and [err] ar%@ﬁﬂgﬁh%

Fi gs. 6A and 6B respectively. The rrgg error per market maker in [err]
is 74 for the optinmum assignnent, and 5,514 for the round-robin 15
assignnent . FR8cEOLAEEPAP b H Gk KdBLEI O e RRTu TRl cdiiftle dry kgrrl is
15B and 527, resBe(;ti vef)gi? . Tcﬁéelse cexarﬁ)ll' es denonst reft é“etmhgg’
substantial i|ApFevéRedt iRndetail (3OY¥es market naker target errors using
the optimal 20 assignment nethod of the present invention versus the
prior art round-robiE assignment net hod. The contraqller 2 of the
represent at i vECBREBH HenEPBrPTRRERt 1DYRRLIOR hay KX be i npl ement ed
utilizingsa |&ﬁb¢i85tt:)ioﬁi asuit mam@@rﬁpﬁhmnmn@rwezcowrdp‘émg enCOﬂed
conput er - reada instructions uc s.a ¢C uf er_program The

S0 inct eERSRFRSLEY LReCRShrsRue i o SRR SRy Al vaces
descri bed i n desddhaabpublic ordefenes ahdyket healpeesentIt ntwuldbehas
practical 5 i i Lt a opt i rke en

essentially i %@%ﬁ?gﬁgggs?’;‘a{én‘éﬁ?t%f ?%&%nﬁ?%%%c%?éegpp&eqtesi dual

publ i c orders invemgiiRpt conkdr sot | beshanialby accomphishedithyl & Hatmarhe

sol ution se S LAY enki, | dg b&a B .

acconpl i s]ﬁfe)d %&?rﬁgﬁgﬁF:%lgHEAggS?%P%gﬂ{xQQ{i%gB%f ejélgﬁgtlti%/entl glhé,é/ellﬁrﬁ?t can
be recei ved fromr maRynwayketr pakerpkerminahfnirbatimnay beyloratestdmed in

a multitude ofy yaNnirQ¥deOedt ¥AREbus2GchbidnkPUknaSthis igp@Ct{onically
transmtted and stored 1n_a central | gcation _for processing. No human
coul d possi bl PLsStronFced 1yt fEapsmitiRPeadR8nStorgciiNati GAREERY

optim zati ons lpocatilcdfioreproeeganayl  enbl Hudlgheesun8 pHEsivDY i form

; vol atllltises ft%re each of, the many series _of optiqgns

communications,’ calculations' an opggtgnizations
required to concurrently determine the implied
volatilities for each of the many series of options and
the efficient assignment of residual public orders.
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the effitient assignnment of residual public orders.

Craging in opttons comrising:  NHNAMMEIMIHN oot “Gevites co

receive fromeach one of a plurality “of “matke! nakérs a current position, a
desired target position and market maker ogﬂ;rs for options series; an
order entry systemfor receiving public orders for options series; and

a controller, Cllqkefst EBIféality of input devices and the order entry
system the cont+eH-&4 g%%%ﬁr&%ﬁg' (a) means for determning a set of
prices for each options series that will maxim ze a weighted vol une of

¢ I . . Lng, _ : .
trades across al 0pk'°%g§@h£%§~ﬁ%5%§? %@%Qb@ﬁefggt S%Q%%ﬁggg?rgaing(cfn

executing all orders that c€an occur

means for deter optiipgsa cewpddaingmbal ance of non- executed public
orders, and (d) 1 d iﬁ% edéé"{é e PO LI Fpdnt REch
desired target positfgﬁig?a%g% %%e ﬁ?he p J%gﬂity * of ngﬁkef ngﬁgrs,

for assigning tiod resirdowalifyal @hcmarket grakews eke REEENSUDPOS BEeRer s at 0
| ndi vi dual “ones b ey thPGeP!BUAINIG AhdTRAKRE: TRHRLS SRS 1B TeRlTgg 2
cunul ative measure of deviation between the desired target position
and the current sggdesizon of each mar ket maker . 2. The system of

claim1 wherein the ggf (Qhepr LAy COPREERCER SEde OF iddRIKAG & Yrder's! teiceS-
3. The systemof claim1l wherein the set of prices for

options series; and
a controller, coupled to the plurality c¢f input

devices and the order entry system, the controller

comprising
(a) means for determining a set of prices for each
options series that will maximize a weighted volume of
trades across all option series at the opening,
{b) means for executing all orders that can occur at
the set of prices,
{c) means for determining a residual imbalance of non-
executed public orders, and
{d) means, utilizing the current position and the
desired target position of each one cf the plurality
of market makers, for assigning the residual imbalance
of non-executed public orders to individual ones of
the plurality of market makers so as to minimize a
cumulative measure of deviation between the desired
target position and the current position of each
market maker.

2. The system of claim 1 wherein the set of prices
comprises a set of implied volatilities.

3. The system of claim 1 wherein the set of prices for
each option series is simultaneously determined.
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each option series is sinmultaneously determ ned.

36 4. The_systemof claim1l ising a plurality

devi ces, cdﬁﬁl‘ﬁ@z t he cont roumnﬂﬂujﬁgﬂgﬁww set of pri 8&"&5;’?%5
plurality of marker makers. *C claim 1l wherein neans for
determ ning the set of prices further conprises neans for determ ning a set
of opening volatilities for each series @lgat is a reasonable conprom se,

according to a predeterm ned paraneter, between consistency in pricing
across each séri esThadspabémrcobrdbainenfidrbbevssomprhisingi asplurélityhe

system of cl ai [xr(mﬁ_r | 0. p le | et tions hange. 7.
The system 8?] g% al meae%l\tﬁﬁgf e?é]@?%é %dar%é%etcg?%rl%s&l%g’( e(raﬁi ﬁggsgﬁ-%ﬁ%-f |y
at the openi nget 08.prites stiatthe flutalityl othesasi ke akansr.ent position of
each one of the plurality of market nakers is input as a delta neasure and

a gamma neasure. 9. The systemof claim1l wherein the desired target
posi tion of e&ch ofkeofsyshempldr &lliatiyn df whekein nmkans ifori determsningel t a

Tessure and AR ces HtAaoRMES 0S5 SURUO LB LG UELELAL" N0

a set of opening prices for a ura S0
a plurality of isgfutofieopering ovebakiVetiennfoncieaghe series that is a

reasonable compromise, according to a predetermined
parameter, between consistency in pricing across each
series and public order demand across each series.

6. The system of claim 5 wherein the parameter is set by
an options exchange.

7. The system of claim 5 wherein the parameter is
determined on-the-fly at the opening.

8. The system of claim 1 wherein the current position of
each one of the plurality of market makers is input as a
delta measure and a gamma measure.

9. The system cf claim 1 wherein the desired target
position of each one of the plurality of market makers is

input as a delta measure and a gamma measure.

1C. A computer-baséd system for determining a set of
opening prices for a plurality of series of options,
comprising:

a plurality of input devices to receive from each one
of a plurality of market makers orders for options series;

an order entry system for receiving public orders for
options series; and

a controller, coupled to the plurality of input
devices and the order entry system, utilizing the market
maker orders and public orders to determine a set of prices
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of a plurality of market maker’s orders for options series; an order

entry syst enybogngesdei vi ng publy I I ONs series; aCINUSIT/15665
controller, coupled to the pl UrH“I“HM“IIHHMﬂmV' ces and the order entry
system wutilizing the market maker orderd afd public orders to determne a
set of prices 37 37 for each options
series that will nmaximze a weighted volung of trades across all option
series at the ni : : aj,t 10 ain the nald er
further conpri %@g rrggﬁ}s} f%’gneox-%gugfg%gg} ?élbu I}”g]l(%r ers ng'n ngr Ige\e?gr}rlat%gr
orders that carvodemer oft triadegeaermisse@ldepprsiopr sesies atothqneprensniem of
claim 10 wherein the set of prices for each option series is sinmultaneously
det er m ned. 13. The systemof claim 10 further conprising a plurality of
out put devi ces,llcouihed systemecEoniadm &P, whereim ptie t fRAERLIFr plurdden o
the plural ity QlooflBiiket HBKRLSfor ddechBEngyalepobl ot adds Wi Gidkgrans

for determning the set prices fturt conprises nmeans for determning a
set of openi ng makext i brdpes fihateachnsepteurt st thea dakpydHaiside set of
conprom se, a rdidg to a predetermned paraneter, between consistency
in pricing across each series and public order demand across each series.
15. The system of claim 14 wherein the paraneter is set by an options

exchange. 12. The system of claim 10 wherein the set of prices for

each option series is simultaneously determined.

13. The system of claim 10 further comprising a plurality
of output devices, coupled to the controller, to output the
set of prices to the plurality of marker makers.

14. The system of claim 10 wherein means for determining
the set of prices further comprises means for determining
a set of opening volatilities for each series that is a
reasonable compromise, according to a predetermined
parameter, between consistency in pricing across each
series and public order demand aéross each series.

15. The system of claim 14 wherein the parameter is set by
an options exchange.

16. The system of claim 14 wherein the parameter is
determined on-the-fly at the opening.

17. A computer-based system for allocating public order
imbalances at the opening of trading of in options,
comprising:

a memory storing a plurality of orders for options
representing a residual imbalance of public orders in each
options series that do not match an opening price
corresponding to said options series;
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16. The system of claim 14 wherein t he péfaneter i s determned on-the- fly

at the openin 17. A conputer- ﬂ I al l ocating public_order
i mbal ances a‘P'gt’H’é 2683 cni ng of tradlmm "m""ﬁlm mm conpri si ngCT/USIT15665
menory storing a plurality of order’s fortoptidns *representing a residual

I mbal ance of public orders in each options series that do not match an
openi ng price corresponding to said opti oB8 series;

38 a plurality of input devices to receive from each one of a
plurality of marketa rpkadifycafr énpupodevioesahd nedetve efremrepth one

t d Led t f
Poput devi ces, o5 3 PERERIFEL 0r BEEREE maRels® RAHRe T bast ot Gl ' °
position of ea¢¢sir&d(ﬁanQﬁ§[ﬂQﬂtﬂuqnw @nhdmar ket nmakers to aSS|gn each
public order iin the @oﬂ(t‘i%ﬁ'le&*nbébﬁg‘i‘édofzopﬂﬁé'ﬁeﬂ&g§r§n& d;\B/ ”es

ers e neas

of the pIurallté of market ma as to mnimze cunu re of
devi ati on bet v nlbhétdé§VF§§5taﬂééﬂlﬁé§gtﬁbﬁ 5m@nﬂm§<nnam§upqxnnd|thﬁcﬁ
each market nMBfeiiredl ar'%r )S§E€Ebﬂf of &l ox@%%' EheN G NSy of
position of each one o ura Ity of na et makers 1s i'nput as-a delta
measure and a BaFkat npakere. to i@lﬂee%%tlé%?bﬁwé@% 117nmh}é¢e1‘¢s-'t¢mal

desired targetygosiihen off c3ehine Sfadle Rl Bhitysfhal™iditls MBKer G S

i nput as a delta nmeasure and a ganma neasure. . A conputer-i | enrent ed
net hod for opeRing2iitni af mﬂrbﬁﬁu%m%95§ %PpFGrBleynbmlh%rReF afive
conpri si ng: measure of deviation between the desired target position

and the current position of each market maker.

18. The system of claim 17 wherein the current position of

each one of the plurality of market makers is input as a

delta measure and a gamma measure.

18. The system of claim 17 wherein the desired target
position of each one of the plurality of market makers is

input as a delta measure and a gamma measure.

20. A computer-implemented method for opening trading in
options by a plurality of market makers, comprising:

receiving from each one of a plurality of market
makers a current position, a desired target position and
market maker orders for options.series;

receiving public orders for options series; and

determining a set of prices for each options series to
maximize a weighted volume of trades across all option
series at the opening;

executing all orders that can occur at the set of
prices determined in the previous step;

if there is a residual imbalance of non-executed
public orders, assigning the residual imbalance cf non-
executed public orders to individual ones of the piurality
of market makers so as to minimize a cumulative measure of
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receiving fromeach one of a pIuraI kers a current position,
a desired twaopEsr2p89si ti on and mar ‘! ﬂ&!“ﬁﬂﬁﬂmiﬁor opt i ons PECEMUSBH15665
receiving public orders for optlo determ ning a set of
prices for each options series to maxi m ze a wei ght ed vol ume of trades
across all option series at the opening; 39 executing all orders that can

occur at the set of prices determned in the previous step; I f there

is a residual dwbak-.%ﬁe 1 WUt EXBeUt 88ls PHOH | & XY SpodE8i8AI Nthd hehe
resi dual inbal ance of non- executed public orders to |nd|V|duaI ones of the

plurality of FHEkKeptnRRELE1QR @f ?%Ch1%@ﬁ¥%% Bakeful ati ve neasure of
39 deviation between the desired target position and the current position

of each mar ket _nmake The et hod of _cl ai m 20 ereln t he_set  of
prices conpri $és al g@t rb?érr‘%l PEd AR i &Pt 2rein the, Sefet Rbd PFCSai m
20 wherein theompiriebspai ees éﬁrmpn:beepfmbatsmtessls si nul t aneousl y

det er m ned. 23. The nethod of claim 20 further conprising the step of
outputting the determ ned set of prices. 24. The nethod of claim 20

wherein the stgn offheemethiodi bg t:tlametzoofwhprﬂeaas thier sty ooy icees folte
step of detern1nbng g .set of o n|n % Lt s fog each eries that is a
reasonabl e coffGn® IOQCESFaF 1?0 ﬁBPS ng? ﬁﬁ?é? bet ween
consistency in pricing across each series and public order demand across
each series. 23. The method of claim 20 further comprising the step of

outputting the determined set of prices.

24. The method of <claim 20 wherein the step of
determining the set of prices further comprises the step of
determining a set of opening volatilities for each series
that is a reasonable compromise, according to a compromise
parameter, between consistency in pricing across. each
series and public order demand across each series.

25. The method of claim 24 further comprising the step of
setting the compromise parameter in advance by an options
exchange.

26. The method of claim 24 further comprising the step of
determining the compromise parameter on-the-fly at the
opening.

27. The method of claim 20 wherein the step of receiving
from each one of a plurality of market makers a current
position further comprises receiving from each one of the
plurality of market makers a delta measure and a gamma
measure corresponding to the current position.

28. The method of claim 20 wherein the step of receiving
from each one of a plurality of market makers a desired
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25. The nmethod of claim 24 further conprising the step of setting the

conprom se 57350 I n advance ' change. 26pcriSof8ga0d of
claim?24 furt’her Cconprising the” ﬁmﬂm!‘mmml ng the conprom se
paranmeter on-the-fly at the ope c L ZMm e=met hod of claim20 wherein
the step of receiving fromeach one of a 8Iurality of market makers a
current position further conprises recei%Png fromeach one of the plurality

of market nakers a delta neasure and a ganma neasure .corresponding to the
Current posi thaRdet BASLLHAD FTRIE ToCONBR RS0 HARE IR, 1100 GaCHr one

recei ving froe eggd ?M@r@iiﬁypblﬂ aariketoimaiideeta NAkPES medstrécdnd a
40 target position

urther conprises receiving fromeach one of, the
plurality of JAFIeMeRFRERSCYT R%F‘f?éﬁsl'}loetaﬁ %sbﬁ%t%rp@snlon.
corresponding to the desired target position. 29. A conputer-inpl enmented
met hod for determning a,set  of openin ri,ces for a pluraJity of serjes of
traded optionk®: co’?‘rﬁq%gﬂ%&r'lmple‘g%%%?‘gi“%&h(?ﬁngg ?BFQBH’?’O‘?% EH9 LY rom a
plurality of smérdaig prkees; for a pRORAMitY] cfubbtfesrdersrdded ot iviss,

series; and determning a set of prices for each options series,
wherei n the sEP™RF$HtH%es naxinizes a wei ghted vol ume of trades across al

option series at thecepeindigprdesd. fdheopteidd sdridsaifechd 4 wiledlity
conpri si ng th§f5ﬁ§¥k

é% makers;
receiving public orders for options series; and
determining a set of prices for each options series,
wherein the set of prices maximizes a weighted volume of

trades across all option series at the opening.

30. The method of claim 29 further comprising the step of
executing all possible public orders and market maker

orders at the determined set of prices.

31. The method of claim 29 wherein the step of determining
a set of prices for each options series further comprises

the step of simultaneously determining a set of prices for
each options series.

32. The method of claim 29 wherein the step of determining
a set of prices for each options series further comprises
the steps of:

providing a parameter; and

determining a set of opening volatilities for each
series that is a reasonable compromise, according to the
parameter, between consistency in pricing across each
series and public order demand across each series.

33. A computer-implemented method for allocating public

order imbalances at the opening of trading in options,
comprising:
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executing all possible public orders et naker orders at the
det er ni ned savoefngeseces. 31. The ﬂﬂ,@rﬁ"ﬂ m mﬂ wher ei n PEEUSATASEEST
determ ning a set of prices for each rther conprises the
step of sinultaneously determ ning a set of prlces for each options series.
32. The nethod of claim 29 wherein the step ff determ ning a set of prices
for each options series further conprises thée steps of: providing a
par aneter; and . [t nj.Nng ni nge vol e Orcﬁﬁﬁ
series that is a reaggégéﬁséﬂéonpa?on?&uggégg I‘dl%f oartdréfst parﬁa%ret bns
bet ween consi st eepyesenpingingetissl daginlange efsf emcbbx@lozﬁ&rsielrn mﬂind

across each serhﬁ ions 3§e le%onguggr-agpl%g&nt%gfgﬂfﬂgkf I&g r|5|ng'

public order al'ances e opening of trading i n optiorns,

41 prOV|d|mgrr&SpphdLag|t9 sapd opkliens serdes:options representing a
residual inmbalance of-eRUllfqOr £hesm b%c?xac&xé’ptdf)”é PhESL IR 040 Mixet
mat ch an opening price corregpon ding to said options series; recei ving
from each one omakexisuraalGusrest mesdtiomkend a desiaed gesiad torpesid ion;
desired target % i tion; and automati cal ly assigning each public order
i n the residual alance of public orders to individual ones of the

plurality of narket gitomatigadd vt c2pS HURIRE LachuRiblc negslere » the

devi ation bet wegly i e sinhad shedels RRAHILIOb AL S N CLEABM aPB| drledd &F
each mar ket maker.
the plurality of market makers so as to minimize a
cumulative measure of deviation between the desired target

position and the current position of each market maker.

34. The method of claim 33 wherein the step of receiving
from each one of the plurality of market makers a current
position further comprises receiving from each one of the
plurality of market makers a delta measure and z gamma
measure corresponding to the current position.

35. The method of claim 33 wherein the step of receiving
from each one of a plurality of market makers a desired
target position further comprises receiving from each one
of the plurality of market makers a delta measure and a

gamma measure corresponding to the desired target position.

36. A computer-implemented method for opening trading in
options, comprising:

rec_eiving from each one of a plurality of market
makers a current position, a desired target position and
market maker orders for options series;

receiving public orders for options series; and

concurrently determining a set of opening prices for
each options series;

executing all possible public orders and market maker
orders at the set of opening prices determined in the
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34. The nethod of claim 33 where UE H l ceiving fromeach one of
the plurali rket makers a H E‘liﬂg ‘IUEB further co I

recei ving f?ér%%g{c;ﬁ one of the plﬂ E t makers a ggﬁ@gk%gﬁre
and a gamma neasure corresponding to the current position. 35. The net hod
of claim 33 wherein the step of receiving fromeach one of a plurality of
mar ket makers a desired target position #@rther conprises receiving from
each one of the plurality of market nakers a delta nmeasure and a gammua
measure corr cBpOWEPWE $BCRPhe desired target position. 36. A

conputer-inpl ement ed na{dad 9" HPeRISIANRL A0 a1 dh@Pt IFSnoROMRELSEEY:
receiving fromeach one of a plurality of market nakers_a current_ position,
a desired tarBuPlpEsPrHgRSanaPilRLlY naReiIRIRGr Ehe oFespinahsinbal ance

recei ving pubbieC rRind@hecutedO NS SS¥déis #89indiviBRAEULHRR! lof the
determ ning a set of opening prices for each options series;: executi ng

al | possi bl e BHBFREIGY RF MarketrmakerspdREingr dBte aFcPHRtsERe ofledphEeding
prices deternithegdetNgdd¥dtion and the current position of eadt? mPFRY¥EOUS
st ep; if thﬁre is a residual inbalance of non-executed public orders,
optinally assP8%&Phg the residual inbal ance of non-executed public orders to
i ndi vidual ones of the plurality of market nakers taking into account the
desired target position and the current position of each market naker.
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