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APPLICATION PROGRANS

(57) Abstract

Apparatus and methods for automatically modifying a financial portfolio having a pre-defined universe of securmes. such as. e, g "
an ‘index fund, that tracks a given capitalization weighted index, through dynamic re-weighting of a position held in each such security.
Spec:ﬁcally. in a computer system (S0, 60), a target weight is accorded to each such security, relative to others in the portfolio, in proportion
. to a non-constant function of current capitalization weughts of the securities in the index. Once these target welghts are determined, then,
in response to both the target weight of each such security and an actual weight, as a proportion of the portfolio, in which that security is
currently held, a trade will be generated by the system in order to conform, within a predefined band, the actual weight to the target weight
$0 as 1o rebalance the holdings in the ponfoho The system can selectively operate in either onc of two modes: a dynamic rebalancing mode
for calculating new target weights and issuing appropriate trades, or a cash investment mode for issuing one or more trade(s) to consume
excess’ cash then held in the portfolio. .

.




10 BACKGROUND OF THE DI SCLOSURE 1. Field of the Invention 15

The invention relates to apparatus and nethods for automatically nodifying
a financial portfolio having a pre-defined universe of securities, that
tracks a given capitalization weighted index, through dynam c re-weighting
of a position welsd2ios each 20 such security, wherein a CydiRbeyREONt
accorded to each such security, rel atif2 to others in the portfolio, 1s
proportional to a non-constant function of current capitalization weights

of the securities in the index. The invention is particularly, though not

25 exclustvelry surted, for~u Trarmagrng an i ndex fund
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and

2. Description
t ax exenpt
managenent of

-2-
substanti al ,

tax exenpt fundaCTAIS96/2&469 mat ed

quity assets under
so-call ed "i ndex funds"

hold a 5
nt,

continually and significantly increasing anmount of noney diversified across

various fornsyeforishysest ments.

At the
O these assets,

anot her. 10

such as pension fund portfolios,
constitute one

of the Prior Art Currently and for the foreseeable future,

conposed of a pre-defined set of equity securities.

to have in excess of US $ 4 Trillion

f unds,
one sort or
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popul ar investnment vehicle that is often used in pension fund managenent
and currently account for approximately US $ 600 Billion thereof. |ndex
funds are characterized by investing in all those securities 15 t hat
collectively forma pre-defined index, such as, e.g., all the different
securities in dard & Poor's (S ,& P) 500 or the RusselpttASezodsor US
equities, or |\?18??{§0?%3I X for Japanesélaﬂwi ties. The attractiveness of
these funds lies in their ability to 20 generate a financial return
that should track that of the corresponding indices at |ow cost. Generally

speaki ng, an i ned~b = r of —TsSUES ™Whi ch
constitute t I ndex, e.g. [common st ocksTof O | afge corpordtions
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whi ch trade on United States exchanges constitute the S& P 500, as well as
a proportion of the index, i.e. in terns of a weighting, attributable to
each different issue therein. Illustratively, the weighting for each 30
different security in the S & P 500 index is sinply the narket

capi talizati ony,ef t security expressed as a percentage of [ﬁ%, Rk

mar ket capitalizé??%ﬂ t aken - 3- acrhﬁm all the securities % eﬁ%g% t%e

i ndex. O course, these weights continually change as share prices nove
whi ch, in turn, changes narket

\

ELECTRONIC PAYMENT
INSTRUCTIONS FROM ISSUERS

FIG.1D
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capitalization both of each individual security in the 5 I ndex as wel |

as that across the entire index. Qher indices, such as the Val ue Line
i ndex, assign different, e.g. equal, weightings to each security therein.
10

] | ndex funds generally fal
passive funds yagpshBpzanced funds.

di sti ngui shed by fﬁeir adher ence,
wei ghtings set forth in whatever

into two distinct categories:
Passi yve and enhanced i ndexpétTroshs20462

or ﬁ#&ﬂ thereof, to the security
i ndex each such fund follows. 15

Specifically, a passive index fund nmerely reflects a correspondi ng i ndex of
interest. Specifically, a passive index fund manager will spread
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total fund assets across every security in the index 20 and, for each
such security, in a proportion set by the proprietor of the index, hence
identically reflecting and continually tracking, to the extent possible,

t he performance and conposition of the index. For exanple, a passive S & P
500°i ndex fungoghsaser Will invest fgybi% assets acr os ECEUEIRURe of
the 500 common stocks that forns the P 500 index and with a wei ghting
given by this index. As the index weightings change, typically on a daily,
weekly or other regular basis, positions in the individual securities in
the portfolio will either 30 be reduced or enl arged whenever necessary

to accurately reflect these changes. In addition, should a given security
be elimnated fromthe index, as a resgt of
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i ssuer or

its 5
or buy that security

in the ipckeusostdass he $

Its
approximately $ 600

or alternatively a new security
i ndex funds.

n exi stent

t funds,
i n passive

il

entity,
due to the increased capitalization of

then appropriately sel
i nvested 10

i nt o anot her
is

i ssuer
be added to the index,

I nsufficient market capitalization or bankruptcy of
Its

t he fund manager wil |

to mrror the eamyasse and wei ghtings

of

e.g.

4 Trillion currently invested in tax e

Billion of that anpunt

mer ger
i ssuer
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In sharp contrast, an enhanced index fund contains positions in the
securities that constitute a correspondi ng i ndex of interest but the fund
manager 15 t her eof replaces the passive i ndex weighting by his(her) own
wei ghtings for each security. Risk is controlled here inasnuch as an

enhanced i ndexyéyfshefpnager usual ly Lfors a so-called "trackusesresaor”
that neasures a difference between wh er financial 20 return he(she)

receives relative to that of the underlying index itself, e.g. the return
of S & P 500 index for an enhanced S & P 500 index fund, and trades in a

fashi on t hat Cgal this er a ,\J:' g?le bounds Enhanced i ndex
f unds hol d rOX|nateI ax _exenpt assets_under

GLOBAL PARAMETERS
W= NINIMUM TRADE PROPORTION

P = MINIMUM BUY PRICE

C = CASH MAINTENANCE PROPORTION

510 C = CASH INVESTMENT TRIGGER PROPORTION
—

M= { {, REBALANCING MODE
1.0, CASH INVESTMENT MODE

B = GLOBAL STOCK TRADING BAND
JF = DIVERSITY EXPONENT

VARIABLES PERTAINING TO AN ACCOUNT:
520 K = PORTFOLIO CASH

h V = PORTFOLIO VALUE
L = PORTFOLIO TRADE ROUNDING CENTER
D = EXCESS PORTFOLIO CASH

VARIABLES PERTAINING TO A SECURITY:
330 P; = SECURITY PRICE

ha { IF SECURMY IS NOT IN S&P 500
SHARES OUTSTANDING, ~OTHERWISE

VARIABLES PERTAINING TO A SECURITY WITHIN AN ACCOUNT:
T; = TARGET PROPORTION
= TEMPORARY PROPORTION
540_ Pi = CURRENT PROPORTION
0; = SHARES HELD
f; = TRADING BAND

. { {, SECURITY IS POSTED
¢ .0, OTHERWISE

¢, = { 1, SECURITY HAS A TRADE PENDING
* 71 0, OTHERWISE

T = { 1, SECURITY IS PROSCRIBED
0, OTHERWISE
&; = REMAINDER TRADE AMOUNT
= SHARES TO BE TRADED
v; = TRADING TYPE INDICATOR
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managenent. Historically speaking, index funds are rooted in a "Capital

Asset Pricing Mdel". For further 30 details thereon, the reader is
referred to W Sharpe, "Capital asset pri ces: a theory of market

equi librium under condl tions of risk", Journal of Finance, Vol. 19, -5-
1964, pages 4¢y I n accordance with this nodel, under i dealusee2dé% i ons,
an i nvestor |n a rrar et, seeking to 20ni ze his expected return at a given
| evel of risk, will hol d a conbination of cash and

DYNAMIC PORTFOLIO MANAGEMENT ENTER
; PROGRAM-MAIN PROGRAM (% 605

o DETERMINE WHETHER FOLLOWING TWO TRADING FLAGS ARE SET:
1. REBALANCING, OR
2. CASH INVESTMENT; SET VARIABLE A ACCORDINGLY.

3 610
INITEALIZATION 615

READ SYSTEM DATES AND TRADING PARAMETERS. PARAMETERS ARE
(CURRENT VALUES ARE PROVIDED IN PARENTHESIS):

{, ASSUMED TRADING COST ($ 0.15/SHARE)
2. LARGE PRICE CHANGE THRESHOLD IN PERCENT (10%)
3. LARGE SHARE CHANGE THRESHOLD IN PERCENT (20%)

4, MINIMUM TRADE SIZE IN PERCENT ON CURRENT HOLDINGS,
DESIGNATED AS W. (0.01%)

5. MINIMUM BUYING PRICE, DESIGNATED AS 2. ($0.01)

6. MAINTENANCE CASH PROPORTION, DESIGNATED AS €. (0.02%)

7. CASH INVESTMENT TRIGGER PROPORTION, DESIGNATED AS € . (0.2%)
8. STOCK TRADING BAND, DESIGNATED AS B. (5%)

9. EXPONENT RELATING DYNAMIC AND S&P 500 PROPORTIONS,
DESIGNATED AS F. (0.76)

! 620

READ PRICE LIST. READ S&P 500 CUSIPS, TICKER SYMBOLS, SECURITY NAMES,
PRICES P; ,SHARES 8;, AND CHANGES FROM PREVIOUS CLOSING PRICES. ENSURE
THAT DATA FILE IS IN ASCENDING CUSIP ORDER. ENSURE THAT ALL PRICES ARE
POSITIVE. SET THE LARGE PRICE CHANGE INDICATOR IF THE PERCENTAGE CHANGE
IN PRICE FROM THE PREVIOUS CLOSE EXCEEDS THE LARGE PRICE CHANGE
THRESHOLD. CALCULATE S&P 500 PROPORTIONS AND RETURN FOR THE DAY,

r 65
READ GLOBAL POSTED LIST. ENSURE FILE IS IN CUSIP ORDER.
|

READ LIST OF ACCOUNTS TO BE TRADED. 830
SET n EQUAL TO NUMBER OF ACCOUNTS TO BE TRADED.

!
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5 every stock available in that market, wth the weighting of each such
stock being proportional to its current capitalization weighting in the

mar ket .- Underlying this nodel are two basic assunptions: (a) all investors
are said to possess the sanme know edge, 10 i.e. information, and

out ook, i.e.wggm;@tion, on each Siﬁﬁb, and (b) each i nve®CTUSRRMEIOr r ow
an unlimted anbunt of noney at the reasury bill rate. Wiile both of

t hese assunptions are obviously widely fallacious, index funds actually

performrather well 15 over a_reasonable period of tine. In that
regard, for a noderate investnent horizof of 3-5 years, IIEd &%Fave
proven to be attractive invgly i NDERT < 1€ Si P j

1899 1 540

ACCOUNT MANAGEMENT ROUTINE

-i- Va 650
FOR ACCOUNT (ACCOUNT_INDEX): ENSURE THAT DATA FILE BEARS CORRECT

INTERNAL ACCOUNT KEY. READ PORTFOLIO CASH VALUE € AND DATE [LAST
MODIFIED. ENSURE FILE IS IN CUSIP ORDER. ENSURE EACH CUSIP IN FILE EXISTS
IN S&P 500. READ NUNBER OF SHARES 0;. ENSURE THAT NUMBER OF SHARES

|1  ARE POSITIVE. READ PENDING TRADE INDICATORS ¢, FOR EACH SECURITY, | !

652~ { 654

READ LIST QOF PROSCRIBED SECURITIES. ENSURE THAT DATA FILE BEARS CORRECT
INTERNAL ACCOUNT KEY, ENSURE THAT FILE IS IN ASCENDING CUSIP ORDER. FLAG
(| PROSCRIBED CUSIPS WITH T; AND REPORT NUMBER OF PROSCRIBED NAMES READ.

! 656

READ LOCAL POSTED LIST FOR ACCOUNT. ENSURE THAT FILE IS N
ASCENDING CUSIP ORDER. FLAG POSTED CUSIPS AND REPORT NUMBER
OF POSTED NAMES READ.

I 1 |

EXECUTE TARGE] PROPORTION DEVERWINATION ROUTINE 700 1~ 50

|
H EXECUTE CURRENT PROPORTION DETERMINATION ROUTINE 800} 02

EXECUTE TRADE DETERMINATION ROUTINE 900}~ 964

]
: EXECUTE CASA CONTROL ROUTINE 1000 |~ 560 |

' 668

CHECK INTEGRITY OF TRADING LIST. PRINT WARNING IF CASH IS NEGATIVE. PRINT
WARNING AND FLAG PORTEOLIC IF PROSCRIBED SHARES ARE CURRENTLY HELD.
IF POTENTIAL TRADES WOULD LEAD TO A SHORT SALE, PRINT AN ERROR MESSAGE,
FLAG PORTFOLIO, AND SET TRADE TYPE INDICATOR vj 70 ''S'. SET LARGE
CHANGE INDICATOR TO LARGE SHARE CHANGE INDICATOR IF TRADE IS OVER
200 SHARES AND IF TRADE REPRESENTS A GREATER FRACTION OF CURRENT
HOLDINGS THAN THE LARGE SHARE CHANGE PARAMETER AND IF THE LARGE
CHANGE INDICATOR IS NOT ALREADY SET TO THE LARGE PRICE CHANGE
INDICATOR. CALCULATE BUY AND SELL TOTALS, TOTAL SHARES TRADED, AND TOTAL
NUMBER OF TRADES. CALCULATE RETURN ON PORTFOLIO FROM PREVIOUS CLOSE.
PRINT NUMBER OF TRADES, OLD AND NEW PORTFOLIO VALUES AND CASH LEVELS,
AND THE RETURNS ON THE PORTFOLIO AND THE S&P 500.

_ _ K _ _
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20 that these funds, ignoring their managenent fees but including their
transaction costs, tended to performbetter, i.e. have regularly generated
a greater annual return with no greater risk, over this period than have
nost financial noney managers who actively pick 25 i ndi vi dual
securities f i ment. This effegtis particularly trueCDusse20469
subst anti al g‘gﬁs?%ﬁ’%assets, such as ggJﬂdal IObi l'1ion dol>ll ars are to be

i nvested. G ven that nost fund nanagers tend to 30 under - perform
various market indices, such as the S & P 500 index, pension plans are

i ncreasi nglyJqurni ng to 1 ndex funds as o_r‘e part of a mgl,il -faceted srrat egy

| | WRITE TRADE TICKET FILE. WRITE FILE WITH ACCOUNT NUMBER, DATE,| |
TICKER, BUY OR SELL INDICATOR, SHARES TRADED, PRICE, CUSIP.
SORT FILE SELLS QVER BUYS, AND THEN BY ASCENDING CUSIP ORDER.

‘ ya.l

WRITE PROPORTIONAL CHANGE FILE, WRITE PROPORTIONAL CHANGE FILE
AS NAME, TICKER SYMBOL, PRICE, SHARES HELD, SHARES TRADED OR A
FLAG INDICATOR IF SECURITY IS POSTED OR HAS A TRADE PENDING, CURRENT
PROPORTION, TARGET PROPORTION, PROPORTION AFTER THE TRADE RELATIVE TO
THE S&P 500 PROPORTION, THE PROPORTION AFTER THE TRADE, LARGE CHANGE
INDICATOR, AND TRADE TYPE INDICATOR. PRINT A FILE HEADER WITH A
WARNING IF A PROSCRIBED NAME EXISTS IN THE PORTFOLIO, A WARNING
IF THE CASH IS NEGATIVE, AN ERROR IF A SHORT SALE IS ATTEMPTED, THE
PORTFOLIO VALUE, CASH LEVEL, RETURN, S&P 500 RETURN, AND RELATIVE
PORTFOLIO RETURN. PRINT A FILE FOOTER OF TOTAL SHARES SOLD, TOTAL
SHARES BOUGHT, TOTAL SHARES TRADED, TOTAL NUMBER OF TRADES, CASH
CHANGE, CURRENT CASH LEVEL, AND THE OLD AND NEW CASH PROPORTIONS.
SORT FILE SELLS OVER BUYS OVER POSTED OR PENDING SECURITIES.

S ean

ROCESSED, i.e.
ACCOUNT_INDEX

| [TNCREMENT INDEX 1O POINT T0 NEXT_ACCOUNT:
ACCOUNT_INDEX <~ ACCOUNT_INDEX +1 FrC.
6C
FIG.6C
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-6- ained at obtaining an increased investnment return at an acceptable

risk.

By their very nature,

enhanced i ndex funds 5

active and sophisticated nanagenent than do passive index funds.
sel ection and wei ghting decisions are often the product of a highly
sophi sti cat edyo9pig,euous and conpl eﬁﬁhal ysi s and deci si on-reaRisSAg2Mécess

which is rather difficult and 10
execute on a routine basis --
effective and cl ose human supervi sion and intervention.

managenent fees on enhanced i ndex funds

FIG.74

TARGET PROPORTION
DETERMINATION

700

CT) ENTER

FORM SET OF SECURITIES, i.e. SECURITY_SET,
HAVING SECURITIES IN EITHER OR BOTH
S & P 500 AND ACCOUNT (ACCOUNT_INDEX)

1

INITIALIZE INDEX VARIABLE, s: ¢ ——1 and
SET VARIABLE m TO NUMBER OF
SECURITIES IN ACCOUNT(ACCOUNT_INDEX)

.1

SELECT SECURITY(:) IN SECURTTY_SET

ROUTINE

— 705

— 710

715

4 1
735
* CALCULATE TEMPORARY PROPORTION, &, FOR SECURITY(:)
W = 0, “’.T,=1 720
7 |8 p,, OTHERWIE
INCREMENT |~ 730 725
INDEX FOR [~ o SECURTTEES IN
NEXT SECURITY_SET SELECTED,
SECURITY: . ie,i=m?
it 1] 126
728
NORMALIZE ALL G;{ s = 1,.., m) TO SUM T0 1 |—740

]
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e costly to inplenent and then
particularly considering the need for
Consequent |y,



typically amunt to 30-50 or nore basis points (a basis 15 poi nt bei ng
.01%-- hereinafter sinply "bp") of the assets of the fund agai nst
generally 5-15 bp for a passive index fund. While passive index funds tend
to just mrror the return of the underlying index, enhanced index funds,
because of thejdoftiagfaer cost 20 sisrﬂgtures, strive to coPGIEI9620469
outperformthe index typically by .59 % per year in order to attract
sufficient levels of fresh investnent capital and then retain it. 25
Unfortunately, in practice, enhanced index funds, due to the conplexities
of the attendant anal ysis and deci si on-jmaki ng and the nonetary costs

t hereof, have experienced considerable|difficulty in

!
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|
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achieving the Il evel of return necessary to attract 30 subst anti al
anounts of new capital over that directed to passive index funds -- though
no theoretical -7- inpedinent to achieving such a return for an index
fund, appears to exist. Gven the inherent diversification, an index 5

fund with obj agdioyses nplicity, |ow 3272@ f ees conpar abl e t @ecwups9sade

I ndex, and which produces a return to% I nvestors consistently exceedi ng
that of a nmajor index, such as the S & P 500 index, by as

FIG.8
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little as, e.g., 40 bp per year, may attract 10 significantly

I ncreasing pension fund investnent. Thus far, such a fund does not exist.
Furt herhore, over the past few decades, various securities exchanges, such
as the New York 15 St ock Exchange (NYSE), have instituted a variety of
el ectroni ¢ andqygeyA3ser i zed net wor ks {o Bapidly handl e subst aotasdei29469

I ncreasing tradi ng vol unes, particulaﬁ/ﬁ frominstitutional traders. These
systens, typified by the NYSE Direct Order Turnaround (Super DOT) system
20 provi de nmechani sns for high-volune, reduced cost el ectronic trading.
Whi |l e the NYSE possesses a trading floor manned by human trading

speci alists through which all NYSE trades (ltimately pass, another
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t he NASDAQ (frequently referred to as the over-the- 25 counter (OTC)
market) is solely electronic in nature. In contrast with the NYSE, the
NASDAQ tonsi sts of an electronic network interconnecting, e.g., financial
institutions and other exchange nmenbers, and various redundant server
conmputers, cogRssiRehst 0 the network. gz Tradi ng orders apeErus9y6/20469

el ectronically directed from vvorkstat‘ 2\@ and internal networks situated at
NASDAQ exchange nenbers, through the NASDAQ network and are - 8-
ultimately executed by the NASDAQ servers, which, upon
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each trade execution, returns an appropriate cont=+¥mH8
network, to the aSSOCIated exchange me{fogns.
5 tradlng medi uns provi ded by vari gu
have adopted their own conputer based tlrading v , e.g. so-called

"crossing net weydemaerst hat interface wz onI y W|th t hose of tPEI/EsSo6RHMIYes at
which trades will be executed but al with those of other such

institutions for off-exchange trading. Trading orders can also be posted by
conputer to various electronic bulletin boards which are regularly
downl oaded by financial institutions to solicit their }j nterest

, via the NASDAQ
ﬁo the el ectronic
dncial institutions

d,bidin
any of these orders. 15 (5
G?E“‘ER CASH CONTROL
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Moreover, financial information, particularly securities pri
i ncreasingly di sseni nated across an exceedi ngl M-ge—geaqgr ap
real -time electronic form For exanple, thig 1nf Qramﬂﬂi’@ﬁ N
obtained from e.g.: a satellite feed; a te\ r@tgrgi\ﬁiﬂﬁ dcagh such as

tel etext or OWEF%MQ a inserted into %9 oalcast=teFevi 5| on EiYUsIk204dat a

I nserted into a broadcast radio si gna’l / dedi cated conputer |inkage
connected through the Internet or a private network to 25 an
appropriate server; or even a_dial-up nodem connection, established between
a personal conputer executing a suitablie conmunication and/or financial

program or t phraugh de ; ndmsxla a publicly. swtched

t el ephone ne FIG, 1OB

ing, is being
c area in

wor Kk, di stat s?der.
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30 In order to cost-effectively manage an index fund,
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anount of human oversight, will effectively manage a portfolio,
particularly an index fund, in a manner 10 which is likely to
consistently yield a return which sufficiently exceeds that provided by a
typi cal passive index fund but w thout the conplexities and costs typically
associ ated w t waoeereelsanced i ndex fun&g ﬁﬁéantageously, such pERBéBhE and
nmet hods shoul d 15 I npl enment an in g nt vehicle which yields a return
that is sufficient to garner an appreci abl e anount of investnment capital

t hat woul d ot herwi se flow to passive index funds. In doing so, this
apparatus nust operate as cost-effectively as possible by: (a) utilizing 20
mar ket information in electronic form (b) processing this information

el ectronically to generate appropriate

v
e Jw
- x? - -
o
o e =]
ﬁ&
- =S
= o B ol L0 |
0O - — S| Mmimmjaa
dd =] il
e | e | g
w 4g =S
=
ﬂ —% -
[ 4 Jeoo
o0 =
xo 15 V| 2
{0 = | - |
18 ==z| 23|s
- Pl D [
2 —1
T, ———
[ ]
- >
»a = =
°E 12
[~
e - e o |
_ EZBiz8
B S==|wn|—
b 1 i 3 =
4 o< = |la il
L] ....zz.u&
De, X o =8| S
l ] ! ] | l \ . 1~ = o=

\-\
~—a_

o
& S
—— ~
g—
o
Lad
(= =
N ST E ™ .8
= LS = =) O = wn
a2 O o =] ™ =0a
™~ S5 E5 S o =2
L = u.IE A s =ETH—
v O = v o — |
Lad bl =g s | Lb (= RER.
~ E E22 8« o EXT
k‘ 2 .=l = w» S
=
= &l 0oOx

SUBSTITUTE SHEET (RULE 26)



tradi ng order? %ﬁg“éc/)" ,zfam essly integrating iHGTIHe \/9r60{120 '-&69
conmput eri zed NR&GET &Y Firét wor ks to utilize conput err=ased: onder 1pira: nt
and/ or ‘execution, where 25 _  appropriate. SUMVARY OF THE F NVENTI™ -
Advant ageously, my present invention 30 substantially, if not totally, .
remedies the deficiencies inherent in theart. Specifically, | have broadly
recogni zed that, for a portfolio, such as an -10- index fund, that hol ds

a pre-defined universe of .
APPARATUS AND ACCOMPANYING METHODS FOR

AUTOMATICALLY MODIFYING A FINANCIAL PORTFOLIO
THROUGH DYNAMIC RE-WEIGHTING BASED ON A
NON-CONSTANT FUNCTION OF
CURRENT CAPITALIZATION WEIGHTS

CLAIM TO PRIORITY

This application claims the benefit of
priority under 35 USC 119 to my previously filed and
5 co-pending United States provisional patent
e applications: one filed December 15, 1995 and assigned
serial number 60/008,698, and another filed July 3,
1996 and assigned serial number 60/021,116 and both
entitled "Automated Investment Portfolio Construction”.
10
BACKGROUND QF THE DISCLOSURE

1. Field of the Invention

15 The invention relates to apparatus and
W, methods for automatically modifying a financial
. portfolio having a pre-defined universe of securities,
that tracks a given capitalization weighted index,
through dynamic re-weighting of a position held in each
20 such security, wherein a current weight accorded to
each such security, relative to others in the
portfolio, is proportional to a non-constant function
of current capitalization weights of the securities in
the index. The invention is particularly, though not
25 exclusively suited, for use in managing an index fund

composed of a pre-defined set of equity securities.

e SMENDED. gy



securities which collectively fornms a capitalizatwﬂgzgtaghgigaVﬁBA}l*fhg
i

portfolio can be effectively managed by dynam cal [fy*3é3 ng the
position of 5 each security in the portfolio in a'nahngropr,'ﬁntmggal
to a non-constant function of current capitalizationweifghts™of TR
securities in the index. | have found that, for appropriately selected
functions, the resultant return generated‘%y such a portfolio wll 10
consistently and reliably outperformthat of the index itself.

appr opriate’ | nput | H-oRRRGPEn OF JE SR AT at 1y programmed
conputer system The input information, which can be provided from any of
a Currently and for the foreseeable future, tax
exempt funds, such as pension fund portfolios, hold a
5 substantial, and continually and significantly
increasing amount of money diversified across wvarious
forms of investments. At the moment, tax exempt funds
are estimated to have in excess of US $ 4 Trillion in
equity assets under management of one sort or another.
sy . 10 Of these assets, so-called "index funds" constitute one
popular investment vehicle that is often used in
pension fund management and currently account for
approximately US $ 600 Billion thereof. Index funds
are characterized by investing in all those securities
15 that collectively form a pre-defined index, such as,
e.g., all the different securities in the Standard &
Poor’'s (S & P) 500 or the Russell 1000 for US equities,
or in the TOPIX for Japanese equities. The
attractiveness of these funds lies in their ability to
20 generate a financial return that should track that of

~;j the corresponding indices at low cost.

Generally speaking, an index is defined by a
pre-determined universe of issues which constitute that
25 index, e.g. common stocks of 500 large corporations
which trade on United States exchanges constitute the
S& P 500, as well as a proportion of the index, i.e. in
terms of a weighting, attributable to each different
issue therein. Illustratively, the weighting for each
30 different security in the S & P 500 index is simply the
market capitalization of that security expressed as a

percentage of the total market capitalization taken

AMENDED SHEET



wi de variety of sources, includes an enuneration of eacﬁ?égjl‘é% tzsg 9469
ifc

I ndex and its shares currently outstanding, as well as cu Riggg
i nformati on on 20 each such security and its price change. The

conput er system wusing this information as well as internally stored
portfolio data, first determ nes a variable ("target”) weighting for each

of the securities in the portfolio as t he"#on- const ant function of current

25 capitalization weights associated with the index, so as to define a
set of target weights. ce all the, target meiggts have ,been %% det erm ned,
the conputer t 5% dilfF (ST &Y FRSE r iRt FBRsIPE5%h oP twhi ch

represents a triiesd, ahetd aspgtitH0coeELitaylyt hardfe as eh@re an
el ectronic tradi ng network upqlthat current
. prices move which, in turn, changes market
capitalization both of each individual security in the
5 index as well as that across the entire index. Other
indices, such as the Value Line index, assign
different, e.g. equal, weightings to each security

therein.

£ 10 Index funds generally fall into two distinct
o categories: passive funds and enhanced funds. Passive
and enhanced index funds are distinguished by their
adherence, or lack thereof, to the security weightings
set forth in whatever index each such fund follows.
15
Specifically, a passive index fund merely
reflects a corresponding index of interest.
Specifically, a passive index fund manager will spread
total fund assets across every security in the index
20 and, for each such security, in a proportion set by the
o proprietor of the index, hence identically reflecting
and continually tracking, to the extent possible, the
performance and composition of the index. For example,
a passive S & P 500 index fund manager will invest fund
25 assets across every one of the 500 common stocks that
forms the S & P 500 index and with a weighting given by
this index. As the index weightings change, typically
on a daily, weekly or other regular basis, positions in
the individual securities in the portfolio will either
30 be reduced or enlarged whenever necessary to accurately
reflect these changes. In addition, should a given

security be eliminated from the index, as a result of



«DPT;'H"‘
assets held in the portfolio are to be distributed, upon sSipsSeq /20469
execution of the instructions, anongst -11- the secy i tMAR]gga
portfolio in proportion to and as defined by the target weights so as to
dynam cal ly rebal ance the portfolio. This inventive portfolio rebal ancing
met hod is periodically repeated, such as 5 weekly, daily or at any )
ot her such desired interval, to: analyze it rent changes in share price and
current index conposition and weightings, calculate new positions in each
security held EQthgﬂggffygfé%éﬂ%ﬁrket capitalization or bankruptcy

of its issuer or merger of its issuer into another

entity, or alternatively a new security be added to the

index, due to the increased capitalization of its

5 issuer, the fund manager will then appropriately sell

or buy that security to mirror the composure and

weightings then existent in the index. Of the § 4

Trillion currently invested in tax exempt funds,

approximately $ 600 Billion of that amount is invested

?} 10 in passive index funds.

In sharp contrast, an enhanced index fund
contains positions in the securities that constitute a
corresponding index of interest but the fund manager
15 thereof replaces the passive index weighting by
his(her) own weightings for each security. Risk is
controlled here inasmuch as an enhanced index fund
manager usually monitors a so-called "tracking error"
that measures a difference between whatever financial
- 20 return he(she) receives relative to that of the
- underlying index itself, e.g. the return of S & P 500
index for an enhanced S & P 500 index fund, and trades
in a fashion that maintains this error within
acceptable bounds. Enhanced index funds hold
25 approximately $ 75 Billion of tax exempt assets under

management.

Historically speaking, index funds are rooted
in a "Capital Asset Pricing Model". For further
30 details thereon, the reader is referred to W. Sharpe,
"Capital asset prices: a theory of market equilibrium

under conditions of risk", Journal of Finance, Vol. 19,

\MENDED SHEET



i ssue appropriate market trade orders to appropriately, 10 : zpdatq@;& .
rebal ance, the portfolio holdings to reflect t hese nem/pOSfa' %G §F

particular security is deleted fromor added to the p fO|IO
t hrough ny inventive dynanic rebal anci ng process, ‘m& Eg m

I .e. through 15 | i qui dati on of any holdings in that security, or the
addition, i.e. by calculating a target wetrfhting for that security and
establishing a holding therein once this target weighting reaches a

sufficient, though, e.g., relatively low, level. 20 As a feature, ny
i nventive apparldttfs, prges 42442 t helr oapeersdargst withhshasnmoged .assume

under ideal conditions, an investor in a market,
seeking to maximize his expected return at a given
level of risk, will hold a combination of cash and
5 every stock available in that market, with the
weighting of each such stock being proportional to its
current capitalization weighting in the market.
Underlying this model are two basic assumptions: (a)
all investors are said to possess the same knowledge,
2 10 i.e. information, and outlook, i.e. expectation, on
each stock, and (b) each investor can borrow an
unlimited amount of money at the US treasury bill rate.
While both of these assumptions are obviously widely
fallacious, index funds actually perform rather well

15 over a reasonable period of time.

In that regard, for a moderate investment
horizon of 3-5 years, index funds have proven to be
attractive investment vehicles for the simple reason

20 that these funds, ignoring their management fees but
- including their transaction costs, tended to perform
better, i.e. have regularly generated a greater annual
return with no greater risk, over this period than have
most financial money managers who actively pick
25 individual securities for investment. This effect is
particularly true where substantial pension assets,

such as several billion dollars are to be invested.

Given that most fund managers tend to
30 under-perform various market indices, such as the S & P
500 index, pension plans are increasingly turning to

index funds as one part of a multi-faceted strategy

\MENDED SHEET



either of two pre-defined operating nodes: a rebalanc mZ&é%éi 8 4ﬂéé%

node. Through 25 t he rebal anci ng node,
security in the portfolio are re-calculated and the portfolio holdlngs

i nvest ment"

dynanlcally rebal anced with resulting i ssuance of appropriate market
Through the cash investnent node, gransactions, e.g. security

or ders:
pur chases,

——

10

15

20

25

30

are 30 successively generated, to the extent necessary,
consune excess cash (e.g. large cash inflows) in the portfolio that my

have arisen as;@neQsykt oBkai8989t an int¥eased investment return at an

acceptable risk.

By their very nature, enhanced index funds
require far more active and sophisticated management
than do passive index funds. Security selection and
weighting decisions are often the product of a highly
sophisticated, continuous and complex analysis and
decision-making process which is rather difficult and
quite costly to implement and then execute on a routine
basis -- particularly considering the need for
effective and close human supervision and intervention.
Coﬁsequently, management fees on enhanced index funds
typically amount to 30-50 or more basis points (a basis
point being .01% -- hereinafter simply "bp") of the
assets of the fund against generally 5-15 bp for a
passive index fund. While passive index funds tend to
just mirror the return of the underlying index,
enhanced index funds, because of their higher cost
structures, strive to consistently outperform the index
typically by .5% - 2% per year in order to attract
sufficient levels of fresh investment capital and then

retain it.

Unfortunately, in practice, enhanced index
funds, due to the complexities of the attendant
analysis and decision-making and the monetary costs
thereof, have experienced considerable difficulty in
achieving the level of return necessary to attract
substantial amounts of new capital over that directed

to passive index funds -- though no theoretical

AMENDED SHEET
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di vi dend payment (s) and/or security sales that occurred dﬁéFQ@NaeQéfi@mgj.QQB
fromthe index. Through use of the cash investnent node, a ¢ash b?ilanc’f—j"rlr-'»=
the portfolio remains within a relatively small pre-defined range 5

with the remaining assets in the portfolio being invested in securities. As

a further feature, ny inventive apparatus pernits a user to proscribe, for
what ever reason, any 10 security in the index frombeing traded in the
portfolio. As a result, portfolio assets will be allocated to and

dynam cal ly r e@ﬁ\b@p&ﬁ%ﬁmw A SATRY MWt SLOMLLESE ST IR M Adek NELHE
I ndex, i.e. those tor which trading 1I's permtted. 15
appears to exist.

Given the inherent diversification, an index
5 fund with objective simplicity, low costs, fees
comparable to a passive index, and which produces a
return to its investors consistently exceeding that of
a major index, such as the S & P 500 index, by as
little as, e.g., 40 bp per year, may attract
A 10 significantly increasing pension fund investment. Thus

far, such a fund does not exist.

Furthermore, over the past few decades,
various securities exchanges, such as the New York

15 Stock Exchange (NYSE), have instituted a variety of
electronic and computerized networks to rapidly handle
substantially increasing trading volumes, particularly
from institutional traders. These systems, typified by
the NYSE Direct Order Turnaround (Super DOT) system,

20 provide mechanisms for high-volume, reduced cost

o electronic trading. While the NYSE possesses a trading
floor manned by human trading specialists through which
all NYSE trades ultimately pass, another exchange, i.e.
the NASDAQ (frequently referred to as the over-the-

25 counter (OTC) market) is solely electronic in nature.
In contrast with the NYSE, the NASDAQ consists of an
electronic network interconnecting, e.g., financial
institutions and other exchange members, and various
redundant server computers, connected to the network.

30 Trading orders are electronically directed from
workstations and internal networks situated at NASDAQ

exchange members, through the NASDAQ network and are
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BRI EF DESCRI PTI ON OF THE DRAW NGS The teach[ngs‘oLJ#he*prgiént¢+ 6ﬁ§n
can be readily understood by considering the follgugggns ZAgd
description in conjunction with the acconpanyi ng‘ ??M&RWFI G
depicts the correct alignnent of the drawi ng sheets for FIGs. 1A-1D; 25
FI Gs. 1A-1D collectively depict |large scaigi t hough sinplified, security

trading system5 incorporating nmy inventive dynam c portfolio nanagenent
system 65; 30 FIG 2 depicts a high-level block diagram of

ultimately executed by the NASDAQ servers, which, upon
each trade execution, returns an appropriate
confirmation, via the NASDAQ network, to the associated
exchange members. In addition to the electronic
5 trading mediums provided by various exchanges,
financial institutions have adopted their own computer
based trading networks, e.g. so-called "crossing
networks", that interface not only with those of the
exchanges at which trades will be executed but also
-;ﬁ - 10 with those of other such institutions for off-exchange
trading. Trading orders can also be posted by computer
to various electronic bulletin boards which are
regularly downloaded by financial institutions to
solicit their interest and bid in any of these orders.
15
Moreover, financial information, particularly
securities pricing, is being increasingly disseminated
across an exceedingly wide geographic area in real-time
electronic form. For example, this information can be
. 20 obtained from, e.g.: a satellite feed; a terrestrial
7 broadcast such as teletext or other data inserted into
a broadcast television signal; data inserted into a
broadcast radio signal; a dedicated computer linkage
connected through the Internet or a private network to
25 an appropriate server; or even a dial-up modem
connection, established between a personal computer
executing a suitable communication and/or financial
program or through a dedicated terminal, and, via a
publicly switched telephone network, a distant server.
30
In order to cost-effectively manage an index

fund, real-time security price information, from
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t he hardware conponents inplenmenting conputer systErgI g 916/59469
ticularly trad ti t 60 th in, - ' I - 1D;
PG 3 depiots a high-ievel bl ock diagramof 5 ALY fd SR80

wi thin menory 240 and executing within trade generating conmputer 60, both
shown tn FIG 2; FIG 4 depicts process di ggram 400, which 10 shows

vari ous high-level operations that, within”the context of system5 shown in
FI Gs. 1A-1D, collectively

whatever source is chosen, generally needs to be
electronically downloaded and electronically processed
with resulting trading orders then being sent, via one

or more electronic avenues, for appropriate execution.

Hence, a need exists in the art for apparatus
and accompanying methods that, with only a modest
amount of human oversight, will effectively manage a
portfolio, particularly an index fund, in a manner
.3 10 which is likely to consistently vield a return which
' sufficiently exceeds that provided by a typical passive
index fund but without the complexities and costs
typically associated with an enhanced index fund.
Advantageously, such apparatus and methods should
15 implement an investment vehicle which yields a return
that is sufficient to garner an appreciable amount of
investment capital that would otherwise flow to passive
index funds. In doing so, this apparatus must operate
as cost-effectively as possible by: (a) utilizing
20 market information in electronic form, (b) processing
- this information electronically to generate appropriate
trading orders, and (c) seamlessly integrating into the
various computerized financial networks to utilize
computer-based order placement and/or execution, where

25 appropriate.

SUMMARY OF THE INVENTION

Advantageously, my present invention
30 substantially, if not totally, remedies the
deficiencies inherent in the art. Specifically, I have

broadly recognized that, for a portfolio, such as an
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i npl ement nmy present invention; FIG 5 depicts definitions of vari 6ué A5 <
vari abl es used in conjunction mnth nmy inventive Dynam c Pomtfolho ~“““‘”Q
Managenent. Program 330 shown in FIG 3; FIG 6 depicts the cofrect *- - ,8
alignment of the drawi ng sheets for FIGs. 6A-6C, 2Q FIGs. 6A-6C
collectively depict a high-level flowharyyf my Main Program 600 of

Dynani c Portfolio Management Program 330, shown in FIG 3, that is executed
wi thin trade generating conputer 60, shown in 25 FIG 2; FIG 7 depicts

the correct alijgyanteQfa,! el A NG SHEStS-dOF 1 ib&SuniheBd 6B
securities which collectively forms a capitalization
weighted index, the portfolio can be effectively
managed by dynamically re-weighting the position of

5 each security in the portfolio in a manner proportional

to a non-constant function of current capitalization
weights of the securities in the index. I have found
that, for appropriately selected functions, the
resultant return generated by such a portfolio will

;:é 10 consistently and reliably outperform that of the index

i itself.

Specifically, my inventive apparatus contains
circuitry which obtains appropriate input information
15 and an appropriately programmed computer system. The
input information, which can be provided from any of a
wide variety of sources, includes an enumeration of
each security in the index and its shares currently
outstanding, as well as current price information on
20 each such security and its price change. The computer
- system, using this information as well as internally
stored portfolio data, first determines a variable
("target") weighting for each of the securities in the
portfolio as the non-constant function of current '
25 capitalization weights associated with the index, so as
to define a set of target weights. Once all the target
weights have been so determined, the computer then
issues digital trading instructions, each of which
represents a trade of a corresponding security, to,
30 e.g., an electronic trading network such that current
assets held in the portfolio are to be distributed,

upon subsequent execution of the instructions, amongst
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30 FIGs. 7A and 7B coll ectively de;g?gtr/‘s\_} | &bhérg‘Q)fh' érqget
Proportion Determination -14- routine 700 that is u%e&dﬁtédzjycﬁgﬁ‘;@ @Bg
Program 600 shown in FIGs. 6A-6C, FIG 8 depicts a flowehart of rren
Proportion Determ nation routine 800 that is al so executed by Main Program
600 shown in FIGs. 6A-6C, FIG 9 depicts tjhe correct alignnent of the
drawi ng sheets for FIGs. 9A and 9B; 10
the securities in the portfolio in proportion to and as
defined by the target weights so as to dynamically
rebalance the portfolio. This inventive portfolio
rebalancing method is periodically repeated, such as
5 weekly, daily or at any other such desired interval,
to: analyze current changes in share price and current
index composition and weightings, calculate new
positions in each security held in the portfolio and
issue appropriate market trade orders to appropriately
;?; 10 update, i.e. rebalance, the portfolio holdings to
reflect these new positions. As any particular
security is deleted from or added to the index, the
portfolio, through my inventive dynamic rebalancing
process, reflects that deletion, i.e. through
15 liquidation of any holdings in that security, or the
addition, i.e. by calculating a target weighting for
that security and establishing a holding therein once
this target weighting reaches a sufficient, though,
e.g., relatively low, level.
20
As a feature, my inventive apparatus,
particularly the computer system therein, can assume
either of two pre-defined operating modes: a
rebalancing mode and a "cash investment" mode. Through
25 the rebalancing mode, weights of each security in the
portfolio are re-calculated and the portfolio holdings
dynamically rebalanced with resulting issuance of
appropriate market orders. Through the cash investment
mode, transactions, e.g. security purchases, are
30 successively generated, to the extent necessary, to
consume excess cash (e.g. large cash inflows) in the

portfolio that may have arisen as a result of recent
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FI Gs. 9A and 9B collectively depict a flowhart of Mej&zt%;@/nagoﬁég
C.

routine 900 that is executed by Main Program 600 shown in FIGsT 6A-6C;
FIG 10 depicts the correct alignnent of the draw tig?o Gs. 10A
and 10B; FIGs. 10A and 10B coll ecti vel y depi ct aflo t m r ol
routine 1000 that is executed 20 n Program 600 shown in FI

6A-6C, FIG 11 depicts table 1100 mhlch D 3V|des for purposes of
conpari son, abbreviated S & P 500 data and si mul at ed correspondi ng

Mvent i on uel ngi B s () HRAIAE Mo PUALHEE, Thndl BEESEREL..
due to deletion from the index. Through use of the
cash investment mode, a cash balance in the portfolio
remains within a relatively small pre-defined range
5 with the remaining assets in the portfolio being

invested in securities.

As a further feature, my inventive apparatus

permits a user to proscribe, for whatever reason, any
A 10 security in the index from being traded in the
portfolio. As a result, portfolio assets will be
allocated to and dynamically rebalanced among the
remaining securities currently in the index, i.e. those
for which trading is permitted.
15

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be
readily understood by considering the following
20 detailed description in conjunction with the

accompanying drawings, in which:

FIG. 1 depicts the correct alignment of the
drawing sheets for FIGs. 1lA-1D;
25
FIGs. 1A-1D collectively depict large scale,
though simplified, security trading system 5
incorporating my inventive dynamic portfolio management
system 65;
30
FIG. 2 depicts a high-level block diagram of

the hardware components implementing computer system 50

AMENDED SHEET



FIG 12 depicts, in graphical form sinulated 30 el 1@ ngeys dat- Il g =~
nmy present invention, along with actual performnee dg’%t&é Stgeeofgg 3069
and Russell 1000 indices for the period 1979-1995; aMS I@ 3
depicts, in tabular form annualized sinul ated perfor aZé f A '
present invention, along with annualizedjgptual performance data for the S

& P 500 and Russell 1000 indices for the period 5 1979-1995. To
facilitate understanding, identical

and particularly trade generating computer 60 therein,
as shown in FIGs. 1lA-1D;

FIG. 3 depicts a high-level block diagram of
5 the software resident within memory 240 and executing
within trade generating computer 60, both shown in
FIG. 2;

FIG. 4 depicts process diagram 400, which
f:\ - 10 shows various high-level operations that, within the
context of system 5 shown in FIGs. 1A-1D, collectively

implement my present invention;

FIG. 5 depicts definitions of various
15 variables used in conjunction with my inventive Dynamic

Portfolio Management Program 330 shown in FIG. 3;

FIG. 6 depicts the correct alignment of the
drawing sheets for FIGs. 6A-6C;

20
- FIGs. 6A-6C collectively depict a high-level

flowchart of my Main Program 600 of Dynamic Portfolio
Management Program 330, shown in FIG. 3, that is
executed within trade generating computer 60, shown in

25 FIG. 2;

FIG. 7 depicts the correct alignment of the

drawing sheets for FIGs. 7A and 7B;

30 FIGs. 7A and 7B collectively depict a

flowchart of Target Proportion Determination
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ref erence nuneral s have been used, where possible, to desigpate identical

el ements that are cormon to two or 10 nore of the fifff ' ‘QEIAhéEQ _
DESCRI PTI ON After considering the follow ng description, howe 1838
skilled in the art wll clearly realize that the teachings of ny invention
can be readily utilized to manage an indexjjund based on any capitalization
wei ghted equity index -- whether national or international in nature.
Through use of ny inventive 20 t eachi ngs, wei ghts of each i ndividual

security in thatohgdfdel 30dethaRi ned ekecheiedy by dRA IFYtrd® 0NMEheanst ant
function of current_market capitalization weights of all the individual
securities thatiPoffFEnebA-6C:

FIG. 8 depicts a flowchart of Current
5 Proportion Determination routine 800 that is also

executed by Main Program 600 shown in FIGs. 6A-6C;

FIG. 9 depicts the correct alignment of the
drawing sheets for FIGs. 9A and 9B;

FIGs. 9A and 9B collectively depict a
flowchart of Trade Determination routine 900 that is

executed by Main Program 600 shown in FIGs. 6A-6C;

15 FIG. 10 depicts the correct alignment of the
drawing sheets for FIGs. 10A and 10B;

FIGs. 10A and 10B collectively depict a
flowchart of Cash Control routine 1000 that is executed
20 by Main Program 600 shown in FIGs. 6A-6C;

FIG. 11 depicts table 1100 which provides,
for purposes of comparison, abbreviated S & P 500 data
and simulated corresponding numerical data, the latter

25 generated through use of my present invention using
S & P 500 data at two exemplary successive weekly

dates;

FIG. 12 depicts, in graphical form, simulated
30 performance data for my present invention, along with
actual performance data for the S & P 500 and
Russell 1000 indices for the period 1979-1995; and
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I ndex. Exanples of capitalization weighted indice b IJ.0
basis, are the Standard & Poor's (S & P) 500, themgéza 9(60232&

i n Japan, .the Financial Tinmes Stock Exchange 100 the Uni ted

Ki ngdom and the DAX index in Ger many, and on an i @% anal ‘has asiig Qs he
Morgan Stanley Capital 30 I nternationalg (MSCl) EAFE (Europe, Austral i a,
Far East) index. To sinplify the foll ow ng discussion and facilitate reader
understanding, | wll describe ny -16- present invention in the context

of use with FIG. 13 depicts, in tabular form, annualized
simulated performance data for my present invention,
along with annualized actual performance data for the
S & P 500 and Russell 1000 indices for the period
5 1979-1995.

To facilitate understanding, identical
reference numerals have been used, where possible, to

designate identical elements that are common to two or

;2% 10 more of the figures.
DETAILED DESCRIPTION
After considering the following description,
15 those skilled in the art will clearly realize that the
teachings of my invention can be readily utilized to
manage an index fund based on any capitalization
weighted equity index -- whether national or
international in nature. Through use of my inventive
o 20 teachings, weights of each individual security in that
- fund is determined as being proportional to a
non-constant function of current market capitalization
weights of all the individual securities that form the
index. Examples of capitalization weighted indices, on
25 a national basis, are the Standard & Poor’'s (S & P)
500, the Russell 1000, the TOPIX in Japan, the
Financial Times Stock Exchange 100 (FTSE) in the United
Kingdom and the DAX index in Germany, and on an
international basis, the Morgan Stanley Capital
30 International (MSCI) EAFE (Europe, Australia, Far East)

index. To simplify the following discussion and

facilitate reader understanding, I will describe my
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illustratively the S & P 500 index. In addition, si n@nyJﬁwgrélérz&#ég

effectively manage not only shares of common stock in an index fund but

al so any financial 5 instrunent that has a value rel ated é; comon
stock, such as, e.g., derivatives, options, swaps, fug;‘g:’ H @« Ofrw'rp@ (
conmbi nation thereof, the term"security" 9$6956d herer“rf_ er i's deflnelgg
col l ectively enconpass common stock and any~Such financial instrunent. 10

A. Hardware Hi erarchy A |large scale, though sinplified, security trading

Svatom 65 15 copfoebRd. ThvalEiBh 4% PRI A ey of BHS el al gnment of
the draw ng illustratively the S & P 500 index. 1In addition, since
my invention can effectively manage not only shares of
common stock in an index fund but also any financial
5 instrument that has a value related to common stock,
such as, e.g., derivatives, options, swaps, futures
and/or any combination thereof, the term "security" as
used hereinafter is defined to collectively encompass

common stock and any such financial instrument.

3

10
1

A. Hardware Hierarchy

A large scale, though simplified, security
trading system 5 incorporating my inventive dynamic
15 portfolio management system 65 is collectively depicted
in FIGs. 1A-1D; the correct alignment of the drawing
sheets for these figures is depicted in FIG. 1. My
inventive management system can readily function to
manage a portfolio of securities on any exchange(s) and
20 even a portfolio that extends over multiple exchanges,
""" e.g., securities on the S & P 500 index can be found on
the New York Stock Exchange (NYSE), NASDAQ and American
exchanges. To simplify the figures and the ensuing
discussion, I will illustrate and discuss my invention
25 in the context of use with securities traded on the
NYSE.

Within system 5, Dynamic Portfolio Management

system 65 manages an index fund in accordance with my

30 inventive teachings. System 65 executes within trade
generating trade generating computer 60 located within

computer system 50, which is situated at, e.g., a
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sheets for these figures is depicted in FIG 1. My i#%en'i egkénég%é%ﬁi€>9
systemcan readily function to nanage a portfolio of kb1 BS
exchange(s) and 20 even a portfolio that extends muslgi Z)ICMA??%ISQB
exchanges, e.g., securities on the S & P 500 i ndex.can be found on the New .
York Stock Exchange (NYSE), NASDAQ and Anfsican exchanges. To sinplify the

figures and the ensuing discussion, | wiTt'Tllustrate and di scuss ny
i nvention 25 in the context of use with securities traded on the NYSE

P SYStem e BURRTLS  £0LERb: UEnAREORL AR LA NSRRI 0%

within trade génemaii ngmbeadefgseneratsngndomubbreiugh) rdyo datvesh tviiteni n
management process implemented in software and
discussed in considerable detail below in conjunction

5 with FIGs. 5-10B, generates trade orders as a result to

electronic trading network 3. This network provides a
number of avenues through which trades can be executed.
As used hereinafter, a "trade order" is defined to be a
combined list of buy and sell orders for a number of

':} 10 securities. For execution, such an order is parsed
into a "trade", either a buy or sell, of each

individual security in the order.

As input, system 65 obtains share prices,
15 share price changes and S & P 500 information,
specifically those securities that form the S & P 500
index and their shares outstanding. Current share
prices and changes in these prices are obtained from,
e.g., a terrestrially broadcast satellite distributed
20 service. In that regard, satellite receiver 10, via
satellite antenna 7, receives appropriate broadcast
(transmitted) signals, demodulates the received
signals, extracts the received data therefrom and
converts the data into a serial digital data stream.
25 This stream is directly applied, via line 12, to an
input of trade generating computer 60. Of course, this
market information can be obtained, via transmission,
from a wide variety of other sources, such as a
terrestrial broadcast such as teletext or other data
30 inserted into a broadcast television signal; data
inserted into a broadcast radio signal; a dedicated

computer linkage connected through the Internet or a

MvACED SHECY
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conputer system 50, which is situated at, e.g., a bﬁ17:ﬁéen ré4/§3£;l&6)9
Conmputer 60 receives input information froma nunber of sources and,

t hrough ny. i nventive managenent process inplenented in W?E?&AR 1998

di scussed in considerable detail below in conjunction 5

5-10B,- generates trade orders as a result .to electronic trading network 3.
This network provides a nunber of avenueS-t'hrough which trades can be
executed. As used hereinafter, a "trade order"” is defined to be a conbi ned

list of buy an%f?@été”ﬁ%%ﬁ%éﬁ”té‘Jﬁ”gggrégriate server; oOr even a

dial-up modem connection, established between trade
generating computer 60, and, via publicly switched
telephone network (PSTN) 40, a distant server (not
5 specifically shown). In addition, computer 60 accesses
S & P 500 information by establishing a modem link, via
telephone line 66, through PSTN 40 and telephone
line 16, to S & P Information server 15 (which is
typically a networked data server). In response to a
10 query from computer 60, S & P information server 15
- transmits, as another digital data stream, current
S & P 500 information, specifically the constituent
securities that currently form the S & P 500 index
along with a current number of shares outstanding for
15 each such security. In the event of a failure in,
e.g., antenna 7 or receiver 10, current share price and
price change data can alternatively be obtained through
a modem connection established, wvia PSTN 40 and
telephone lines 66 and 27, between computer 60 and
~ 20 remote site 20. This site contains satellite
antenna 22 which feeds satellite receiver 24, both of
which are either identical or sufficiently similar to
antenna 7 and receiver 10, to provide the same digital
data stream that would appear on lead 12. The output
25 of receiver 24 is applied to remote server 26 for
packetization and communication, over PSTN 40, to
computer 60. PSTN 40, though shown as three distinct
network entities in FIGs. 1lA-1D to simplify
understanding, is actually a single unitary network.
30
Though specific input modalities have been

described above, input data can be supplied to
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10 securities. For execution, such an order g (p&fséed 'i}rff)c/gﬂ‘r'}aé'ec'?,

either a buy or sell, of each individual security int order. As input,
syst em 65 ,obt ai ns share prices, 15 share price ch RS MAR
i nformation, specifically those securities that formthe P 500 i ndeXx

and their shares outstanding. Current shgig_prices and changes in these
prices are obtained from e.g., a terrestiially broadcast satellite
di stributed 20 service. In that regard, satellite receiver 10, via

satel [ite ant eEBﬂtheEe B {85 s2RPIARdalm R aaddcasd, (14 aflsm ddigd) ghgRal s,

i
denodul ates the received signals, extracts the received data therefrom and
converts the dahati fhoougbeppairogirdiatsl cdarcmidimedis converted into

suitable digital form for use by computer 60. This
circuitry which could include, e.g., a computer input

5 device such as a keyboard and/or mouse (as shown in,
e.g., FIG. 2 and discussed below) would be connected to

this computer.

As discussed below, computer 60 internally

;;% 10 stores current information regarding the portfolio(s)

(3%

being managed, its cash position and appropriate

parameter values. Once all the required input

information is received, inventive management

system 65, in the inventive manner discussed in detail
15 below, iterates through all the securities in the S & P

500 index to calculate a new weighting, as a percentage

of the portfolio, of that security.

Apart from computer 60, computer system 50
20 also contains accounting computer 80 and trade
execution computer (server) 70, both of which are
interconnected, with computer 60 through local area
network (LAN) 77.

25 " Each resulting trade order, generated by
system 65, is analyzed to determine, based on, inter
alia, the size of the trade, the most cost-effective
and suitable avenue through which the trade order can
be executed. These avenues include: posting, as agency

30 trades, on an electronic bulletin board for accessing
and execution by a selected broker; through the NYSE

Super DOT (Direct Order Turnaround) system; direct
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25 This streamis directly applied, via line 12, to aélsl n%té/ 4(@9

generating conputer 60. O course, this narket infornat @T%yﬁﬂs
via transm.,ssion, froma w de variety of other sources, Eg7oﬂﬂﬂ?qg§8

terrestrial broadcast such as teletext or other data 30 inserted into a |
broadcast television signal; data insertecgnto a broadcast radio signal; a
dedi cated conputer |inkage connected through the Internet or a - 18- '

private network to an appropriate server; or even a dial-up nodem
connection, estglddshett peageenptindepal trade with a broker; through

a crossing network for off-exchange trading through
various automated trading systems, such as "Instanet"
and "POSIT" systems. Other than off-exchange trading,
5 all other on-exchange trades involving NYSE securities
pass through the NYSE and as such are ultimately
routed, via a broker in the first instance - typically
by an order execution system therein, to a
corresponding human being, i.e. a so-called "floor

i 10 specialist" on the exchange.

In particular, once system 65 generates a
list of trades to be made, computer 60, through
execution of appropriate conventional software, prints

15 a list of appropriate trade orders as a so-called
"trade sheet". These trades are also transmitted, as a
file and via LAN 77, to computer 70. A human trading
analyst, interacting with computer 70, analyzes each
proposed trade generated by system 65, both to detect
. 20 and prevent any clearly erroneous trade orders from
d being placed for execution as well as to properly place
correct trade orders with appropriate trading avenues
available through electronic trading network 3. Once
this analyst has selected an appropriate avenue for
25 each such order and has signified his(her) selection to
trade execution computer 70, this computer then
appropriately formats the trade order to match input
requirements of the selected avenue and then transmits
the formatted trade order to that avenue for subsequent

30 execution.



generating conputer 60, and, via publicly sw tched teI ephone ?()wor

40, a distant server (not 5 specifically shown). Lm- t Ohki r
60 accesses S & P 500 information by establishing a mmﬁﬁ%’ LZ g&ﬁ%%Q@

t el ephone |line 66, through PSTN 40 and tel ephone |ine 16, to S & P

| nformation server 15 (which is typically. g_networked data server). In
response to a 10 query from conputer % S & Pinformation server 15
transmts, as another digital data stream current S & P 500 information,

speci fi cal | y the consti t@gg&enggﬂ&%ltgﬁat Rty c?ynaflf :Frﬂ? S & P 500

i ndex along with a current nu res outstan each
such security.eleatroeievbnlletia bakldr &5i,nwhd.cdp lSuqanﬁnﬁaQnaleU@lver

10, Currgnt Sh@é@upélcgoaaﬂlch trade orders can be posted as so-
called "agency trades" and subsequently accessed by a
5 broker designated by the analyst. Each broker, that
can be designated as an agent broker, is assigned a
different page on the bulletin board through which that
broker can down-load and up-load files from and to the
bulletin board. Should the analyst select the "agency
f:% ‘10 trade" avenue for any given trade order, computer 70
merely posts a computer file containing that trade
order onto the bulletin board for the particular broker
deéignated by the agent and specifically onto the page
for that particular broker. This designated broker,
15 through its order execution system, can establish a
telephonic connection to the computer 70 and download
the order file, from its page on the bulletin board,
for subsequent execution. Specifically, each broker,
that can be designated as an agent broker, has a
20 computer based order execution system, which are
collectively depicted as order execution systems 130
formed of individual order execution systems 130; for
firm 1, 130, for firm 2, ... 130, for firm m. Each of
these order execution systems, either under manual
25 instruction or automatically, can establish a modem
connection, via lines 135 (formed of lines 135;, 1353,
., 135, connecting execution systems 130;, 130, ...,
130n, respectively), via PSTN 40 and telephone line 78,
to trade execution computer 70. Through this modem
30 connection, any of these or more of these brokerage
firms can download any trade order file that has been

posted to its page on the electronic bulletin board 75.
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price change data can alternatively be obtained through a ﬁndeﬁ1coﬂ%ectiﬁhbk'
establ i shed, via PSTN 40 and tel ephone lines 66 and 27, betmeen conputﬁigg

and 20 ., renote site 20. This site contains satellw\h

feeds satellite receiver 24, both of which are either*f a or
sufficiently simlar to antenna 7 and recei,ver 10, to provide the sane
digital data streamthat would appear on lead 12. The output 25 of

receiver 24 is applied to renote server 26 for packetization and

comuni cat | on, U TN 01 10 ATAES B0lmPSIALAOintbouER Shown as three

di stinct network entities in FlGs. 1A 1D to si npl'i fy under st andi ng,
actual ly a si ngberasniate mader lexgpition system at the des1gnated

brokerage firm, the order is suitably executed. Once
the designated brokerage firm has executed a trade
5 order, that brokerage firm uploads an appropriate

confirmation message, again as a computer file, onto

the bulletin board to confirm execution of the trade

order. This confirmation message is downloaded, in

turn, by trade execution system 70 for review and later
3;§ 10 reconciliation, by accounting computer 80, against

issued orders.

Alternatively, trade orders can also be
placed through the NYSE Super DOT system. This avenue
15 provides cost-effective execution for relatively small
blocks of shares, but only for those securities that
trade on the NYSE. If this avenue is selected by the
analyst for a given trade order, trade execution
computer 70 appropriately converts the trade order into
20 an appropriate format required for DOT execution and
then routes the order so formatted, as a message, to
NYSE DOT System 110 for execution. To do so,
computer 70 establishes a modem connection, via
dedicated line 98, to DOT computer 102 at a brokerage
25  firm, here firm 100, that participates in the Super DOT
system. Though, for ease of understanding and
discussion, DOT computer 102 is shown separate from any
of brokerage order execution systems 130, in practice,
this DOT computer can be implemented as part of any of
30 these order execution systems. Once this order is
electronically transmitted, as a message, to DOT

computer 102, this computer, in turn, electronically
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Though specific input nodalities have been describgd above, input~dat
be supplied to -19- conputer 60 in any electrqmp liggwﬁbf}ynédadi&iﬁ
formthat through appropriate circuitry is converted into s

formfor use by conmputer 60. This circuitry which ¢
conput-er

e.g.,

FIG 2 and di scussed bel ow) woul d bé3connected to this conputer.
di scussed bel ow, conputer 60 internally

10

15

20

25

30

transmits that order, via dedicated line 107, to Super
DOT system 110 itself. Within system 110, the order is
first routed to SIAC (Securities Industry Automation
Corporation) computer 112 which, in response thereto,
either accepts or rejects the order. Based on whether
the order is accepted or rejected (typically because a
security in the order does not trade on the NYSE) by
the Super DOT system, SIAC computer 112 generates a
suitable acknowledgment or rejection message, and
transmits that message back to DOT computer 102 at
participating broker 100. This computer, in turn,
transmits this message back through dedicated line 98
to trade execution computer 70 for subsequent use
thereat. For those orders that are accepted,

computer 112 parses the trade order into an appropriate
buy or sell order for each different security listed
therein and generates a suitable transaction (i.e. buy
or sell) message for each such different security.
Computer 112 then routes these messages to common
message switch 115, which, in turn, routes each such
message to an appropriate station, on a trading floor
of the NYSE, which is manned by a "floor specialist"
who makes and manages a market in the corresponding
security. Eligible trades are matched and executed by
the specialists in accordance with NYSE rules. All
orders, whether through the Super DOT system or other
on-exchange avenue(s), for any security traded on the
NYSE are ultimately routed through a floor specialist
for that security. Inasmuch as the NYSE utilizes a
significant number of specialists, some of whom make
and manage markets in just one or more than one traded

security, these specialists are denoted as

can
r

urtable digital
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I nput 5 devi ce such as a keyboard and/m (@ajtz MQ%
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10 stores current information regarding the po‘EgLI iS( 59 ébe(l éqonﬁré&d

its cash position and appropriate parameter values. Once all the required

input information is received, inventive nmanagenent m%z) mgge
i nventive manner discussed in detail 15 bel ow, . t™r he

securities in the S & P 500 index to calgylate a new vei ghting, as a
percentage of the portfolio, of that security. Apart from conputer 60,
conmput er system 50 20 al so contains accounting conputer 80 and trade

execution CO”E?%SJ' A1SeLr2 o/ Qi Pt Pfv YLD Pi@oi— “éﬁéEQQMsEEdleL} h

conputer 60 th oca area network (LAN)
resul ting trad@Ogvder-.géﬁ@ﬁateﬂhﬁystatlons (though not specifically

shown) utilized by specialists 120 are connected to
common message switch 115 through lines 118,

5 specifically lines 118,, 118,, ..., 118, for
specialists 120;, 120, ..., 120,, respectively. Orders
for those specific securities that have formed part of
a trade order but could not be traded through the Super
DOT system are executed by participating broker 100.

i 10 For each of these orders, broker 100 generates an
appropriate confirmation message and routes that
message back, via dedicated line 98, to trade execution
computer 70 for subsequent reconciliation by accounting
computer 80.

15

Apart from use of the bulletin board and

Super DOT trading avenues, trade orders can be placed
directly with a given brokerage firm which, in this
case, acts as a principal. This avenue, referred to as

20 a "principal trade", is generally selected by the
analyst for trading larger blocks of shares than
through either bulletin board or Supexr DOT system.
Once the analyst has selected a principal trade for a
given trade order, computer 70 establishes a modem

25 connection, via line 78 and PSTN 40 and lines 135, to a
desired brokerage firm. Once this connection is so
established, a conventional so-called "trade
statistics" package is transmitted, as, e.g., a
message, directly by computer 70 into the order

30 execution system at that brokerage firm. Such a
package is directly transmitted, in this fashion, to

several different brokerage firms for competitive

VY pen e
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system 65, is analyzed to determ ne, based on, inter ?*Me%ﬁzé Zfotlhéq
oug

trade, the nost cost-effective and suitable avenue th ich the trade
order can, be executed. These avenues include: posting, as agency 30

trades, on an electronic bulletin board for accessi.ngfGa} 4 e by
sel ect ed broker; through the NYSE Super (Direct Jﬁﬁ? ﬁodﬂ%%ﬁg§8 .

system direct -20- placenent, as a pri‘ici pal trade with a broker
t hrough a crossing network for off-exchange tradi ng through vari ous

autormated tr ad.bggldﬂ‘@t %'ﬂ%re%%ga.s Jd A of the brokerage firms

receives the package, an appropriate employvee(s)
thereat analyzes the package and, if the brokerage firm
is interested in executing the package, telephones a

5 voice message to the analyst with its single bid, i.e.
on a total cost basis, for handling the complete
package. The analyst then appropriately reviews and
analyzes these bids, selects a winning bid and so

notifies the associated “winning” brokerage firm

10 usually by telephone. Thereafter, the analyst posts a
file containing all the actual individual trade orders
that are to be executed, and which the statistics
package represents, onto the page of the electronic
bulletin board for the winning broker. That broker,

15 through its order execution system, retrieves this file
and then executes, to the extent it itself can, all the
individual orders listed therein. Those individual
orders which that brokerage firm can not fully execute
internally, for whatever reason, are executed by that

20 broker through alternate avenues. While the market is
open, these alternate avenues for such an order
include, e.g., routing that order to the station of the
floor trader at NYSE trading floor for that brokerage
firm who then, in turn, presents the order for each

25 security being traded to the floor specialist for that
security in an attempt to match the trade with an
opposite party and hence execute the trade. As such,
the order execution systems at the brokerage firms are
connected, via collectively lines 133, to the NYSE

30 trading floor, with specifically order execution
systems 1303, 1303, ..., 130, connected by lines 133,

133, ..., 133, to appropriate trading stations located

Vg e
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and "POSI T" systens. Qther than off-exchange tr g, o all other
on- exchange trades invol ving NYSE securities pass through the NYSE and as

such are ultimately routed, via a broker in the M'ngtrﬁ _ ically
by an order execution systemtherein, to a corre’ S]g“h‘u%éq)aag, i.e.

a so-called "floor 10 specialist” on-pfe exchange. In particular, once _'
system 65 generates a list of trades to be nmade, conputer 60, through
execution of appropriate conventional software, prints 15 a list of

appropriate tradethederadaagafiooeal | edct! thde bafodairagel s taxaesteg e
o150, LTanm L e, Beade! hkaande et KA HkS, SOMET 0oLl L7201 ng
bulletin board 75, which specifies those individual
trades within the trade order that have been executed.
5 This file is subsequently accessed, from bulletin
board 75 and via LAN 77, by accounting computer 80 for

subsequent reconciliation.

A further trading avenue involves so-called

10 off-exchange trading. This avenue utilizes so-called

L,

crossing networks 90, of which Instanet system 92 and
POSIT system 94, are two examples of such networks.
Each of these networks receives buy and sell orders
electronically transmitted directly from interested

15 parties who are connected to that network, matches the
buy and sell orders for each security at each different
price level and executes the orders thereamong and
returns appropriate confirmation messages. Generally,
this avenue provides cost-effective trading for

20 relatively small blocks of shares. These systems,
which by-pass any exchange, can accommodate nearly any
security. TIf this avenue is selected by the analyst,
computer 70 establishes a modem connection, via line 78
and PSTN 40, to the selected crossing network, such as

25 through line 91 to Instanet system 92 or via line 96 to
POSIT system 94. Once this connection is established,
computer 70 transmits a properly formatted message for
each security to be traded which specifies, inter alia,
the name of the security; the type of trade sought,

30 i.e. buy or sell; the number of shares involved; and
the price at which the trade is to be executed.

System 92 or 94, depending upon which is used for a

AMENDED SHEET



proposed trade generated by system 65, both to det eBCT?.oJS 9a6d/ pz-g/}e'}nég

any clearly erroneous trade orders from being placed for execution as well

as to properly place correct trade orders with approprhpgﬁgh%?qéng avenues
fabiat yst” AR 1998

avai | abl e through electronic trading network 3. Once t

sel ected an appropriate avenue for 25 -o€@ach such order and has signified,
hi s(her) selection to trade execution conputer 70, this conputer then
appropriately formats the trade order to match input requirenents of the

sel ected avenugiged thedet,r @197 isshiRe i idthiit adends sege tiIGadkat avenue

for subsequent 30 execution. . )
through PSTN 40 to computer 70 confirming which trades
have been executed, and after a trade has been pending
for a given amount of time, which trades have not been

5 executed. Trade confirmation messages are routed by

computer 70 to trade generating computer 60 to
expeditiously update the data, specifically the current
portfolio holdings, locally stored therein. In
conjunction with appropriate instructions issued by the

J:) 10 analyst, those trades, that have not been executed by
the corresponding crossing network to which that trade
has been posted, are re-formatted by computer 70 and
posted as a trade order to bulletin board 75 for
execution as an agency trade.

15

Once all trades, for a given portfolio
rebalancing operation, have been executed during a
given trading session, by whatever avenue(s) are
selected, these trades are automatically verified,

20 typically after the markets have closed for that
session. To verify trades, trade confirmations are
also sent by each of the brokerage firms involved as
well as the off-exchange trading systems to trade
verification system 140 (which executes at Depository

25 Trust Corporation). System 140 matches each side of a
trade, either the buy or sell, with the other side,
and, in so doing, flags all mis-matched trades for
subsequent resolution by the party(ies) involved.
System 140 then generates appropriate electronic

30 reports. Such a report, for each different portfolio

managed by system 65, is electronically sent, wvia
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-21- Trade generating conputer 70 maintains eIect?gzigjggkbqi|ﬂfbf%§ﬂ¢?§,

which is conventional in nature, to which trade o bé pos as so-
call ed "agency trades"” and subsequently accessed by b - gg
designated by the analyst. Each broker, that can beq i tggFggﬂgﬁlg. nt
broker, is assigned a different page on ng_bulletin board t hrough which _
t hat broker can down-load and up-load fileés fromand to the bulletin board.
Shoul d t he anal yst sel ect the "agency 10 trade" avenue for any given

trade order, Co Rl 1670 SRR PO 2R SHBHE cdhd - SPNE @ Fopgubbat trade
order onto the bulletin board for the particular broker
during subsequent account reconciliation.

In particular, to verify trades, system 140
5 is connected, via lines 93, 95, 144 and 142 (formed of
individual lines 142,, 142,, ..., 142,), to Instanet
system 92, POSIT system 94, participating broker 100,
and brokerage native order execution systems 130
(specifically order execution systems 130;, 1305, ...,

10 130n) , respectively.

A
Y

For all verified trades, system 140 also
supplies, typically on a batch basis for all trades
that occurred during an immediately prior market

15 session, appropriate transaction information to
appropriate transfer/disbursing agents, and
specifically to database and accounting systems 150
thereat. This information permits these agents to
update their shareholder records to propefly reflect
. 20 changes in share ownership for each of their client
~ organizations that occurred during this prior market
session. Inasmuch as different issuers utilize
different transfer/disbursing agents, trade |
verification system 140 routes cleared trade
25 information, via lines 153 and specifically lines 153;,
1533, ..., 1535, for each security to the appropriate
database and accounting system 150;, 150, ..., 1505 at
the transfer/disbursing agents for that particular
security. For those securities that pay a dividend,
30 each of the transfer/disbursing agents, specifically
database and accounting systems 150 thereat and in

response to electronic payment instructions received

e NE N IR
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designated by the agent and specifically onto the page for t particu
broker. This designated broker, 15 through its order execution system
can establish a tel ephonic connection to the conputer 70 and downl oad the

order file, fromits page on the bulletin board, for aﬁh@g u ihing)-
Specifically, each broker, that can be d é'gnat ed aslP Sn?grm%gw a.

20 conput er based order execution system which are collectively
depi cted as order execution systens 130 forned of individual order

executi on systays. 130k et 15907 of LbllkLes!303: b8hd Yali@nes o 1] for

firmm Each o hese order execution systens, e under manual 25
i nstructi on orappropatatel sharehnlderabkicshngsnodémasomedctason, via |ines

135 (forn?d of 44 0681 4P°b&RK] 1583Rb%HE! 211 securities and cash,

typically in electronic form, in each portfolio being

5 dynamically managed by system 65, database and
accounting systems 150 provide messages containing
dividend payment information, via lines 155,
specifically lines 155, 155;, ..., 155; from database
and accounting systems 150;, 1502, ..., 1505, to

10 custodial bank 160. With this information, custodial

i, Lo

bank 160 updates the cash balance in each such

portfolio to reflect the payment of dividends.

Furthermore, accounting system 80 verifies

15 trades in the portfolio based on confirmation messages
trade execution computer 70 has received during the
immediately prior market session. System 80 then
transmits, via lines 82 and 165 and PSTN 40, a file,
containing information specifying verified trade

20 executions, to custodial bank accounting system 160.
System 160, based on the file received from accounting
system 80 and trade information independently received
from trade verification system 140 via dedicated
line 163, compares this information to properly

25 corroborate the trades and detect any mis-matched

trades.

A file containing fully verified trades,
mis-matched trade information and current cash
30 balances, is provided by custodial bank accounting
system 160, via a modem connection through lines 165

and 82 and PSTN 40, back to accounting system 80. This

AMENDED SHEET



., 135[err] connecting execution systens 1301 P 13@29 6)36[2,1)])'1'69

respectively), via PSTN 40 and tel ephone line 78, to trade execution
conputer 70. Through this nodem 30 connecti on, ai}y:dﬂ%hﬁz Mmsg)f
t hese brokerage firns can downl oad any trade order .f+l t S
posted to its page on the electronic bullgtin board 75. -22- Once such a
file has been downl oaded into the appropT$ Te order execution systemat the
desi gnated brokerage firm the order is suitably executed. Once the
desi gnat ed brogfiggfsfﬁggah § gé%%ﬁ%@%ng %&% %m 80 to: (a) update the
current portfolio holdings to reflect matched trades;
and (b) initiate, with appropriate human intervention,
a resolution of each mis-matched trade. Updated
5 portfolio information, specifically all current stock
positions and cash balance, is then stored within trade
generating computer, specifically dynamic portfolio
management system 65 thereat, for use during the next
successive dynamic portfolio rebalancing operation.

10

W)

Once trades have been verified and mis-
matched trades resolved, to the extent possible,
custodial bank accounting system 160 establishes a
direct connection, via line 163, to trade verification

15 system 140 to settle the matched trades by authorizing
appropriate transfer transactions in the accounts of
the associated transacting parties. Though only one
custodial bank accounting system 160 is specifically
shown, system 65 can dynamically manage several

20 different portfolios, each being held by a different
custodial bank. In that case, database and accounting
systems 150 would route appropriate dividend
information to each of the custodial banks reflective
of their current holdings, with each of these custodial

25 banks separately clearing trades, that involve its

holdings, through trade verification system 140.

For simplicity, I have intentionally omitted
details of the computerized order entry and trading
30 mechanisms used on all exchanges other than the NYSE,
and have very generally represented the trading systems
for the NASDAQ and American exchanges, as NASDAQ system

AbEase
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5 order, that brokerage firm upl oads an approprrg:é‘Lbﬂfl ﬁa[ron
nmessage, again as a conputer file, onto the bulleti nm

execution.of the trade order. This confirmtion ness om%mgga
turn, by trade execution system 70 for review and | ater

reconciliation, by accounting conputer 80?1agalnst |ssued orders

Alternatively, trade orders can also be placed through the NYSE Super DOT
system This avenue 15 provi des cost-effective execution for relatively

snmal | bl ocks of7ghanasambut s9elkem aBot, hq%%pmqwéllyes tied dripekee@n t he
NYSE. If this avenue is sel ected by _the anal yst for ?lven trade order,
t

trade executi ofeEB4PEL eVhEGhapEroplilacony st vdials tFhRA BERPEY nt o

integration into system 5 will be readily apparent to

anyone skilled in the art.

FIG. 2 depicts a high-level block diagram of
the hardware components that implement computer system
50 and particularly trade generating computer 60
therein, as shown in FIGs. 1lA-1D. As shown in FIG. 2,

10 system 50 contains trade generating computer 60 - which

i
~

directly implements my present invention, trade
execution computer 70 and accounting computer 80.
Inasmuch as trade execution computer 70 and accounting
computer 80 have already been discussed in sufficient
15 detail for purposes of the present invention, I will
omit any further discussion of these two computers and

turn to trade generating computer 60.

Computer 60, which is preferably a specially

20 programmed workstation or personal computer, comprises
input interface (I/F) 210, processor 220,
communications interface 230, memory 240 and output
interface 250, all conventionally interconnected by
bus 260. Memory 240 generally includes different

25 modalities, such as semiconductor read only memory
(ROM) and random access memory (RAM) 244 and disk based
storage (and appropriate interface) 248, and
collectively stores an operating system (0/S) and
application programs. The specific software modules

30 and accompanying data that collectively implement the

inventive dynamic portfolio management system reside



/ Z046Y
20 an appropriate format required for Doﬁ3933!3§.§% and then routes the
order so formatted, as a nessage, to NYSE DOT tion. To
do so, computer 70 establishes a nodem connecmcﬁ)‘jgi 224«&%’3@ i ne 98,
to DOT conputer 102 at a brokerage 25 firm here firm 100, that
participates in the Super DOT system Thed2h, for ease of understanding and
di scussion, DOT conputer 102 is shown separate from any of brokerage order

execution systenms 130, in practice, this DOT conputer can be inplenented as
part of any ofwBthin thhesppdidetierepbyporarsys@snshownda tFiG&. of dendi s

el ectronicallyg {g@ggg&&tgg déﬁﬁﬁlnﬁéﬁggg’ to DOT conputer 102, this
€ calry

conput er, in turn ctron

Incoming data, particularly current share
5 price and share price changes provided by the satellite
receiver and other sources, including S & P 500 data,
are provided via lines 12 and 66, respectively, to
computer 60, and particularly to input interface 210
therein. This interface contains appropriate circuitry

10 to provide the necessary and corresponding electrical

Y

connection, e.g. direct or modem interfaces required to
physically connect and interface each differing source
of input data, to computer 60. In addition, input
interface 210 electrically connects and interfaces user
15 input device 290, such as a keyboard and mouse, to

system 60. Display 270, such as a conventional
monitor, and printer 280, such as a conventional laser
printer, are connected, via corresponding lines, to
output interface 250. Output interface 250 provides

;? 20 requisite circuitry to electrically connect and
interface the display and printer to system 60.
Accounting computer 80 and trade execution computer 70
are both connected, through LAN 77 and via
communications interface 230, specifically a network

25 adapter therein, to computer 60.

In operation, the dynamic portfolio
management system is periodically executed, usually
during market hours, to: analyze current changes in

30 share price and current S & P composition and
weightings, calculate new positions in each security

held in the portfolio and issue appropriate market

E TN TR "‘-'_::‘_ .
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-23- transmts that order, via dedicated |ine 107, to Super tem 110
itself. Wthin system 110, the order is first aﬁmo2§4¢8&b§§éities

| ndustry Automation Corporation) conputer 112 i'ch, 1 n response thereto, 5
either accepts or rejects the order. Based on whether the order is :
accept’ed or rejected (typically because-@3security in the order does not
trade on the NYSE) by the Super DOT system SIAC conputer 112 generates a
sui t abl e acknowl edgnent or rejection nessage, and 10 transmts that

message back t&FaPET SRR 0 FIPEAPHEREFEY paRiage bEBRePOXBEO LRI s
conputer, In HWlings to reflect these new positions. The portfolio

management system can be executed on any periodic
basis. Based upon the total shares contained in the
5 portfolio for each different security and the attendant
transaction costs (i.e. trading ticket charges) -
which, on the margin, decrease substantially as larger
share blocks are traded, the management system may be
run either weekly, for portfolios that contain a
: 10 relatiﬁely small position in each different security,
or more often, such as daily, hourly or at even shorter
intervals as the size of the portfolio increases.
Inasmuch as my inventive management method favorably
accounts for market volatility which increases with
15 shorter sampling intervals, increased performance will
likely occur with increasingly shorter trading
intervals for correspondingly larger portfolios. The
interval can be set through an appropriate timer,
slaved to a real-time clock, in the operating system.
20
An analyst stationed at computer 60 can
select a particular trade avenue for each trade order
as well as set parameters and supply other user
information, or through appropriate mouse-based user
25 selection enter queries to obtain current portfolio
and/or market information, through appropriate commands
entered via device 290 and in response to a program
icon or selection menu appearing on
display 270.
30
Inasmuch as the specific hardware components

of system 60 as well as all aspects of the software

AMENDED SHEET



transmts this nessage back through dedicated |irew@®ht0 |rade 2 QN
conputer 70 for subsequent use thereat. For thosé” ordbhy tLéM‘aTiyggggﬁted,

15 conputer 112 parses the trade order into ap-gRRr&P% at e r, sel
order for each different security |isted thereina@ﬁgﬁggge fe§U§?§8§E$b|e
transaction (i.e. buy or sell) nessage farpgeach such different security.

Computer 112 then routes these nessages to common 20 nmessage switch
115, which, in turn, routes each such nessage to an appropriate station, on

a trading flooe@f d&iNYSE iR, | 54 TR OVE Pom f £ 1098 e SREGL BEESEHhaphO
makes and manages a market in the corresponding security. Eligible trades

are matched andm®lesngndd e Present Hngiei ti AL | porcedEdanad andh NYSE
rules. Al well-known, they will not be discussed in any further

detail.

B. Software and Supporting Equations

1. High level overview
N
10 FIG. 3 depicts a high-level block diagram of
the software (computer executable instructions)
resident within memory 240 and executing within trade

generating computer 60.

15 As shown and in pertinent portion, these
programs include operating system 310 and application
programs 320, the latter containing inventive dynamic
portfolio management system 65. System 65 is formed of
management program 330, which itself collectively

~ 20 contains main program 600 and routines 700, 800, 900
and 1000 (which are shown in FIGs. 6A-6C, 7A and 7B, 8,
9A and 9B, and 10A and 10B, respectively, all of and
described in accompanying text below). Currently, with
trade generating computer 60 (see FIG. 2) implemented

25 on a personal computer, operating system 310 is
illustratively a DOS based operating system, such as
MS-DOS (Microsoft Disk Operating System available from
the Microsoft Corporation of Redmond, Washington), with
application programs 320 being written in the C

30 Programming language and compiled, under a Microsoft C
compiler, for DOS execution. My present invention can

be implemented in any one of a wide variety of

AMENDE.‘-} CLr~~



orders, whether through the Super DOT system or O%Pr&n‘?eggazggtgé} 69

avenue(s), for any security traded on the NYSE are ultinat
through a,floor specialist for that security. ln?ﬁﬁ#ﬁﬂﬂgﬁ2§£ SE utilizes
a 30 significant nunber of specialists, sone 3ﬂ£¥8} age :
markets in just one or nore than one traded security, these specialists are
denot ed as -24- specialists 120 with rA8rvidual floor specialists
120[err], 120[err], ..., 120[err]. The stations (though not specifically
shown) utilized specialists 120 are connected
) di?%ergnt programﬁ%ng languages ané(kence can be

readily adapted for execution under any one of many

different operating systems, based on the computer

system chosen to implement trade generating

5 computexr 60.

Incoming share prices, share price changes
and S & P 500 information (composition of the index and
current shares outstanding), supplied to dynamic

j;D 10 portfolio management program 330, are collectively
symbolized by line 305. The resulting trade orders
generated by program 330 is symbolized by line 340. 1In
addition to programs 330, system 65 alsoc includes
accompanying stored data 325. This data, residing on

15 fixed disk storage within memory 240, contains current
portfolio holdings, in terms of, e.g., the name of each
security held, the number of shares outstanding for
that security, a current cash balance, and various
predefined parameter values. Input to data 325, in the

3 20 form of a cash balance and trade results, is
collectively symbolized by line 308. Data 325 is
illustratively stored in ASCII baséd files (effectively
implementing a data base) with appropriate conventional
programs used to download the incoming market data,

25 from the satellite receiver, and the S & P 500 data,
from the S & P information server, and update these
data files accordingly. Furthermore, accounting
computer 80 also updates the portfolio data in a
conventional manner with verified trade information, as

30 described above.

l"lt“‘js—:n“(-. '-'_'-- el '-'_ .
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common nmessage switch 115 through lines 118, 5 cific %Zl | i nes
118[err], 118[err], ..., 118[err] for specialists 2a nga Ne9g . ..
120[err], respectively. Oders for those specific securities that have
formed part of a trade order but could not be traded through the Super DOT .
system are executed by participating bro_Ige*Gr_ 100. 10 For each of these
orders, broker 100 generates an appropriate confirmation nessage and routes
t hat message back, via dedicated line 98, to trade execution conputer 70
for subsequent yeganeiddatd accounting conputer 80. 15 Apart from use
of the bulleti r;j'boar éaén% upe’?a(%OT tradi ng avenues, trade orders can be

pl aced

FIG. 4 depicts process diagram 400, which
shows various high-level operations that, within the
5 context of system 5 shown in FIGs. 1A-1D, collectively

implement my present invention.

As shown, the present invention utilizes six
distinct high-level operations: 410, 420, 430, 440, 450

)

10 and 460. Information incoming from external market
sources, such as the real-time market quite satellite
feed and the S & P 500 information, as symbolized by
lines 403 and 406, are first obtained from these
sources through operation 410. The resulting market

15 information is then provided as input and as symbolized
by line 415 to operation 430. Operation 420 accesses
locally stored portfolio data, including both current
security holdings and cash balance, and also applies
this stored data, as symbolized by line 425, as another

\;} 20 input to operation 430. Based on the market data and
stored portfolio data, operation 430 determines the
appropriate weighting for each security then in the
portfolio to properly rebalance the entire portfolio.
As a result of this operation, operation 430 issues

25 appropriate trade orders, as symbolized by line 437, to
either buy or sell securities, as much as necessary, in
the portfolio to effectuate the rebalancing. Once the
trade orders are issued, process 440, currently
implemented manually by an analyst working

30 interactively with trade execution computer 70 (see
FIGs. 1A-1D), as discussed above, will analyze each

trade order to determine the proper avenue for its
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directly with a given brokerage firmwhich, in tmIanSe/éc152£469

principal. This avenue, referred to as 20 rincipal trade", is
general |y .sel ected by the analyst for trading IJPMUS RSD@Q s than
through either bulletin board or Super DOT system (nce the anal yst™ has
sel ectted a principal trade for a given trage_order, conputer 70 establishes
a nodem 25 connection, via line 78 and PSTN 40 and lines 135, to a
desired brokerage firm Once this connection is so established, a

conventi onal SOeﬁahhedo nt Bade willat ipitd e "t HRAC kAR 4 Saéé@f@fﬁéifdfoﬁs e.g.,
a nessage, di rectl by conputer 70 into the order 30 execution system

at that brokeraf&£ fFFﬁPanSGCﬁrédﬂéﬁkdﬁéqh?Qquﬁﬁqqht?bﬂmﬁﬁ%%%%ﬁtlﬁrth|s

fashion, to POSIT systems), a principal trade, an agency trade
. (through electronic bulletin board 75 shown in
5 FIGs. 1A-1D and discussed above), or through the NYSE
Super DOT system - with these alternatives symbolized
by lines 442, 444, 446 and 448, respectively. The
stored portfolio data will be updated, as symbolized by

line 433, to reflect a list of pending trades resulting

i;} 10 from operation 440 such that a particular trade will
not be erroneously re-issued. Once the trade has been
appropriately placed, that trade is executed (or at
least execution is attempted) through process 450.
Once the trade has been executed, specific trade

15 information, as to whether the trade order fully or
partially executed and what particular positions were
traded and the specifics therefor and symbolized by
line 455, are applied as input to accounting
operation 460, which includes trade verification. The

s 20 output of operation 460, in the form of a cash

~ position, verified trades, mis-matched trades and other
error conditions, is used, as symbolized by line 465,
to update the locally stored portfolio data
subsequently accessed by operation 420 during the next

25 portfolio rebalancing operation, as so forth.

3. Dynamic portfolio rebalancing equations
In accordance with my inventive teachings, I
30 have recognized that, for a portfolio, Y, such as an

index fund, that holds a pre-defined universe of

securities which collectively forms a capitalization

AMENDED SHggT



several different brokerage firns for corrpetitmmSZS-éb/daiG& 69

t her eanong. Once each of the brokerage firns receives the package, an

appropriate enpl oyee(s) thereat analyzes the padjRpy D7 MARq\gg&kerage
firmis interested in executing the package, tel ephones a 5 e

nmessage to the analyst with its single bi_d3 i.e. on atotal cost basis, for _
handl i ng the conpl ete package. The anal yst %hen appropriately reviews and
anal yzes these bids, selects a winning bid and so notifies the associ ated

“winni ng" brokefagohddd Mndex, such as the S & P 500 index, by

dynamically re-weighting the position of each security
in the portfolio in a manner proportional to a
non-constant function of current capitalization weights

5 of the securities in the index, then, for appropriately
selected functions, the resultant return generated by a
portfolio will consistently and reliably outperform
that of the index itself.

:;; 10 In particular, given current capitalization
weights, Wi, W2, ..., Wy, of a capitalization index, such
as the S & P 500 index, I have recognized that if a
"generating" function S = S(W;, W2, ..., Wo) is a twice
continuously differentiable non-constant function of
15 these weights, then each security in the portfolio, Y,
should have a weight, V;, given by equation (1) below.
| V.- ;5 (w. %, ,) b W08 (W) _—
<J S(WI’WZ’” ’Wn) /=1 S(WI’WZ""Wn)
20 for i =1, ..., n,

where: D; and D; are partial derivative operators with
respect to the i and j¥ variables, i.e. here with
respect to variables Wi and Wj, respectively.

25

In this case, equation (2) holds as follows:

dln(§)=dlns + O dr (2)



10 usual ly by tel ephone. Thereafter, the anal yst --post‘jsba/ fihs |u£4 6(
containing all the actual individual trade ordersnt ae, g 2 o, he. executed
and which. the statistics package represents, onto“t ﬁ g of&Whélyya

el ectronic bulletin board for the wi nning broker. That broker, 15

through its order execution system retrigyes this file and t hen execut es,
to the extent it itself can, all the individual orders listed therein.
Those individual orders which that brokerage firmcan not fully execute

internally, fafhawat@Ves (EABPNrepf8sEXESULRE P¥1hBatke2@erforia@hkey dfirough
alternate avenues. Wii|e the market  is_ogpen, these alternate avenues for
such an order $hRI {ﬁﬂyeég%tedr69¥Pﬁ@1Fﬁé%YoW6§Pg?é)tR@r§§§91§hybf the fl oor

trader at NYSkdiah&d 4480hst OpetPatmAREKSr 80€0f the index itself;
' d In S represents a logarithmic change in the
5 generating function S; and © measures a rate of
differential relative performance between the index
itself and the dynamically managed portfolio Y. This
differential performance is affected by dividend rates

of the two portfolios, the volatility of these two

10 portfolios, and "leakage" of stocks from the index,
i.e. stocks which were eliminated from the index itself
because their market capitalization sufficiently '
decreased. I have found that excellent performance
occurs where a function that measures diversity of

15 distribution of capital among the stocks in the index
is employed for generating function S. Such a
diversity based function is typified by entropy or a
diversity based measure, D,, as set forth below in
equations (3) and (4), respectively.

20

n
S(W 1% ...,W]=-'21Wiani | (3)
[ =

n
S(WI,W ...,WJ: Y wp e (4)
i=1

25 For values of diversity exponent p in the range of

0 < p < 1, both generating functions produce portfolios
characterized by reliably positive values of © and

stable values of 1ln S. Furthermore, the generating

Wi e



firmwho then, in turn, presents the order for eacf TN UF i j ng
traded to the floor specialist for that security |Eciﬁ‘ébte%/tfzgaﬁ%§ he
trade with an opposite party and hence execute the trade. As such, the
order execution systens at the brokerage firns areh’FE¥VEﬂi; j _ _
collectively lines 133, to the NYSE 30 _,q_trading , CZI?/MJ&S&I ly
order execution systens 130[err], 130[err], ..., 130[err] connected by
lines 133[err], 133[err], ..., 133[err] to appropriate trading stations

located  -2g6ncR1d®, !t EREWATiH eefiatPaee (Whe Jysdeyaas dd rm executes

advantage of being parameter dependent and adjustable.
As discussed in detail below, both equations are
appropriately used in my preferred embodiment. Through

5 empirical analysis, I have found that setting the value
of exponent p equal to .76 produces a portfolio that
consistently yields, over a simulated 16 year test
interval - as discussed in detail below in conjunction

with FIGs. 11-13, an annual return that exceeds that of

10 the S & P 500 index by approximately 40-50 basis
points (bp).

For my detailed theoretical analysis in
support of these equations, the reader is referred to
15 my following papers: "On the Diversity of Equity

Markets®", Enhanced Investment Technologies, Inc.,
(© 1995, 1996, Intech, Princeton, New Jersey);
"Leakage in Dynamic Index Portfolios", Enhanced
Investment Technologies, Inc.(® 1996, Intech,

L 20 Princeton, New Jersey); and "Dynamic Index Portfolios

and Equity Market Stability", Enhanced Investment

Technologies, Inc., (© 1995, 1996, Intech, Princeton,
New Jersey) which are all incorporated by reference
herein and which are the subject of my co-pending

25 United States provisional patent application entitled
"Automated Investment Portfolio Construction", serial
number 60/021,116 filed July 3, 1996. An earlier
version of the first paper, which is also incorporated
by reference herein, is the subject of my earlier filed

30 and co-pending United States provisional patent
application entitled "Automated Investment Portfolio
Construction", serial number 60/008,698 filed December
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the trade order, that firmposts a file, to electronr LUU§tI
whi ch specifies those individual trades within the tr Gd ﬁ?
been executed. 5 This file is subsequently accessed, from bu Ietrn

board 75 and via LAN 77, by accounting conputer 80 for } ﬁmezt’] MAR1 998 '

reconciliation. A further tradi ng avenue invol ves so-ca
of f -exchange trading. This avenue utiliz&3-so-call ed crossi ng networks 90,
of which Instanet system 92 and PCSI T systen194 are two exanpl es of such

net wor ks. Each_of e networ receivy, s bu orders
electronically ﬁrgﬁ?’tt ed i STy qiSSuppof)%’r‘Pges who are

connected to t hRkoRetwWRER, afRIeRAS, trtmémbeaai& sid laDsslerSfépFe@aEH my

security at each_different ) , )
y ) %o gowing paper: "Dynamic Equity Indices", Enhanced

Investment Technologies. Inc. (© 1995, 1996, Intech,

5 Princeton, New Jersey), which is also incorporated by

reference herein.

4. Dynamic Portfolio Management Main Program and

routines called thereby

Prior to discussing my inventive software in
detail, i.e. the main program and its attendant
routines, the reader is directed to FIG. 5 which
defines those variables used in conjunction with this

15 software. For easy reference, these variables are
grouped into four classes: global parameters 510,
variables 520 that pertain to a given portfolio
(account), variables 530 that pertain to each
individual security in the S & P 500 index, and

“j 20 variables 540 that pertain to each security in a given
account. To facilitate understanding, the reader
should simultaneously refer to this figure throughout
the ensuing discussion of Main Program 600 and
routines 700, 800, 900 and 1000 (collectively shown in

25 FIGs. 6A-10B). Each of these variables will be
discussed in detail when it first arises during the

ensuing discussion.

a. Main Program 600
30
FIG. 6 depicts the correct alignment of the
drawing sheets for FIGs. 6A-6C;
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price level and executes the orders thereanong anme/JrSs 9;{9%&044669

confirmati on nessages. Generally, this avenue pr st-effective
trading for 20 relatively small bl ocks of sh T whi ch

by- pass any exchange, can accommpdate nearly any security. If thi enue
is selected by the anal yst, conputer 70 esfablishes a nmbdem connection, via
line 78 and PSTN 40, to the sel ected cr055|ng networ k, such as 25

through line 91 to Instanet system92 or via line 96 to POSIT system 94.

Once this connection |s‘£$ﬁ |fg§g1 fgﬂ@yﬁg; ngmﬁ?QﬁQEhSP§ ?ggﬁprbb

formatted nessage for each security e tra speC| I nter
alia, the nanebfmy Herveeiive yDymmlq: yb@rbfoliadléascggmentwystem is. buy

or sell; Fhe @Hﬂ%ﬂcéﬁvéigﬂégbiéwgévfg;Ff@g. 6A-6C; the correct

alignment of the drawing sheets for these figures is
5 shown in FIG. 6.

Upon entry into Main Program 600, execution
first proceeds to block 605. This block, when

executed, determines by virtue of the state of two

10 user-settable flags, i.e. a "rebalancing" flag and a
"cash investment mode" flag, which of two portfolio
management modes are to be currently performed.

Through the rebalancing mode, weights of each security
in the portfolio are re-calculated and the portfolio

15 holdings dynamically rebalanced with resulting issuance
of appropriate market orders. Alternatively, through
the cash investment mode, transactions are generated to
consume excess cash (e.g. large cash inflows) in the
portfolio that may have arisen as a result of recent

T 20 dividend payment(s) and/or security sales without

sufficient offsetting purchases. Variable M is set to

one if rebalancing is to occur; to zero otherwise, 1i.e.

cash investment is to be executed.

25 Thereafter, execution proceeds to block 610,
which through block 615 executed therein, performs
various initialization operations, specifically reading
various predefined and stored limit values and setting
various threshold values. The numeric and illustrative

30 values which I currently use are set forth in
parentheses. In that regard, an assumed trading cost

variable is set to illustratively $ .15/share to

AHENTIFD Rt



the price at which the trade is to be execut ed. Sysmgjso 99%/%94&6%

upon which is used for a -27- given trade, wll sgue and transmt a
nmessage back t hrough PSTN 40 to conmputer 70 confi rﬁn ’tF 839@3
been executed, and after a trade has been pendi ng for a g| ven ano

time, which trades have not been 5 uted. Trade confirmation

nmessages are routed by conputer 70 to tfh " generating conputer 60 to
expeditiously update the data, specifically the current portfolio holdings,

local ly Storedréffgé%rkiéﬂet (brokerage) charges. This charge can be
set to a lower number, or an appropriate function of
share volume to be traded, in order to accurately
reflect marginal cost decreases for transactions
5 involving increasing numbers of shares. A large price
change threshold is set to illustratively 10%, i.e. a
large price change flag for a given security is set
whenever a share price change of more than 10% is
detected from the last time rebalancing occurred. A
s 10 large share change threshold is set to illﬁstratively
' 20%, i.e. a large share change flag will be set
whenever a trade order issues to sell more than 20% of
the shares currently held in any one security in the
account. A minimum trade size, W, as a percent of
15 current holdings, is set at illustratively .01%, i.e.
trades in a security will not be executed for less than
.01% of the portfolio value. A minimum buying price
variable, P, at which a security will be bought is set
to illustratively $ .01l. A variable, C, will be set
, 20 to illustratively .02% to reflect the maximum amount of
cash, as a percentage of total current portfolio value,

that is to be maintained, i.e. not invested during

dynamic rebalancing. A variable, 5, is also set to
reflect the maximum amount of cash, illustratively .2%,
25 as a percentage of the total current portfolio wvalue
that is to be maintained before the cash investment
mode is automatically invoked. A variable, B, is
illustratively set to 5%, as a stock trading band. 1In
that regard, if the actual weighting, as a percentage
30 of the total portfolio, at which a security is
currently held lies within a range of the “target”

weighting determined through rebalancing, this range
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conjunction with appropriate instructions issued bygt’he 109 o/ ana“f ysp 7

t hose trades,

t hat have not been executed by the c

network to which that trade has been posted, are r@gﬁa‘ﬁat 2ezgwfgiagager

70 and posted as a trade order to bulletin board 75 for execution as an

agency trade.
oper ati on,

have been executed during a given trading session,

15 Once all trades, for a gjyen portfolio rebal ancing

avenue(s) are selected, these trades are automatically verified, 20

typically aftefgt

as

10

15

20

25

30

of the weight), then no trade is triggered to change
the holding in this security. Lastly, the exponent for
dynamic rebalancing, referred to above as p and
hereinafter also referred to as F, is illustratively
set to the value 0.76.

Once block 615 has fully executed, execution
proceeds from block 610 to block 620. This latter
block first obtains market share price and share price
change data from the real-time market data feed, e.g.
the satellite feed, and S & P composition information
from the S & P 500 Information server. Specifically,
this block obtains security information for each
security in the S & P 500 in terms of: a ticker symbol
(as used in the NYSE to identify the security by name),
a CUSIP number (a unique alphanumeric identifier for
each different security), a security name, current
price (here denoted as p; and not to be confused with
exponent p above), total number of shares outstanding,
s;, and a change in price from the previous market
close. Once this data is obtained, block 620 organizes
this data in ascending order by CUSIP number, and
ensures, for error checking, that all price data is
positive - with appropriate changes being made, through
involving proper human intervention, to appropriately
correct negative price data (which is clearly
erroneous). In the event that the price for any
security has changed in excess of the large price
change threshold, typically 10% as noted above, then
the large price change flag is set for that security.

Based on the data reflecting the current securities in

4MENDED SHEET
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trade confirmations are also sent by each _of the brokerage firns™ nvol ved



wel | as the off-exchange trading systens to trade Vg i CQti S

(whi ch executes at Depository 25 Tr ust Corporatwllfgsﬁgevgzgﬂgg
mat ches each side of a trade, either the buy or sell, with the other_side,
and, in so doing, flags all nmis-matched trades for We@']rmﬁgg& by
the party(ies) involved. System 140 then %fnerates appropriate electronic
30 reports. Such a report, for each tifferent portfolio nmanaged by
system 65, is electronically sent, via -28- line 146, directly to

accounting COWHH&?é gongéoysEhe total number of shares outstanding
of each of these securities and its current price,
block 620 then calculates the S & P 500 weighting for
each security currently contained within the S & P 500

5 index. Once these operations are complete, execution

exits for the entire trading day from block 620. This
same information is used with respect to each different
portfolio that is to be dynamically rebalanced with
respect to the S & P 500 index. Alternatively, if

)

\,

10 another capitalization weighted index(indices), other
than the S & P 500 index, is to be used, then block 620
would be suitably modified to obtain similar data but
pertinent to the securities held in that
index(indices). Thereafter, execution proceeds to

15 block 625 which reads a "global posted stock list™.
This list contains securities, in CUSIP order, that can
not be traded, for one reason or another, in any
portfolio (account) currently being dynamically
managed. Thereafter, execution proceeds to block 630

20 which obtains a list of accounts (different portfolios)

(o

that are to be dynamically rebalanced. The value of
variable n is set to the total number of such accounts

to be managed.

25 Thereafter, each separate account is then
managed, through either of the two modes, i.e. its
holdings are either dynamically rebalanced or its cash
position is modified through cash investment. In that
regard, execution now proceeds to block 635 which sets

30 the value of an index variable, ACCOUNT_INDEX, to one,
i.e. to point to the first account to be managed. From

this point, the program iteratively executes account
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during subsequent account reconciliation. Inp ' r,y o v?ﬂlﬂ%gg
system 140 5 I's connected, via |lines 93, Qmmgnd blé r 9

i ndi vi dual. |i

nes 142[err], 142[err],

..., 142[er o, st anet  sys
92, PCSIT system 94, participating broker 100, JM&%MAR!%?O

130[err],

execut'ion systens 130 (specifically ordgﬁggxecution systens 130[err
., 10 130[err]) , respectively. For all verified trad
system 140 al so supplies, typically on a batch basis for all trades t

occurred duri
transaction i

' it i essi appr epri ate
SBARRE L, 000 Mo RAS Jopre RoBEL 2o o600

appr di sbursing agents, an

speci fical | y mang@esbasef tan witidunexecusien easits0from main

5
» 10
15
5 20
25
30

loop 600.

In particular, when execution enters account
management routine 640, block 650 is executed for the
next successive account to be managed, i.e.

ACCOUNT (ACCOUNT_INDEX). Upon entry into block 650,
execution first proceeds to block 652 which, when
executed, reads data for the current holdings in this
particular account. To prevent errors, this data
includes a "key" which is common to each file for a
givén account. In the event a "key" read for a file
for the current account does not match the predefined
key established for that account, an appropriate error
message is generated to invoke human intervention.

Other parameters for this account, such as its current
cash balance, K, and the date the account was last

dynamically rebalanced are read by block 652 (see

FIGs. 6A-6C) as well. This block also ensures that the
data files for this account are organized in ascending
CUSIP order and changes the files, as needed, to
reflect this ordering. For consistency, block 652 also
checks that each security stored in the data for the
portfolio currently exists in the S & P 500; otherwise,
that security (i.e., the entire holdings therein) is
flagged for sale. For each security currently held in

the portfolio, block 652 retrieves the number of shares
currently held, 0;, and ensures, by appropriate

correction, that this number is positive. Should this

number be negative - which signifies an error

SMTANET e
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thereat. This information permts these ag cﬁylgs gﬂ éﬂﬁ shar ehol der
records to properly reflect 20 changes ¥ %;J} Hﬂ each of
their client organizations that occurred during this prior narket sessi on.
I nasnuch as different issuers utilize different transfer/disbursing agents,

trade ‘verification system 140 routes cleafed tr"af}exl’%Q"l M qmlon via
i nes 153 and specifically lines 153[err]5 ' 153[err], .. 3[ for

each security to the approprlate dat abase and accountlng systen1150[err]

par 1 cul ar seltPTOSELRRy “ThelcheOhFbFral FRLES, RO-BIEN Brlles Shnen

of the transfemﬂmhﬁwmmsimg ageobsreepechéleakby.damabaﬁdlan@naccount|ng

systens 150 thereat and in
. block 652 reads pending share indicators, {;, (should

they exist) for each security. These indicators

5 signify that a trade has already been previously sent
for execution for that security to the market but has
not yet occurred. If the portfolio is rebalanced at
rather long intervals, such as weekly or monthly, then

all trade orders will have been settled well before,

)

10 and with most likely no pending trades in existence,
the next time dynamic rebalancing is to occur. Once
block 652 has fully executed, execution procéeds to
block 654. This latter block reads a local list of
securities which for one reason or another, can not be

15 traded in the present account, such as portfolios that
are directed to "socially responsible" companies, i.e.
without, e.g., tobacco related stocks, and other such
restricted portfolios. Block 654 ensures that the
security data read for this list is organized in

;;j 20 ascending CUSIP order as well, with the proscribed
CUSIP value, T;, of each security noted along with a
total number of such securities in the list and makes
appropriate corrections to this organization, if
necessary. Thereafter, block 656 is executed to read a

25 local "posted" list for the account which delineates
those securities, by CUSIP number, that have been
previously designated as being "proscribed". Block 656
then updates this posted list with any additions or
deletions based on the list read by block 654 in order

30 to reflect changes in the securities that have been

proscribed from being traded in the account.

-:'.l‘ 2‘;2"1‘-_.'4“:_; .'?r'..‘-.a' .



response to el ectronic paynent instructions recglv 51 Ds- dg éﬂ?
157, disburses dividend paynents to the appropriate shareholder acc ts.
Inasnuch_as custodi al bank 150 holds all securities and cash pically in

el ectronic form in each portfolio being 5 d”nggugg

system 65, database and accounting systens 150 messages containing

di vi dend paynent information, via |lines~ 485, speC|f|caIIy | ines 155[err],

155[err], ..., 155[err] from dat abase and accounting systens 150[err],

150ferr], ..., 150[err]Th reafter, execution proceeds to block 658
which executes Target Proportion routine 700. This
routine, shown in FIGs. 7A and 7B and discussed in
detail below, determines the dynamically rebalanced

5 weight (i.e. "target proportion") for each security
currently held in the account. Once this occurs,
block 662, shown in FIGs. 6A-6C, executes to invoke
Current Proportion Determination routine 800, shown in

FIG. 8 and discussed in detail below, which determines

10 the weighting, as a proportion of the total asset value
of the account, at which each security therein is
currently held. Once this occurs, execution proceeds
to block 664, shown in FIGs. 6A-6C, which invokes Trade
Determination routine 900, shown in FIGs. 9A and 9B and

15 discussed in detail below. This routine determines
whether a trade is necessary in each security held in
the account and generates a trading list. 1In
particular, if this routine concludes that a trade is
necessary for a given security in the account, then the

20 routine determines the appropriate order to either buy
or sell the security and in what share quantity, and
hence rebalance the holding of that security in the
account, and enters that order to a trading list.
Execution then proceeds to block 666, shown in

25 FIGs. 6A-6C, which invokes Cash Control routine 1000
(see FIGs. 10A and 10B and discussed in detail below)
to invest any excess cash, if any, then held in the

account.
30 Once block 666 has fully executed, execution

proceeds to block 668. This latter block, when

executed, checks integrity of the trading list
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o he o e a4 6S
10 custodi al bank 160. Wth this information, t odi al ank T
updat es the cash bal ance in each such portfolio to re‘éw
di vi dends. Furthernore, accounting system 80 verifies 3&53@95Rﬂeﬁﬁi
portfolio based on confirmati on nessages trade execution conputer 70 has
received during the inmmediately prior markgt session. System 80 then

transmts, via lines 82 and 165 and PSTN , a file, containing i nf or mati on
speci fying verified trade 20 executions, to custodial bank accounting

system 160. Sys %R&&@Qngb%eéo%lhg%b'o' e meqql el dWion aceaunting system
80 and trade i nformati on | hdepen entlgﬁrecelved fromtrade verification

system 140 V|alﬂEG1Ua§e§SS¢ﬁ§1m€3WhG@ Xr @s resiud timcoraeal drmangs oger | y
the account is negative. Since negative cash balances,

at this point in the program, are not allowed, any such
5 negative condition is an error condition requiring
human intervention to resolve, such as by invoking the
cash investment mode to sell appropriate positions in
order to raise sufficient minimum cash. In addition, a
flag is set and a warning message generated if the
LY 10 trading list contains an order involving a proscribed

security. Furthermore, a warning message is provided,
and a trade type indicator, v;, for the security is set

to "S" (for "Short"), if a potential sale leads to a
negative share position, i.e} a so-called "short sale™
15 Such negative positions are also not permitted and
signify a need for human intervention to correct.
Alternatively, if an order involves more than 200
shares of a given security and if the trade represents
a greater fraction than the large share change
20 threshold (currently set to 20%) of the holdings in
that particular security, then the large change
indicator is set appropriately to signify this (if it
has not already been so set). Thereafter, block 668
calculates the total number of the buy and sell orders,
25 the total number of the shares to be traded and the
total number of trades in the trading list to be
executed. Once this is accomplished, block 668
calculates the return provided by the account since the
previous market close. Lastly, block 668 provides as
30 output, illustratively in printed form, the number of
trades to execute, the immediately prior and now

rebalanced account (portfolio) holdings and value, cash
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Afile
8d current

PLI/US Q5 / £V
25 corroborate the trades and detect any nﬁmjguﬁshg(%dﬁ
n

containing fully verified trades, m s-nmatched

cash 30 - bal ances, is provided by custodial bank accounting system 160,
via a nodem connection through lines 165 and 82 and PSTN 40, back to
accounting system 80. This -30- file ig used by accounting system 80 to:
(a) update the current portfolio hol dings 0% reflect matched trades; and

(b) initiate, with appropriate human intervention,
balance in the account and the returns on both the

account and the S & P 500 index. Execution then exits
from block 668.

5 At this point, two output files containing

trade orders and other information are generated.

To generate the first file, execution
proceeds to block 672 which generates an output trade
s ticket file (i.e. a "trade" file) from the trading
list. This file, which will ultimately be supplied to
a broker for execution, through a selected trading
avenue, contains the number of the account (individual
portfolio) in which all these trades are to occur; the
15 current date; and for each trade: the ticker symbol of
each security to be traded, whether that trade is a buy
or sell, the number of shares to be traded, the current
price of the security and the CUSIP identifying that
security. This file is sorted with sell orders
™, 20 preceding buy orders and the trades for each then
ordered in ascending CUSIP order.

Once this trade file has been fully

generated, execution proceeds to block 674 which

25 generates a "proportional change" file for the account,
i.e. for ACCOUNT (ACCOUNT_INDEX). This file contains
various information, to wit for each security in the
account: (a) the name of that security; (b) the ticker
symbol therefor; (c) the number of shares currently

30 held or a flag indicating either that this security is
posted (i.e. proscribed from being traded) or has a

trade pending; (d) the current and target proportions

R e T



a resolution of each m s-matched trade. Updated Qrt
I nformation, specifically all current stock posit Qg‘s b)ap &c@g S

then stored within trade generating computer, spec Ihz déﬁ?
portfolio managenent system 65 thereat, for use ('3 4 % ns ssive

dynam c portfolio rebal ancing operatlon 510 Once trades have been verified .
and ms- matched trades resolved, to the éxtent possible, custodial bank
accounting system 160 establ i shes a direct connection, via line 163, to

Lrade verifiCRbiORnES secubithem (A0 drte Seidderd o ned £5ed beagdss chyn

aut hori zing appropriate transfer_transactions in the accounts of

associ at ed tr 8AS&&t ithg &t RNITHRIGE ofe ytondhe S & P 500

proportion (weighting), (£f) the actual proportion that
will exist after the trade; (g) the large change
5 indicator; and (h) a trade type indicator. This trade
type indicator will be set to: "C" for a cash control
trade, "S" for an attempted short sale, "P" for a
proscribed security, or "0" for liquidation of a
security for which the target proportion has been set
to zero. Thereafter, block 674 will print a file
header with an appropriate warning if: a proscribed
security were to exist in the account, the cash balance
in the account were to be negative, or a short sale
were to be attempted. This block will also print: the
15 current portfolio value, the current cash level, the
present return, the § & P 500 return, and a return of
the account relative to that of the S & P 500.
Block 674 will also print a file footer containing: the
total number of shares to be sold, the total number of
N 20 shares to be bought, the total number of shares to be
traded, the total number of trades to be executed, an
amount by which the current cash balance in the account
is to change, the current cash balance in the account,
and old and new cash proportions in the account
25 (proportions of account value attributable to cash).
The proportional change file is sorted in order of sell
orders, buy orders and posted or pending securities.
Once this file is completely generated, execution
passes to decision block 676 to test for any attempted
30 short sales. If such a sale is detected, then, since
short sales are not permitted, an error condition has

occurred. Hence, execution exits from program 600, via

R Y
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cust odi al bank accounting system 160 is specificall shomn syst 5 can
dynani cal | y manage several 20 di ff erent port@%ﬁéﬁiﬁ @hg ﬁﬁg | d by
a different custodial bank. In that case, databaSe and accounting systens
150 woul d route appropriate dividend information to each of the custodi al
banks reflective of their current holdlnﬁé% with each of these custodial 25

T

banks separately clearing trades, that ve its hol dings, through trade
verification system 140. For sinplicity, | have intentionally omtted

on al 1 " exchang i Geher EranciresKias Tl AsvereRy aess &1 v opr csent od
t he trading sy@ppmmpfbatéhhum&SDaﬁtendeAuébncal ehehasgdd.ciaedNASDAQ syst em
investigate and resolve the error. Alternatively, if
decision block 676 does not detect any attempt at a
5 short sale, then it routes execution, via NO path 679,
to block 680. At this point, the security holdings in
the account have been completely processed and, as

such, the underlying portfolio dynamically rebalanced.

10 Accordingly, decision block 680 then executes
to determine if all accounts (different portfolios)
have been managed. If another account remains to be
managed, i.e. the current value of variable
ACCOUNT_INDEX is less than the value n, then decision

15 block 680 routes execution, via NO path 685, to
block 690. This latter block, when executed,
increments the value of variable ACCOUNT_INDEX to point .
to the next successive account to be managed.

Execution then loops back, via path 695, to iteratively

20 execute account management routine 640 for this next
successive account, and so forth. Alternatively, if
all the accounts (different portfolios) have been
separately managed, each through a separate execution
of routine 640, i.e. the current value of variable

25 ACCOUNT_INDEX equals the value n, then execution simply
exits, wvia YES path 682, from Main Program 600.

b. Target Proportion Determination routine 700
30 A flowchart of Target Proportion

Determination routine 700 that is executed by Main

Program 600 is depicted in FIGs. 7A and 7B; the correct

AMENDED SHEET



-31- 170 and AMEX system 180, respectively. The omm’d.‘JSt Q\ﬁfl 2@@669e
all conventional, and their proper integration int Wé)

readily apparent to anyone skilled in the art. 5 F gtMAaR"

hi gh-1 evel block diagram of the hardware conmponents that inplenent ”ﬁ)uter .
system 50 and particularly trade generating conputer 60 therein, as shown
in FIGs. 1A-1D. As shown in FIG 2, 10 -53system 50 contains trade
generating conmputer 60 - which

alignment of the drawing sheets for these figures is
shown in FIG. 7. As noted above, routine 700
determines the dynamically rebalanced weight (i.e.

"target proportion") for each security currently held

5 in an account to be processed, i.e.
ACCOUNT (ACCOUNT_INDEX) and for which trading is
permitted.

Upon entry into this routine, execution
10 proceeds to block 705. This block, when executed,

R
G/

forms a set of securities, i.e. SECURITY_SET, which has
securities that are in either or both the S & P 500
index and the account. These include the securities
that are to be dynamically managed in the account.

15 Weights are calculated and assigned for all the
securities for which trading is permitted. Once this
set is established, block 710 is executed. This block
initializes an index variable, i, to the value "one™"
and sets a variable, m, equal to the number of

20 securities in the account to be processed, i.e. in
ACCOUNT (ACCOUNT_INDEX) .

Thereafter, execution enters a loop composed
of blocks 715, 720, 725 and 730 to calculate, a
25 temporary proportion for each security, i.e. for
SECURITY(i), in the set. In particular, block 715,
when executed, selects a next successive security in
the set as indicated by the current value of index
variable i. Execution then proceeds to block 720

30 which, for each security for which trading is permitted

(i.e., T; does not equal 1), calculates a temporary

proportion, ®;, to be a market capitalization of that

AMENDED SHEET



directly inplenments nmy present inventi OPCT,H& 9(601& [ gtl"ést)uter 70 and

accounting conputer 80. Inasnmuch as trade execution conputer 70 and
accounting conputer 80 have already been discussed in sufficient 15

detail for purposes of the present inventiwon, [lmg Nﬂgm

di scussi on of these two conputers and turn to ra ut er _
Computer 60, which is preferably a speC| Ty 20 pr ogr ammed mnrkstatlon
or personal conputer, conprises input interface (I/F) 210, processor 220,

comuni cations interface, 230, marmr and output i.nterface 25 al |
convent i onal I?eFHFéFXOWﬁéEgeasbﬁ 5’5 8 O%EI?DIC)P YIRSy e | i%&?‘udes
different 25 gecy, U9l bl PSandUshnaRneeMbeORHNCERr (S8Rt REL Yo FEMDIY
currently outstanding. Once this occurs, decision
block 725 executes to determine whether all securities
5 © in the set have been selected, i.e. whether the current
value of index variable i equals the wvalue of
variable m. If a security in this set remains to be
selected, then decision block 725 routes execution, via
NO path 726, to block 730. This latter block

2 10 increments the current value of index variable i by one

Ko

in order to point to a next successive security in the
set. Execution then loops back, via path 735, to
block 715 to appropriately process that security, and
so forth. Alternatively, if all the securities in the
15 set have been so processed with a temporary provortion
calculated for each, then decision block 725 routes
execution, via YES path 728, to block 740. Block 740

normalizes all the values of the target proportions

(w;, 1 =1, 2, ..., m) such that their total sum equals
;) 20 the value one. Execution then proceeds to block 745

which re-initializes the value of index variable i to

one.

At this point, execution enters a loop formed
25 of blocks 750, 755, 760 and 770 to calculate the target
proportion for each security, i.e. for SECURITY (i), in
the set for which trading is permitted. In particular,
block 750, when executed, selects a next successive
security in the set as indicated by the current value
30 of index variable i. Execution then proceeds to

block 755 which, for each security, calculates a target

proportion, m;, for SECURITY(i), using either an

PR FeTR e e
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(ROM) and random access nenory (RAM 244 and dké}TM&eds&)o4Qgglﬂ-58

appropriate interface) 248, and collectively stores an operating system
(O S) and application prograns. The specific softwas Eﬁ@ﬁ@l 13

acconpanying data that collectively inplenent the |‘,ﬁ§ _-,e%ynm% 19@@1
portfolio managenent systemreside -323 wi thin the application prograns,
as shown in FIG 3 and discussed in detail’”bel ow. | ncom ng dat a,

particularly current share 5 price and share price changes provided by

the satellite entropy or diversity measure as embodied, respectively,

in equation (3) or (4) above, as a function of its
current market capitalization weighting. An entropy
measure is used for non-zero capitalization weightings
5 (i.e. securities in which trading is permitted) and
where the diversity exponent has been predefined as
zero. Where the diversity exponent (here F) is set to
0.76, as in the preferred embodiment, then, for those
securities in the set for which trading is permitted, a.
.;; 10 diversity measure, as embodied in equation (4), is used
instead to calculate the target proportion for each
such security. Once this occurs, decision block 760
executes to determine whether all securities in the set
have been selected, i.e. whether the current value of
15 index variable i equals the value of variable m. If a
security in this set remains to be selected, then
decision block 760 routes execution, via NO path 762,
to block 770. This latter block increments the current
value of index variable i by one in order to point to a
20 next successive security in the set. Execution then
loops back, via path 775, to block 750 to appropriately
process that security, and so forth. Alternatively, if
all the securities in the set have been so processed
with a target proportion calculated for each, then
25 decision block 760 routes execution, via YES path 764,
to block 780. Block 780 normalizes all the values of
the target proportions (m;, i =1, 2, ..., m) such that
their total sum equals the value 1. Once this
normalization has occurred, execution exits from
30 routine 700.

Y B
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ODGXMS f/ LURDT
recei ver and other sources, including S & P 50 are prOV|ded vi a
lines 12 and 66, respectlvely to conputer 60, and particularly to input

interface-210 therein. This interface contains appr in ) rYCAj

to provide the necessary and correspondi ng el ectri.cymz %WBW
direct or nodeminterfaces required to ph§sically connect and interface
each differing source of input data, to conputer 60. In addition I nput
interface 210 el ectrically connects and interfaces user ut device
290, such as a keyBoaFdrifdtnBEEPOLd o5y NesRrEy-nal g aEPWeS%Q as a
conventional nonitor, and printer 280, such as a conventional | aser

printer, are connected via corresponding lines, to output interface 250.
Qut put interface 250 pr B6¥lCde$ depicts a flowchart of Current

Proportion Determination routine 800. This routine, as
5 noted above, determines the weighting, as a proportion
of the total asset value of the account, at which each

security therein is currently held.

Upon entry into this routine, execution
,T\ 10 proceeds to block 810. This block, when executed,
| calculates the total current value of the account, 1i.e.
ACCOUNT (ACCOUNT_INDEX). This value, V, is simply the

sum ' of the current cash balance, K, in the account and

the accumulated product, summed over all the securities

15 in the account, of the current price of each such

security (p;) and the number of shares held therein

(0;) . Once this value is established, block 820 is
executed, as an error checking measure, to ensure that
this value is positive. If a negative wvalue results,

-~ 20 which clearly signifies an error condition, the program
halts pending appropriate human intervention to
appropriately correct the error. Thereafter, block 830

executes to initialize index variable, i, to the wvalue

"one".
25
Execution next enters a loop composed of
blocks 840, 850, 860 and 870 to calculate, a current
proportion for each security, i.e. for SECURITY(i); in
the set. 1In particular, block 840, when executed,
30 selects a next successive security in the set as

indicated by the current value of index variable 1i.

ARV AT



20 requisite circuitry to electrically connect and interface

display and printer to system 60. Accounting conput m nd)tﬁa(déhﬁhbg
execution conputer 70 are both connected, through LA vVl a

comuni cations interface 230, specifically a network 25 adapter
therein, to conmputer 60. In operation, dynam ¢ WBO

systemis periodically executed, usuall ygzurl ng marﬂ szmﬂnﬂm&e
current changes in 30 share prlce and current S & P conposition and

wei ghti ngs, g}é% gtlgnn%\f\]/kepf% rloe%cltbcq(ecd,gd tv)’hf@ﬂd fgrtggclqortfol e}

and issue app
security in the set, calculates a current proportion,

pi, to be a market capitalization of that security
which is a product of the current price of that

5 security (p;) and the number of shares held therein

(0;) divided by the current value of the account, V.
Once this occurs, decision block 860 executes to
determine whether all securities in the set have been
™ selected, i.e. whether the current value of index
10 variable i equals the value of variable m. If a
security in this set remains to be selected, then
decision block 860 routes execution, via NO path 863,
to block 870. This latter block increments the current
value of index variable i by one in order to point to a
15 next successive security in the set. Execution then
loops back, via path 875, to block 840 to appropriately
process that security, and so forth. Alternatively, if
all the securities in the set have been so processed
. with a current proportion calculated for each, then
\w) 20 execution exits from routine 800, via YES path 867

emanating from decision block 860.
d. Trade Determination routine 900

25 A flowchart of Trade Determination
routine 900 is collectively depicted in FIGs. 9A and
9B; the correct alignment of the drawing sheets for
these figures is shown in FIG. 9. As noted above,
routine 900 determines whether a trade is necessary in
30 each security held in the account and, if so, generates
the appropriate trade. 1In particular, if this routine

concludes that a trade is necessary for a given

AMENDED SHEET



-33- trade orders to appropriately update the [élﬁt‘fghto hal di ?l&lg.t@(? ef | ect
t hese new positions. The portfolio managenmenty. syt nt ain;, ﬂs on any
periodic basis. Based upon the total shares &« ribavh i'n-'t é

portfolio for each different security and the attendant transaction costs
(i.e. 'trading ticket charges) - which, on éhe mar gi n, decrease
substantially as | arger share bl ocks are ? aded, the managenent system may
be run either weekly, for portfolios that contain a 10 relatively snmal |

position in eagh di t erent E‘SCH h)(mtor Eg%re gt%uttfsﬁﬂ Ferd &aid Yag hourly

ri
or at even shofT&r i erva as t e si'ze 0 e por eases.
the approprlate amount of shares in each security to

either buy or sell, and hence rebalance the holding of

that security in the account.

Upon entry into routine 900, execution first
proceeds to block 905. This blocks initializes various
variables. 1In particular, for each security,
SECURITY (i) for i = 1, 2, ..., m, in the set: a

10 variable, €; which specifies the number of shares to be

traded is set to zero; the trading type indicator, v;,
is set to a "blank” character; a large change flag is
set to a blank character or alternatively to signify a
large price change, if so previously set. Once these
15 operations have occurred for each security in the
account, then execution proceeds to block 910 which

resets the value of index variable i to one.

Once this occurs, the program enters a loop
20 containing blocks 915, 920, 925, 930, 940, 945, 950 and
960 to calculate the appropriate, trade if any, for

ie)
b
J

each security then held in the account. Specifically,
block 915, when executed, selects SECURITY (i) in the
set of securities, SECURITY_SET, previously defined, as

25 described above, through execution of block 705 in
routine 700 (see FIGs. 7A and 7B). Once this security
has been selected, then as shown in FIGs. 9A and 9B,
either one of three scenarios will govern how, if at
all, trading involving that security is to occur.

30 Execution will proceed, via path 918, to each of these

scenarios, only one of which will be performed if its

AMENSED SHEET



| nasmuch as ny inventive managenent net hod favfgggg cc n gé{? ket

vol atility which increases with 15 shorter “& fﬁt 46@

i ncreased performance will likely occur with i g% 3@@ radi ng

i nterval s for correspondingly | arger portfoliolpsﬁﬁgsr g R e set

t hrough an appropriate tiner, slaved to a real-tine clock, in the operating
system 20 An anal yst statloned at conpU?%T 60 can select a particular

trade avenue for each trade order as wel | as set paranmeters and supply
ot her user information, or throu approprlate nous based user 25

sel ection ent BFCHUBRAN¥ENE0 EESEaCH EHER 15oMStDl i o
i nformation, sheodgpiappRHOBRE BleckemI@nds 925 and 930.

Block 920 handles each of those securities
5 which are proscribed from being traded in the
portfolio, i.e. where t; equals one. In this case, for
a proscribed security, since the security might have
become proscribed after a position has been established

therein, block 920 merely sets the amount of shares to

Pk 10 be traded, specifically sold, in that security, i.e.
€;i, equal to the entire position therein. A negative

value of €& signifies a sale of securities while a
positive value indicates a purchase, the amount of the
sale or purchase being given by the magnitude of &g;.

15 Inasmuch as this security is now proscribed, block 920
also sets the trade type indicator for this security to
"P" to signify this condition. Thereafter. execution
is routed, via paths 933 to block 940.

~ 20 Block 925 handles each of those securities in

which a portion of the current holdings therein is to
be sold, or shares are to be purchased. Such a trade
will be generated only if a security and its associated
parameters meet three conditions. Block 925 first

25 tests the current security, SECURITY(i), for
conformance with these conditions. If any of these
conditions fails, then the remainder of this block does
not execute. In that case, either the trade will be
governed by blocks 920 or 930, or, if not, execution

30 will be directed onward to block 940. These conditions
are, for SECURITY(i):



entered via device 290 and in response to a progr

appearing on display 270. 30 Inasnuch as the spec

T i
of system 60 as well as all aspects of the soft

Qenu

nt s
h|n

menory 240, apart fromthose nodul es that inplenent. the present invention,
are conventional and well-known, they mﬁlb not be discussed in any further
detail. —0U~

10

15

20

25

(a) first, that:
(1) its target proportion, 7;, is positive
(2) it is not proscribed and not posted (both

T; and /; are zero, respectively);

(3) it does not have a trade pending (i.e. {;
is zero - the importance of this being that to prevent
issuance of potentially a duplicate trade);

(4) a difference between the target and
current proportions is greater than a minimum trade
proportion (W < |m; - p;|); and

{5) that the account is to be dynamically
rebalanced (i.e. M =1) and

(b) second, that for this security:

(1) its current price (p;) exceeds a minimum
price (P) at which any under-weighted security is to be
bought; or

(2) its current proportion (p;) exceeds its
target proportion (m;); and

(c) third, that its target and current proportions

satisfy either of the following inequalities:

(1) g > = e'Bi ; or (5)

ﬂi<
(2) p; e n. . (6)

If, for any security, SECURITY (i), all three conditions
are satisfied, then block 925 determines the amount of

shares to be traded, i.e. a current trade, in that

security, €. Block 925 first calculates this amount as

WIS
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5 B. Software and Supporting Equations 1. High I«R/GIT,Lver\aéA/l 0 69

FIG 3 depicts a high-level block diagramof the s k

execut abl e- i nstructions) resident within nenory 24@%&22@@393& n
trade generating conputer 60. 15 As shown and in pertinent
portion, these programs include operating fysten1310 and application

progranms 320, the latter containing i nvemt}ve dynam c portfolio managenent
syst em 65. Systen165 is formed of nmanagenment program 330, which itself

coll ectivel eing QR PY ERRD-REGULEBE00, 200 alkings S P00 900

total portfolio value divided by the current price of

this security (miV/p;) less the current number of

shares held in that security (0i). Inasmuch as a

5 security trade will only be issued in round lots, i.e.
in lots of 100 share multiples, block 925 then rounds
the calculated number of shares to be traded to the
nearest multiple of 100 shares, using a centering

= variable, L. This variable specifies the band,

s ‘10 relative to the middle of any 100 share lot, at which a
share quantity will be rounded to the next higher lot.
This variable, which is predefined for any given
account and generally constant therefor will be
increased in situations where a low cash balance exists

15 in the account in order to permit the cash control mode

to properly converge. In those instances where the
current proportion exceeds the target proportion, then

the trade is a sell with the number of round lots given

by:
— 20
£
€. -'hu(Iaa - ) +1. (7)
Alternatively, where the current proportion is less
than the target proportion, then the trade is a buy
25 with the number of shares, in numbers of round lots,

given by:

£ .
— - _
£i-hn(100 } . (8)

AMEN,
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9A and 9B, and 10A and 10B, respectively, all Ppnd{ descrl bed r'n""()L)
acconpanyi ng text below). Currently, with trade.generatdng conpy 60 (see
FIG 2) inplenented 25 on a personal conputer".d%Eratlng sys 310 is
illustratively a DOS based operating system such as M5-DOS (M crosoft Disk
Qperating System available fromthe M cr%zoft Cor porati on of Rednond,
Washi ngton), with application prograns 3 being witten in the C 30
Programm ng | anguage and conpil ed, under a Mcrosoft C conpiler, for DGCS

execution. My gf&seife | MVROLE 081 CaRaPEs! "PhERBREd ol N rBRACNS LY, Bald de

variety of
been calculated, the actual number of shares to be

traded is determined simply by multiplying the number
of lots to be traded by 100, i.e. & = & x 100. With
5 this share quantity determined, execution then exits
from block 925 and is routed to block 940. If the cash
investment, rather than dynamic rebalancing, mode is to
occur (i.e., M could equal 0), then no trades will be
~ executed through block 925 for any security, with such
E 10 trades governed by executing cash control routine 1000,
as discussed in detail below, upon termination of

currently executing routine 900.

Block 930 handles each of those securities

15 which have a zero target proportion and a positive
current proportion (i.e. m; equals zero, but p; is both
greater than zero, respectively), 1is not posted (Wi is

zero) and not proscribed (T; is zero) and for which are
j}I trade is not pending. 1In this case, the entire
” 20 position in that security is to be sold. This scenario
includes those securities that have been eliminated
from the index. Therefore, to eliminate the entire
position in the security, block 930 sets the amount of
that shares to be traded, specifically sold, in that
25 security, i.e. &, equal to the entire position
therein. Inasmuch as the security is not proscribed,
block 930 also sets the trade type indicator, v;, for
this security to "0" to signify this condition.
Thereafter, execution is routed, via paths 933 to
30 block 940.

AMENDED SHEET
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-35- different programm ng |anguages and hence can 'bereadi agapte or
execution under any one of many different operatigg Syt ’ Jb}ase‘@% t he

conput er system chosen to inplenent trade generaﬁrhéw w0 cOﬁﬁuter 60.

I ncoming share prices, share price changes and S & P 500 information
(conposition of the index and current shgrﬁ? out standi ng), supplied to
dynam c 10 portfolio nanagenent progré 330, are collectively
synbolized by |ine 305. The resulting trade orders generated by program 330

is synbolized by Iine 34Q, | ition t ro e 330 %%?19”‘65 ﬁlso

i ncl udes acconpanyi ng st%rlggﬂdggg)ﬂ * 'f%égl @Z{St, QLR FRY ontes where
a non-zero amount of shares is to be traded but the
trade would result in a short sale, i.e. where & < -0j,
sets the amount of shares to be sold to equal the

5 entire position therein, i.e. & = -0j.

Thereafter, execution proceeds to block 945
which updates, based upon the current trade just

determined, the current cash balance in the account and

10 the current portfolio value. Specifically, block 945
updates the cash balance by first calculating the total

cost, Y, associated with the current trade. This cost
is illustratively calculated as being the assumed
trading cost ($ .l15/share) multiplied by the number of
15 shares to be traded. Other cost metrics, such as a
flat or sliding fee, can be used instead, if and when

appropriate. Once the trade cost is determined, the
current cash balance, K, itself is updated as simply

the prior cash balance less number of shares to be

—~ 20 traded multiplied by their price per share less the
trade cost. Lastly, the portfolio value, V, is updated
by simply subtracting the trade cost, y. Each trade so

generated is then inserted by block 945 as an entry in

a trading list.

25
Once this occurs, decision block 950 executes
to determine whether all securities in the set have
been selected, i.e. whether the current value of index
variable i equals the value of variable m. If a
30 security in this set remains to be selected, then

decision block 950 routes execution, via NO path 953,

-~ et
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15 fixed disk storage within nenory 240, con%&tcur t/ 0 & %9}
of

hol dings, in terns of, e.g., the nanme of each securlty he Vgﬁ
shares outstanding for that security, a current a
predefi ned paraneter val ues.

cash "bal ance and trade results, is coIIectlver synbollzed by |ine 308.
Data 325 is illustratively stored in ASCl84based files (effectively

i npl enenting a data base) with approprlate conventi onal
downl oad the inc

HIRO% TS o WS dPrar ibel LBFraPetRy thsl ShE t o

the S & P 500

satel |i

i ous
Input to data 325, |n” formof a

prograns used to

and

data files acodiaghy. iddek hesfbalBleatcpynbhagiaospdker t30paline wpdat es

the portfolio

10

15

25

30

data in a ,
next successive security in the set. Execution then

loops back, via path 965, to block 915 to appropriately
process that security, and so fdrth. Alternatively, if
all the securities in the set have been so processed,
then execution exits from routine 900 via YES path 957

emanating from decision block 950.
e. Cash Control routine 1000

A flowchart of Cash Control routine 1000 is
collectively depicted in FIGs. 10A and 10B; the correct
alignment of the drawing sheets for these figures is
shown in FIG. 10. As noted above, this routine
generates appropriate trades to invest any excess cash,
if any, then held in the account. This routine is
executed during both the dynamic rebalancing and cash

investment modes.

Upon entry into routine 1000, execution
proceeds to block 1005 which sets a "trigger cash
proportion" wvariable, 8, appropriately. This variable
signifies when, given the present cash balance in the
account being processed, cash control is to be
performed for the account. Specifically, if cash
control is to solely executed, i.e. during the cash
investment mode and in the absence of dynamic
rebalancing such as would occur as a result of a cash
infusion resulting from dividend payments, then the
variable M would have been set, as described above,

through execution of initialization block 605 in Main

ﬁ"*ﬁ !’ M s P



conventional manner with verified trade i nformati s 30 i Sﬂ
above. -36- 2. Process diagram FIG 4 depicts m&“ dgaérégmé) i ch

shows various high-level operations that, within t text o
system 5 shown in FIGs. 1A-1D, collectively inpl e%pﬁeﬁ&ﬂﬂi}%@é&t i on.
As shown, the present invention utilizes six distinct high-I|evel
operations: 410, 420, 430, 440, 450 10 -65-and 460. |Information incom ng

from external narket

Program 600 (see FIGs. 6a-6C), to zero. In this case,

the trigger cash proportion is set to the cash

investment trigger proportion, C, which as discussed
above is currently set to illustratively 0.2% of the
5 current total portfolio value. Alternatively, if cash
control is not to be solely performed, i.e. the program
executing in the dynamic rebalancing mode, then the
trigger cash proportion is set to the cash maintenance
~ proportion, which as discussed above is illustratively
2 10 .02% of the current portfolio value. Once block 1005
has executed, execution proceeds to decision block 1010
to test the current cash balance in the account with
respect to the trigger cash proportion multiplied by
the total portfolio value. If this balance is positive
15 but less than the trigger cash proportion multiplied by
the account value, then this balance is within
allowable cash limits. Hence, execution exits from
routine 1000 via YES path 1012 emanating from decision

block 1010. Alternatively, if the cash balance exceeds

-

20 the trigger cash proportion multiplied by the account
value, then the account contains excess cash. Hence,
decision block 1012 routes execution, via NO path 1014,
to block 1015. This latter block initializes the value

of index wvariable i to one.

25
At this point, execution enters a loop
containing blocks 1020, 1025, 1030 and 1035 to
calculate a remainder trade, 0;, for each security in
the account, i.e. in SECURITY_SET. A remainder trade
30 is an amount of each security in the portfolio that

could be traded to consume or raise cash. Once a set of

these trades have been calculated, one or more of the

AMENDED SHEET



sources, such as the real-tinme market quite satqll;tﬁ fe d/aRé)QHéf% & P
500 |nfornat|on as synbolized by |ines 403 and: 406 .ar ft{sﬁ1ﬂgguned
fromthese sources through operation 410. The resuiflnéﬁnarkéﬁ
information is then provided as input and as synbolized by line 415 to
oper ation 430. Qperation 420 accesses Iogglly stored portfolio data, .
i ncl udi ng both current security hol di ngs“dand cash bal ance, and al so applies
this stored data, as synbolized by |ine 425, as another 20 i nput to
operation 430 ased_on. the rke ed portfo d
operation 430t5858anﬂe h%ﬁesgngBBéla e%%g%] #k]*%ﬁgé%c t%%cﬁé?ty t hen
in the portfotonstmepoepenliger elsakante dalsh ey imeedmi tfolmake Asha result of
this operation gpgr?tlon 430 ssues ' .

) cas alance 1in t account, on a proportionate basis,

positive but less than the cash maintenance proportion,

5 C.

Specifically, upon entry into this loop,
execution proceeds to block 1020 to select the next
successive security in SECURITY_SET, i.e. SECURITY(i).

40 Once this has occurred, execution proceeds to block
1025 to calculate a remainder trade for this particular
security. This remainder trade, 0;, is initially
calculated as the target proportion for this security,

i, multiplied by the account value, V, less the
15 current share price, pi, of this security multiplied by

the number of shares, o;, held in this security. This
remainder trade will be set to zero if any of the
following conditions is satisfied for this security:
(a) the number of shares that has just been calculated
20 to be traded, &;, is non-zero; (b) the current
proportion is less than the target proportion and the
share price is below the minimum buying price; or (c)
it is proscribed or is posted or already has a trade

pending therefor.

25
Once block 1025 has completely executed to
generate an appropriate remainder trade for
SECURITY (i), decision block 1030 executes to determine
whether all securities in the set have been selected,
30 i.e. whether the current value of index variable i

equals the value of variable m. If a security in this

AMENDED Sheet



Rw {d e
: : N Wﬁt ?(5/ %ﬁ)h@t?
25 appropriate trade orders, as synbolized by |ine 437, to~either
or sell securities, as nuch as necessary, in the pQLLfgILp zo,qﬁt?fi e
the rebal-ancing. Once the trade orders are issued, 'BEatess 440, it |y
i mpl enent ed manual |y by an anal yst working 30 interactively with trade
execution conputer 70 (see FIGs. 1A-1D), as discussed above, wll analyze
each trade order to deternmi ne the proper “dvenue for its -37- execution
and will place that order accordingly for off-exchange trading (either
through the “Egé“¥3mé¥hs to be selected, then decision block 1030
routes execution, via NO path 1032, to block 1035.
This latter block increments the current value of index
variable i by one in order to point to a next
5 successive security in the set. Execution then loops
back, via path 1038, to block 1020 to appropriately
process that security, and so forth. Alternatively, if
all the securities in the set have been so processed,
then execution proceeds to decision block 1040, via YES

ﬁég 10 path 1034 emanating from decision block 1030.

At this point, exécution enters a loop
containing blocks 1040, 1045, 1050, 1055, 1060 and 1065
to select the largest remainder trade(s), in seriatim,
15 to, e.g., consume all the excess cash, i.e. until the
cash balance falls within the cash maintenance

proportion, C, multiplied by the account value.

In particular, within this loop, execution

20 first proceeds to decision block 1040 to test whether
the cash balance, K, is negative or exceeds the cash

maintenance proportion, C, multiplied by the account
value. If the cash balance is positive but less than
this maintenance proportion multiplied by the account
25 value, then no further trades need to be issued to
consume cash. Accordingly, execution exits from
routine 1000, via NO path 1042 emanating from decision

block 1040. Alternatively, if the current cash
balance, K, as a result of a prior iteration through

30 this loop, is negative or greater than the cash
maintenance proportion, C, multiplied by the account

value, then decision block 1040 routes execution, via

ARIENT



POSI T systens), a principal trade, an agency tr o] I’ €§

bulletin board 75 shown in 5 FI Gs. 1A-1D anmrég:gsgggaﬁo%e 4639:

t hrough the NYSE Super DOT system- with these al { \/ \@6d by
| ines 442, 444, 446 and 448, respectively. The stlmzﬂowmggw [
be updated, as synbolized by line 433, to_reflect a list of pending trades

resulting 10 from operation 440 such-%fat a particular trade will not
be erroneously re-issued. Once the trade has been appropriately placed,

that trade is cute r at | east ex ion | s attenpte t hrough process
450. Once the ?égdgaﬁgsggétgn &?egaf’é%, elg)gécn f TS a}c?etrgl)%r drglocan‘uformatt i on,
as to whet her gleetrmhagesocter amdluny of Raddsdl Iporx@Ratedadl, ibat that
parti cul ar positigns wer e ) , ,

) needs to be consumed or raised (in the event this

parameter is negative). Excess cash 1is simply
5 determined as being the current cash balance, K, in

the account less the cash maintenance proportion, C,

multiplied by the current value of the account, V.

Once this determination is made, execution proceeds to

block 1050 to select the particular remainder trade to

10 issue as a trade from the set of remainder trades that
has just been determined. If the excess cash is
positive, then the particular remainder trade that is
selected from the set is that which involves the
largest security purchase, in monetary terms. Else, if

15 the excess cash balance is negative, indicating that

cash needs to be raised, then the particular remainder
trade that is selected from the set of remainder trades
is that which involves the largest sale, again in

monetary terms. The amount of the resulting selected
20 remainder trade, denoted 0y, is then adjusted through

execution of block 1055. 1In particular, in the event
this remainder trade would consume more than the excess
cash, then this block reduces this remainder trade to
consume just this amount of cash. Thereafter,

25 execution proceeds to block 1060 to determine the

number of shares to be traded through this particular
remainder trade. This number, &, is initially

calculated through equation (9) as follows:

= U, S 9
30 ek 100 Int 100 p (9)
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traded and the specifics therefor and synbolized by IlneJ'WEuS ageba{a‘ {bga

as input to accounting operation 460, which includes trqﬁiiqg fﬂﬁ}t
The 20 * output of operation 460, in the formof a cas i on,

verified trades, m s-matched trades and other error conditions, is used, as
symbol i zed by line 465, to update the locadly stored portfolio data
subsequent |y accessed by operation 420 during the next 25 portfolio
rebal anci ng operation, as so forth. 3. Dynamic portfolio rebal ancing

equations | n ageod dance mnmeﬁylgnaeeérx\ti@nteaacaheasthb $@maindiave
recogni zed that, for a portfolio, Y, such as an index fund, that holds a

pre-defined uninedsefof Skisrsécesibpich. eolBept1we$qtf@qmalato Zero

Capitalizgiicnko eliminate any remainder trade for this security from
further selection. Thereafter, if the remainder trade,

5 when combined with the number of shares currently in
this security, would result in a short sale, i.e. the

remainder trade involves a sale of more shares than
currently held in this security, i.e. 0;, then the
Y number of shares to be sold through this particular
e 10 remainder trade, i.e. &, 1is reduced to the number of

shares currently held. The trade type for this trade,
Vk, 1s set to "C" to reflect this trade as a cash
control trade. Once block 1060 has fully executed to
complete the generation of the appropriate remainder

15 trade, then execution proceeds to block 1065 to update
the portfolio value and cash balance to reflect this
remainder trade. Specifically, block 1065 updates the
cash balance by first calculating the total cost, ¥,
associated with the current trade. This cost is

20 illustratively calculated as being the assumed trading
cost ($ .15/share) multiplied by the number of shares
to be traded. As noted above in connection with
block 945, other cost metrics, such as a flat orx
sliding fee, can be used instead, if and when

25 appropriate. 1In any event, once the trade cost is
determined through block 1065, this block then updates
the current cash balance, K, as simply the prior cash

balance less number of shares to be traded multiplied
by their price per share less the trade cost. Lastly,

30 the portfolio value, V, is updated by simply

subtracting the trade cost, Y, and the remainder trade

AAENOED SHEFT



-38- weighted index, such as the S & P 500 indet,c

re-wei ghting the position of each security in th
proportional to a non-constant function of curre

the resultant return generated by a portfgio will

reliably outperformthat of the index itself. 10
particular, given current capitalization weights
Werr] of a cap tald@pté@ninbeexhestediding list.

execution loops back, via path 1068,

[wgngnéclala;o hé 9

REANSS 2 7 MARAGHE Gh: < s

of the securities in the index, then, for appropriately selected functions,

consi stently and
I n

Werr], Werr], ...,

Once this occurs,

to decision

block 1040 to determine whether any further remainder

trades need to be selected, and so forth.

FIG. 11 depicts table 1100 which provides,

for purposes of comparison, abbreviated § & P 500 data

and simulated corresponding numerical data, the latter

generated through use of my present invention using S &

i:) 10 P 500 data at two exemplary successive dates spaced

apart by one week: the close of the market on June 28,
1996 and on July 5, 1996. Though the preferred

embodiment manages holdings in all 500 securities on

the § & P 500 index (with exception of those that are

15 proscribed, as discussed above), for purposes of

simplified illustration, this figure merely su.ows

tabular data for 14 well-known and large corporations

in the S & P 500 index.

. o
e
-

20 Column 1110 provides the security name, with

the ticker symbol for each corresponding security

listed in column 1120. For June 28,

1896 and July 5,

1996, columns 1130 and 1160, respectively, list the

closing market share prices for each of these

25 securities. The S & P 500 capitalization weightings

for each of these securities as it existed on June 28,
1996 and on July 5, 1996 are listed in columns 1140 and
1170. Lastly, columns 1150 and 1180 provide the

weightings for each of these securities as determined

30 for each of these two dates through my inventive

dynamic rebalancing methodology, as discussed above

with specific reference to FIGs. 6A-10B. Changes can

.‘,.»\'.'_-' i
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as the S & P 500 index, | have recogni zed t hat Pcrm%enebal a&e ction

:&WeHL\Mmﬂ,”.,Wmﬂ)lsatwaawm#ymﬁ bl e
non- constant function of 15 t hese weights, t h securlty in the
portfolio Y, should have a weight, V[err], given by equation (1) bel ow
[err] 7 for i =1, ..., n,

wher e: E{err] and Derr] are parti al der|3at|ve operators mnth respect to
the i[err] and j[err] variables, i.e. here with respect to variables Werr]

and Werr], Tepeelddialy seeh |Th Wl ch A% s CAUBTE0H (&l ghPlH§s2ankOlihovs:

[err]

(0)]

my corresponding dynamic rebalancing weightings
determined for the closing share prices on these two

dates.

Furthermore, for comparative performance over
a relatively long perspective and as noted above, I
have found, through empirical analysis, that setting
the value of diversity exponent p equal to .76 produces

i 10 a portfolio that consistently yields, over a simulated

16 year test interval an annual return that exceeds
that of the S & P 500 index by approximately 40-50
basis points (bp).

15 In particular, to assess the relative
performance of my inventive methodology, I have
simulated the performance of that methodology with 16
years of actual market data, from 1979 to 1995, and
have compared the results to two other major market

20 indices, namely the S & P 500 index and the Russell
1000 index. The latter is similar to the S & P 500
index with the difference being that Russell 1000 index
contains the top 1000, rather than 500, securities in
terms of market capitalization - hence being more

25 weighted to securities with relatively low market
capitalizations. I have chosen to start with 1979
market data inasmuch as that year coincides with the

inception of the Russell 1000 index.
30 FIG. 12 depicts, in graphical form, resulting

simulated performance data for my present invention,

along with actual performance data for the S & P 500

AMENDED Syycrr
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-39- where d In (Y/2) represents the relative perfbr'r?hncegéf ’thecq’ég
re-wei ghted (dynam cally managed) portfolio Y neasured agai nst perfornmance,

Z, of the-index itself; d In S represents a Iog@'$dv§§ manypni e 5
generating function S; and [err] measures a rat ewp{)'}i‘“dﬁ f%ren‘fiﬁgl}lgr%$lative

performnce between the index itself and_?@_e dynam cal |y managed portfolio
Y. This differential performance is affected by dividend rates of the two
portfolios, the volatility of these two 10 portfolios, and "l eakage" of

stocks from thgnanfg¥sel 1°108b03581 05 Rt the JoHitRt Ab79-AIJEIE dideX

corresponding annualized returns and associated

standard deviation being shown in tabular form in

FIG. 13. As can be seen, the simulated performance of

5 my dynamic rebalancing methodology would have

consistently tracked both the S & P 500 and Russell
1000 indices over this 16 year period and would have
generated an annual return which advantageously
exceeded that of both indices by approximately 40-50 bp
and with less variability than that associated with

either of these two indices.

Clearly those skilled in the art realize that
the present invention can be simultaneously employed to
15 dynamically rebalance equity holdings in an index fund
reflective of several different, e.g., national based,
capitalization weighted indices, one of which can
illustratively be the S & P 500 index as discussed
above with others for. e.g., different countries or
20 regions. The weighting of each individual security
that constitutes any one of the indices would be
dynamically changed as needed, independent of each of
those that constitute any of the other indices, as a
result of a non-constant function of current
25 capitalization weightings of that one index. These
separate national (or regional) indices can then be
combined to form a single international index, with
each national (or regional) index being separately
managed in the manner taught by the present invention.
30
Furthermore, the present invention can be

utilized in conjunction with an international index

A ges
meDEDS%EFT



Py

because their market capitalization sufficiently deE blas S 961! golhédg
that excellent performance occurs where ‘a functlon quwmgsas

of 15 *di stribution of capital anpbng the stocks I'n rézemghéggé)yed
for generating function S. Such a diversity based function is typified by
entropy or a diversity based neasure, Dleff], as set forth belowin

equations (3) and (4), respectively. 20 [err] 25 For val ues of
di versity exponent p in the range of 0 < p < 1, both generating functions

produce portfOihé)spﬁf@é86fethéednbérlﬁihébEYOEQSbhbﬁ@e‘éa' yees@f [err] and
stable Values'&griékfgnguéégféngéeexp101 ggeggtggs1st in dynamically
rebalancing the portfolio. Nevertheless, at a moment a
trade is executed, the share equivalent of the mixture
5 of stock shares and options would match the number of

shares in a pure stock transaction.

In addition, foreign equities trade on

various United States exchanges through so-called

S

10 "American Depository Receipts" (ADRs) each of which
represents ownership, in some fraction, of a share of
an underlying foreign common stock. Inasmuch as it is
easier and often less expensive, from a transaction
cost perspective, to trade in ADRs through a US

15 exchange than in shares of the corresponding foreign
stock through a foreign exchange, ADRs or some form of
financial instrument, such as derivative(s), futures or
options, based thereon, which are financially
equivalent to actual shares of common stock, could be

“; 20 substituted as all or part of a transaction originally

denominated in shares of the foreign stock.

Although a single embodiment, in terms of
apparatus and methods, which incorporates the teachings
25 of the present invention, as well as various
modifications and extensions thereof, has been shown
and described in detail herein, those skilled in the
art can readily devise many other varied embodiments,
modifications and/or extensions that still incorporate

30 these teachings.

AMENDED SHegT



-40- function Derr] shown in equation (4) possﬁ@ A a ei ng
par anet er dependent and adj ustable. As discusse Sﬁﬁmaﬁh{bg%lgétﬁ
equations are appropriately used in ny preferred ' L. ol 5

enpi ri cal | have found that setting th&%ﬁ&ﬂﬂsnggceNUgggggﬂ% equa
to .76 produces a portfolio that consist |y yields, over a sinulated 16

year test
11-13, an annual

anal ysi s,

i nt erval

- as discussed in detai?1 below in conjunction with FIGs.

return that exceeds that of 10 the S & P 500 i ndex by

approximately 40:0Q, 0881 financial derivatives to, e.g., replicate or

even improve the returns of the underlying national

k.

10

15

20

25

30

indices. Inasmuch as so-called "swap" contracts may

have a favorable tax treatment in some countries over

owning the underlying equity securities, these (and/or

other related forms of) derivatives could he held in

the same weights as would the corresponding equity

securities. Similarly, so-called "futures" and certain

options could be held and managed in lieu of

corresponding equity securities. In addition, hybrid

strategies combining equities, derivatives, futures

and/or options in some manner can be utilized with

their management, within an index fund, occurring in

accordance with my present invention.

Specifically, the present invention can be

utilized in conjunction with "put" and "call" options.

Here,

once an appropriate weight has been calculated

for each security in an index fund, transaction orders,

such as for the purchase or sale of common stock (as

described above in the context of the preferred

embodiment), are issued, as needed, to properly

rebalance the entire portfolio to reflect all the new

weightings. In lieu of purchasing or selling just

shares of common stock, the order, in lieu thereof or

additionally, could involve the purchase or sale of

options, e.g. puts or calls, on that stock. Such

options would be financially equivaient to all or a

portion of the number of shares of the underlying

common stock to be traded, as determined through

dynamic rebalancing. Inasmuch as the value of such

options dynamically changes their share equivalence as



points (bp). For ny detailed theoretical analy5|s in sup ort of se
equations, the reader is referred to 15 gCn the
Diversity of Equity Markets", Enhanced |nvestment’ hno ogles Inc
1995, 1996, Intech, Princeton, New Jersey); "Leakage in Dynamc | ndex
Portfolios", Enhanced I|nvestnent Technol ogses, Inc. ( 1996 Intech 20

Princeton, New Jersey); and "Dynam c | ndex Portfo
Stability", Enhanced |Investnent Technol ogi es, Inc. bhl %éEgEEech
Princeton, NewrJeraem) which are all incorporatedlby re her and
whi ch are the subject of ny co-pending 25 Uni ted States prOV|S|onaI
patent application entitled
1 1. Apparatus for managing a portfolio having a set of
2 financial securities, wherein said set comprises a
3 plurality of said securities contained as members
4 within a predetermined capitalization weighted index,
5 said apparatus comprising:
6 circuitry, responsive to signals containing data
7 having current price information on each of said
t} 8 securities and on constituent securities currently
9 contained within said index, for providing digital data
10 containing the price information and containing share
11 information for each of the constituent securities that
12 currently forms the index; and
13 a computer system, the computer system having a
14 processor and a memory, the memory storing computer
15 executable instructions therein, wherein the processor
16 in response to the executable instructions and to said
17 digital data:
B 18 determines a variable weighting for each of
~ 19 the securities in the set so as to define a set of
20 variable weights, distinct from a set of current
21 capitalization weights associated with the index, such
22 that the variable weights are related, in a
23 non-constant fashion, solely to either the current
24 capitalization weights or the current capitalization
25 weights and at least one constant parameter; and
26 issues, in response to the set of variable
27 weights, digital trading instructions such that current
28 assets held in the portfolio are to be distributed
29 amongst the securities in the set in proportion to and
30 as defined by the variable weights so as to dynamically

is Sheet Has Been Replaced
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"Automat ed I nvestnent Portfolio Construction", Qalu r%eé 60/ 021 1?6
filed July 3, 1996. An earlier version of the flrst | so
i ncor porated by reference herein, is the subject ‘Fﬁ&ﬁﬁa&lmﬂa}ﬁe
and co-pending United States provisional patent app |cat|on entltled
"Aut omat ed | nvestnment Portfolio Constructiygn", serial

filed Decenber -41- 15, 1995. In addition, for addit dh%& §%§§L
t heoretical anal ysis, the reader is also referred to foll
"Dynam 81Equi t yebadages' thHenhaiadfiblio, each of said dlgltar‘tradlng
32 instructions representing a desired trade in a
33 corresponding one of the securities in the set thereby
34 defining a plurality of trades to be executed.
1 2. The apparatus in claim 1 wherein said each of the
2 variable weights, V; (for i = 1, 2, ...n), is given by
3 the following equation:
4
D
- W, W.D.S(W W,...,W)
. VizDS(Wlwz W)H_% I, 2 Wi
S(WG,WE,NWW%) Jj=1 S(WE,WE,“.JV )
6
7 wherein: W;, W;, ..., W, are the current capitalization
8 weights for securities in the set;
9 D; and Dj are partial derivative operators with
10 respect to i® and j® ones of the current
11 capitalization weights, respectively;
12 S is a twice continuously differentiable
- 13 function;
14 and
15 n is a number of securities in the set.
1 3. The apparatus in claim 2 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variable weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
9 digital trading instruction is issued so as to consume

This Sheet Has Been Rep
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| nvest nent Technol ogies. Inc. ( 1995, 1996, Int ecE 5 ',J ir hr |(ac{§t/ora uk{e\& 9
J whi ch I ted by reference herein,,.4
ersey), ich is also incorporated by ebgygqgggzxgge

Portfolio*Management Main Program and routines called" thel

di scussing ny inventive software in detail, i.e. the main programand its
attendant routines, the reader is dlrect§¢710 FIG 5 which defines those
vari abl es used in conjunction with this 15 software. For easy
reference, these variables are grouped into four classes: global paraneters
510, varg abl esa®2émbliat H£rEakn tRed 8kYSBiRGT tHOkhe i»%crctqmtl)q tHffd abl es
230 thay, Pert o e e prode i 103 cRoeholY. M the S & P 500 Tndex, and
l. 4. The apparatus in claim 3 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1 5. The apparatus in claim 2 wherein the computer
_;} 2 system has computer executable instructions (700,
3 800,900) for:
4 determining, in response to the share information
5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
8 the index;
9 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
5 12 ascertaining a current proportion for each of said
- 13 securities in the set, said current proportion being
14 reflective of a proportion of a total value of the
15 portfolio attributable to said each security in the
16 " set; and
17 generating, in response to a predefined
18 relationship between said variable weighting and said
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
21 digital trading instructions, the corresponding one
22 digital trading instruction representing an associated
23 trade involving said corresponding one security such
24 that a proportion of the portfolio that will be held in

U0 0 o
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20 vari abl es 540 that pertain to each security ip_.a give f?wb TO
facilitate understanding, the reader should sinul > y%r@fe I7s
6

figure throughout the ensuing discussion of Main Program 600 and routines

700, 800, 900 and 1000 (collectively shown in 2 . | Gs Q?g Each

of these variables will be discussed in detail %‘%ﬁ]ug %r‘s%&i gduri ng
t he ensui ng di scussion. a. Min Progran166§‘30 FIG 6 depicts the correct

al i gnnent of the drawi ng sheets for FIGs. 6A-6C,

25 said one security, after said associated trade is
26 executed, will approximate the variable weighting
27 determined for said one security.
1 6. The apparatus in claim 5 wherein the computer
2 system has computer executable instructions for:
3 calculating a number of shares in said one
4 security to be traded;
) 5 rounding said number to a round lot of shares so
\;3 _ 6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.
1 7. The apparatus in claim 3 wherein the computer
2 system has computer executable instructions (1000) for,
3 during operdation in said cash investment mode:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
\~) 7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
1 8. The apparatus in claim 2 wherein the share
2 information comprises an identifier of each of said

U O
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-42- A high-level flowchart of my Miin Progran16004§
Portfolio Managenent Systemis collectively depict Eﬁ%cgefé‘ﬂ@c@%
correct alignnent of the drawi ng sheets for these figures is 5 shown in
FIG 6. Upon entry into Main Program 600, execution first proceeds to bl ock
605. This bl ock, when executed, determ neggby virtue of the state of two 10

user-settable flags, i.e. a "rebalancing" flag and a "cash investnent node"
flag, which of two portfolio managenent nodes are to be currently

performegl. Throsghr-ibeesebal anei ngdBRdandnai 8l edf cFaGhaseEIrity

4 currently outstanding for said each security.

9. The apparatus in claim 2 wherein said circuitry
comprises first and second data sources (10,1%5) for
providing first and second digital data streams,
respectively, wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
e telephonic or dedicated connection, through a computer

network, to a remote server; and

W 0 N O Ul W N

said second data source comprises a radio or

10 television receiver, or a telephonic or dedicated
11 connection, through a computer network, to a remote
12 server.
1 10. The apparatus in claim 9 wherein said first data
2 source further comprises a satellite receiver (10),
3 connected to a satellite antenna (7), for receiving
' 4 terrestrially broadcast signals distributed by
’ 5 satellite and containing said current price
6 information, for producing a received signal and
7 forming, in response to the received signal, the first
8 digital data stream containing said price information.
1 11. The apparatus in claim 2 wherein the
2 capitalization weighted index is the S & P 500,
3 Financial Times Stock Exchange 100, TOPIX or Russell
4 1000 stock index.
12. The apparatus in claim 2 wherein the function S is
2 given by the following equation:

amoeoseeet IR WAL RL A



in the portfolio are re-calculated and the portfolio [Q ) {c'.’_»'{]om_';nps,:-,,‘; :

dynamical |y rebal anced with resulting issuance of appropriate market™ /¢ 3

orders. Al'ternatively, through the cash investnent nodggs, S GL“@
generated to consune excess cash (e.g. large cash inf ﬁb\kﬁm ‘%h %RTSSBO _
that may have arisen as a result of recengp20 di vi dend paynent (s)

and/or security sales wthout sufficient offsetting purchases. Variable
[err] is set to one if rebalancing is to occur; to zero otherw se, i.e.

cash investnent is to be executed. 25 n Thereafter, execution

proceeds3to bl ock 610, wiifah wharoughy bl ock Bl gxgcuted therein, performs
various initialization opérat’iéns, 's cifil=ily readi ng various predefined

T
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and stored limt values and setting
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13. The apparatus in claim 12 wherein the computer
system has computer executable instructions for
selectively operating in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response
thereto, said digital trading instructions are issued
so as to dynamically rebalance the portfolio, and
during the cash investment mode at least one other
digital trading instruction is issued so as to consume
an amount of cash then existing in the portfolio that

exceeds a predefined threshold.

14. The apparatus in claim 13 wherein the rebalancing
mode is invoked at periodic intervals and the cash
investment mode is invoked selectively whenever the

cash in the portfolio exceeds the predefined threshold.

15. The apparatus in claim 12 wherein the computer
system has computer executable instructions (700,
800,900) for:

determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in
the index;

determining, in response to said normalized
capitalization weighting, the variable weighting for

each security in the set;

L
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various threshold val ues. The nuneric and |Ilusﬂrai| e 30 “Yalthés which
| currently use are set forth in parentheses. In_th ﬁ@A uned
trading cost variable is set to iIIustrativer Eﬁh&gg Rnlm
reflect ticket (brokerage) charges. This charge can be set to a | ower
nunber, or an appropriate function of sh volume to be traded, in order
to accurately reflect nmargi nal cost decreases for transactions 5

i nvol vi ng i ncreasing nunbers of shares. A large price change threshold is

set to ii|UStratlveé¥c%9%giﬁng & current proportion for each of said

13 securities in the set, said current proportion being
14- reflective of a proportion of a total value of the
15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
18 relationship between said variable weighting and said
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
;;; l21 digital trading instructions, the corresponding one
22 digital trading instruction representing an associated
23 trade involving said corresponding one security such
24 that a proportion of the portfolio that will be held in
25 said one security, after said associated trade is
26 executed, will approximate the variable weighting
27 determined for said one security.
1 16. The apparatus in claim 15 wherein the computer
2 system has computer executable instructions for:
. 3 calculating a number of shares in said one
nd 4 security to be traded;
5 rounding said number to a round lot of shares so
6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.

17. The apparatus in claim 13 wherein the computer
system has computer executable instructions (1000) for,
during operation in said cash investment mode:

generating a list of possible trades for each

(S, I T VS B S B

security in the set;

i
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| arge price change flag for a given security isp§ger ensgvers a I‘Lg eaprice
change of nore than 10%is detected fromthe | g'e q% r &bl #can 69
occurred. "A 10 | ar ge share change t hreshol f ively
20% i.e. a large share change flag will be seglpﬁz}bqglez? Mégmmr
I ssues to sell nore than 20% of the sharea? currently held in any one

iz

security in the account. A m ninumtrade [err], as a percent of 15
current holdings, is set at illustratively .01% i.e. trades in a security

wi Il not. be execut f J 19.{11115_/ o 0 ue. A m ni mrum
buyi ng t|§ri ce vari agﬁ%el,e telrﬁ?orka%]a% ssé%%?} EH?{% tM lcc)ught Is set to
il lustrdtivel gohsudies A armmgdil g1 1C, ofni the txeosseibPG trades i &l lsrgasitvel y

.02% t 08r-ef I e% otu e rg%mtrﬂ,uemcaarg}ynt of

9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
1 18. The apparatus in claim 12 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
4 currently outstanding for said each security.
1 19. The apparatus in claim 12 wherein said circuitry
2 comprises first and second data sources (10,15) for
T 3 providing first and second digital data streams,
~ 4 respectively, wherein:
5 said first data source comprises a satellite
6 receiver, a radio or television receiver, or a
7 telephonic or dedicated connection, through a computer
8 network, to a remote server; and
9 said second data source comprises a radio or
10 television receiver, or a telephonic or dedicated
11 connection, through a computer network, to a remote
12 server.,
20. The apparatus in claim 19 wherein said first data
2 source further comprises a satellite receiver (10),

O g
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cash, as a percent age of total current portfollp(\‘;;ﬂ}g 9h%t, ZQ%QS

mai ntai ned, i.e. not invested during dynam c rebal ancing. A v§ gsg
A 3\ |ver

[err], is also set to reflect the ﬁ&XIﬁUﬁ1aﬁDun? §@§?
. 2% 25 as a percentage of the total curre o value that is to

be maintained before the cash i nvestnment npde is automaticall y invoked. A

variable, [err], is illustratively set t¥¥% as a stock trading band. In

that regard, if the actual weighting, as a percentage 30 of the total

portfolipo, at which a securlt ' yrrently held I|e% within a range of the
|

i s
"target "3 wei gh‘f?%eﬂ%?@rﬁ?n%d H?&Ebﬁeréﬁéf‘ﬁﬁél Ad) +t o F&Tgeving

terrestrially broadcast signals distributed by

satellite and containing said current price

4

5

6 information, for producing a received signal and

7 forming, in response to the received signal, the first
8

digital data stream containing said price information.

1 21. The apparatus in claim 12 wherein the
2 capitalization weighted index is the S & P 500,

-;; 3 Financial Times Stock Exchange 100, TOPIX or Russell
4 1000 stock index.
1 22. The apparatus in claim 2 wherein function § is
2 given by the following equation:
3

n
4 S(WI,WZ ,...,Wn) = .2 wP
i=1
B 6 where: p is a predefined constant.

o
1 23. The apparatus in claim 22 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variable weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
9 digital trading instruction is issued so as to consume
10 an amount of cash then existing in the portfolio that
11 exceeds a predefined threshold. '

A
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-44- being the stock trading band (here iIIustrétive$y +é§6 f)gheéaglght)
then no trade is triggered to change the hol ding in. Ith seqyﬂ@{%% astly,

t he exponent for dynam c rebal ancing, referred tﬁ'dbo s p ‘and

hereinafter also referred to as [err], is illustratively set to the val ue
0.76. Once block 615 has fully executed féecutlon proceeds from bl ock 610
to bl ock 620. This latter 10 bl ock f| i obtains market share price and
share price change data fromthe real-tinme market data feed, e.g. the

satel litge feed,, a”dr%_o ﬁ;&?&?ﬁé' }10915%0"2@%vh%@elho@hteh%e%aﬁanci%%

Infornatlon server

2 mode 1is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1 25. The apparatus in claim 22 wherein the computer
2 system has computer executable instructions (700,
3 800,900) for:
‘ 4 determining, in response to the share information
4;> 5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
8 the index;
9 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
12 ascertaining a current proportion for each of said
13 securities in the set, said current proportion being
14 reflective of a proportion of a total value of the
d; 15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
i8 relationship between said wvariable weighting and said
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
21 digital trading instructions, the corresponding one
22 digital trading instruction representing an associated
23 trade involving said corresponding one security such
24 that a proportion of the portfolio that will be held in
25 said one security, after said associated trade is
26 executed, will approximate the variable weighting
27 determined for said one security.

g
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this block obtains security information for each ?msjl‘gsgq@t/yzahﬁé)s &

P 500 in terns of: a ticker synbol (as used in th ntify the
security by nane), a CUSIP nunber (a unique al phanuneric jd | niner ¢

each different security), a security nane, current g&%ﬁ}éhgﬁ msggaas
p[err] and not to be confused wth 20 exponent above), total nunber
of shares outstanding, s[err], and a chafge in price fromthe previous

mar ket cl ose. Once this data is obtained, block 620 organi zes this data in
ascendi ng order. by SI P number, and ensures, for err checki that all
i e data | s B ) e cnnrAaras fH e EORNOET bR Ehe “BERRY ke,

t hr ough 2i nvol sy gp Oy donfutéenteta@ntaldhe 10seppcoponat Eby :correct

negati V% Prl ce dat acélvg]dlcahtilnsg Ce't er?tinlﬂger of shares in said one

4 security to be traded;
5 rounding said number to a round lot of shares so
6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.
:} 1 27. The apparatus in claim 23 wherein the computer

2 system has computer executable instructions (1000) for,
3 during operation in said cash investment mode:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an

10 electronic trading network, containing said selected

" 11 one trade so as to execute said one possible trade; and
~ 12 removing said selected one trade from said list

13 and repeating said selecting, issuing and removing

14 operations, in seriatim, to generate additional trades

15 for execution until said cash decreases below said

16 predefined threshold.
1 28. The apparatus in claim 22 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
4 currently outstanding for said each security.

AN



. Inth t that th ' f Pt rf '
erroneous) n e even a e price or any Secthle/q alggcﬂllp69

excess of the large price 30 change t hreshol d, % as not ed

above, then the large price change flag is set for comyt W?ﬁ on
the data reflecting the current securities in Jmszgllm , e

total nunber of shares outstanding of each of these securities and its
current price, block 620 then cal cul ateS fre s & P 500 wei ghting for each
security currently contained within the S & P 500 5 i ndex. Once these
operatigns ar5990n%%%t%pﬂ%¥%lﬁg(¥k claim 22 wherein said circuitry
2 comprises first and second data sources (10,15) for

providing first and second digital data streams,
respectively, wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer
network, to a remote server; and

said second data source comprises a radio or

O VW W N o6 U bW

2

television receiver, or a telephonic or dedicated

[
'—I

connection, through a computer network, to a remote

[y
N

server.

30. The apparatus in claim 29 wherein said first data
source further comprises a satellite receiver (10),
connected to a satellite antenna (7)), for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

[ “JES T- NS T S PR N R

digital data stream containing said price information.

31. The apparatus in claim 21 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell

=W NP

1000 stock index and p has a value of .76.

32. The apparatus in claim 1 wherein the computer
system has computer executable instructions for
selectively operating in either a rebalancing or cash

investment mode, during the rebalancing mode said

n o W NP

variable weights are determined and, in response
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exits for the entire trading day from bl ock 620. Tit&¥sang th\o/n%ﬂ.&#,@
used with respect to each different portfolio that i's to be dynanical

rebal anced with respect to the S & P 500 i ndex. Al tgPWI%? |MA§()19§/8
anot her capitalization weighted index(indices), oth nthe S & P 500
I ndex, is to be used, then block 620 would be suitably nodified to obtain
simlar data but pertinent to the securit’es held in that I ndex(i ndi ces).
Thereafter, execution proceeds to 15 bl ock 625 which reads a "gl obal

' P order, that can

ted k list". Thi J } t ai Pti in CUSI ,
Pot be & aded. tHGSHe S8 i 8 Ca ot Taitid  tanE S hsFEPER: Breadestnt)

currently bei np dhad cihami®abDEdreBataReét Ehe pyeeiblan, papdeeds to

bl ock 630
%' during the cash investment mode at least one other

9 digital trading instruction is issued so as to consume
10 an amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.
1 33. The apparatus in claim 32 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
N : o .
" 3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1 34. The apparatus in claim 1 wherein the computer
2 system has computer executable instructions (700,
3 800,900) for:
4 determining, in response to the share information
5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
‘w} 8 the index;
9 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
12 ascertaining a current proportion for each of said
13 securities in the set, said current proportion being
14 reflective of a proportion of a total value of the
15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
18 relationship between said variable weighting and said
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the

) 0 A P
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: o)
20 whi ch obtains a list of accounts (di@gglgﬁ mzlttsfoaialﬁ)bt‘hat are to
be dynam cally rebal anced. The val ue of vari ! i _eLRLo(ggB t ot al
nunber of 'such accounts to be managed. 25 = 'y % '“Tﬁé1 ter, each
separate account is then managed, through either of the tiwo nodes, i.e. its
hol di ngs are either dynam cally rebal anced or its cash position is nodified
t hrough cash investnent. In that regardfa§iecution now proceeds to bl ock '
635 which sets 30 t he val ue of an index variable, ACCOUNT | NDEX, to
one, i to paint to the first account to managed. Fr n1thisepoint, t he

: b
progragﬁiteratRﬁﬁ%?%a&ﬁﬁﬂ%ﬂ?e&&ﬁ) thlons, ghe co responalng on
22

digital trading instruction representing an associated

23 trade involving said corresponding one security such

24 that a proportion of the portfolio that will be held in
25 said one security, after said associated trade is

26 executed, will approximate the variable weighting
27 determined for said one security.

1 35. The apparatus in claim 34 wherein the computer

::} 2 system has computer executable instructions for:

3 calculating a number of shares in said one

4 security to be traded;

5 rounding said number to a round lot of shares so

6 as to form a rounded share number; and

7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.

1 36. The apparatus in claim 1 wherein the computer

2 system has computer executable instructions (1000) for:

_;j 3 generating a list of possible trades for each

4 security in the set;

5 selecting one of the possible trades that

6 consumes, amongst all of the possible trades, a largest
7 amount of the cash;

8 issuing an electronic instruction, to an

9 electronic trading network, containing said selected

10 one trade so as to execute said one possible trade; and
11 removing said selected one trade from said list

12 and repeating said selecting, issuing and removing

13 operations, in seriatim, to generate additional trades
14 for execution until said cash decreases below said

15 predefined threshold.
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-46- managenent bl ock 640 for each separate ac b ' ter
: D PETIUS bt ok §

whi ch execution exits fromnmain | oop 600. 5 n particul ar,

when execution enters account managenent routi Qe}..gmg;; ggﬁﬁj | QR execut ed
for the next successive account to be nmanaged, “i%&~RCCX | NDEX) .
Upon entry into block 650, execution first proceeds to block 652 which,
when 10 executed, reads data for the8%urrent holdings in this

particul ar account. To prevent errors, this data includes a "key" which is

common to each file for a given account. In the event a "key" read for a
file 37. The apparatus in claim 1 wherein the share

information comprises an identifier of each of said

securities in the index and a number of shares

- VSIS N

currently outstanding for said each security.

38. The apparatus in claim 1 wherein said circuitry
comprises first and second data sources (10,15) for
providing first and second digital data streams,
respectively, wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer

network, to a remote server; and

W 0 ~ O D W N R

said second data source comprises a radio or

[uy
Q

television receiver, or a telephonic or dedicated

'_I
=

connection, through a computer network, to a remote

[
[\®]

server.

39. The apparatus in claim 38 wherein said first data
source further comprises a satellite receiver (10),
connected to a satellite antenna (7)), for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

0o <1 o L1 B W N R

digital data stream containing said price information.

40. The apparatus in claim 1 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell
1000 stock index.

B W N
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for the current account does not natch the predBCIéU(lSq A /@)0469
established for that account, an appropriate error _nessage.is e dto
i nvoke hurman intervention. Qher paraneters for thﬁ%uﬁt{ @z&h §é§| ts
current cash bal ance, K, and the date the account was |ast dynam caIIy
rebal anced are read by bl ock 652 (see 20 Fl Gs. 6A ECr—as—weH]

bl ock al so ensures that the data files for90t hi s accoutTl@lSeSHﬁEg&m&aEI:Nn
ascendi ng CUSI P order and changes the files, as needeg, to REPLECEDt his

. (S,

ordering., For nS| If)&%( ]rFaﬁ%E ; y st or ed
in the dalta fo?1 ' Oé) 1 0 %1 ?en?ﬁ?y}"g%g S in QI]:; §§0;

ot herw se, thatfismgnay s(ecua::,txehsa. eméreimosaidgset heempr)ses &l agged for
sal e. FO% eaChﬁ%ﬁ%&fﬁ@@(%¥r§g§A>g$§ﬂ§ké{gs contained as members

4 within a predetermined capitalization weighted index,
5 said method comprising the step of:
6 providing, in response to signals containing
7 data having current price information on each of said
8 securities and on constituent securities currently
_ 9 contained within said index, digital data containing
‘:E 10 the price information and containing share information
11 for each of the constituent securities that currently
12 forms the index; and
13 in a computer system having a processor and a
14 memory, the memory storing computer executable
15 instructions therein, wherein the method further
16 comprises the steps, in response to the stored
17 instructions and the digital data, of, in the
18 processor:
19 determining a variable weighting for each of
» 20 the securities in the set so as to define a set of
~ 21 variable weights, distinct from a set of current
22 capitalization weights associated with the index, such
23 that the variable weights are related, in a
24 non-constant fashion, solely to either the current
25 capitalization weights or the current éapitalization
26 weights and at least one constant parameter; and
27 issuing, in response to the set of variable
28 weights, digital trading instructions such that current
29 assets held in the portfolio are to be distributed
30 amongst the securities in the set in proportion to and
31 as defined by the variable weights so as to dynamically
32 rebalance the portfolio, each of said digital trading

wm
T g



the portfolio, block 652 retrieves the nunmber of FGTes 3u9rénll&U1éﬂ@9
er

[err], and ensures, by appropriate 30 correction, that this nunb
positive Shoul d this nunber be negative - which

-47- con'di‘tion, then the program halts pending prclgmgz'i‘ !

correct the error. In addition, block 652 ieads pend
[err], (should they exist) for each secur?
signify that a trade has al ready been previously sen

S

y. These

that segyrity igskruc 1E§§tr%%Ee@%%ting a desired trade in a

34

35
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corresponding one of the securities in the set thereby

defining a plurality of trades to be executed.

42. The method in claim 41 wherein said each of the
variable weights, V; (for i =1, 2, ...n), is given by

the following equation:

D%WMM“ ) ,,WDS@’W .W)
V}: I’ 2 +1 2 J J W;
S(WQ,WE,. ,W%) j=1 S Wﬁ )
wherein: Wy, W2, ..., Wnp are the current capitalization
weights for securities in the set;

D; and D; are partial derivative operators with
respect to 12 and J¥ ones of the current
capitalization weights;

S is a twice continuously differentiable

function; and

n is a number of securities in the set.

43. The method in claim 42 further comprising the
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable
weights, said digital trading instructions so as to
dynamically rebalance the portfolio, and

during the cash investment mode:

e O
LI Il! IHI -

SAh -
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not yet occurred. If the portfolio is rebal anced th | ongd@Rer yal s,
such as weekly or nonthly, then all trade orderlP hé\% lﬂg\éﬁ@gﬁt I Zd
wel | before, 10 and with nost |ikely no pending trades in existence,

the next tinme dynam c rebalancing is to occur. Once bl ock 652 has fully
execut ed, execution proceeds to block 654g5This latter block reads a |ocal
list of securities which for one reason or another, can not be 15

traded in the present account, such as portfolios that are directed to
"social hy responsible” conpapiiety dt Seadt il ohdlr  di@besTorrehahgd
stocks, and other such restricted portfolios. Block 654 ensures that the
security?dat a ABRFTNGELOR $9 ia& § NS & ighont of sgeRdERgrcusl P

order agivel |, Swilsh jtide iRf Qe it folio that exceeds a predefined

14 threshold.
1 44. The method in claim 43 further comprising the
2 steps, in the computer system, of:
3 invoking the rebalancing mode at periodic
~ 4 intervals; and
,) 5 invoking the cash investment mode selectively
6 whenever the cash in the portfolio exceeds the
7 predefined threshold.
1 45. The method in claim 42 further comprising the
2 steps, in the computer system of:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
\;} 7 the index;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the

LT I
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CUSI P val ue, [err], of each security noted al ong WIPG":a jst;q ;fgnﬁps{peg

such securities in the |list and nmakes appropriate corrections

organi zation, if necessary. Thereafter, block 656 ﬁ gﬁﬁgu .gg a 25
| ocal "posted” list for the account which deli neatfsEtho ezggc'ﬁmqff 8 by
CUSI P nunber, that have been previously dggignated as being "proscribed".
Bl ock 656 then updates this posted list with any additions or del etions

based on the list read by block 654 in order 30 to reflect changes in
the secgpiti esdtibatahaveaderery AMssIdISGbAd ol ib-E&aseslai gt bgeaccount.
21 digital trading instruction representing an associated
22 trade involving said corresponding one security such
23- that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is
25 executed, will approximate the variable weighting
26 determined for said one security.
1 46. The method in claim 45 further comprising the
L 2 steps, in the computer system during said instruction
3 generating step and during said rebalancing mode, of:
4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one digital trading instruction.

1 47. The method in claim 43 further comprising the
.~> 2 steps, in the computer system during said cash

3 investment mode, of:

4 generating a list of possible trades for each

5 security in the set;

6 selecting one of the possible trades that

7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;

9 issuing an electronic instruction, to an

10 electronic trading network, containing said selected

11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing

14

operations, in seriatim, to generate additional trades

LT
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-48- Thereafter, execution proceeds to bl ock 6%&3 e}étl!t gsoﬁlhéggt

Proportion routine 700. This routine, showmn in FIG. 7A and 7B and
di scussed i n detail bel ow, determ nes the dynam call.y, r@ba) an
P birRam 1y TR dI9B  ne

wei ght (i.e. "target proportion") for each security=clifre

account. Once this occurs, block 662, showy in FIGs. 6A-6C, execut es to
I nvoke Current Proportion Deternination routine 800, shown in FIG 8 and
di scussed in detail bel ow, which determ nes 10 the weighting, as a

roportiien of t t c securit
Itohelroe| nlf%s Currentl %e%%so%? uﬁ’@ijﬁesé’i‘.d 8LsRCAQHPLasaL WBIGH &acky y

Once this occurs, execution proceeds to bl ock
664, shd¥n in mnadeﬁand:CMWﬂshplivokes Tr ade

i 48. The method in claim 42 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
4 currently outstanding for said each security.
49. The method in claim 42 wherein the capitalization
IZD 2 weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.
1 50. The method in claim 42 wherein the function S is
given by the following equation:
3
n
4 S(Wl,Wz,...,Wn)=—ZWiani.
i=1
o 1 51. The method in claim 50 further comprising the
~ 2 steps, in the computer system, of selectively operating
3 in either a rebalancing or cash investment mode,
4 wherein
5 during the rebalancing mode:
6 determining said variable weights and,
7 issuing, in response to said variable
8 weights, said digital trading instructions so as to
9 dynamically rebalance the portfolio, and
10 during the cash investment mode:
11 issuing at least one other digital trading
12 instruction so as to consume an amount of cash then

A



Determ nati on routine 900, shown in FIGs. 9A and 98 nd 15 di scussed in

detail below. This routine determ nes whether a tr |,éU{3e ?a/;%%ﬁ h
rei

security held in the account and generates a tradi ngflpm 2
V.

if this routine concludes that a trade is necessary WA [Jygi N
t he account, then the 20 routine deter? nes the appropriate order to .
either buy or sell the security and in WRAP “shar e quantity, and hence

rebal ance the hol di ng of that securlty in the account, and enters that
order tg,a trading,list cutiQ I eed C . Shown in 25
FI Gs. 62\-360, mﬁi"&%tlﬁ’\%l% ﬁ’oc%é O Y i ne’?cl‘?)etﬁfip eér%?%g;ﬁich and 10B
and di stdssed khnmmhmﬂdﬂbelomo to |nvest any excess cash, I f any, then held
in the

1 52. The method in claim 51 further comprising the

2 steps, in the computer system, of:

3 invoking the rebalancing mode at periodic

4 intervals; and

5 invoking the cash investment mode selectively

6 whenever the cash in the portfolio exceeds the

. 7 predefined threshold.

1 53. The method in claim 50 further comprising the

2 steps, in the computer system of:

3 determining, in response to the share information
4 and to the current price information for each of the

5 securities in the index, a normalized current

6 capitalization weighting for each of said securities in
7 the index;

8 determining, in response to said normalized

~j 9 capitalization weighting, the variable weighting for

10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the

15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated

(O

‘l‘ 30 e
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account. 30 Once bl ock 666 has ful L}is%ﬁg(fg é%ﬂ%ﬁ%@
proceeds to block 668. This |atter block, when exec ; esks Uy
of the trading |i st -49- generating by routine 900. This checking first
i nvol ves assessing whether a resulting cash balance in the account is

negative. Since negative cash bal ances, aPF[his point in the program are

not all owed, any such 5 negative condition is an error condition
requiring human intervention to resolve, such as by invoking the
22 trade involving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is
25 executed, will approximate the variable weighting
26 determined for said one security.
1 54. The method in claim 53 further comprising the
2 steps, in the computer system during said instruction
~ 3 generating step and during said rebalancing mode, of:
vy . 4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one digital trading instruction.
1 55. The method in claim 51 further comprising the
2 steps, in the computer system during said cash
3 investment mode, of:
.} 4 generating a list of possible trades for each
- 5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.

A



Pgﬂu s)/ LUS0 7
cash investment node to sell appropriate positi n order to raise
sufficient mninmumcash. In addition, a flag is set and a marnlnﬁdnessa ge

generatedif the 10 trading list contains an SPE$E

proscri bed security. Furthernore, a warning nessa prOV|ded and a

trade type indicator, vi, for the security4is set to "S" (for "Short"), if
a potential sale leads to a negative share position, i.e. a so-called
"short sale". 15 Such negative positions are also not permtted and

si gni fy a needsfgor e tHSRT MENtd 10k O GfH@Edin AKET gbdtueel y, if an
order involves nore than 200 shares of a given security and if the trade

represenfs a gﬂ@éﬂﬁmQQ%ﬁﬂ|Q9quﬁﬁ?%rﬁFI et shipe efafdehr20f saifnreshol d
(currenthy set gle@2Q%i ¥ itrhe 0l iHADS ddd a number of shares

4 currently outstanding for said each security.

1 57. The method in claim 50 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
3 Exchange 100, TOPIX or Russell 1000 stock index.

i\ 1 58.

by the following equation:

The method in claim 42 wherein function S is given

l

n
4 S(W W, ...,W]: Y wpil/p
i=1

6 where: p is a predefined constant.

1 59. The method in claim 58 further comprising the

2 steps, in the computer system, of selectively operating
) 3 in either a rebalancing or cash investment mode,

4 wherein

5 during the rebalancing mode:

6 determining said variable weights and,

7 issuing, in response to said variable

8 weights, said digital trading instructions so as to

9 dynamically rebalance the portfolio, and

10 during the cash investment mode:

11 issuing at least one other digital trading

12 instruction so as to consume an amount of cash then

13 existing in the portfolio that exceeds a predefined

14 threshold.

AL
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that particular security, then the |arge change in?Egjeor |§75MAR]998

appropriately to signify this (if it has not alrea en so set
Thereafter, block 668 cal cul ates the total- number of t he buy and sel
orders, 25 the total nunber of the shares to be traded and the total
nunber of trades in the trading list to beggxecuted. Once this is
acconpl i shed, block 668 cal cul ates the return provided by the account since’
the previous market close. Lastly, block 668 provides as 30 out put ,
i | lustratl vely 0. prTin edetloodn ihhelawinbes éhrthadesohpraxdaendt ehd he

Lmrediatel v priglegld [ 08 AP5EE 255auaY, (B 1ol To) holdings and
3 invoking the rebalancing mode at periodic
4 intervals; and
5 invoking the cash investment mode selectively
6 whenever the cash in the portfolio exceeds the
7 predefined threshold.
- 1 61. The method in claim 58 further comprising the
.) 2 steps, in the computer system of:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
1} 12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated
22 trade involving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is

A g
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-50- bal in th t and the ret " he S &
.50- bal ance in the account and the returns on ageIGe Sc POdg Qne

Execution then exits from bl ock 6 this
point, two output files containing trade orders and other .information are
generated. To generate the first file, execution proceeds t bl @ ﬁzféé
whi ch generates an out put trade 10 tieket file it r’a\lgk 8)
fromthe trading list. This file, which mAII uItlnater be supplled to a
broker for execution, through a selected tradi ng avenue, contains the
nunber of the e&eew&ted(l RAIMI A r HOtd <l i e ivadshe abigheshgt rades are

to occur; the
26 determined for said one security.

1 62. The method in claim 61 further comprising the
2 steps, in the computer system during said instruction
3 generating step and during said rebalancing mode, of:
4 calculating a number of shares in said one
5 security to be traded;
- 6 rounding said number to a round lot of shares so
= 7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one digital trading instruction.
1 63. The method in claim 59 further comprising the
2 steps, in the computer system during said cash
3 investment mode, of:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
;j 7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
64. The method in claim 58 wherein the share
2 information comprises an identifier of each of said

A

AMENUED SHEET



15 current date; and for each trade: the tlckerpgigjo'(s 9f6eécaQLe"r§raty
t

to be traded, whether that trade is a buy or sell ﬁ@@ﬁ gEng
be traded, the current price of the security and the CUSIP |dent| 3
security. This file is sorted with sell orders 20 . precedi ng buy orders
and the trades for each then ordered in asggnding CUSIP order. Once this
trade file has been fully generated, execution proceeds to block 674 which

25 generates a "proportional change" file for the account, i.e. for
ACCOUNT ( ACCOUNEleNZX).1 eENiih quea 1G0TE:a1 415 \ERIakSek N6 O SB&FE8, to wit for
each security in the account %ﬁthe name of that securjty; (b) the ticker
symbol t Rer ef oCRTEEP tle MMFRSENEME HipeSatM et ysecurity.

65. The method in claim 58 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock indices and p

= W NN,

has a value of .76.

66. The method in claim 41 further comprising the .
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable

weights, said digital trading instructions so as to

W 0 1 O U1 x W N P

dynamically rebalance the portfolio, and

[y
o

during the cash investment mode:

'_l
’_l

issuing at least one other digital trading

[
28]

instruction so as to consume an amount of cash then

=
(¥%)

existing in the portfolio that exceeds a predefined
threshold.

=
>

67. The method in claim 66 further comprising the
steps, in the computer system, of:

invoking the rebalancing mode at periodic
intervals; and

invoking the cash investment mode selectively

whenever the cash in the portfolio exceeds the

ES I RO B - O

predefined threshold.

Yo g
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30

held or a flag indicating either that this security is posted (i.e.

proportion after the trade and relative to the S &

proscribed frombeing traded) or has a trade pendi nywrfd). t e, curneny ?f
target proportions -51- for this security, (e) ¢t ' I ‘?)M%ﬁrg&
;

(weighting), (f) the actual proportion t wll exist after the trade; (g).
the | arge change 5 i ndi cator; and (h) trade type indicator. This
trade type indicator will be set to: "C' for a cash control trade, "S" for

an attenRted S%@tt %%EeméhlbdFQ%.%laim 41 further comprising the

\ _',.-"

NONNDNDNND N R R R BPR R B R R oRPR
O U WP O WD oUW N RO

(S I - VS B S B

W 0 J 6 U1 i W N

steps, in the computer system of:

determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in
the index;

determining, in response to said normalized
capitalization weighting, the wvariable weighting for
each security in the set;

ascertaining a current proportion for each of said
securities in the set, said current proportion being
reflective of a proportion of a total value of the
portfolio attributable to said each security in the
set; and

generating, in response to a predefined
relationship between said variable weighting and said
current weighting, for each corresponding one of the
securities in the set, a corresponding one of the
digital trading instructions, the corresponding one
digital trading instruction representing an associated
trade involving said corresponding one security such
that a proportion of the portfolio that will be held in
said one security, after said associated trade is
executed, will approximate the variable weighting

determined for said one security.

69. The method in claim 68 further comprising the
steps, in the computer system during said instruction
generating step of:

calculating a number of shares in said one

security to be traded;

e ARG



proscribed security, or "0" for liquidation of a M 906“ Mﬂll}té&
target proportion has been set 10 to zero. ?ﬁm&f@%& w | |
print a file header with an appropriate warning i ity
were to exist in the account, the cash balance in the account were to b_e
negative, or a short sale were to be atteggyed. This block will also print:
the 15 current portfolio value, the current cash level, the present
return, the S & P 500 return, and a return of the account relative to that
of the Se& P 500. Blegkndity Wdid ahsModfi 0b @ Fbhsaf QSEeéfCQHE%E' ag: the

t ot al nunber of shares to be sold, the total nunber of shares to be
bought, the to3f SRS G EMQRA t Thavee RuBRer ; tﬁédtotal nunber of trades

to be exgcuted, an incorporating said rounded share number within the

9 corresponding one digital trading instruction.
1 70. The method in claim 66 further comprising the
2 steps, in the computer system during said cash
3 investment mode, of:
4 generating a list of possible trades for each
-~ 5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
_ 14 operations, in seriatim, to generate additional trades
iD 15 for execution until said cash decreases below said
16 predefined threshold.
1 71. The method in claim 41 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
4 currently outstanding for said each security.
1 72. The method in claim 41 wherein the capitalization
2 weighted index is the S & P 500, Financial Times Stock
3 Exchange 100, TOPIX or Russell 1000 stock index.

CY 1]
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amount by which the current cash bal agzzmn t he ag[/ungt |9 6c/%9n%<,69t he

current cash bal ance.in the account, | d and ne cashérqo?dortions in
' e

t he account 25 (proportions of account val ue #? ARC]QQﬂ The
proportional change file is sorted in order of se orders, buy orders and
posted or pending securities. Once this file is conpletely generated,

execution passes to decision block 676 to test for any at d-
short sales. |If such a sale is detect cémﬁﬁ si nce shETs@esﬁrQAt
permtted, an error condition has occu nce, executieﬂsﬁxébmﬁd‘_om
program 600, via ROUTINE

INITIALZE: & 1000
C, M= .

| €, OTHERWISE | — {005

INITIALIZE INDEX VARIABLE, i: ¢ =—1 1013

—‘

SELECT SECURITY(:) IN SECURITY_Ser |- 1020

I 1025
CALCULATE REMAINDER TRADE,&; , FOR SECURITY(:):

O; = TyxV - Pix 0;
- ' : 0, €; 20
&;, OTHERWISE

’ 0, pi( 7T.,; AND p,;( P
Lg,;, OTHERWISE
0,
9,

Ti=1 OR ¢;=1 OR Ci=1
OTHERWISE

INCREMENT | 1035 1030

INDEX FOR

SECURITIES IN

NEXT N0 SECURITY SET SELECTED
SECURITY: ie.i=m?
i~—it |

1034 —




[ )
-52- YES path 678 emanating from deci 3??2 bl ock 676ml)p’§pr99e/ gu(r]ra&ﬁg
Intervention is then solicited™ o inv gate and reso E r
Alternatively, if decision block 676 does not dete % 7@\@1399
short -sale, then it routes execution, via NO path 6 to block 680. At
this point, the security hol dimgs Tn Thq@ account nave been conpletely
processed and, as such, the underlying goa{tfolio dynam cally rebal anced 10
Accor di ngl[y, decision block 680 then exqcutes{® determi all ac
(di fferent] portfolios) have be¢040ranag | f anot her M@n&{
managed, il.e. the current value o 2 8. ACCOUNTI N S h
val ue n, tlhen deci sion

CALCULATE CASH T0 BE CHANGED: |-~ 1049
D=K-CxV

: u}so
»; SELECT REMAINDER TRADE: IF D> 0,SELECT LARGEST BUY
REMAINDER TRADE. OTHERWISE SELECT LARGEST SELL REMAINDER TRADE.
DESIGNATE THIS SELECTED REMAINDER AS & .
(05| ADJUST REMAINDER TRADE AMOUNT:
=[9k' 6, 1<| D]
D, OTHERWISE FIG.10
‘ ' | FIG.
CALCULATE SHARES TO BE TRADED: 104
. 1060 — o,
-
| € = 100x SRR (e —
1068 8, = 0 FIC.
- Uk ; Uk +€ k <0
€, =
k= 1€,, OTHERWISE
1065 Ye=e”

]

MODIFY PORTFOLIO VALUE AND CASH BALANCE:
7 = | €| x TRADING COST

K — K — Ek D — 7
INSERT REMAINDER TRADE INTO TRADING LIST
!
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15 bl ock 680 routes executi op
| atter bl ock, when executed, inc
to point to the next successive/
back, via path 695, to iterativefry=20 jccount managenent
routi ne 640 f‘%gl,,%y o35 Next successive accoun : o forth.pénusesRmEe vely,
if all the account's (different portfolios) have been separ atel y nmanaged,
each through a separate execution of routjne 640, i.e. the current val ue of
vari abl e 25 ACCOUNTI NDEX equal s the value n, then execution sinply
exits, via YES path 682, from Main Program 600. b. Target Proportion
Det ermi nation routine 7Q@pRRaTys AND AccoMPANATIRGOMETRODS GORIar get
Proportion AUTOMATICALLY MODIFYING A FINANCIAL PORTFOLIO
THROUGH DYNAMIC RE-WEIGHTING BASED ON A
NON~-CONSTANT FUNMCTION OF
CURRENT CAPITALIZATION WEIGHTS

La NO path 685, to block 690. This
[ e ue of vari abl e ACCOUNTI NDEX

ged. Execution then | oops

CLAIM TO PRIORITY

This application claims the benefit of
priority under 35 USC 119 to my previously filed and
5 co-pending United States provisional patent
applications: one filed December 15, 1995 and assigned
serial number 60/008,698, and another filed July 3,
1996 and assigned serial number 60/021,116 and both
entitled "Automated Investment Portfolio Construction”.
10
BACKGROUND OF THE DISCLOSURE

1. Field of the Invention

15 The invention relates to apparatus and
methods for automatically modifying a financial
portfolio having a pre-defined universe of securities,
that tracks a given capitalization weighted index,
through dynamic re-weighting of a position held in each

20 such security, wherein a current weight accorded to
gach such security, relative to others in the
portfolio, is proportional to a non-constant function
of current capitalization weights of the securities in
the index. The invention is particularly, though not

25 exclusively suited, for use in managing an index fund

composed of a pre-defined set of equity securities.

This Sheet Has Been
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Determ nation routine 700 that is executed by Main Program 600 is depicted
in FIGs. 7A and 7B; the correct -53- alignnment of the drawi ng sheets for
these figures is shown in Fl G [F=As—roted—above;; routine 700 determ nes

T AT IVvV-Ty

t he dynam cally rebal anced meighﬂﬂ@qdirﬂﬂ@ﬁgéﬁVpLoportion") for each

security currently held 5 n an Belbu@iEDt o bgl process
ACCOUNT ( ACCHONT2ERBEX) and for —Wwhrchr tradrng 1s-per n ttedggyﬂg?'nﬁ%(g‘ﬁtgry into

this routine, execution

-2~

2. Description of the Prior Art

Currently and for the foreseeable future, tax

exempt funds, such as pension fund portfolios, hold a

5 substantial, and continually and significantly
increasing amount of money diversified across various
forms of investments. At the moment, tax exempt funds
are estimated to have in excess of US § 4 Trillion in
equity assets under management of one sort or another.

10 Of these assets, so-called "index funds" constitute one
popular investment vehicle that is often used in
pension fund management and currently account for
approximately US $ 600 Billion thereof. Index funds
are characterized by investing in all those securities

15 that collectively form a pre-defined index, such as,
e.g., all the different securities in the Standard &
Poor's (S & P) 500 or the Russell 1000 for US equities,
or in the TOPIX for Japanese equities. The
attractiveness of these funds lies in their ability to

20 generate a financial return that should track that of

the corresponding indices at low cost.

Generally speaking, an index is defined by a
pre-determined universe of issues which constitute that

25 index, e.g. common stocks of 500 large corporations
which trade on United States exchanges constitute the
S& P 500, as well as a proportion of the index, i.e. in
terms of a weighting, attributable to each different
issue therein. TIllustratively, the weighting for each

30 different security in the S & P 500 index is simply the
market capitalization of that security expressed as a
percentage of the total market capitalization taken
across all the securities then in the index. Of

course, these weights continually change as share

This Sheet Has Been Replaced
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10 proceeds to block 705. This block, when executed, forms a set of
securities, i.e. SECURI TY_SET, J%%tﬁﬂﬂﬂﬂ._ that are in either or
both the S & P 500 index and th qggpgngfrmhsﬁﬁENn | ude the securities that
are to be dynanically managed i n|the aggowdED 15 Wei ghts are cal cul ated
and assigned {,arq, ? t he securit LAl I'ng 1S pepotvsRAnde®ONCE
this set is esté% |sﬁed, bl ock 710 is executed. This block initializes an

i ndex variable, i, to the value "one" and_gets a variable, m equal to the
nunber of 20 securities in the account™to be processed, i.e. in
ACCOUNT( ACCOUNTI NDEX) . Thereafter, execution enters a |oop conposed of

bl ocks 715, 720, pf28e @ntbvie3QHi®hGaifUt@E®, changes market

capitalization both of each individual security in the

index as well as that across the entire index. Other
indices, such as the Value Line index, assign
5 different, e.g. egual, weightings to each security

therein.

Index funds generally fall into two distinct
categories: passive funds and enhanced funds. Passive

10 and enhanced index funds are distinguished by their
adherence, or lack thereof, to the security weightings

set forth in whatever index each such fund follows.

Specifically, a passive index fund merely

15 reflects a corresponding index of interest.
Specifically, a passive index fund manager will spread
total fund assets across every security in the index
and, for each such security, in a proportion set by the
proprietor of the index, hence identically reflecting

20 and continually tracking, to the extent possible, the
performance and composition of the index. For example,
a passive S & P 500 index fund manager will invest fund
assets across every one of the 500 common stoccks that
forms the S & P 500 index and with a weighting given by

25 this index. As the index weightings change, typically
on a daily, weekly or other regqular basis, positions in
the individual securities in the portfolio will either
be reduced or enlarged whenever necessary to accurately
reflect these changes. 1In addition, should a given

30 security be eliminated from the index, as a result of
e.g. insufficient market capitalization or bankruptcy
of its issuer or merger of its issuer into another
entity, or alternatively a new security be added to the
index, due to the increased capitalization of its

This Sheet Has Been Replaced
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25 tenporary proportion for each security, i.e. for SECURI TY(i),
set. In particular, block 715, when executed, selects a next successive

security in the set as indicated by
Execution then proceeds to blo
which trading is permtted (i.
tenporary pMOBA®n, [err], t

,g

D

el foes not

in the

_the currenat~wal ue of index variable i
37 was BBERNY for each security for

qual 1) | ates a
élizatioﬁC§®g§%£ -54-

security which is a product of a current price of that security ([err]) and
a nunber of shares ([err]) thereof -4-

10

15

20

25

30

issuer, the fund manager will then appropriately sell
or buy that security to mirror the composure and
weightings then existent in the index. O©Of the § 4
Trillion currently invested in tax exempt funds,
approximately $ 600 Billion of that amount is invested
in passive index funds.

In sharp contrast, an enhanced index fund
contains positions in the securities that constitute a
corresponding index of interest but the fund manager
thereof replaces the passive index weighting by
his (her) own weightings for each security. Risk is
controlled here inasmuch as an enhanced index fund
manager usually monitors a so-called "tracking error"
that measures a difference between whatever financial
return he(she) receives relative to that of the
underlying index itself, e.g. the return of S & P 500
index for an enhanced S & P 500 index fund, and trades
in a fashion that maintains this error within
acceptable bounds. Enhanced index funds hold

approximately $ 75 Billion of tax exempt assets under
management.

Historically speaking, index funds are rooted
in a "Capital Asset Pricing Model”. For further
details thereon, the reader is referred to W. Sharpe,
"Capital asset prices: a theory of market equilibrium
under conditions of risk", Journal of Finance, Vol. 19,

1964, pages 425-442. 1In accordance with this model,
under ideal conditions, an investor in a market,
seeking to maximize his expected return at a given
level of risk, will hold a combination of cash and
every stock available in that market, with the

weighting of each such stock being proportional to its

This Sheet Has Been Replaced
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currently outstanding. Once this occurs, decision block 725 executes to

determ ne whether all securities 5 In the set have been selected, i.e.
whet her the current value of index varlable e _L_egual s the val ue of vari abl e
m |f a security in this set ' —be,sakeqtied, then decision bl ock

725 routes exgeybipigys Via NO p‘
i ncrenents the current val ue of

780. Thi s | gdiedoeideeck 10
e——=y one in order to point

to a next successive security i ne sei._ggecution then | oops back, via
path 735, to block 715 to appropriately process that security, and so
forth. Alternatively, if all the securities in the 15 set have been so

processed with acher@or ajapiRaopeation wad gitiagednf ehe eagFket hen deci sion
bllock 725 rOUteSUnderlying this model are two basic assumptions: (a)
all investors are said to possess the same knowledge,
i.e. information, and outlook, i.e. expectation, on
5 each stock, and (b) each investor can borrow an
unlimited amount of money at the US treasury bill rate.
While both of these assumptions are obviously widely
fallacious, index funds actually perform rather well
over a reasonable period of time.
10
In that regard, for a moderate investment
horizon of 3-5 years, index funds have proven to be
attractive investment vehicles for the simple reason
that these funds, ignoring their management fees but
15 including their transaction costs, tended to perform
better, i.e. have regularly generated a greater annual
return with no greater risk, over this period than have
most financial money managers who actively pick
individual securities for investment. This effect is
20 particularly true where substantial pension assets,

such as several billion dollars are to be invested.

Given that most fund managers tend to

under-perform various market indices, such as the S & P
25 500 index, pension plans are increasingly turning to
index funds as one part of a multi-faceted strategy

aimed at obtaining an increased investment return at an
acceptable risk.

30 By their very nature, enhanced index funds
require far more active and sophisticated management
than do passive index funds. Security selection and
weighting decisions are often the product of a highly

sophisticated, continuous and complex analysis and
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execution, via YES path 728, to bl ock 740. Block 740 normalizes all the
val ues of the target proportions ([err] I = 2, ..., mM such that their

total sum equals 20 t he val ye=ore; gggg t hen proceeds to bl ock
745 which re-initializes the valuéhtﬁ ﬁﬂéi\ Frdole i to one. At this

poi nt, execution enters a |oop florne dhﬁg*“L;:QLTDL cks 75 0 and
770 to cal cYPH@%he target pro M for each security, QFT%QQFW%Q

SECURITY(i), in the set for which trading is permtted. In particular,
bl ock 750, when executed, selects a nexf~successi ve security in the set as
i ndi cated by the current val ue 30 of index variable i. Execution then

proceeds to blck 78R W &l Fi¥ceRdChnEERUE Hacridl Wiraliga12 LAG et

quite costly to implement and then execute on a routine

basis -- particularly considering the need for
effective and close human supervision and intervention.
5 Consequently, management fees on enhanced index funds
typically amount to 30-50 or more basis points (a basis
point being .01% -- hereinafter simply "bp") of the
assets of the fund against generally 5-15 bp for a
passive index fund. While passive index funds tend to
10 just mirror the return of the underlying index,
enhanced index funds, because of their higher cost
structures, strive to consistently outperform the index
typically by .5% - 2% per year in order to attract

sufficient levels of fresh investment capital and then
15 retain it.

Unfortunately, in practice, enhanced index
funds, due to the complexities of the attendant
analysis and decision-making and the monetary costs

20 thereof, have experienced considerable difficulty in
achieving the level of return necessary to attract
substantial amounts of new capital over that directed

to passive index funds -- though no theoretical
impediment to achieving such a return for an index fund
25 appears to exist.

Given the inherent diversification, an index
fund with objective simplicity, low costs, fees
comparable to a passive index, and which produces a

30 return to its investors consistently exceeding that of
a major index, such as the S & P 500 index, by as
little as, e.g., 40 bp per year, may attract
significantly increasing pension fund investment. Thus
far, such a fund does not exist.
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proportion, [err], for SECURI TY(i), u5|ng elther an -55- entropy or
diversity nmeasure as enbodi ed, resRecFr t|on (3) or (4) above,
as a function of its current marke pf?hﬁﬁié; ghtlng An ent r opy
nmeasure is used for non-zero capit IlzatTeh“Wﬁﬁgg_,_ i.e.
securities qu\@,ﬁp,stradi ng is per and where the di ummjsvgnosﬁeponent
has been prede ed as zero. Wiere the diversity exponent (here [err]) is

set to 0.76, as in the preferred enbodi nent, then, for those securities in
the set for which trading is permtted, a

Furthermore, over the past few decades,

various securities exchanges, such as the New York
Stock Exchange (NYSE), have instituted a variety of
electronic and computerized networks to rapidly handle

5 substantially increasing trading volumes, particularly
from institutional traders. These systems, typified by
the NYSE Direct Order Turnaround (Super DOT) system,
provide mechanisms for high-volume, reduced cost
electronic trading. While the NYSE possesses a trading

10 floor manned by human trading specialists through which
all NYSE trades ultimately pass, another exchange, i.e.
the NASDAQ (frequently referred to as the over-the-
counter (OTC) market) is solely electronic in nature.
In contrast with the NYSE, the NASDAQ consists of an

15 electronic network interconnecting, e.g., financial
institutions and other exchange members, and various
redundant server computers, connected to the network.
Trading orders are electronically directed from
workstations and internal networks situated at NASDAQ

20 exchange members, through the NASDAQ network to and are
ultimately executed by the NASDAQ servers, which, upon
each trade execution, returns an appropriate
confirmation, via the NASDAQ network, to the associated
exchange members. In addition to the electronic

25 trading mediums provided by various exchanges,
financial institutions have adopted their own computer
based trading networks, e.g. so-called "crossing
networks”, that interface not only with those of the
exchanges at which trades will be executed but also

30 with those of other such institutions for off-exchange
trading. Trading orders can also be posted by computer
to various electronic bulletin boards which are
regularly downloaded by financial institutions to
solicit their interest and bid in any of these orders.
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10 diversity neasure, as enbodied in equation (4), is used instead to
cal cul ate the target proportion for h_such security. Once this occurs,

deci sion bl ock 760 executes to det mpmﬁsﬁfﬁﬁbgimégﬁzﬁecurities in the set
have beenh selected, i.e. whether t curhghﬁﬁyggﬁ'“HfL15 i ndex vari abl e
i equals the value of variable m cHEEEY |

; i S LRs to be
sel ected, t REW#2¥Fsion bl ock 760 routes execution, Via héﬁ%g%égghﬁi to
bl ock 770. This latter block increnments the current value of index variable
i by one in order to point to a 20 “§&xt successive security in the set.
Execution then | oops back, via path 775, to block 750 to appropriately

process that security, gofesgOrdfhardibs §ARbYRkY o ! Pideikifabgguriti es

in the set have been so process
securities pricing, is being increasingly disseminated

across an exceedingly wide geographic area in real-time

electronic form. For example, this information can be
5 obtained from, e.g.: a satellite feed; a terrestrial
broadcast such as teletext or other data inserted into
a broadcast television signal; data inserted into a
broadcast radioc signal; a dedicated computer linkage
connected through the Internet or a private network to
1¢ an appropriate server; or even a dial-up modem
connection, established between a personal computer
executing a suitable communication and/or financial
program or through a dedicated terminal, and, via a

publicly switched telephone network, a distant server.

15
In order to cost-effectively manage an index
fund, real-time security price information, from
whatever source is chosen, generally needs to be
electronically downloaded and electronically processed
29 with resulting trading orders then being sent, via one

or more electronic avenues, for appropriate execution.

Hence, a need exists in the art for apparatus

and accompanying methods that, with only a modest

25 amount of human oversight, will effectively manage a
portfolio, particularly an index fund, in a manner
which is likely to consistently yield a return which
sufficiently exceeds that provided by a typical passive
index fund but without the complexities and costs

30 typically associated with an enhanced index fund.
Advantageously, such apparatus and methods should
implement an investment vehicle which yields a return
that is sufficient to garner an appreciable amount of

investment capital that would otherwise flow to passive
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with a target proportion calculated for each, then 25 deci si on bl ock
760 routes execution, via YES path %ﬁiﬁ&glﬁﬂ_.Block 780 normalizes

all the values of the target propo thﬁES%Ewnm4¢E&EN- 2, ..., m such
that their total sum equals the valjue 1.5%eEncecEhi s n rral I zati on has
occurred, exgidl.Qgysexits from 30 ~—routiTe—768s - - 56- PCT/USHO/20869t

Proportion Determnation routine 800 FIG 8 depicts a flowhart of Current
Proportion Determi nation routine 800. Thigs routine, as

index funds. In doing so, this apparatus must operate
as cost-effectively as possible by: (a) utilizing
market information in electronic form, (b) processing
this information electronically to generate appropriate
5 trading orders, and (c) seamlessly integrating into the
various computerized financial networks to utilize
computer~based order placement and/or execution, where

appropriate.

10 SUMMARY OF THE INVENTION

Advantageously, my present invention
substantially, if not totally, remedies the
deficiencies inherent in the art., Specifically, I have

15 broadly recognized that, for a portfolio, such as an
index fund, that holds a pre-~defined universe of
securities which collectively forms a capitalization
weighted index, the portfolio can be effectively
managed by dynamically re-weighting the position of

20 each security in the portfolio in a manner proportional
to a non-constant function of current capitalization
weights of the securities in the index. I have founad
that, for appropriately selected functions, the
resultant return generated by such a portfolio will

25 consistently and reliably cutperform that of the index
itself.

Specifically, my inventive apparatus contains
circuitry which obtains appropriate input information
30 and an appropriately programmed computer system. The
input information, which can be provided from any of a
wide variety of sources, includes an enumeration of
each security in the index and its shares currently

outstanding, as well as current price information on
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5 not ed above, determ nes the weighting, as a proportion of the total
asset value of the account, at which each security therein is currently

hel d. Upon entry into this routinej—€xecotion=31o proceeds to bl ock 810.
This bl ock, when executed, cal cul ajj €$"% RESEBHAS aAAN gnt  val ue of the
account, i.e. ACCOUNT( ACCOUNT | N . THisPiy&@aDe, V, |lis si { t um of
the current YIS HA ance, K, in the account-ane—the= bcurm?g 'éf‘]“%&‘gguct ,
surmed over all the securities 15 in the account, of the current price

of each such security ([err]) and the fdfBer of shares held therein
([err]). Once this value is established, block 820 is executed, as an error

checking Measuggen 'S WWctriRY ahll Py qhiied 2nRATLL! Vine Lol BgRt 1V

system, using this information as well as internally
stored portfolio data, first determines a variable
("target") weighting for each of the securities in the

5 portfolio as the non-constant function of current
capitalization weights associated with the index, so as
to define a set of target weights. Once all the target
weights have been so determined, the computer then
issues digital trading instructions, each of which

10 represents a trade of a corresponding security, to,
e.g., an electronic trading network such that current
assets held in the portfolio are to be distributed,
upon subsequent execution of the instructions, amongst
the securities in the portfolio in proportion to and as

15 defined by the target weights so as to dynamically
rebalance the portfolio. This inventive portfolio
rebalancing method is periodically repeated, such as
weekly, daily or at any other such desired interval,
to: analyze current changes in share price and current

20 index composition and weightings, calculate new
positions in each security held in the portfolio and
issue appropriate market trade orders to appropriately
update, i.e. rebalance, the portfolic holdings to
reflect these new positions. As any particular

25 security is deleted from or added to the index, the
portfolio, through my inventive dynamic rebalancing
process, reflects that deletion, i.e. through
liquidation of any holdings in that security, or the
addition, i.e. by calculating a target weighting for

30 that security and establishing a holding therein once

this target weighting reaches a sufficient, though,
e.g., relatively low, level.
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20 which clearly signifies an error condition, the programhalts
pendi ng appropriate human intervention to_appropriately correct the error
Thereafter, block 830 executes tOHLﬂ%é§@~E?%AEQQ§%J ariable, i, to the

val ue "one". 25 Execution next enfers 4&j§q@ﬁﬁpnposdd of bl ocks 840, 850,
860 and 870 hﬂ)gﬁégglate, a curretbt—proporiion for—dach sewariusys2ous9e. for
SECURI TY(i), 1nthe set. In particular, block 840, when executed, 30

sel ects a next successive security in the;set as indicated by the current
val ue of index variable i.

As a feature, my inventive apparatus,
particularly the computer system therein, can assume
either of two pre-defined operating modes: a
rebalancing mode and a "cash investment"” mode. Through

5 the rebalancing mode, weights of each security in the
portfolio are re-calculated and the portfolio holdings
dynamically rebalanced with resulting issuance of
appropriate market orders. Through the cash investment
mode, transactions, e.g. security purchases, are

10 successively generated, to the extent necessary, to
consume excess cash (e.g. large cash inflows) in the
portfolio that may have arisen as a result of recent
dividend payment (s) and/or security sales that occurred
due to deletion from the index. Through use of the

15 cash investment mode, a cash balance in the portfolio
remains within a relatively small pre~defined range
with the remaining assets in the portfolic being

invested in securities.

20 As a further feature, my inventive apparatus
permits a user to proscribe, for whatever reason, any
security in the index from being traded in the
portfolio. BAs a result, portfolio assets will be
allocated to and dynamically rebalanced among the

25 remaining securities currently in the index, i.e. those
for which trading is permitted.

BRIEF DESCRIPTION OF THE DRAWINGS

30 The teachings of the present invention can be
readily understood by considering the following
detailed description in conjunction with the
accompanying drawings, in which:
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-57 - Execution then proceeds to block 850 which, for each security in the
set, calculates a current proportigeR==ftetrf—t-o-be—a market capitalization
of that security which is a produgt TafS s:#ecicues eatnpgi ce of that 5
security ([err]) and the nunber ofjf shar&grhetdpthereiin ([err]) divided by
the current val ue of the account, “V—oncetHhrs~oceeFs, dec éﬁﬁg,ﬁ&ggk 860
execut es to WEP¥PWhe whether all securities in the set ha 8 | ect ed,
i.e. whether the current value of index 10 variable i equal s the val ue
of variable m If a security in this sétéTemains to be selected, then

deci sion bl ock 860 routes execution, via NO path 863,

FIG. 1 depicts the correct alignment of the
drawing sheets for FIGs. 1A-1D;

FIGs. 1A-1D collectively depict large scale,
5 though simplified, security trading system 5

incorporating my inventive dynamic portfolio management
system 65;

FIG. 2 depicts a high-level block diagram of
10 the hardware components implementing computer system 50
and particularly trade generating computer 60 therein,
as shown in FIGs. 1A-~1D;

FIG. 3 depicts a high-level block diagram of

15 the software resident within memory 240 and executing
within trade generating computer 60, both shown in
FIG. 2;

FIG. 4 depicts process diagram 400, which
20 shows various high-level operations that, within the
context of system 5 shown in FIGs. 1A-1D, collectively
implement my present invention;

FIG. 5 depicts definitions of various
25 variables used in conjunction with my inventive Dynamic
Portfolic Management Program 330 shown in FIG. 3;

14

FIG. 6 depicts the correct alignment of the
drawing sheets for FIGs. 6A-6C;
30

FIGs. 6A-6C collectively depict a high-level
flowchart of my Main Program 600 of Dynamic Portfolio
Management Program 330, shown in FIG. 3, that is
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to block 870. This latter block increnents the current value of index

variable i by one in order to poi thgs%z%5HaSBéﬁWt successive security in
the set. Execution then |oops bagk, vug%g@kﬁ; 75, ftjo block 840 to
appropriately process that securi ad_se—ferth—Al ternatively, if al

t he securitieévd‘p,n%@,g set have been so processed with a cur pefiseg2esorti on
cal cul ated for each, then 20 execution exits fromroutine 800, via YES
path 867 emanating from decision block 860, d. Trade Determ nation routine
900 25 A flowhart of Tradeé Determ nation routine 900 is

collectively depicted in FIGs. 9A and 9B; the correct alignnment of the
drawi ng sheets f&fedutegewitBin ebrade FJWrating! fomPutels g1gt &howhOYR,

FIG. 2:

FIG. 7 depicts the correct alignment of the
5 drawing sheets for FIGs, 7A and 7B;

FIGs. 7A and 7B collectively depict a
flowchart of Target Proportion Determination
routine 700 that is executed by Main Program 600 shown
10 in FIGs. 6A-6C;

FIG. B depicts a flowchart of Current
Proportion Determination routine 800 that is also

executed by Main Program 60C shown in FIGs. 6A-6C;

15
FIG. 9 depicts the correct alignment of the
drawing sheets for FIGs. 92 and 9B;
FIGs. 9A and 9B collectively depict a
20 flowchart of Trade Determination routine 900 that is
executed by Main Program 600 shown in FIGs. 6A-6C;
FIG. 10 depicts the correct alignment of the
drawing sheets for FIGs. 10A and 10B;
25
FIGs. 10A and 10B collectively depict a
flowchart of Cash Control routine 1000 that is executed
by Main Program 600 shown in FIGs. 6A-6C;
30 FIG. 11 depicts table 1100 which provides,

for purposes of comparison, abbreviated S & P 500 data
and simulated corresponding numerical data, the latter

generated through use of my present invention using
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routi ne 900 determ nes whether a trade is necessary in 30 each security
held in the account and, if so, generates the appropriate trade. In

particular, if this routine congl ydessihat g Beade, i s necessary for a given
AVENDED SHEET -58- security iljn thegapcogmd, th h the routine determ nes
t he appropriate anount of shares= '

==ty=10 eith sel |,
and hence r¥RaMA&e t he hol ding of that security in the a§%g§%¥n8é9

-14-

S & P 500 data at two exemplary successive weekly
dates;

FIG. 12 depicts, in graphical form, simulated
5 performance data for my present invention, along with
actual performance data for the S & P 500 and
Russell 1000 indices for the period 1979-1995; and

FIG. 13 depicts, in tabular form, annualized
10 simulated performance data for my present invention,
along with annualized actual performance data for the
S & P 500 and Russell 1000 indices for the period
1979-1995,

15 To facilitate understanding, identical
reference numerals have been used, where possible, to
designate identical elements that are common to two or
more of the figures.

20 DETAILED DESCRIPTION

After considering the following description,
those skilled in the art will clearly realize that the
teachings of my invention can be readily utilized to

25 manage an index fund based on any capitalization
weighted equity index -~ whether national or
international in nature. Through use of my inventive
teachings, weights of each individual security in that
fund is determined as being proportional to a

30 non-constant function of current market capitalization
weights of all the individual securities that form the
index. Examples of capitalization weighted indices, on
a national basis, are the Standard & Poor's (S & P)
500, the Russell 1000, the TOPIX in Japan, the
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Upon entry into routine 900, execution first proceeds to block 905. This
bl ocks initializes various variab;esw5+ﬂﬁanFFGHFaF; for each security,
SECURI TY(i) for i =1, 2, ..., Hihﬂ$héF>§ﬂV¥%ﬁﬁiN variable, [err]

whi ch specifies the number of shalles t FHE-AGERIed i §l set to zero; the

tradi ng type“;(pg, E@,tgor vierr], is sSet to a brank— char actpefrigssedoadoge
change flag i fo a bl ank character or alternatively to signify a large
pri ce change, |f so previously set. Once hese 15 oper ati ons have
occurred for each security in the accoung t hen execution proceeds to bl ock
910 which resets the value of index variable i to one. Once this occurs,

t he programdentﬁirsaraa:ﬂaqoltriaes Sto€REdHEnYye RI0OCKPTORD, irPAthe WA £eB830, 940,
945, 950 an

Kingdom and the DAX index in Germany, and on an
international basis, the Morgan Stanley Capital
International (MSCI) EAFE (Europe, Australia, Far East)
5 index. To simplify the following discussion and
facilitate reader understanding, I will describe my
present invention in the context of use with
illustratively the S & P 500 index. 1In addition, since
my invention can effectively manage not only shares of
10 common stock in an index fund but also any financial
instrument that has a value related to common stock,
such as, e.g., derivatives, options, swaps, futures
and/or any combination thereof, the term "“security" as
used hereinafter is defined to collectively encompass

15 common stock and any such financial instrument.

A. Hardware Hierarchy -

A large scale, though simplified, security

20 trading system 5 incorporating my inventive dynamic
portfolio management system 65 is collectively depicted
in FIGs. 1A-1D; the correct alignment of the drawing
sheets for these figures is depicted in FIG. 1. My
inventive management system can readily function to

25 manage a portfolio of securities on any exchange(s) and
even a portfolio that extends over multiple exchanges,
e.g., securities on the S & P 500 index can be found on
the New York Stock Exchange (NYSE), NASDAQ and American
exchanges. To simplify the figures and the ensuing

30 discussion, I will illustrate and discuss my invention
in the context of use with securities traded on the
NYSE.
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960 to calculate the appropriate, trade if any, for each security t

in the account.

in the set of securities, SECUR|TYSETV~9LEMLQ*SL¥rdﬁfIned as 25

descri bed above, through execution off

hen hel d

Specifically, block 915, when executed, selects SECURI TY(i)

ne 700 (see FIGs.

FIGB 9A
radi ng
vi a

7A and 7B). Once this security has bgen sehﬁptﬁé&ot f

and 9B, eit W@ 9850f three scenari oS f sz[ W‘f’mﬂ?

i nvolving that security is to occur. 30 Executlon wi |l proceed,

path 918, to each of these scenarios, ohfy one of which will be perforned

| f

its

10

15

20

25

30

Within system 5, Dynamic Portfolio Management
system 65 manages an index fund in accordance with my
inventive teachings. System 65 executes within trade
generating trade generating computer 60 located within
computer system 50, which is situated at, e.g., a
central site. Computer 60 receives input information
from a number of sources and, through my inventive
management process implemented in software and
discussed in considerable detail below in conjunction
with FIGs. 5-10B, generates trade orders as a result to
electronic trading network 3. This network provides a
number of avenues through which trades can be executed.
As used hereinafter, a "trade order"™ is defined to be a
combined list of buy and sell orders for a number of
securities. For execution, such an order is parsed
into a "trade", either a buy or sell, of each

individual security in the order.

As input, system 65 obtains share prices,
share price changes and S & P 500 information,
specifically those securities that form the S & P 500
index and their shares outstanding. Current share
prices and changes in these prices are obtained from,
e.g., a terrestrially broadcast satellite distributed
service. In that regard, satellite receiver 10, via
satellite antenna 7, receives appropriate broadcast
{transmitted) signals, demodulates the received
signals, extracts the received data therefrom and
converts the data into a serial digital data stream.
This stream is directly applied, via line 12, to an
input of trade generating computer 60. Of course, this
market information can be obtained, wvia transmission,
from a wide variety of other sources, such as a

terrestrial broadcast such as teletext or other data
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-59- acconpanying test condition is net. These scenarios are depicted as
bl ocks 920, 925 and 930. Bl ock 920 handl es each of those securities 5

whi ch are proscribed frombeing traded in the portfolio, i.e. where [err]
equals one. In this case, for a pq gﬁﬁjpgg;gﬁﬁﬁf?¥§¢fsince the security

m ght have be‘gfg@nﬁggscri bed after| a po ";__fi‘g{ﬁ'jﬁé?'EEUe n est abtT/etvedossher ei n,
bl ock 920 nerely sets the anount :LEEEO ‘be traded,
specifically sold, in that security, i.eq4err[,equal to the entire
position therein. A negative value of [err] signifies a sale of securities
while a positive value indicates a purchase, the anmobunt of the sale or
purchase bei ng gngeptby i nagrichddesof tébevision signal; data

inserted into a broadcast radio signal; a dedicated

computer linkage connected through the Internet or a
private network to an appropriate server; or even a
5 dial~-up modem connection, established between trade

generating computer 60, and, via publicly switched
telephone network (PSTN) 40, a distant server (not
specifically shown). 1In addition, computer 60 accesses
S & P 500 information by establishing a modem link, via

10 telephone line 66, through PSTN 40 and telephone
line 16, to S & P Information server 15 (which is
typically a networked data server). 1In response to a
query from computer 60, S & P information server 15
transmits, as another digital data stream, current

15 S & P 500 information, specifically the constituent
securities that currently form the S & P 500 index
along with a current number of shares outstanding for
each such security. In the event of a failure in,
e.g., antenna 7 or receiver 10, current share price and

20 price change data can alternatively be obtained through
a modem connection established, via PSTN 40 and
telephone lines 66 and 27, between computer 60 and
remote site 20. This site contains satellite
antenna 22 which feeds satellite receiver 24, both of

25 which are either identical or sufficiently similar to
antenna 7 and receiver 10, to provide the same digital
data stream that would appear on lead 12. The output
of receiver 24 is applied to remote server 26 for
packetization and communication, over PSTN 40, to

30 computer 60. PSTN 40, though shown as three distinct
network entities in FIGs. 1lA-1D to simplify

understanding, is actually a single unitary network.
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15 I nasnuch as this security is now proscribed, block 920 al so sets the
trade type indicator for this security. te——P==te=§ignify this condition.
Thereafter execution is routed, Vﬁgsggrh$y8GBBE&N Lock 940. 20

Bl ock 925 handl es each of thoseliseclrgtpesstm whidh a portion of the
current holdings thereinis to

—SHares are to ed. Such
a trade wi | WO¥/2eH[erated only if a security and its assoc?}%gﬁjé%&%géaneters

neet three conditions. Block 925 first 25 tests the current security,
SECURI TY(i), for conformance with theselBonditions. If any of these

conditions fails, then the remai nder of this bl ock does not execute. In

that case, either the tiadRoWi Lheops QPUHHRInBURLOEKS 92R YeedB0 OF, i

not, execution
described above, input data can be supplied to

computer 60 in any electronic form or in any other form
that through appropriate circuitry is converted into

5 suitable digital form for use by computer 60, this
circuitry which could include, e.g., a computer input
device such as a keyboard and/or mouse (as shown in,
e.g., FIG. 2 and discussed below) would be converted to
this computer.

10

As discussed below, computer 60 internally
stores current information regarding the portfolio(s)
being managed, its cash position and appropriate
parameter values. Once all the required input

15 information is received, inventive management
system 65, in the inventive manner discussed in detail
below, iterates through all the securities in the S & P
500 index to calculate a new weighting, as a percentage
of the portfolio, of that security.

20

Apart from computer 60, computer system 50
also contains accounting computer 80 and trade
execution computer (server) 70, both of which are
interconnected, with computer 60 through local area

25 network (LAN) 77.

Each resulting trade crder, generated by
system 65, is analyzed to determine, based on, inter
alia, the size of the trade, the most cost-effective

30 and suitable avenue through which the trade order can
be executed. These avenues include: posting, as agency
trades, on an electronic bulletin board for accessing
and execution by a selected broker; through the NYSE
Super DOT (Direct Order Turnaround) system; direct
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30 will be directed onward to bl ock 940 These conditions are, for

SECURI TY(i): -60- (a) first, tlra,h S(,J:) et;r proportion, [err], is
positive (2) it is not proscribedija Hd ﬁgip gﬁ E%ﬁ {h [err] and [err] are
zero, respectively); 5 I es _ndt have a trade pending

(i.e. [err] |‘§0§.9£9 t he i nportance of this bei ng that to ROTARIALI4ESSUance
of potentially Jupllcate trade); (4) a difference between the target and

-19-

placement, as a principal trade with a broker; through
a crossing network for off-exchange trading through
various automated trading systems, such as "Instanet"
and "POSIT" systems. Other than off-exchange trading,
5 all other on-exchange trades involving NYSE securities
pass through the NYSE and as such are ultimately
routed, via a broker in the first instance - typically
by an order execution system therein, to a
corresponding human being, i.e. a so-called "floor

10 specialist” on the exchange.

In particular, once system 65 generates a
list of trades to be made, computer 60, through
execution of appropriate conventional software, prints

15 a list of appropriate trade orders as a so-called
"trade sheet"”. These trades are also transmitted, as a
file and via LAN 77, to computer 70. A human trading
analyst, interacting with computer 70, analyzes each
proposed trade generated by system 65, both to detect

20 and prevent any clearly erroneous trade orders from
being placed for execution as well as to properly place
correct trade orders with appropriate trading avenues
available through electronic trading network 3. Once
this analyst has selected an appropriate avenue for

25 each such order and has signified his(her) selection to
trade execution computer 70, this computer then
appropriately formats the trade order to the match
input reguirements of the selected avenue and then
transmits the formatted trade order to that avenue for

30 subsequent execution.

Trade generating computer 70 maintains
electronic bulletin board 75, which is conventional in
nature, to which trade orders can be posted as so-
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current proportions is greater than a mnimumtrade 10 proportion
([err] < |[err] - [err]]|); and (5) that the account is to be dynamcally

rebal anced (i .

this security: (1)

: =1 d (b) Jjﬁﬁnﬂ*ﬁf#— :
current price ?[e£${;]excée32 a(nﬂ~§ﬁhﬁi T'ASEEWeL(P) at whi ch any

under - wei ghted security is to be : urre I on
([err]) excWaBI24’8 target proportion ([err]); and (c) th?%angﬁQ?%lts

i nequal ities:
[err]

target and current proportions 20 satisfy either of the follow ng
(1) [err] > [err]; or —20- (5 (2) [err]
(6)
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ouaht bf”%?@ I ts

called "agency trades" and subsequently accessed by a
broker designated by the analyst. Each broker, that
can be designated as an agent broker, is assigned a
different page on the bulletin board through which that
broker can down-load and up-load files from and to the
bulletin board. Should the analyst select the "agency
trade® avenue for any given trade order, computer 70
merely posts a computer file containing that trade
order onto the bulletin board for the particular broker
designated by the agent and specifically onto the page
for that particular broker. This designated broker,
through its order execution system, can establish a
telephonic connection to the computer 70 and download
the order file, from its page on the bulletin board,
for subseguent execution. Specifically, each broker,
that can be designated as an agent broker, has a
computer based order execution system, which are
collectively depicted as order execution systems 130
formed of individual order execution systems 130, for
firm 1, 130, for firm 2, ... 130, for firm m. Each of
these order execution systems, either under manual
instruction or automatically, can establish a modem
connection, via lines 135 (formed of lines 135;, 135,,
., 1355 connecting execution systems 130,, 130;, ...,
130,, respectively), via PSTN 40 and telephone line 78,
to trade execution computer 70. Through this modem
connection, any of these or more of these brokerage
firms can download any trade order file that has been
posted to its page on the electronic bulletin board 75.
Once such a file has been downloaded into the
appropriate order execution system at the designated
brokerage firm, the order is suitably executed. Once
the designated brokerage firm has executed a trade
order, that brokerage firm uploads an appropriate
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25 If, for any security, SECURITY

;atisfied, t hen

i.e. acurrent trade, in that s a&%gg
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e conditions are
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security trade wll |y be issued in round |ots,

in lots of 100 share multiples, block 925 then rounds
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confirmation message, again as a computer file, onto
the bulletin board to confirm execution of the trade
order. This confirmation message is downloaded, in
turn, by trade execution system 70 for review and later
reconciliation, by accounting computer 80, against

issued orders.

Alternatively, trade orders can also be
placed through the NYSE Super DOT system. This avenue
provides cost-effective execution for relatively small
blocks of shares, but only for those securities that
trade on the NYSE. If this avenue is selected by the
analyst for a given trade order, trade execution
computer 70 appropriately converts the trade order into
an appropriate format required for DOT execution and
then routes the order so formatted, as a message, to
NYSE DOT System 110 for execution. To do so,
computer 70 establishes a modem connection, via
dedicated line 98, to DOT computer 102 at a brokerage
firm, here firm 100, that participates in the Super DOT
system. Though, for ease of understanding and
discussion, DOT computer 102 is shown separate from any
of brokerage order execution systems 130, in practice,
this DOT computer can be implemented as part of any of
these order execution systems. Once this order is
electronically transmitted, as a message, to DOT
computer 102, this computer, in turn, electronically
transmits that order, via dedicated line 107, to Super
DOT system 110 itself. Within system 110, the order is
first routed to SIAC (Securities Industry Automation
Corporation) computer 112 which, in response thereto,
either accepts or rejects the order. Based on whether
the order is accepted or rejected (typically because a
security in the order dees not trade on the NYSE) by
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t he cal cul ated nunber of shares to be traded to the nearest nmultiple of 100
shares, using a centering vari ~L..__This variable specifies the band,
10 relative to the mddle of TRgYs IR Share—tgt, at which a share
quantity will be rounded to th nextgﬁ@§glé§$%ﬁN This variable, which is
predefined for any given accoul = yerally caenstant therefor will be

i ncr éased | WO9T2%6i ons where a | ow cash bal ance 'exi sts 1§CT’Usgan9wl9he

account in order to permt the cash control node to properly converge. In
t hose instances where the current propot47on exceeds the target proportion,
then the trade is a sell with the nunber of round |ots given by: 20

the Super DOT system, SIAC computer 112 generates a
suitable acknowledgment or rejection message, and
transmits that message back to DOT computer 102 at

participating broker 100. This computer, in turn,

5 transmits this message back through dedicated line 98
to trade execution computer 70 for subsequent use
thereat. For those orders that are accepted,
computer 112 parses the trade order into an appropriate
buy or sell order for each different security listed

10 therein and generates a suitable transaction (i.e. buy
or sell) message for each such different security.
Computer 112 then routes these messages to common
message switch 115, which, in turn, routes each such
message to an appropriate station, on a trading floor

15 of the NYSE, which is manned by a "floor specialist"
who makes and manages a market in the corresponding
security. Eligible trades are matched and executed by
the specialists in accordance with NYSE rules. All
orders, whether through the Super DOT system or other

20 on~exchange avenue(s), for any security traded on the
NYSE are ultimately routed through a floor specialist
for that security. Inasmuch as the NYSE utilizes a
significant number of specialists, some of whom make
and manage markets in just one or more than one traded

25 security, these specialists are denoted as
specialists 120 with individual floor specialists 120,,
120, ..., 120,. The stations (though not specifically
shown) utilized by specialists 120 are connected to
common message switch 115 through lines 118,

30 specifically lines 118,, 118,, ..., 118, for
specialists 120, 120;, ..., 120,, respectively. Orders
for those specific securities that have formed part of
a trade order but could not be traded through the Super
DOT system are executed by participating broker 100.
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[err] Alternatively, where the current proportion is less than the target
proportion, then the trade is a buy=25 with-the nunber of shares, in
nunbers of round lots, given by: [ r'ﬂLI]IS SHEEPRAS@IER 1,he nunber of shares,
in terms of round Iots, has been cal cul &tmgactEne act yal nunber of shares to

be traded is ed sinmply by’ FR—t er of pbvtussdraidoe
traded by 100%;7/2%7Ferr] = [err] x 100. Wth

-23-

For each of these orders, broker 100 generates an

appropriate confirmation message and routes that

message back, via dedicated line 98, to trade execution

computer 70 for subsequent reconciliation by accounting
5 computer 80.

Apart from use of the bulletin board and

Super DOT trading avenues, trade orders can be placed
directly with a given brokerage firm which, in this

10 case, acts as a principal. This avenue, referred to as
a2 "principal trade", is generally selected by the
analyst for trading larger blocks of shares than
through either bulletin board or Super DOT system.
Once the analyst has selected a principal trade for a

15 given trade order, computer 70 establishes a modem
connection, via line 78 and PSTN 40 and lines 135, to a
desired brokerage firm. Once this connection is so
established, a conventional so-called "trade
statistics" package is transmitted, as, e.g., a

20 message, directly by computer 70 into the order
execution system at that brokerage firm. Such a
package is directly transmitted, in this fashion, to
several different brokerage firms for competitive
bidding thereamong. Once each of the brokerage firms

25 receives the package, an appropriate employee (s)
thereat analyzes the package and, if the brokerage firm
is interested in executing the package, telephones a
voice message to the analyst with its single bid, i.e.
on a total cost basis, for handling the complete

30 package. The analyst then appropriately reviews and
analyzes these bids, selects a winning bid and so
notifies the associated “winning” brokerage firm
usually by telephone. Thereafter, the analyst posts a
file containing all the actual individual trade orders
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5 this share quantity determined, execution then exits from bl ock 925
and is routed to block 940. If the cash in =2 at her than dynam c
rebal anci ng, node is to occur (i.e then no trades will

be executed through block 925 for uch 10 trades
-/

governed by executlng cash control Lo —as di scu tal
bel ow, upon W2 B3t i on of currentl Xecuti ng rout| ne 903’%&83‘2%(&

handl es each of those securities 15 whi ch have a zero target propprtion
and a positive current proportion (i.e”2ferr] equals zero, but [err] is
both greater than zero, respectively), is not posted ([err] is zero) and

ot proscri bedyeril, £5 Ber Sledihd, OhrtLAlcA" end AR istsAgt Pending. I

this case, the entire
package represents, onto the page of the electronic

bulletin board for the winning broker. That broker,

through its order execution system, retrieves this file
5 and then executes, to the extent it itself can, all the

individual orders listed therein. Those individual
orders which that brokerage firm can not fully execute
internally, for whatever reason, are executed by that
broker through alternate avenues. While the market is

10 open, these alternate avenues for such an order
include, e.g., routing that order to the station of the
floor trader at NYSE trading floor for that brokerage
firm who then, in turn, presents the order for each
security being traded to the floor specialist for that

‘15 security in an attempt to match the trade with an
opposite party and hence execute the trade. As such,
the order execution systems at the brokerage firms are
connected, via collectively lines 133, to the NYSE
trading floor, with specifically order execution

20 systems 130,, 1303, ..., 130n connected by lines 133,
133, ..., 133, to appropriate trading stations located
on the trading floor. Once the brokerage firm execut=s
the trade order, that firm posts a file, to electroni:z
bulletin board 75, which specifies those individual

25 trades within the trade order that have been executed.
This file is subsequently accessed, from bulletin
board 75 and via LAN 77, by accounting computer 80 for
subsegquent reconciliation.

30 A further trading avenue involves so-called
off-exchange trading. This avenue utilizes so-called
crossing networks 90, of which Instanet system 92 and
POSIT system 94, are two examples of such networks.

Each of these networks receives buy and sell orders
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20 position in that security is to be sold. This scenario includes
those securities that have beenpek=mFratet—fromLne i ndex. Therefore, to
elimnate the entire position i ‘ﬂﬁéfﬁﬁﬁﬂﬁfﬁygggiakk 930 sets the anmount of
that shares to be traded, speci icallﬁ%ﬁb&kﬁLLﬂ” at 25 security, i.e.
[err], equal to the entire posi “therein. I nasnuch as thgcrHesgbidby i S
not proscribéﬂ9gyF@E% 930 also sets the trade type indicator, [err], for

this security to "0" to signify this con Egion. Thereafter, execution is
routed, via paths 933 to 30 bl ock 940:

electronically transmitted directly from interested
parties who are connected to that network, matches the
buy and sell orders for each security at each different
price level and executes the orders thereamong and

5 returns appropriate confirmation messages. Generally,
this avenue provides cost-effective trading for
relatively small blocks of shares. These systems,
which by-pass any exchange, can accommodate nearly any
security. If this avenue is selected by the analyst,

10 computer 70 establishes a modem connection, via line 78
and PSTN 40, to the selected crossing network, such as
through line 91 to Instanet system 92 or via line 96 to
POSIT system %94. Once this connection is established,
computer 70 transmits a properly formatted message for

15 each security to be traded which specifies, inter alia,
the name of the security; the type of trade sought,
i.e. buy or sell; the number of shares involved; and
the price at which the trade is to be executed.
System 92 or 94, depending upon which 1s used for a

20 given trade, will issue and transmit a message back
through PSTN 40 to computer 70 confirming which trades
have been executed, and after a trade has been pending
for a given amount of time, which trades have not been
executed. Trade confirmation messages are routed by

25 computer 70 to trade generating computer 60 to
expeditiously update the data, specifically the current
portfolio holdings, locally stored therein. 1In
conjunction with appropriate instructions issued by the
analyst, those trades, that have not been executed by

30 the corresponding crossing network to which that trade
has been posted, are re-formatted by computer 70 and
posted as a trade order to bulletin board 75 for
execution as an agency trade. .
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-63- Bl ock 940, for each of those securities where a non-zero anount of

shares is to be traded but the trade would result in a short sale,

i.e.
where [err] < [err], sets the a s to be sold to equal the 5
entire position therein, i.e. | ﬂHE?SHfoHksE,” after, execution
proceeds to bl ock 945 whi ch updat es, b@@ed:yg current trade | ust
det er m ned, WOHB2¢3% rent cash baranceianthe.ascoun and 18CTUS2MI ¢y ent

portfolio val ue. Specifically, block 945 updates the cash bal ance by first
calculating the total cost, y, associat?d with the current trade.

is illustratively cal cul ated as being t he assuned tradi ng cost ($
.15/ share) multiplied t%héé] qunber
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trades, for a given portfolio
rebalancing operation, have been executed during a
given trading session, by whatever avenue(s) are
selected, these trades are automatically verified,
typically after the markets have closed for that
session. To verify trades, trade confirmations are
also sent by each of the brokerage firms involved as
well as the off-exchange trading systems to trade
verification system 140 (which executes at Depository
Trust Corporation). System 140 matches each side of a
trade, either the buy or sell, with the other side,
and, in so doing, flags all mis-matched trades for
subsequent resolution by the party(ies) involved.
System 140 then generates appropriate electronic
reports. Such a report, for each different portfolio
managed by system 65, is electronically sent, via
line 146, directly to accounting computer 80 for use
during subsegquent account reconciliation.

In particular, to verify trades, system 140
is connected, via lines 93, 95, 144 and 142 (formed of

individual lines 142,, 142, ..., 142,), to Instanet

system 92, POSIT system %4, participating broker 100,
and brokerage native order execution systems 130
(specifically order execution systems 130;, 130,,
130,), respectively.

. sy

For all verified trades, system 140 also
supplies, typically on a batch basis for all trades
that occurred during an immediately prior market
session, appropriate transaction information to
appropriate transfer/disbursing agents, and
specifically to database and accounting systems 150

thereat. This information permits these agents to
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15 shares to be traded. Oher cost netrics, such as a flat or sliding
fee, can be used instead, if and wh ate__Once the trade cost is

determ ned, the current cash bal anc SSE@@{?Z:@qu ted as sinply the

orher26  firaded multiplied by
their price pghosthdse | ess the tradecoStrtastky i por t POIUSIERH6E, V,

I s updated by sinply subtracting the trade cost, y. Each trade so generated
is then inserted by block 945 as an entrysin a trading list. 25 Once this
occurs, decision block 950 executes to determ ne whether all securities in
the set have been selected, i.e. whether the current value of index

update their shareholder records to properly reflect

TK)

changes in share ownership for each of their client
organizations that occurred during this prior market
session. Inasmuch as different issuers utilize

5 different transfer/disbursing agents, trade
verification system 140 routes cleared trade
information, via lines 153 and specifically lines 153,,
1532, ..., 1533, for each security to the appropriate

.., 1504 at

10 the transfer/disbursing agents for that particular

database and accounting system 150,, 150;,

security. For those securities that pay a dividend,
each of the transfer/disbursing agents, specifically
database and accounting systems 150 thereat and in
response to electrenic payment instructions received

15 over lines 157, disburses dividend payments to the
appropriate shareholder accounts. Inasmuch as
custodial bank 150 holds all securities and cash,
typically in electronic form, in each portfolio being
dynamically managed by system 65, database and

20 accounting systems 150 provide messages containing
dividend payment information, wvia lines 155,
specifically lines 155,, 155;, ..., 155; from database
and accounting systems 150, 150, ..., 150j, to
custodial bank 160. With this information, custodial

25 bank 160 updates the cash balance in each such
portfolio to reflect the payment of dividends.

Furthermore, accounting system 80 verifies
trades in the portfolio based on confirmation messages
30 trade execution computer 70 has received during the
immediately prior market session. System 80 then
transmits, via lines 82 and 165 and PSTN 40, a file,
containing information specifying verified trade

executions, to custodial bank accounting system 160.
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variable i equals the value of variable m If a 30 security in this set
remains to be selected, then decision block 950 routes execution, via NO
pat h 953, _64- to block 960. This latter block increnments the current
val ue of index variable i by onejs. ai.nt .to a next successive
security in the set. Execution t 4:@@9; &7 bagks: & path ck 915
to appropri JQ@PYR2E7S process ti :T seagrzﬂ@g&ar%\l o) fortﬁp%/%g?e&rajﬁggtlvel Y,
if all the securities in the sethavesess=sa-preetssed, then execution
exits fromroutine 900 via YES path 95728~

System 160, based on the file received from accounting
system B0 and trade information independently received
from trade verification system 140 via dedicated
line 163, compares this information to properly

5 corroborate the trades and detect any mis-matched
trades.

A file containing fully verified trades,

mis-matched trade information and current cash

10 balances, is provided by custodial bank accounting
system 160, via a modem connection through lines 165
and B2 and PSTN 40, back to accounting system 80. This
file is used by accounting system 80 to: (a) update the
current portfolic holdings to reflect matched trades;

15 and (b) initiate, with appropriate human intervention,
a resolution of each mis-matched trade. Updated
portfolio information, specifically all current stock
positions and cash balance, is then stored within trade
generating computer, specifically dynamic portfolio

20 management system 65 thereat, for use during the next

successive dynamic portfolio rebalancing operation.

Once trades have been verified and mis-
matched trades rescolved, to the extent possible,

25 custodial bank accounting system 160 establishes a
direct connection, via line 163, to trade verificaticn
system 140 to settle the matched trades by authorizing
appropriate transfer transactions in the accounts of
the associated transacting parties. Though only one

30 custodial bank accounting system 160 is specifically
shown, system 65 can dynamically manage several
different portfolios, each being held by a different
custodial bank. 1In that case, database and accountirg
systems 150 would route appropriate dividend
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emanating from deci sion block 950. 10 e. Cash Control routine
1000 A flowchart of Cash Control r uﬁuﬁeTfGBG»+Srtﬁ£+ect|ver depicted in
FI Gs. 10A and 10B; the correct alignne ;fiﬂ%ﬂSEﬁBNM ng sheets for these
figures is 15 shown in FIG 1 $Eibove, !thIS routi ne generates
appropriate ”ﬁg“?’? o invest any excess cas ‘ then betrsssnodshe
account. This™ I'ne is executed during both the dynam c rebal anci ng and
cash investment nodes. 20 Upon entry intggoutine 1000, execution proceeds
to block 1005 which sets a "trigger cash proportion” variable, [err],
appropriately. This variable

information toc each of the custodial banks reflective

of their current holdings, with each of these custodial
banks separately clearing trades, that involve its
holdings, through trade verification system 140.

For simplicity, I have intentionally omitted
details of the computerized order entry and trading
mechanisms used on all exchanges other than the NYSE,
and have very generally represented the trading systems

10 for the NASDAQ and American exchanges, as NASDAQ system
170 and AMEX system 180, respectively. The omitted
details, which are all conventional, and their proper
integration into system 5 will be readily apparent to
anyone skilled in the art.

15

FIG. 2 depicts a high-level block diagram of

the hardware components that implement computer system
50 and particularly trade generating computer 60
therein, as shown in FIGs. 1A-1D. As shown in FIG. 2,

20 system 50 contains trade generating computer 60 - which
directly implements my present invention, trade
execution computer 70 and accounting computer 80.
Inasmuch as trade execution computer 70 and accounting
computer 80 have already been discussed in sufficient

25 detail for purposes of the present invention, I will
omit any further discussion of these two computers and
turn to trade generating computer 6C.

Computer 60, which is preferably a specially
30 programmed workstation or personal computer, comprises
input interface (I/F) 210, processor 220,
communications interface 230, memory 240 and output
interface 250, all conventionally interconnected by
bus 260. Memory 240 generally includes different
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signifies when, given the presen 1
processed, cash control is to be\[pauntavisd Ho ccount. Specifically,
if cash control is to solely exe ut ed, HEPRACH he cash i nvestnment node
and in the absence of dynam c rehglanet Such as woul d occur as a result

of a cash 30 I nf usi on resulting from di vi dend paynent %) e
variabl e [ VPPN d have been set, as described above, cf“rné E’ggﬁgcution

of initialization block 605 in Main -65- Program 600 (see FIGs. 6a-6C),
to zero. In this case, -30-

tthe 25 account being

modalities, such as semiconductor read only memory
{ROM) and random access memory (RAM) 244 and disk based
storage {and appropriate interface) 248, and
collectively stores an operating system (0/S) and

5 application programs. The specific software modules
and accompanying data that collectively implement the
inventive dynamic portfolio management system reside

within the application programs, as shown in FIG. 3 and
discussed in detail below.
10

Incoming data, particularly current share
price and share price changes provided by the satelli-ze
receiver and other sources, including S & P 500 data,
are provided via lines 12 and 66, respectively, to

15 computer 60, and particularly to input interface 210
therein. This interface contains appropriate circuitzy
to provide the necessary and corresponding electrical
connection, e.g. direct or modem interfaces required to
physically connect and interface each differing source

20 of input data, to computer 60. In addition, input
interface 210 electrically connects and interfaces user
input device 290, such as a keyboard and mouse, to
system 60. Display 270, such as a conventional
monitor, and printer 280, such as a conventional laser

25 printer, are connected, via corresponding lines, to
output interface 250. Output interface 250 provides
requisite circuitry to electrically connect and
interface the display and printer to system 60.
Accounting computer 80 and trade execution computer 70

30 are both connected, through LAN 77 and via
communications interface 230, specifically a network

adapter therein, to computer 60.
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the trigger cash proportion is set to the cash investnent trigger
proportion, [err], which as discusges—above is currently set to
illustratively 0.2% of the 5 c rm.@t ,,i[ﬁiﬁliAé)E"gT Jli o val ue.
Alternatively, if cash control is ot tOnbﬂL§@%§ é formed, i.e. the
program executidgydofhst he dynani c resa : n t he poriuggsnasvash
proportion is set to the cash nalntenance proportlon ~which as discussed
above is illustratively 10 .02% of theg current portfolio value. Once
bl ock 1005 has execut ed, execution proceeds to decision block 1010 to test
the current cash balance in the account with respect to the trigger cash
proportion multiplied by ttheopetatiqrmyr tthel dgnumaidepotdffdliics bal ance is

positive 15 &%ﬁadéﬁ%%ttQ?Qtéﬂeiérgé¥¥%ai%%§9ypé cuéééN]usu &lglled by

during market hours, to: analyze current changes in

share price and current S & P composition and

5 weightings, calculate new positions in each security
held in the portfolio and issue appropriate market
trade orders to appropriately update the portfolio
holdings to reflect these new positions. The portfolio
management system can be executed on any periodic

10 basis. Based upon the total shares contained in the
portfolio for each different security and the attendant
transaction costs (i.e. trading ticket charges) -
which, on the margin, decrease substantially as larger
share blocks are traded, the management system may be

15 run either weekly, for portfolios that contain a
relatively small position in each different security,
or more often, such as daily, hourly or at even shorter
intervals as the size of the portfolio increases.
Inasmuch as my inventive management method favorably

20 accounts for market volatility which increases with
shorter sampling intervals, increased performance will
likely occur with increasingly shorter trading
intervals for correspondingly larger portfolios. The
interval can be set through an appropriate timer,

25 slaved to a real-time clock, in the operating system.

An analyst stationed at computer 60 can
select a particular trade avenue for each trade order
as well as set parameters and supply other user

30 information, or through appropriate mouse-based user
selection enter queries to obtain current portfolio
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the account value, then this balance is wgﬁ,;ﬂ al l owabl e cash limts.

Hence, execution exits fronlLQuktﬂe:TE*
deci si on bl ock 1010. Altern tﬁMgJS"HHH.
trigger cash proportion nmult plle@'

€ casfi bal ance exceeds 20

5%%E§N S path 1012 enmanating from

t he

unt val ue, then the account

contai ns excess _cash. Hence, n bl ock 1012 routes eE@ﬁHEFQRM9VIa NO
path 1014, VO BRWk 1015. This latter block initializes thé value of index
variable i to one. 25 At this point, execution enters a | oop containing

bl ocks 1020, 1025, 1030 and 1035 to cdl¥n ate a renai nder trade,
each security in the account, i.e. in SECURI TY_SET. A renui nder trade

10

15
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and/or market information, through appropriate commands
entered via device 290 and in response to a program
icon or selection menu appearing on

display 270.

Inasmuch as the specific hardware components
of system 60 as well as all aspects of the software
stored within memory 240, apart from those modules that
implement the present invention, are conventional anc
well~-known, they will not be discussed in any further
detail.

B. Software and Supporting Equations

1. High level overview

FIG. 3 depicts a high-level block diagram of
the software (computer executable instructions)
resident within memory 240 and executing within trade
generating computer 60,

As shown and in pertinent portion, these
programs include operating system 310 and application
programs 320, the latter containing inventive dynamic
portfolio management system 65. System 65 is formed of
management program 330, which itself collectively
contains main program 600 and routines 700, 800, 900
and 1000 (which are shown in FIGs. 6A-6C, 7A and 7B, 8,
92 and 9B, and 10A and 10B, respectively, all of and
described in accompanying text below). Currently, with
trade generating computer 60 (see FIG. 2) implemented
on a personal computer, operating system 310 is
illustratively a DOS based operating system, such as
MS-DOS (Microsoft Disk Operating System available from

This Sheet Has

e

[err],

for



30 I s an anount of each securit
to consune or raise cash. Once 4
one or nore of the -66- trad '"i?@éﬁahﬂM be selected, in
seriatim to consune or raise a TESACED needﬂd to make the cash
bal ance in tRgggagsewnt, on a proportionate basis, positive MIUSKFRH6Y han
t he cash mai ntenance proportion, 5 C. Specifically, upon entry into
this | oop, execution proceeds to block 1830 to sel ect the next

in the portfolio that could be traded
Fa#?s have been cal cul at ed,

the Microsoft Corporation of Redmond, Washington), with
application programs 320 being written in the C
Programming language and compiled, under a Microsoft C
compiler, for DOS execution. My present invention can

5 be implemented in any one of a wide variety of
different programming languages and hence can be
readily adapted for execution under any one of many
different operating systems, based on the computer
system chosen to implement trade generating

10 computer 60.

Incoming share prices, share price changes
and S & P 500 information (composition of the index
and current shares outstanding), supplied to dynamic

15 portfolio management program 330, are collectively
symbolized by line 305. The resulting trade orders
generated by program 330 is symbolized by line 340. 1In
addition to programs 330, system 65 also includes
accompanying stored data 325. This data, residing on

20 fixed disk storage within memory 240, contains current
portfolio holdings, in terms of, e.g., the names of
each security held, the number of shares outstanding
for that security, a current cash balance, and various
predefined parameter values. Input to data 325, in the

25 form of a cash balance and trade results, is
collectively symbolized by line 308. Data 325 is
illustratively stored in ASCII based files (effectively
implementing a data base) with appropriate conventional
programs used to download the incoming market data,

30 from the satellite receiver, and the S & P 500 data,
from the S & P information server, and update these
data files accordingly. Furthermore, accounting
computer 80 also updates the portfolio data in a
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successive security in SECURI TY-SET, i.e. SECURITY(i). 10 Once this has
occurred, execution proceeds ?F ag —toal culate a remai nder trade
I's

for this particular security. nﬁ%égg BFENr lade, [err], is initially

cal cul ated as the target pro Ls _seeurity, [err], nultiplied by
t he account value, V, less the 15 current share pricep. &f this
security muMAPRRY¥8 by the nunber of shares, [err], held Pht |s securlty
Thi s remai nder trade will be set to zero if any of the follow ng conditions
Is satisfied for this security: (a) t hed34unber  of shares that has j ust been
cal cul ated 20 to be traded, [err], is non-zero; (b) the current

proportion is co%ﬁ,%ntt*;sﬂamﬁa&fg,)g%@lr QRTELER ARthd NG AALE 1BR! C&s 1S bel ow

t he m ni mum buyi n
described above.

2. Process diagram

FIG. 4 depicts process diagram 400, which
shows various high-level operations that, within the
context of system 5 shown in FIGs. 1A-1D, collectively
implement my present invention.

10

As shown, the present invention utilizes six
distinct high-level operations: 410, 420, 430, 440, 450
and 460. Information incoming from external market
sources, such as the real-time market gquite satellite

15 feed and the S & P 500 information, as symbolized by
lines 403 and 406, are first obtained from these
sources through operation 410. The resulting market
information is then provided as input and as symbolized
by line 415 to operation 430. Operation 420 accesses

20 locally stored portfolio data, including both current
security holdings and cash balance, and also applies
this stored data, as symbolized by line 425, as another
input to operation 430. Based on the market data and
stored portfolio data, operation 430 determines the

25 appropriate weighting for each security then in the
portfolio to properly rebalance the entire portfolio.
As a result of this operation, operation 430 issues
appropriate trade orders, as symbolized by line 437, to
either buy or sell securities, as much as necessary, in

30 the portfolio to effectuate the rebalancing. Once the
trade orders are issued, process 440, currently
implemented manually by an analyst working
interactively with trade execution computer 70 (see

FIGs. 1A~1D), as discussed above, will analyze each
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It is proscribed or is posted or already has a trade pending therefor. 25

Once bl ock 1025 has conpletely qFEEHFEH:F@:geﬂet&g an appropriate
remai nder trade for SECURI TY(i),| dBE Siioi BASGEAORO executes to determ ne

whether all securities in the set_havEEbesGeel ectfed, 30 i . e. whether
the current val gﬁzzﬁ)';s i ndex variable i equars | ue of warThabéméem |f a
security in il -67- set remains to be selected, then decision block
1030

~35-

trade order to determine the proper avenue for its
execution and will place that order accordingly for
off-exchange trading (either through the Instanet or
POSIT systems), a principal trade, an agency trade

5 (through electronic bulletin board 75 shown in
FIGs. 1A-1D and discussed above), or through the NYSE
Super DOT system - with these alternatives symbolized
by lines 442, 444, 446 and 448, respectively. The
stored portfolio data will be updated, as symbolized by

10 line 433, to reflect a list of pending trades resulting
from operation 440 such that a particular trade will
not be erroneously re-issued. Once the trade has been
appropriately placed, that trade is executed (or at
least execution is attempted) through process 450.

15 Once the trade has been executed, specific trade
information, as to whether the trade order fully or
partially executed and what particular positions were
traded and the specifics therefor and symbolized by
line 455, are applied as input to accounting

20 operation 460, which includes trade verification. The
output of operation 460, in the form of a cash
position, verified trades, mis-matched trades and other
error conditions, is used, as symbolized by line 465,
to update the locally stored portfolio data

25 subsequently accessed by operation 420 during the next

portfolio rebalancing operation, as so forth,
3. Dynamic portfolio rebalancing equations

30 In accordance with my inventive teachings, I
have recognized that, for a portfolio, Y, such as an
index fund, that holds a pre-defined universe of
securities which collectively forms a capitalization
weighted index, such as the S & P 500 index, by
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routes execution, via NO path 1032, to block 1035. This latter bl ock

I ncrements the current value of index variable i by one in order to point

to a next 5 successive security in the set. Execution then |oops back,

via path 1038, to block 1020 to a Tatery= s that security, and so
i fiAS BRENS

forth. Alternatively, if all the ties t hav
processed, MWRH/2Ecution proceed éﬁ%‘l‘%ﬁpbl oc E1040,P%§%@10
5§ point, execution

path 1034 emanating from deci sion bl ock 1030.
enters a |l oop containing blocks 1040, 18%s5, 1050, 1055, 1060 and 1065 to
select the |largest remainder trade(s), in seriatim 15 to, e.g.,

consune al | {hg, exeess GAYN. kit HA 1dhd 18552880 PR A0, Tald g 0t hi n the

cash mai nt enance
in the portfolio in a manner proporticnal to a

non-constant function of current capitalization weights
of the securities in the index, then, for appropriately

5 selected functions, the resultant return generated by a
portfolio will consistently and reliably outperform
that of the index itself.

In particular, given current capitalization
10 weights, W,, Wz, ..., W, of a capitalization index, such
as the S & P 500 index, I have recognized that if a
"generating" function S = S(W,, W, ..., W,) is a twice
continuously differentiable non-constant function of
these weights, then each security in the portfolio, Y,

15 should have a weight, V;, given by equation (1) below.

D.S(M W) n W,D;S(7 )
Vi _| 1°7°2 nl o q_ J 7 Wx (1)
Sbﬂ,ﬂ&,m,w;) Jj=1 S(Wbﬂé,"qw;)
fori=1, ..., n,
20
where: D; and D;j are partial derivative operators with
respect to the i¥! and & variables, i.e. here with
respect to variables Wi and W;, respectively.
25 In this case, equation (2) holds as follows:
Y
dln Z =dlnS + @ dt (2)
where d 1n (Y/Z) represents the relative performance of
30 the re-weighted (dynamically managed) portfolio Y
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proportion, C, multiplied by the
| oop, execution 20 first proa

count value. In particular, within this

.ock 1040 to test

whet her the cash bal ance, K, is QFHéﬁéﬁéuB t he cash mai nt enance
proportlon C, multiplied by the Fzéku@. | f #the cash bal ance is
positive but gsfdbfan this naintenance proportiom=ul ti pl i BIIABPERIEES
account 25 value, then no further trades need to be issued to consune
cash. Accordingly, execution exits from.ggutine 1000, via NO path 1042
emanating from deci sion block 1040. Alternatively, if the current cash
bal ance, K, as a result of a prior iteration through 30 this loop, is
negati ve or greatesutédreddimstaperfarmémeance prfopbet index Gtsuilfsi plied by
the account d ln S represents a logarithmic change in the

generating function S; and © measures a rate of

differential relative performance between the index

5 itself and the dynamically managed portfolio Y. This
differential performance is affected by dividend rates
of the two portfolios, the volatility of these two
portfolios, and "leakage™ of stocks from the index,
i.e. stocks which were eliminated from the index itself

10 because their market capitalization sufficiently
decreased. I have found that excellent performance
occurs where a function that measures diversity of
distribution of capital among the stocks in the index
is employed for generating function S. Such a

15 diversity based function is typified by entropy or a
diversity based measure, Dp, as set forth below in

equations (3) and (4), respectively.

n
S(Wl,Wz,...,Wn)=—_ZW,.Ian. (3)
i=1
20

n
= pilp
S(W] W, Wn) = .Z]Wi (4)
=

For values of diversity exponent p in the range of

0 < p <1, both generating functions produce portfolios
25 characterized by reliably positive values of @ and

stable values of ln S. Furthermore, the generating

function D, shown in equation (4) possesses an

advantage of being parameter dependent and adjustable.

As discussed in detail below, both equations are

30 appropriately used in my preferred embodiment. Through

This Sheet Hag Been

T



val ue, then decision block 1040 routes execution, via -68- YES path
1044, to block 1045. This latter bl ock determ nes the anount of excess

portfolio cash, D, that needs to sggg%:g%?igised (in the event this
Jhil$ susi-pp . determi ned as being the

paranmeter is negative). Excess W 2
current cash balance, K, in the ccoumtpkgé'bﬁﬁ%Nc sh "ai955p§ﬂéﬁm

proportion, WeI7Rtiplied by the of flhe acclGRP " ™*¥nce this
determ nation is made, execution proceeds to bl ock’ 1050 to sel ect the

particul ar remainder trade to -38

empirical analysis, I have found that setting the value
of exponent p equal to .76 produces a portfolio that
consistently yields, over a simulated 16 year test

interval - as discussed in detail below in conjunction

n

with FIGs. 11-13, an annual return that exceeds that of

the S & P 500 index by approximately 40-50 basis
points (bp).

For my detailed theoretical analysis in

10 support of these equations, the reader is referred tc
my following papers: "On the Diversity of Equity
Markets", Enhanced Investment Technologies, Inc.,
(© 1995, 1996, Intech, Princeton, New Jersey);
"Leakage in Dynamic Index Portfolios™, Enhanced

15 Investment Technologies, Inc.{(® 19%6, Intech,
Princeton, New Jersey):; and "Dynamic Index Portfolios
and Equity Market Stability", Enhanced Investment
Technologies, Inc., (® 1995, 1996, Intech, Princeton,
New Jersey) which are all incorporated by reference

20 herein and which are the subject of my co-pending
United States provisional patent application entitled
"Automated Investment Portfolio Construction™, serial
number 60/021,116 filed July 3, 1996. An earlier
version of the first paper, which is also incorporated

25 by reference herein, is the subject of my earlier filed
and co-pending United States provisional patent
application entitled "Automated Investment Portfolic
Construction”, serial number 60/008,698 filed December
15, 1995. 1In addition, for additional supporting

30 theoretical analysis, the reader is also referred to my
following paper: "Dynamic Equity Indices", Enhanced

Investment Technologies. Inc. (© 1995, 1996, Intech,
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10 I ssue as a trade fromthe set of remainder trades that has just been
determ ned. If the excess cash is positive, then the particular renainder
trade that is selected fromthe —wWoichyl Invol ves the | argest
security purchase, in nonetary t P t he excess cash

bal ance is ng\&h | g@ I ndi cating t| he rai segrnsbessdohe
particul ar 1 F trade that |s=seFe rom the set of remainder
trades is that which involves the Iargesigsale again in nonetary terns.
The amount of the resulting selected 20 remai nder trade, denoted [err],
I's then adjusted through execution of block 1055. In particular, in the

event this renmsidRietbhadRenosd the30N)SWRECADLS 41ed il eratedcBgh, then

this bl ock reduces this genalnder trade to
rererence ereain.

e——— )

4. Dynamic Portfolio Management Main Program and
5 routines called thereby

Prior to discussing my inventive software in
detail, i.e. the main program and its attendant
routines, the reader is directed to FIG. 5 which

10 defines those variables used in conjunction with this
software. For easy reference, these variables are
grouped into four classes: global parameters 510,
variables 520 that pertain to a given portfolio
(account), variables 530 that pertain to each

15 individual security in the S & P 500 index, and
variables 540 that pertain to each security in a given
account. To facilitate understanding, the reader
should simultaneously refer to this figure throughout
the ensuing discussion of Main Program 600 and

20 routines 700, 800, 900 and 1000 {collectively shown in
FIGs. 6A-10B). Each of these variables will be
discussed in detail when it first arises during the

ensuing discussion.

25 a. Main Program 600

FIG. 6 depicts the correct alignment of the
drawing sheets for FIGs. 6A-6C;

30 A high-level flowchart of my Main Program 600
of my inventive Dynamic Portfolio Management System is
collectively depicted in FIGs. 6A-6C; the correct
alignment of the drawing sheets for these figures is
shown in FIG. 6.

This Sheet Has B Replaced

iy



consune just this anmount of cash. Thereafter, 25 execution proceeds to
bl ock 1060 to determ ne the nunber of shares to be .traded through this

particul ar renmai nder trade. This e s BEE ilnitially cal cul ated

t hrough equation (9) as foll ows: ?%HEE? B%ﬁ%e this nunber is

determ ned, then the remainder t ijLiEE_Emkézﬁﬂﬁﬂagty, [ err s set
equal to zeP@‘»t’GZQ?ﬁl m nate any remai nder trade for this sé’gﬁﬁ%?ﬁﬁlm}@om

further selection. Thereafter, if the rggalnder trade,

——

Upon entry into Main Program 600, execution
first proceeds to block 605. This block, when
executed, determines by virtue of the state of two
user-settable flags, i.e. a "rebalancing" flag and a

5 "cash investment mode" flag, which of two portfolio
management modes are to be currently performed.
Through the rebalancing mode, weights of each security
in the portfolio are re-calculated and the portfolio
holdings dynamically rebalanced with resulting issuarnce

10 of appropriate market orders. Alternatively, through
the cash investment mode, transactions are generated to
consume excess cash {e.g. large cash inflows) in the
portfolio that may have arisen as a result of recent
dividend payment (s} and/or security sales without

15 sufficient offsetting purchases. Variable M is set to

one if rebalancing is to occur; to zero otherwise, i.e.
cash investment is to be executed.

Thereafter, execution proceeds to block 610,

20 which through block 615 executed therein, performs
various initialization operations, specifically reading
various predefined and stored limit values and setting
various threshold values. The numeric and illustrative
values which I currently use are set forth in

25 parentheses. 1In that regard, an assumed trading cost
variable is set to illustratively $ .15/share to
reflect ticket (brokerage) charges. This charge can be
set to a lower number, or an appropriate function of
share volume to be traded, in order to accurately

30 reflect marginal cost decreases for transactions
involving increasing numbers of shares. A large price
change threshold is set to illustratively 10%, i.e. a
large price change flag for a given security is set

whenever a share price change of more than 10% is
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5 when conbined with the nunber of shares currently in this security,
would result in a short sale, i.e. the remainder trade involves a sale of
nore shares than currently held in th| 1.e. [err], then the
nunber of shares to be sold throygir 10 r emai nder trade,
[ [err], is reduced to the nu antly h ade
type for thi V@PURETS [err], is s Tt this f‘ﬂrd;}éues-fgg-tgf cash
control trade. Once block 1060 has fully, executed to conplete the
generation of the appropriate renalnder”fg trade, then execution
proceeds to block 1065 to update the portfolio value and cash bal ance to
reflect this regatpdesqtfade chapeabti €ahd yrebtallca%lﬁe%ca@ﬂ@é&s the cash

bal ance by first calculating the total cost, [err
large share price change threshold is' set to

illustratively 20%, i.e. a large share change flag will
be set whenever a trade order issues to sell more than

5 20% of the shares currently held in any one security in
the account. A minimum trade size, WV, as a percent of
current holdings, is set at illustratively .01%, i.e.
trades in a security will not be executed for less than
.01% of the portfolio value. A minimum buying price

10 variable, P, at which a security will be bought is set
to illustratively $ .0l1. A variable, C, will be set
to illustratively .02% to reflect the maximum amount of
cash, as a percentage of total current portfolio value,
that is to be maintained, i.e. not invested during

15 dynamic rebalancing. A variable, (", is also set to
reflect the maximum amount of cash, illustratively .2%,
as a percentage of the total current portfolio value
that is to be maintained before the cash investment
mode is automatically invoked. A variable, B, is

20 illustratively set to 5%, as a stock trading band. In
that regard, if the actual weighting, as a percentage
of the total portfolio, at which a security is
currently held lies within a range of the “target”
weighting determined through rebalancing, this range

25 being the stock trading band (here illustratively +5%
of the weight), then no trade is triggered to change
the holding in this security. Lastly, the exponent for
dynamic rebalancing, referred to above as p and
hereinafter also referred to as F, is illustratively

30 set to the value 0.76.

Once block 615 has fully executed, execution
proceeds from block 610 to block 620. This latter
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associated with the current trade. This cost is 20 illustratively
cal cul ated as being the assunmed trading cost ($ .15/share) nultiplied by

the nunber of shares to be traded. fs=moted—#bBove il gonnection wth bl ock
945, other cost netrics, such as a i.ITaﬁ-S§EEETF%§ﬁ§—E5‘\b<é!, can be used
instead, if and when 25 approprijat e. FHHAMEP event!, once the trade cost

, O

i s det er mi M¥O9MOBUGh bl ock 1065, tHrs-brock then updat esP¢HES%EMEnt cash
bal ance, K, as sinply the prior cash bal ance | ess nunber of shares to be
traded nultiplied by their price per shie |less the trade cost. Lastly, 30
the portfolio value, V, is updated by sinply subtracting the trade cost,

Lerr], and th%l%%gakgg§£ £g€g¥%s market share price and share price
change data from the real-time market data feed, e.q.
the satellite feed, and S & P composition information
from the S & P 500 Information server. Specifically,

5 this block obtains security information for each

security in the S & P 500 in terms of: a ticker symbcl
(as used in the NYSE to identify the security by name),
a CUSIP number (a unique alphanumeric identifier for
each different security), a security name, current

10 price (here denoted as p; and not to be confused with
exponent p above), total number of shares outstanding,
sj, and a change in price from the previous market
close. Once this data is obtained, block 620 organizes
this data in ascending order by CUSIP number, and

15 ensures, for error checking, that all price data is
positive - with appropriate changes being made, through
involving proper human intervention, to appropriately
correct negative price data (which is clearly
erroneous). In the event that the price for any

20 security has changed in excess of the large price
change threshold, typically 10% as noted above, then
the large price change flag is set for that security.
Based on the data reflecting the current securities in
the S & P 500, the total number of shares outstanding

25 of each of these securities and its current price,
block 620 then calculates the § & P 500 weighting for
each security currently contained within the S & P 500
index. Once these operations are complete, execution
exits for the entire trading day from block 620. This

30 same information is used with respect to each different
portfolio that is to be dynamically rebalanced with
respect to the S & P 500 index. Alternatively, if
another capitalization weighted index{indices), other

than the S & P 500 index, is to be used, then block 620
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-70- is inserted into the trading list. Once this occurs, execution |oops
back, via path 1068, to decision block 1040 to determ ne whet her any
further remainder trades need to bg=sereetret—and sojforth. 5 FIG 11

depi cts table 1100 which provi des,|| fib#S FpDSES BFENcgnpari son, abbrevi at ed
S & P 500 data and sinul ated correspondifid R i cal idata, $deudopidses
gener ated t hr¥98H* 9% of ny present Tnvention using S & 10 P 500 data

at two exenpl ary successive dates spaceq4§9art by one week: the close of
t he market on June 28,

would be suitably modified to obtain similar data but
pertinent to the securities held in that
index{indices). Thereafter, execution proceeds to
block 625 which reads a "global posted stock list".

5 This list contains securities, in CUSIP order, that can
not be traded, for one reason or another, in any
portfolio (account) currently being dynamically
managed. Thereafter, execution proceeds to block 630
which obtains a list of accounts (different portfolios)

10 that are to be dynamically rebalanced. The value of
variable n is set to the total number of such accounts

to be managed.

Thereafter, each separate account is then

15 managed, through either of the two modes, i.e. its
holdings are either dynamically rebalanced or its cash
position is modified through cash investment. In that
regard, execution now proceeds to block 635 which sets
the value of an index variable, ACCOUNT INDEX, to one,

20 i.e. to point to the first account to be managed. From
this point, the program iteratively executes account
management block 640 for each separate account to be

managed, after which execution exits from main
loop 600.
25

In particular, when execution enters account
management routine 640, block 650 is executed for the
next successive account to be managed, i.e.

ACCOUNT (ACCOUNT_INDEX). Upon entry into block 650,

30 execution first proceeds to block 652 which, when
executed, reads data for the current holdings in this
particular account. To prevent errors, this data
includes a "key" which is common to each file for a

given account. In the event a "key" read for a file
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1996 and on July 5, 1996. Though the preferred enbodi ment manages hol di ngs
in all 500 securities on the S Z it h exceptron of those that
are 15 proscri bed, as drscusaeﬁﬂﬁﬁb&érrﬁQ;gE ‘poses of sinplified
illustration, this figure nerely, '&HﬂwMGm' ts for 14 well-known and

| arge corporations in the S &P 500 I Noex—28 | 1110
provi des tmyo§@@HW?ty nanme, with the trcker synbol for eagﬁnyégpgggonding
security listed in columm 1120. For June 28, 1996 and July 5, 1996, colums
1130 and 1160, respectively, list the ©dfsing nmarket share prices for each
of these 25 securities. The S & P 500 capitalization weightings for
each of thesef%%cgﬁetéggréﬁi'Jcé%ﬁh%t%gegnngyne'égﬁ the predefined

key established for that account, an appropriate error

message is generated to invoke human intervention.

Other parameters for this account, such as its current
5 cash balance, K, and the date the account was last

dynamically rebalanced are read by block 652 (see
FIGs. 6A-6C) as well. This block also ensures that the
data files for this account are organized in ascending
CUSIP order and changes the files, as needed, to

10 reflect this ordering. For consistency, block 652 also
checks that each security stored in the data for the
portfolio currently exists in the S & P 500; otherwise,
that security (i.e., the entire holdings therein) is
flagged for sale. For each security currently held in

15 the portfolio, block 652 retrieves the number of shares
currently held, a;, and ensures, by appropriate
correction, that this number is positive. Should this
number be negative - which signifies an error
condition, then the program halts pending proper human

20 intervention to correct the error. In addition,
block 652 reads pending share indicators, &;, {(should
they exist) for each security. These indicators
signify that a trade has already been previously sent
for execution for that security to the market but has

25 not yet occurred. If the portfolio is rebalanced at
rather long intervals, such as weekly or monthly, then
all trade orders will have been settled well before,
and with most likely no pending trades in existence,
the next time dynamic rebalancing is to occur. Once

30 block 652 has fully executed, execution proceeds to
block 654. This latter block reads a local list of
securities which for one reason or another, can not be
traded in the present account, such as portfolios that
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1996 and on July 5, 1996 are listed in colums 1140 and 1170. Lastly,
colums 1150 and 1180 provi de the wgightF=gs-for—each-of these securities
as determ ned 30 for each of thgseHibiidat#sS Bhedygh ny i nventi ve
dynam ¢ rebal anci ng net hodol ogy, as {|di scuBEREAGERVe V\”t h specific reference
to FIGs. 6A-10B, ges can -71- readr 1y Seem i'h botppeidieetuséo P 500
wei ghti ngs antfPrH* correspondi ng dynam ¢ rebal anci ng wei ghti ngs

determ ned for the closing share prices_gg_these two dates.

are directed to "socially responsible"” companies, i.e.
without, e.g., tobacco related stocks, and other such
restricted portfolios. Block 654 ensures that the
security data read for this list is organized in

5 ascending CUSIP order as well, with the proscribed
CUSIP value, 1t;, of each security noted along with a
total number of such securities in the list and makes
appropriate corrections to this organization, if
necessary. Thereafter, block 656 is executed to read a

10 local "posted” list for the account which delineates
those securities, by CUSIP number, that have been
previously designated as being "proscribed". Block 656
then updates this posted list with any additions or
deletions based on the list read by block 654 in order

15 to reflect changes in the securities that have been

proscribed from being traded in the account.

Thereafter, execution proceeds to block 658

which executes Target Proportion routine 700. This

20 routine, shown in FIGs. 7A and 7B and discussed in
detail below, determines the dynamically rebalanced
weight (i.e. "target proportion"} for each security
currently held in the account. Once this occurs,
block 662, shown in FIGs. 6A-6C, executes to invoke

25 Current Proportion Determination routine 800, shown in
FIG. B and discussed in detail below, which determines
the weighting, as a proportion of the total asset value
of the account, at which each security therein is
currently held. Once this occurs, execution proceeds

30 to block 664, shown in FIGs. 6A-6C, which invokes Trade
Determination routine 900, shown in FIGs. 9A and 9B and
discussed in detail below. This routine determines

whether a trade is necessary in each security held in
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5 Furthernore, for conparative performance over a relatively |ong
perspective and as noted above, 1 __have found, through enpirical analysis,

that setting the val ue of divergj n al to .76 produces 10
a portfolio that consistently ylF %Isea’ﬁ éDErh@I {at ed 16 year test

interval an annual return that "“M’“ A €8¢ thd' s & P 500 i ndex by
appr oxi mat eW@ 918289 basi s points (bp). 15 PRTIHS248 ar, to
assess the relative performance of ny inventive nethodol ogy, | have

simul ated the perfornmance of that nethodot ogy with 16 years of actual

mar ket data, from 1979 to 1995, and have conpared the results to two ot her
maj or mar ket , .
the account and generates a trading list. 1In

particular, if this routine concludes that a trade is
necessary for a given security in the account, then the
routine determines the appropriate order to either buy
5 or sell the security and in what share quantity, and
hence rebalance the holding of that security in the
account, and enters that order to a trading list.
Execution then proceeds to block 666, shown in

FIGs. B6A-6C, which invokes Cash Control routine 1000

10 (see FIGs. 10A and 10B and discussed in detail below)
to invest any excess cash, if any, then held in the
account.

Once block 666 has fully executed, execution

15 proceeds to block 668. This latter block, when

executed, checks integrity of the trading list
generating by routine 900. This checking first
involves assessing whether a resulting cash balance in
the account is negative. Since negative cash balances,

20 at this point in the program, are not allowed, any such
negative condition is an error condition requiring
human intervention to resolve, such as by invoking the
cash investment mode to sell appropriate positions in
order to raise sufficient minimum cash. 1In addition, a

25 flag is set and a warning message generated if the
trading list contains an order involving a proscribed
security. Furthermore, a warning message is provided,
and a trade type indicator, vi, for the security is set
to "S" (for "Short"}, if a potential sale leads to a

30 negative share position, i.e. a so-called "short sale”™.
Such negative positions are also not permitted and
signify a need for human intervention to correct.

Alternatively, if an oxder involves more than 200
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20 i ndi ces, nanely the S & P 500 i ndex and the Russell 1000 index. The
|atter is simlar to the S & P 500 index with th | fference being that

Russel | /1000 index contains the to chhgn 500, securities in
terns of narket capitalization - Sm ebeFﬁgfqg%e 28 wei ghted to
securities w afively | ow majfKet aggitfeds Fens. | haR@EX/e3962@69 t o
start with 19 narket data i nasm year coincides with the

i nception of the Russell 1000 index. 30_g47- FIG 12 depicts, in
graphical form resulting sinmulated performance data for ny present

i nvention, along with actual performance data for the S & P 500
shares of a given security and if the trade represents

a greater fraction than the large share change
threshold (currently set to 20%) of the holdings in
that particular security, then the large change

5 indicator is set appropriately to signify this (if it
has not already been so set). Thereafter, block 668
calculates the total number of the buy and sell orders,
the total number of the shares to be traded and the
total number of trades in the trading list to be

10 executed. Once this is accomplished, block 668
calculates the return provided by the account since the
previous market close. Lastly, block 668 provides as
output, illustratively in printed form, the number of
trades to execute, the immediately prior and now

15 rebalanced account (portfolio) holdings and value, cash
balance in the account and the returns on both the
account and the S & P 500 index. Execution then exits
from block 668.

20 At this point, two output files containing
trade orders and other information are generated.

To generate the first file, execution
proceeds to block 672 which generates an output trade
25 ticket file (i.e. a "trade" file) from the trading
list. This file, which will ultimately be supplied to
a broker for execution, through a selected trading
avenue, contains the number of the account (individual
portfolio) in which all these trades are to occur; the
30 current date; and for each trade: the ticker symbol of
each security to be traded, whether that trade is a buy
or sell, the number of shares to be traded, the current
price of the security and the CUSIP identifying that

security. This file is sorted with sell orders

Been Replaced
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-72- and Russell 1000 indices for the period 1979-1995, with corresponding
annual i zed returns and associ ate ﬁhﬁﬁd&Fﬁzﬁﬁvg-Ji bei ng shown in tabul ar
formin FIG 13. As can be seen, thassmﬁﬁﬂét %%rf rmance of 5 ny
dynam c rebal anci ng net hodol ogy ul d REYEAE mtly tracked both the S
& P 500 and Russell 1000 i ndices ‘oveFthi s year period f?“béﬁﬁﬂﬁ% have
gener at ed aYQAWEE return which advant ageousl y exceeded that o oth

i ndi ces by approxi mately 40-50 bp 10 and with less variability than

that associated with either of these twd%ndices. Clearly those skilled in
the art realize that

preceding buy orders and the trades for each then
ordered in ascending CUSIP order.

Once this trade file has been fully
5 generated, execution proceeds to block 674 which
generates a "proportional change" file for the account,
i.e. for ACCOUNT (ACCOUNT_INDEX). This file contains
various information, to wit for each security in the
account: (a) the name of that security; (b) the ticker
10 symbol therefor; (c} the number of shares currently
held or a flag indicating either that this security .s
posted (i.e. proscribed from being traded) or has a
trade pending; (d} the current and target proportions
for this security, (e) the proportion target proport:on
15 after the trade and relative to the S & P 5QG0
proportion (weighting), (f) the actual proportion that
will exist after the trade; (g) the large change
indicator:; and (h) a trade type indicator. This trade
type indicator will be set to: "C" for a cash contro.l
20 trade, "S" for an attempted short sale, "P" for a
proscribed security, or "0" for liquidation of a
security for which the target proportioh has been set
to zero. Thereafter, block 674 will print a file
header with an appropriate warning if: a proscribed
25 security were to exist in the account, the cash balance
in the account were to be negative, or a short sale
were to be attempted. This block will also print: the
current portfolio value, the current cash level, the
present return, the S & P 500 return, and a return of
30 the account relative to that of the § & P 500.
Block 674 will also print a file footer containing: the
total number of shares to be sold, the total number of
shares to be bought, the total number of shares to be

traded, the total number of trades to be executed, an

This Sheet Has Been Replaced

LT




t he present invention can be si Wmejed to 15 dynami cal |y
rebal ance equity holdings in an!LﬂngﬁﬁgndMKEEE@étLve of several different,
e.g., national based, capitaliz%tlon perghted indijces, one of which can
illustratively be the S & P 500 i} —gi¥cussed above with others for.

e.g., differgpqonopgtries or 20 regi ons. The wei ght i n@CBASHAROKEI

I ndi vi dual security that constitutes any one of the indices would be
dynani cal | y changed as needed, independgfy. of each of those that constitute
any of the other indices, as a result of a non-constant function of current
25 capitalization weightings of that one index. These separate
national (or regicanal pyi widlcesthEamcuritentbeaslonta yegttea dnf g acsput e

| nternational hﬂ?%é’cwkhae, the current cash balance in the account,
and old and new cash proportions in the account
(proportions of account value attributable to cash).

5 The proportional change file is sorted in order of sell

orders, buy orders and posted or pending securities.
Once this file is completely generated, execution
passes to decision block 676 to test for any attempted
short sales. If such a sale is detected, then, since

10 short sales are not permitted, an error condition has
occurred. Hence, execution exits from program 600, via
YES path 678 emanating from decision block 676.
Appropriate human intervention is then solicited to
investigate and resolve the error. Alternatively, if

15 decision block 676 does not detect any attempt at a
short sale, then it routes execution, via NO path 679,
to block 680. At this point, the security holdings in
the account have been completely processed and, as
such, the underlying portfolic dynamically rebalanced.

20

Accordingly, decision block 680 then executes
to determine if all accounts (different portfolios)
have been managed. If another account remains to be
managed, i.e. the current value of variable

25 ACCOUNT_INDEX is less than the value n, then decision
block 680 routes execution, via NO path 685, to
block 690. This latter block, when executed,
increments the value of variable ACCOUNT_INDEX to point
to the next successive account to be managed.

30 Execution then loops back, via path 695, to iteratively
execute account management routine 640 for this next
successive account, and so forth. Alternatively, if
all the accounts (different portfolios) have been
separately managed, each through a separate execution
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each nati ona

(or regional) index being separately managed in the manner

taught by the present invention. 30 Furthernmpre._ the present invention can

be utilized in conjunction with af
t he underlying stock changes, thege
I n dynan1calk%ﬁrebalan0|ng t he pot

i s executed¥

£ ge -74- th ' f
hmg%{ﬂgﬁdggjb éﬁ [Ee epr0|tedetgr;§§|gt

, SS, abcRnARBih a trade
Rar e equi val ent of the mixture 5 of stock shares and

options would match the nunber of

10

15

20

25

30

=50~

of routine 640, i.e. the current value of variable
ACCOUNT_INDEX equals the value n, then execution simply
exits, via YES path 682, from Main Program 600.

b. Target Proportion Determination routine 700

A flowchart of Target Proportion
Determination routine 700 that is executed by Main
Program 600 is depicted in FIGs. 7A and 7B; the correct
alignment of the drawing sheets for these figures is
shown in FIG. 7. BAs noted above, routine 700
determines the dynamically rebalanced weight (i.e.
"target proportion”) for each security currently held
in an account to be processed, i.e.

ACCOUNT (ACCOUNT_ INDEX) and for which trading is
permitted.

Upon entry into this routine, execution
proceeds to block 705. This block, when executed,
forms a set of securities, i.e. SECURITY_SET, which
have securities that are in either or both the S & P
500 index and the account. These include the
securities, that are to be dynamically managed in the
account. Weights are calculated and assigned for all
the securities for which trading is permitted. Once
this set is established, block 710 is executed. This
block initializes an index variable, i, to the value
"one" and sets a variable, m, equal to the number of
securities in the account to be processed, i.e. in
ACCOUNT (ACCOUNT_INDEX) .

Thereafter, execution enters a loop composed
of blocks 715, 720, 725 and 730 to calculate, a

temporary proportion for each security, i.e. for
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shares in a pure stock transaction. In addition, foreign equities trade
various United States exchangest ﬂ##ndrlo "Anerican

Depository Recei pts" (ADRs) eac ﬁﬂ&ﬂﬂdﬂTH&&BEGmn s ownership, in sone
fraction, of a share of an undefil yi ngREBLECEHD co £
| s easier DR&Q‘L Sths | ess expensi ‘—'Fr-om—a—:FFa?Fsg tion cosPcpessrEedd ve,

trade in A

n stock. | nasnuch as

rough a US 15 exchange than in shares of the

on

it
to

correspondi ng foreign stock through a foggign exchange, ADRs or sone form

of financi al

could be 20

10

15

20

25

30

i nstrument, such as derivatives, futures or options, based
t hereon, which are financially equivalent to actual

sEeUrgmYt(il ediastled |sedr. pamnt patt behXans adicickn 7@6i gi nal |y
when executed, selects a next successive security in

the set as indicated by the current value of index
variable i. Execution then proceeds to block 720

which, for each security for which trading is permitted

(i.e., t; does not egual 1) calculates a temporary
proportion, ®;j, toc be a market capitalization of that
security which is a product of a current price of that
security (p;) and a number of shares ($;) thereof
currently outstanding. Once this occurs, decision
block 725 executes to determine whether all securities
in the set have been selected, i.e. whether the current
value of index variable i equals the value of

variable m. If a security in this set remains to be
selected, then decision block 725 routes execution, via
NO path 726, to block 730. This latter block
increments the current wvalue of index variable i by one
in order to point to a next successive security in the
set. Execution then loops back, via path 735, to

block 715 to appropriately process that security, and
so forth. Alternatively, if all the securities in the
set have been so processed with a temporary proportion
calculated for each, then decision block 725 routes
execution, via YES path 728, to block 740. Block 740
normalizes all the values of the target proportions

(@;, 1 =1, 2, ..., m) such that their total sum equals
the value one. Execution then proceeds to block 745

which re-initializes the value of index variable i to
one.

At this point, execution enters a loop formed
of blocks 750, 755, 760 and 770 to calculate the target

Tthh,

i

shares of common stock



denom nat
in terms
of the pr
t her eof ,

the art can readil¥ devi se many, othe@py
and/ or ext erY¢P &30S

t hat uses

10

15

20

25

30

ed in shares of the foreign stock. Although a single enbodinent,
of apparatus and net hods, which incorporates the teachings 25

esent invention, as we}l; vari ous nDdlflcatlons and ext ensi ons
has been shown and de#v e herein, those skilled in

g ment s, m&;k/ﬁﬂkd ons

these teachlngs -73-

QN

hat still | ncorpo
financi al derivatives to,

proportion for each security, i.e. for SECURITY (i), in
the set for which trading is permitted. 1In particular,
block 750, when executed, selects a next successive
security in the set as indicated by the current value
of index variable i. Execution then proceeds to

block 755 which, for each security, calculates a target
proportion, m;, for SECURITY (i), using either an
entropy or diversity measure as embodied in

equation (3) or (4) above, as a function of its current
market capitalization weighting. An entropy measure :is
used for non-zero capitalization weightings (i.e.
securities in which trading is permitted) and where the
diversity exponent has been predefined as zero. Where
the diversity exponent (here F) is set to 0.76, as in
the preferred embodiment, then, for those securities in
the set for which trading is permitted, a diversity
measure, as embodied in equation (4), is used instead
to calculate the target proportion for each such
security. Once this occurs, decision block 760
executes to determine whether all securities in the set
have been selected, i.e. whether the current value of
index variable i equals the value of variable m. If a
security in this set remains to be selected, then
decision block 760 routes execution, via NO path 762,
to block 770. This latter block increments the current
value of index variable i1 by one in order to point to a
next successive security in the set. Execution then
loops back, via path 775, to block 750 to appropriately
process that security, and so forth. Alternatively, if
all the securities in the set have been so processed
with a target proportion calculated for each, then
decision block 760 routes execution, via YES path 764,
to block 780. Block 780 normalizes all the values of
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even inprove the returns of the underlying national i
so-cal |l ed "swap" contracts may have a favorable tax t

countries over 5 owni ng t he €1 %ﬁtsec
other related forns of) derivati F :
urlt

n
woul d the corgespapdi Ng equity st s‘-AGs*t'?n I arlb
and certain options could be hel d and managed in fTreu
correspondi ng equity securities. In addifion, hybrid
equities, derivatives, futures and/or options in sone
utilized with their managenent, wi thin an index fund,
accordance w t hthey faeenpropyetidmn. (nlp i = 1, 2, ..

ndi ces. | nasnuch as
reatment in sone
urities, these (and/or
the sane weights as
SO- c@cirasoe/f0a9ur es”

of 10

strategi es combi ni ng
manner can be
occurring in

., m) such that

their total sum eguals the value 1. Once this

normalization has occurred, execution exits from

routine 700,

c. Current Proportion Determination

routine 800

FIG. 8 depicts a flowchart of Current

Proportion Determination routine 800. This routine, as

10 noted above, determines the weighting, as a proportion

of the total asset value of the account,

security therein is currently held.

at which each

Upon entry into this routine, execution

15 proceeds to block 810. This block, when

executed,

calculates the total current value of the account, i.e.
ACCOUNT (ACCOUNT_INDEX). This value, V, is simply the

sum of the current cash balance, K, in the account and

the accumulated product, summed over all

the securities

20 in the account, of the current price of each such

security (p;) and the number of shares held therein

{6;). Once this value is established, block B20 is

executed, as an error checking measure, to ensure that

this value is positive. If a negative value results,

25 which clearly signifies an error condition, the program

halts pending appropriate human intervention to
appropriately correct the error. Thereafter, block 830

executes to initialize index wvariable, i, to the wvalue

" one L] .
30

Execution next enters a loop composed of
blocks 840, 850, 860 and 870 to calculate, a current
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Specifically, the present invention can be utilized in conjunction with
"put" and "call" options. Here, on an _appropriate wei ght has been

calcul ated for each security in a [on ction orders, 20
§E§§Ep§ﬁ%¥éb described above in the

such as for the purchase or sale
context of the preferred enbodi ne qu, as need@% n&ﬂmﬁﬁ perly
ghting n lieu

rebal ance t RO ¥R Pe portfolio to reflect all the hew wei
of purchasing or selling just 25 shares of conmon st ock, the order, in
lieu thereof or additionally, could inv 1ve the pur chase or sal e of
options, e.g. puts or calls, on that stock. Such options would be

financi al |y et bn! R0l bah SeARiyON 10k .t BEr UK (1§03LgS Of the
yi ng the set. In particular, block 840, when executed,

selects a next successive security in the set as

indicated by the current value of index variable 1i.

5 Execution then proceeds to block 850 which, for each
security in the set, calculates a current proportion,
pi, to be a market capitalization of that security
which is a product of the current price of that
security (p;) and the number of shares held therein

10 (o;} divided by the current value of the account, V.
Once this occurs, decision block 860 executes to
determine whether all securities in the set have been
selected, i.e. whether the current value of index
variable 1 equals the value of variable m. If a

15 security in this set remains to be selected, then
decision block B60 routes execution, via NO path 863,
to block 870. This latter block increments the current
value of index wvariable i by one in order to point to a
next successive security in the set. Execution then

20 loops back, via path 875, to block 840 to appropriately
process that security, and so forth. Alternatively, if
all the securities in the set have been s0 processed
with a current proportion calculated for each, then
execution exits from routine 800, via YES path 867

25 emanating from decision block 860.

d. Trade Determination routine 900

A flowchart of Trade Determination
30 routine 900 is collectively depicted in FIGs. 9A and
9B; the correct alignment of the drawing sheets for
these figures is shown in FIG. 9. As noted above,

routine 900 determines whether a trade is necessary in
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30 common stock to be traded, as deter’,nﬁdf rough dynam c

rebal anci ng. I nasnmuch as the val 1 gews) dynanm cal |y changes

t heir share equival ence as - 1157 Appa atus for managi ng a
Q i

portfolio having a set of 2 wherein said set

conprises a fhdiral ity of ’cTJrl ties contained asPCEANIEREAE
wthin a prede?ern1ned capitalization weighted index, 5 sai d appar at us
conprising: 6 circuitry, respongkve to S|gnals containing data 7

havi ng current price information on each of said

each security held in the account and, if so, generates
the appropriate trade. In particular, if this routine
concludes that a trade is necessary for a given
security in the account, then the routine determines

5 the appropriate amount of shares in each security to
either buy or sell, and hence rebalance the holding of
that security in the account.

Upon entry into routine 900, execution first

10 proceeds to block 905. This blocks initializes various
variables. In particular, for each security,
SECURITY (i) for i =1, 2, ..., m, in the set: a
variable, &; which specifies the number of shares to be
traded is set to zero; the trading type indicator, vi,

15 is set to a "blank” character; a large change flag is
set to a blank character or alternatively to signify a
large price change, if so previously set. Once these
operations have occurred for each security in the
account, then execution proceeds to block 910 which

20 resets the value of index variable i to one.

Once these occurs, the program enters a loop

containing blocks 915, 920, 925, 930, %40, 945, 950 and
960 to calculate the appropriate, trade if any, for

25 each security then held in the account. Specifically,
block 915, when executed, selects SECURITY (i) in the
set of securities, SECURITY_SET, previously defined, as
described above, through execution of block 705 in
routine 700 (see FIGs. 7A and 7B). Once this security

30 has been selected, then as shown in FIGs. 9A and 9B,
either one of three scenarios will govern how, if at
all, trading inveolving that security is to occur.

Execution will proceed, via path 918, to each of these
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8 securities and on constituent securities currently 9 cont ai ned
within said index, for providing dlgltal data 10 containing the price
i nformati on and contai ni ng shar Fnformation for each of the
constituent securities that 12 'ﬂﬂ&SHEEnHASBEENW t he index and 13

a conputer system the conputer| syst &pPhagGeEDg a 1ﬁ ?ﬁiﬁg%ﬁg

menmory, the WR#H29Sst ori ng co 5 executabl e |nst thereln

wherein the processor 16 in response to the executabl e instructions and
to said 17 digital data: 18 =56~ determ nes a vari abl e
wei ghting for each of 19 the securities in the set so as to define a
set of 20 variahle wejghts tlnc set_of cu nt 21
capi tal i zati or® W13t f’?'aggggl %?eecP %‘h ??d%?( P& med E'3

accompanying test condltlon is met. These scenarios

are depicted as blocks 920, 925 and 930.

5 Block 920 handles each of those securities
which are proscribed from being traded in the
portfolio, i.e. where t; equals one. In this case, for
a proscribed security, since the security might have
become proscribed after a position has been established

10 therein, block 920 merely sets the amount of that
shares to be traded, specifically sold, in that
security, i.e. &, equal to the entire position
therein. A negative value of g; signifies a sale of
securities while a positive value indicates a purchase,

15 the amount of the sale or purchase being given by the
magnitude of g;. Inasmuch as this security is now
proscribed, block 920 also sets the trade type
indicator for this security to "P" to signify this
condition. Thereafter, execution is routed, via

20 paths 933 to block 940.

Block 925 handles each of those securities in
which a portion of the current holdings therein is to
be sold, or shares are to be purchased. Such a trade

25 will be generated only if a security and its associated
parameters meet three conditions. Block 925 first
tests the current security, SECURITY (i), for
conformance with these conditions. If any of these
conditions fails, then the remainder of this block does

30 not execute. In that case, either the trade will be
governed by blocks 920 or 930, or, if not, execution
will be directed onward to block 940. These conditions
are, for SECURITY(i):
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22

that each of the variable weights is a non-constant 23

mat hemati cal function of solely the current 24 capitalization weights;
and 25 I ssues ‘ﬁ“Fﬁ§=§? of variable 26

wei ghts, digital trading |nstrucH|?E%%@%cEHYEW%EEVIturn 27 executed to
ef fectuat e sggunbiohes transactlo ‘_:?_ t hag! curr enecressRssshel d in
the portfolio are to be di stributed annngsr ‘the securities in the
set in 30 proportion to and as defiged by the variable weights so 31

as to dynam cally rebal ance the portfolio, each of said 32

tradi ng

I nstructions representing a desired
{a) first, that:

(1) its target proportion, =m;, is positive

di gi tal

{2) it is not proscribed and not posted {both

t; and {; are zero, respectively);

5 (3) it does not have a trade pending (i.e. &

is zero - the importance of this being that to prevent

issuance of potentially a duplicate trade):
(4) a difference between the target and

current proportions is greater than a minimum trade

10 proportion (W < {m; - psi); and

(5) that the account is to be dynamically

rebalanced (i.e. M =1) and

(b) second, that for this security:

{1) its current price (p;) exceeds a minimum

15 price (P) at which any under-weighted security is to be

bought; or

(2) its current proportion (p;i) exceeds its

target proportion (m;); and

{c)} third, that its target and current proportions

20 satisfy either of the following inequalities:
(1) p; > m e I or (5)
B.
(2) p; € P < . (6)
25 If, for any security, SECURITY(i}, all three conditions

are satisfied, then block 925 determines the amount of

shares to be traded, i.e. a current trade, in that

security, €. Block 925 first calculates this amount as

being equal to the target proportion multiplied by the
30 total portfolio value divided by the current price of
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REPLACEMENT SHEET 1 8 AUG 2000 -76- 33 trade in a correspondi ng one of
the securities in the 34 set thereby defining a plurality of trades to
be 35 = executed. 1 2. Th |n11 mhereln sai d each
of the 2 vari abl e wei ghts, V| is given by 3
the follow ng equation: 4 [err] 61 r] ,
Werr] are t‘ﬁ% '@Eﬂsent capitalization Vy‘ﬁ{/ﬁgﬂmmag
securities in the set;

this security (w;V/p;i) less the current number of
shares held in that security (03). 1Inasmuch as a

security trade will only be issued in round lots, i.e.
in lots of 100 share multiples, block 925 then rounds

5 the calculated number of shares to be traded to the
nearest multiple of 100 shares, using a centering
variable, L. This variable specifies the band,
relative tc the middle of any 100 share lot, at which a
share quantity will be rounded to the next higher 1lot.

10 This variable, which is predefined for any given
account and generally constant therefor will be
increased in situations where a low cash balance exists
in the account in order to permit the cash control mode

to properly converge. In those instances where the

15 current proportion exceeds the target proportion, then
the trade is a sell with the number of round lots given
by:

o
£; =Int| — - +1. 7
100 (7
20

Alternatively, where the current proportion is less
than the target proportion, then the trade is a buy
with the number of shares, in numbers of round lots,
given by:

25

6‘.
€i=Int 'i'(—)'(')'— . (8)
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9 Derr] and Derr] are partial derivative operators with 10
respect to i[err] and j[err] ones _of the current 11

capital ization wei ghts, respecti ;  ne o '

continuously differentiable 13 E%ﬁﬁﬁ'gggﬁgggEEEN and 15

nis a nunberwgfw?z%wri ties in thHe.set. . 3. he apparctussenee] ai m 2
wherei n the computer 2 system has conputer executable instructions for

Sis atwce

3 sel ectively operating in either a_kgbal ancing or cash 4
i nvest ment node, during the rebal ancing node said 5 vari abl e wei ghts
are determ ned and, in response 6 thereto, said digital trading

i nstructi ons arenté&stiesl niimber @ akates dyirariexmis! pfr ebahdntet 4 henasort fol i o,
and been calculated, the actual number of shares to be
traded is determined simply by multiplying the number
of lots to be traded by 100, i.e. & = g x 100. With
5 this share quantity determined, execution then exits
from block 925 and is routed to block 940. If the cash
investment, rather than dynamic rebalancing, mode is to
occur (i.e., M could equal 0), then no trades will be
executed through block 925 for any security, with such
10 trades governed by executing cash control routine 1000,
as discussed in detail below, upon termination of

currently executing routine 200.

Block 930 handles each of those securities

15 which have a zero target proportion and a positive

current proportion (i.e. 7m; equals zero, but p; is both
greater than zero, respectively), is not posted (i is

zero) and not proscribed (t; is zero) and for which are
trade is not pending. 1In this case, the entire

20 position in that security is to be sold. This scenario
includes those securities that have been eliminated
from the index. Therefore to eliminate the entire
position in the security, block 930 sets the amount of
that shares to be traded, specifically sold, in that

25 security, i.e. €, equal to the entire position
therein. Inasmuch as the security is not proscribed,
block 930 also sets the trade type indicator, v;, for
this security to "0" to signify this condition.
Thereafter, execution is routed, via paths 933 to

30 block 924C.

This block, for each of those securities

where a non-zero amount of shares is to be traded but
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8 during the cash investment node at |east one other 9 di gital

trading instruction is issued so as-to cons —
2000 -77- 10 an anmount of casH Them éxy' gf?hg n
exceeds a predefined threshold. 1i 4PL’___M__
t he rebal ancing 2 nmode is invoked at periodic inter
i nvest ment Wed12RHS| nvoked sel ectively whenever the 4
portfolio exceeds the predefined thresﬁgld.

-60-

the trade would result in a short sale, i.e.

LACENMENT SHEET 18 AUG
he portfolio that 11
‘atus in claim3 wherein

val s and the cash 3

PLLORY M Phe

where g; <

-G;, Sets the amount of shares to be sold to equal the

entire position therein, i.e. g = -0;.

5 Thereafter, execution proceeds to
which updates, based upon the current trade
determined, the current cash balance in the

the current portfolio value., Specifically,

block 945
just
account and
block 945

updates the cash balance by first calculating the total

10 cost, Yy, associated with the current trade.

This cos=:

is illustratively calculated as being the assumed

trading cost ($ .15/share) multiplied by the number of
shares to be traded. Other cost metrics, such as a

flat or sliding fee, can be used instead, if and when
15 appropriate. Once the trade cost is determined, the

current cash balance, K, itself is updated as simply

the prior cash balance less number of shares to be

traded multiplied by their price per share less the

trade cost. Lastly, the portfolio value, V,

is updated

20 by simply subtracting the trade cost, y. Each trade so

generated is then inserted by block 945 as an entry in

a trading list.

Once this occurs, decision block 950 executes

25 to determine whether all securities in the set have

been selected, i.e. whether the current value of index

variable i equals the value of variable m.

security in this set remains to be selected,

decision block 950 routes execution, wvia NO
30 to block 960. This latter block increments

If a
then
path 953,

the current

value of index variable i by one in order to point to a

next successive security in the set. Execution then
loops back, via path 965, to block 915 to appropriately
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1 5. The apparatus in claim2 wherein the conmputer 2 system has

conput er executable instructions for: 3 deternining I n response
to the share information 4 an tie. C’rrqg |ce i nformation for
each of the 5 securities in tH “ﬁdexi,gf ed current 6
capitalizatiogoyshghy i ng for eachilof__sai.d secur it | n 7 PCT/OSYe2048%0eX; 8
determining, In response to said normalized 9 capltalization wei ghti ng,
the variable weighting for 10 each sggurity in the set; 11

ascertaining a current proportion for each of said 12 securities in the
set, said current proportion being 13 reflective of a proportion of a

total val ue of phecddls thatpeecholityp, aind idautfalrité .t oABe theactelygecdifity in
the all the securities in the set have been so processed,
then execution exits from routine 900 via YES path 957

emanating from decision block 850.
e. Cash Control routine 1000

A flowchart of Cash Control routine 1000 is
collectively depicted in FIGs. 10A and 10B; the correct
10 alignment of the drawing sheets for these figures is
shown in FIG. 10. As noted above, this routine
generates appropriate trades to invest any excess cash,
if any, then held in the account. This routine is

executed during both the dynamic rebalancing and cash
15 investment modes.

Upon entry into routine 1000, execution
proceeds to block 1005 which sets a "trigger cash
proportion” variable, §, appropriately. This variable

20 signifies when, given the present cash balance in the
account being processed, cash control is to be
performed for the account. Specifically, if cash
control is to solely executed, i.e. during the cash
investment mode and in the absence of dynamic

25 rebalancing such as would occur as a result of a cash
infusion resulting from dividend payments, then the
variable M would have been set, as described above,
through execution of initialization block 605 in Main
Program 600 (see FIGs. 6a-6C), to zero. In this case,

30 the trigger cash proportion is set to the cash
investment trigger proportion, C°, which as discussed
above is currently set to illustratively 0.2% of the

current total portfolio value. Alternatively, if cash
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15 set; and 16 generating, in response to a predefined 17

relatlonshlp bet ween sai d vari abl e melghtlng and d said 18 current

wei ghting, for each correspondi ng—ere=—of—t securities in the set,
a correspondi ng one of the 20 'um@fiﬁﬂ”tjbﬁTng |hstruct|ons t he
correspondi ng one 21 di gi tal tradlﬁﬁm_ﬁ R T epr §3gRishdMiadn
associ at ed 97220% ade i nvol vin correspondlng one security such 23
that a proportion of the portfolio that will be held in 24 sai d one
security, after said associated trade r82- .7s8-

control is not to be solely performed, i.e. the program
executing in the dynamic rebalancing mode, then the
trigger cash proportion is set to the cash maintenance
proportion, which as discussed above is illustratively

5 .02% of the current portfolio value. Once block 100%
has executed, execution proceeds to decision block 1010
to test the current cash balance in the account with
respect to the trigger cash proportion multiplied by
the total portfolio value. If this balance is positive

10 but less than the trigger cash proportion multiplied by
the account value, then this balance is within
allowable cash limits. Hence, execution exits from
routine 1000 via YES path 1012 emanating from decision
block 1010. Alternatively, if the cash balance exceeds

15 the trigger cash proportion multiplied by the account
value, then the account contains excess cash. Hence,
decision block 1012 routes execution, via NO path 1014,
to block 1015. This latter block initializes the value
of index variable i to one.

20

At this point, execution enters a loop

containing blocks 1020, 1025, 1030 and 1035 to
calculate a remainder trade, 68;, for each security in
the account, i.e. in SECURITY SET. A remainder trade

25 is an amount of each security in the portfolio that
could be traded to consume or raise cash. Once a set of
these trades have been calculated, one or more of the
trades in this set will be selected, in seriatim, to
consume or raise as much cash as needed to make the

30 cash balance in the account, on a proportionate basis,

positive but less than the cash maintenance proportion,

C.
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25 executed, will approximate the variable w 1ting 26 det er m ned
for said one security. 1 6. Fe—appa ' | aim5 wherein the
conmput er 2 system has conpute '@ﬁ%éi : ctions for: 3

cal cul ating a nunber of shares |nﬂsa|d' urity to be traded; 5
roundi ng sai Qudbsagss to a round | 6Gt=0of shares so 6 as tRETuSSE206Y ounded
share nunber; and 7 I ncorporating said rounded share nunber
within the 8 correspondi ng one digitgh-trading instruction. 1 7.
The apparatus in claim3 wherein the conputer 2 syst em has conput er
executabl e instructions for, during 3 operation in said cash investnent
node: 4 gener aSpagifitaklyofupposenbky inteleshinrlompch

execution proceeds to block 1020 to select the next
successive security in SECURITY SET, i.e. SECURITY({i).
Once this has occurred, execution proceeds to block

5 1025 to calculate a remainder trade for this particular
security. This remainder trade, 0;, is initially
calculated as the target proportion for this security,
7;, multiplied by the account value, V, less the

current share price, p;, of this security multiplied by

10 the number of shares, o;, held in this security. This
remainder trade will be set to zero if any of the
following conditions is satisfied for this security:
{a) the number of shares that has just been calculated
to be traded, €&;, is non-zero; (b) the current

i5 proportion is already less than the target proportion:
or (c) it is proscribed or is posted or already has a

trade pending therefor.

Once block 1025 has completely executed to
20 generate an appropriate remainder trade for
SECURITY (i), decision block 1030 executes to determine
whether all securities in the set have been selected,
i.e. whether the current value of index variable i
equals the value of variable m. If a security in this
25 set remains to be selected, then decision block 1030
routes execution, via NO path 1032, to block 1035.
This latter block increments the current value of index
variable i by one in order to point to a next
successive security in the set. Execution then loops
30 back, via path 1038, to block 1020 to appropriately
process that security, and so forth. Alternatively, if

all the securities in the set have been so processed,
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5 security in the set; 6 sel ecting one of the possible trades
h

that 7 consunes, anongst all ossi ble trades, a largest 8
amount of the cash; 9 i% & instruction, to an 10
I ‘

el ectronic trading network, conta 11 one trade so as
to execute said one possible trad rendvi Ao Sahdies el ect ed

one trade fr¥®OYEOYP |ist 13 and repeating sa el ecting, 1ssurng and
renoving 14 operations, in seriatim_to generate additional trades 15
for execution until said cash decreases &l ow said 16 pr edef i ned

t hr eshol d.

then execution proceeds to decision block 1040, wvia YES
path 1034 emanating from decision block 1030.

At this point, execution enters a loop

5 containing blocks 1040, 1045, 1050, 1055, 1060 and 1065
to select the largest remainder trade{s), in seriatim,
to, e.g., consume all the excess cash, i.e. until the
cash balance falls within the cash maintenance
proportion, C, multiplied by the account value.

10

In particular, within this loop, execution

first proceeds to decision block 1040 to test whether
the cash balance, K, is negative or exceeds the cash
maintenance proportion, C, multiplied by the account

15 value. If the cash balance is positive but less than
this maintenance proportion multiplied by the account
value, then no further trades need to be issued to
consume cash. Accordingly, execution exits from
routine 1000, via NO path 1042 emanating from decision

20 block 1040. Alternatively, if the current cash
balance, K, as a result of a prior iteration through
this loop, is negative or greater than the cash
maintenance proportion, C, multiplied by the account
value, then decision block 1040 routes execution, via

25 YES path 1044, to block 1045. This latter block
determines the amount of excess portfolio cash, D, that
needs to be consumed or raised (in the event this
parameter is negative)., Excess cash is simply

determined as being the current cash balance, K, in

30 the account less the cash maintenance proportion, C,
multiplied by the current value of the account, V.
Once this determination is made, execution proceeds to

block 1050 to select the particular remainder trade to
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-79- 1

i ndex and a nunber

security.

1

8.

conprises fi
second digit
first data source conprises a satellite_ receiver, a radio or
tel evision receiver, or a7 t el ephonit or dedlcated connecti on,

a conputer

10

15

20

25

30

8

gf&%le{w, second data ‘!

The apparatus in claim2 wherein the share 2

e
et

our ces_for-
a streanms, respectively, 4 wherein: 5

The apparat£§lmm c1algpg

netmork, to a renote server; and
igsue as a trade from the set of remainder trades that

has just been determined. 1If the excess cash is
positive, then the particular remainder trade that is
selected from the set is that which involves the
largest security purchase, in monetary terms. Else, if
the excess cash balance is negative, indicating that
cash needs to be raised, then the particular remainder
trade that is selected from the set of remainder trades
is that which involves the largest sale, again in
monetary terms. The amount of the resulting selected
remainder trade, denoted 0y, is then adjusted through
execution of block 1055. In particular, in the event
this remainder trade would consume more than the excess
cash, then this block reduces this remainder trade to
consume just this amount of cash. Thereafter,
execution proceeds to block 1060 to determine the
number of shares to be traded through this particular
remainder trade. This number,g, is initially

calculated through equation {9) as follows:

0y
£, = 100 Int l_(-)b—p;; (9)

Once this number is determined, then the remainder
trade for this security, i.e. 8, is set equal to zero
to eliminate any remainder trade for this security from
further selection. Thereafter, if the remainder trade,
when combined with the number of shares currently in
this security, would result in a short sale, i.e. the
remainder trade involves a sale of more shares than

currently held in this security, i.e. &3, then the
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9 sai d second data source conprises a radio or 10 tel evi sion
receiver, or a telephonic or dedicated 11 connection, through a
conmputer. network, to a renote 1Z===wuseryver. 1 10. The apparatus in
claim9 wherein said first dataLZWﬂSSHsgnngggggg er conprises a satellite
or recejyvi

receiver, 3 connected to a Hatel likgr antrenna, ng 4
terrestrial IWOBV&edcast signals !f sat el 1"?1[’8%3'3&‘69

containing said current price 6 i nformation, for producing a received
signal and 7 forming, in response t®%he received signal, the first 8
digital data streamcontaining said price information. 1 11. The

apparatus in clolm 2 vhereln e 3o oo)GAPLIALIR AN pARLONLEG, | ndex 15 the

remainder trade, i.e. g, is reduced to the number of

shares currently held. The trade type for this trade,
vy, i5 set to "C" to reflect this trade as a cash

5 control trade. Once block 1060 has fully executed to
complete the generation of the appropriate remainder
trade, then execution proceeds to block 1065 to update
the portfolio value and cash balance to reflect this
remainder trade. Specifically, block 1065 updates the

10 cash balance by first calculating the total cost, ¥y,
associated with the current trade. This cost is
illustratively calculated as being the assumed trading
cost ($ .15/share) multiplied by the number of shares
to be traded. As noted above in connection with

15 block 945, other cost metrics, such as a flat or
sliding fee, can be used instead, if and when
appropriate. In any event, once the trade cost is
determined through block 1065, this block then updates
the current cash balance, K, as simply the prior cash

290 balance less number of shares to be traded multiplied
by their price per share less the trade cost. Lastly,
the portfolio value, V, is updated by simply
subtracting the trade cost, y, and the remainder trade
is inserted into the trading list. Once this occurs,

25 execution loops back, via path 1068, to decision
block 1040 to determine whether any further remainder
trades need to be selected, and so forth.

FIG. 11 depicts table 1100 which provides,
30 for purposes of comparison, abbreviated S & P 500 data
and simulated corresponding numerical data, the latter
generated through use of my present invention using S &

P 500 data at two exemplary successive dates spaced
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3 Fi nanci al Tinmes Stock Exchange 100, TOPI X or Russell 4 1000 stock

I ndex. REPLACEMENT SHEET 1 8 - The apparatus in claim
2 wherein the function Sis 2 jfEiVEﬁﬂ_"%h%EﬁbN wi ng equation: 3 [err]
1 13.  The apparatus in clai m_12 whéFefH=Phe cofrputer 2 syst em has
conput er exe%g.m §75 Nstructions for 3 Serecti V‘él y Operpamusye/20a6%ei t her
a rebal anci ng of cash

-67-

apart by one week: the close of the market on June 28,
1996 and on July 5, 1996. Though the preferred
embodiment manages holdings in all 500 securities on
the S & P 500 index (with exception of those that are

5 proscribed, as discussed above), for purposes of
simplified illustration, this figure merely shows
tabular data for 14 well-known and large corporations
in the S & P 500 index.

10 Column 1110 provides the security name, with
the ticker symbel for each corresponding security
listed in column 1120. For June 28, 1996 and July 5,
1996, columns 1130 and 1160, respectively, list the
closing market share prices for each of these

15 securities. The S & P 500 capitalization weightings
for each of these securities as it existed on June 28,
1996 and on July 5, 1996 are listed in columns 1140 and
1170. Lastly, columns 1150 and 1180 provide the
weightings for each of these securities as determined

20 for each of these two dates through my inventive
dynamic rebalancing methodology, as discussed above
with specific reference to FIGs, 6A-10B. Changes can
be readily seen in both the S & P 500 weightings and in
my corresponding dynamic rebalancing weightings

25 determined for the closing share prices on these two
dates.

Furthermore, for comparative performance over
a2 relatively long perspective and as noted above, I
30 have found, through empirical analysis, that setting
the value of diversity exponent p equal to .76 produces
a portfolio that consistently yields, over a simulated

16 year test interval an annual return that exceeds
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4 i nvest ment node, during the rebal ancing node said 5 vari abl e
wei ghts are determned and, in respou_g,ﬁ___—thetetﬁh said digital

instructions are issued 7 SO as: dyﬂaﬂrqakinE% Flance the portfolio,
and 8 during the cash investnenﬂ nndeggpLheaBt ong! ot her di gi tal

t radi ng

trading instruction is issued so as | f cash
then existi WP ¥#2¥%e portfolio that 11 exceeds a predg,g%{% %% eshol d.

1 14. The apparatus in claim 13 wherein the rebal ancing 2 node is
i nvoked at periodic intervals and the c&8h 3 i nvest ment node is invoked

sel ectively mhenever the 4

threshold. 1

cash in the portfolio exceeds the predefined

syst em has conﬁpit °f gbuﬁggp9r§6&slﬁ '%?%%omﬁgggé{&tjgeéﬁonputer 2

10

20

25

30

NStTUcC
basis p01nts {bp) .

In particular, to assess the relative
performance of my inventive methodology, I have
simulated the performance of that methodology with 1€
years of actual market data, from 1979 to 1935, and
have compared the results to two other major market
indices, namely the S & P 500 index and the Russell
1000 index. The latter is similar to the S & P 500
index with the difference being that Russell 1000 index
contains the top 1000, rather than 500, securities in
terms of market capitalization - hence being more
weighted to securities with relatively low market
capitalizations. I have chosen to start with 1979
market data inasmuch as that year coincides with the
inception of the Russell 1000 index.

FIG. 12 depicts, in graphical form, resulting
simulated performance data for my present invention,
along with actual performance data for the S & P 500
and Russell 1000 indices for the period 1979-1995, with
corresponding annualized returns and associated
standard deviation being shown in tabular form in
FIG. 13. As can be seen, the simulated performance of
my dynamic rebalancing methodology would have
consistently tracked both the S & P 500 and Russell
1000 indices over this 16 year period and would have
generated an annual return which advantageously
exceeded that of both indices by approximately 40-50 bp
and with less variability than that associated with
either of these two indices.
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3 determning, in response to the share information 4 and to
the current price information for ‘each of the 5 securities in the

i ndex, a normalized current 6 _% [ qgﬁgﬁTghting for each of said
securities in 7 t he i ndex; ” ;g‘P’ Vs Bk ~Fern1n|ng, in response
to sal d nor "B\Lvﬁ %12095 capitali} ‘I‘E’&L’{nqr_the var i piotresveredght i ng
for each 'security in the set; 11 ascertaining a current

proportlon for each of said 12 securigdgies in the set, said current
proportion being

Clearly those skilled in the art realize that
the present invention can be simultaneously employed to
dynamically rebalance equity holdings in an index fund
reflective of several different, e.g., national based,

5 capitalization weighted indices, one of which can
illustratively be the S & P 500 index as discussed
above with others for, e.g., different countries or
regions. The weighting of each individual security
that constitutes any one of the indices would be

10 dynamically changed as needed, independent of each of
those that constitute any of the other indices, as a
result of a non-constant function of current
capitalization weightings of that one index. These
separate national (or regional) indices can then be

15 combined to form a single international index, with
each national (or regional) index being separately

managed in the manner taught by the present invention.

Furthermore, the present invention can be

20 utilized in conjunction with an international index
that uses financial derivatives to, e.g., replicate or
even improve the returns of the underlying national
indices. Inasmuch as so-called "swap" contracts may
have a favorable tax treatment in some countries over

25 owning the underlying equity securities, these (and/or
other related forms of) derivatives could he held in
the same weights as would the corresponding equity
securities. Similarly, so-called "“futures" and certain
options could be held and managed in lieu of

30 corresponding equity securities. In addition, hybrid
strategies combining equities, derivatives, futures
and/or options in some manner can be utilized with
their management, within an index fund, occurring in

accordance with my present invention.
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13 reflective of a proportion
attributable to said each security)iThig hg and 16
generating, in response to a predg |nedR; i HASEEt@t ‘onshi p between said
vari abl e wei ghting and said 18 .ﬁﬁfghtln ( for each
correspondi ng one of the 19 securities in I ng one
of thep20 '&%?ﬂ%W?aJ trading instructions, the correspon ?ﬁéﬁ%ﬁéﬂ%
digital trading instruction representing an associ ated 22 trade
i nvol vi ng said correspondi ng one securt{9 such 23 that a proportion of
the portfolio that will be held in 24 said one security, after said
associated trade is 25 I X t e ri.abl e
wei ghting 26 deternlﬁe8§¥fgégéy%j€g%é §§§§§Qti£qgé%lg% o b%

utilized in conjunction with "put” and "call” options.

t al

val ue of the 14 portfolio

Here, once an appropriate weight has been calculated
for each security in an index fund, transaction orders,

5 such as for the purchase or sale of common stock (as
described above in the context of the preferred
embodiment), are issued, as needed, to properly
rebalance the entire portfolio to reflect all the new
weightings. 1In lieu of purchasing or selling just

10 shares of common stock, the order, in lieu thereof or
additionally, could involve the purchase or sale of
options, e.g. puts or calls, on that stock. Such
options would be financially equivalent to all or a
portion of the number of shares of the underlying

15 common stock to be traded, as determined through
dynamic rebalancing. Inasmuch as the value of such
options dynamically changes their share equivalence as
the price of the underlying stock changes, these
variations could be exploited to assist in dynamically

20 rebalancing the portfolio. Nevertheless, at a moment a
trade is executed, the share equivalent of the mixture
of stock shares and options would match the number of
shares in a pure stock transaction.

25 In addition, foreign equities trade on
various United States exchanges through so-called
"American Depository Receipts" (ADRs) each of which
represents ownership, in some fraction, of a share of
an underlying foreign common stock. Inasmuch as it is

30 easier and often less expensive, from a transaction
cost perspective, to trade in ADRs through a US
exchange than in shares of the corresponding foreign
stock through a foreign exchange, ADRs or some form of

financial instrument, such as derivative(s), futures or
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stem has conput er
«Shares in said one
ound | ot of shares so as

executable I nstructions for: cal cul
security to be traded; rounding s
to forma rounded share nunber; an
wi thin the cowpaspngli ng one digit adlng I nstruction. PCHBD6/2(469 17.
The apparatus in claim 13 wherein the conputer 2 system has conput er
execut abl e instructions for, during -71-

options, based thereon, which are financially
equivalent to actual shares of common stock, could be
substituted as all or part of a transaction originally

denominated in shares of the foreign stock.

5
Although a single embodiment, in terms of
apparatus and methods, which incorporates the teachings
of the present invention, as well as various
modifications and extensions thereof, has been shown
10 and described in detail herein, those skilled in the

art can readily devise many other varied embodiments,
modifications and/or extensions that still incorporate

these teachings.
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__‘\m_~ generating a list

aﬁﬂ$ﬁyL[hfnh§3%ﬁ sel ecting
ofiSieespanongkt aII of the possible

of possible trades for each 5
one of the possible trades that 7

3 operation in said cash inves#'
trades, a largest 8 amount of the C

i 1ssuing an
electronic instruction, to an 10 el ect roni ¢ tradlng Net 4 Nidsendagyt @i ni ng
sai d sel ect P75 one trade so as to execute said one posséfe trade;
and 12 _ renoving said selected_g e trade fromsaid list 13 and
repeating said selecting, issuing and r ving 14 operations, in
seriatim to generate additional trades 15 for execution until said
cash decreasesybg] oy said 16 predefi ned threshol d.

1 1. Apparatus (50) for managing a portfolioc having a

2 set of financial securities, wherein said set comprises
3 a plurality of said securities contained as members

4 within a predetermined capitalization weighted index,

5 said apparatus comprising:

6 circuitry (10,15,24,26), responsive to signals

7 containing data having current price information on

8 each of said securities and on constituent securities

9 currently contained within said index, for providing

10 digital data containing the price information and

11 containing share information for each of the

12 constituent securities that currently forms the inde»;
13 and

14 a computer system (60), responsive to said digital
15 data, having computer executable instructions for:

16 determining a variable weighting for each of
17 the securities in the set as a non-constant function of
18 current capitalization weights associated with the

19 index, so as to define a set of variable weights; and
2¢ issuing, in response to the set of variable
21 weights, digital trading instructions such that current
22 assets held in the portfolio are to be distributed
23 amongst the securities in the set in proportion to and
24 as defined by the variable weights so as to dynamically
25 rebalance the portfolio, each of said instructions
26 representing a desired trade in a corresponding one of
27 the securities in the set thereby defining a plurality
28 of trades to be executed.
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1 18. The apparatus in claim1l2 wherein the share 2 i nformation
conprises an identifier of each of gaEFd=8——= es in the index and a
nunber of shares 4 currently ouEsﬂdﬁdﬁﬁ@ﬁHﬂS@a&M ach security. 1

19. The apparatus in claim 12 wher@i n saf@PlcAGitry E conprises first

and second datgogges for providing 3 TTrrst—and secondealingsos/aissdat a
streans, respectively, 4 wherein: 5 said first data source
conprises a satellite 6 receiver, a rgagLo or television receiver, or a
7 t el ephoni c or dedi cated connection, through a conputer 8 net wor k,
to a renote server; and 9 said second data source conprises a
radio or 1Q 2el eVilsd @ppacatiusein araim tlelwhplteincsaid deatlc atfedhe
2 variable weights, Vy (for i = 1, 2, ...n), is given by
3 the following equation:
4
: v D. S(Wl’Wz’ ,W) ol % WJDJS(WI’WZ""’W) -
’ S(WI,W ,Wn) j=1 S(WI,WZ,...,Wn) '
©
7 wherein: W;, Wz, ..., W, are the current capitalization
8 weights for securities in the set;
9 D; and Dy are partial derivative operators with
10 respect to it and 3 ones of the current
11 capitalization weights, respectively;
12 S is a twice continuously differentiable
13 function;
14 and
15 n is a number of securities in the set.
1 3. The apparatus in claim 2 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variable weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
5 trading instruction is issued so as to consume an
10 amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.
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-83- 11 connection, through a_co
server. 1 20. The appar at us

source further conprises a satellltgﬁﬁ?ﬁéWVé%$BBEN
satellite antenna, for receiving! Bl PAGER i al |

ut er netmork, to a renote 12
n said first data 2
b connected to a

br oadcast signals

di stri but ed“t;a/q_,%z satel lite and contarini CUr r entpciRfiise6:0969
I nformation %rodUC|ng a received signal and 7 formng, in response
to the received signal, the first 8 _ ngltaI data stream containing said
price information.
1 4, The apparatus in claim 3 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1 5. The apparatus in claim 2 wherein the computer
2 system has computer executable instructions (700,
3 800,900) for:
4 determining, in response to the share information
5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
8 the index:;
9 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
12 ascertaining a current proportion for each of szid
13 securities in the set, said current proportion being
14 reflective of a proportion of a total value of the
15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
18 relationship between said variable weighting and saic
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
21 instructions, the corresponding one instruction
22 representing an associated trade involving said
23 corresponding one security such that a proportion of
24 the portfolio that will be held in said one security,
25 after said associated trade is executed, will
26 approximate the variable weighting determined for said
27 one security.

This Sheet Has Been Repl
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1 21. The apparatus in claim12 wherein the 2 capitalization

wei ghted index is the S & P 500, 3 Financial Tinmes gk SHEETansse BF
'2I'C}\;Ihx or, Russell 4 ~ 1000 stock index. 1 22. TheEpLEar EF{EE&%@
erein function Sis 2 given by the follow ng eq r] 5
where: pis a E;(%ned constant. 1 23. The appar at usmmrus#womzz
wherein the conmpute system has conputer executable instructions for
3 sel ectively operating in either a rgbal ancing or cash 4
i nvest ment node, during the rebal ancing node said
1 6. The apparatus in claim 5 wherein the computer
2 system has computer executable instructions (925) for,
3 during said instruction generating:
4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one instruction.
1 7. The apparatus in claim 3 wherein the computer
2 system has computer executable instructions (1000) for,
3 during operation in said cash investment mode:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cashj;
9 issuing an instruction, to an electronic trading
10 network, containing said selected one trade so as to
11 execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
1 8. The apparatus in claim 2 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
4

currently outstanding for said each security.
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5 vari abl e weights are determ ned and, in response 6

e i 3 v ey

digital trading instructions are issued -84- 7 o) g@% ﬁﬁggzeﬂicalry
rebal ance the portfolio, and 8 during the cash inves{nent 1 ea
one other 9 digital trading instruction is issued so as to consune 10
an amount of cash then existing in the portfolio that 11 S9S a
predefi ned W%BeH3Pd. 1 24. The apparatus in claim 25€ Wﬁéreln t he
rebal anci ng 2 node is invoked at periodic intervals and the cash 3

i nvest ment node is invoked selectively“ﬁhénever t he

respectively, wherein:

telephonic or dedicated connection, through a

network, to a remote server; and

O @ 1 oy U e W N

I =,
N OB O

server.

source further comprises a satellite receiver

satellite and containing said current price

W N 0 e W N

11. The apparatus in claim 2 wherein the

oW NN

1000 stock index.

receiver, a radio or television receiver, or a

terrestrially broadcast signals distributed by

9. The apparatus in claim 2 wherein said circuitry
comprises first and second data sources (10,15) for

providing first and second digital data streams,

said first data source comprises a satellite

computer

said second data source comprises a radio or
television receiver, or a telephonic or dedicated

connection, through a computer network, to a remote

10. The apparatus in claim 9 wherein said first data

(10},

connected to a satellite antenna (7), for receiving

information, for producing a received signal and
forming, in response to the received signal, the first

digital data stream containing said price information.

capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell

12. The apparatus in claim 2 wherein the function § ic

given by the following equation:

n
4 S(WI,WZ,...,Wn)=—ZWian;..

i=1

) AR
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4 cash in the portfolio exce
The apparatus in claim22 wherei
executabl e instructions for: 3

sg it hreshol d. 1 25.
system has conput er
i in response to the

gaﬁﬁUﬂ%¥BEL
the RLHGf‘-@H’h

share information 4 and to t —price information for each of
the 5 seclddhsmsi N the index, a normalized current 6 PpCT/US96/20469
capltallzatlon melg tlng for each of said securities in 7 the i ndex; 8
determ ning, in response to said nornalized 9 capitalization weighting,
the variable weighting for 10 each security in the set; 11

ascertaining a current proportion for each of said 12 securities in the

set, said gurrent3.prgper bppardeindinlziaim tef weetéme tfe aompaperti on of a
total vaIuS of thstem has computer executable instructions for

3 selectively operating in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response
thereto, said digital trading instructions are issued
so as to dynamically rebalance the portfolio, and

during the cash investment mode at least one other

O ® N D

trading instruction is issued so as to consume an
10 amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.

14. The apparatus in claim 13 wherein the rebalancing
mode is invoked at periodic intervals and the cash
investment mode is invoked selectively whenever the

cash in the portfolio exceeds the predefined threshold.

W N

15. The apparatus in claim 12 wherein the computer
system has computer executable instructions (700,
800,900) for:

determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in
the index;

determining, in response to said normalized
capitalization weighting, the variable weighting for
each security in the set;

O W W oy W N

T
N

ascertaining a current proportion for each of said

[
w

securities in the set, said current proportion being

-
¥

reflective of a proportion of a total value of the
portfolio attributable to said each security in the
set; and

~ R
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16

14 portfolio attributable to said each secur] in the 15 set;
generating, in response LA 17 rel ati onship
bet ween sai d vari abl e wei ghting WEETEHAS BEE ent wei ghting, for

correspondi ng one of the 19

of the 20

digital tradfay

s
urltm§$hpﬁ,L
%gltal tradi ng insi

Hstruction representing an associ ated

and

each

, a correspondi ng one

S~ the corr es ponq,i_cg.g{sg)@“%l e

i nvol ving said correspondi ng one securltg such 23 that a proportion of
the portfolio that will be held in -

17
18
19
20
21
22
23
24
25
26
27

W O ® NN s W N

O 0 ~J O U & W N

-
= o

generating, - in response to a predefined
relationship between said variable weighting and said
current weighting, for each corresponding one of the
securities in the set, a corresponding one of the
instructions,; the corresponding one instruction
representing an associated trade involving said
corresponding one security such that a proportion of
the portfolio that will be held in said one security,
after said associated trade is executed, will

approximate the variable weighting determined for said
one security.

16. The apparatus in claim 15 wherein the computer
system has computer executable instructions (925) for,
during said instruction generating:

calculating a number of shares in said one
security to be traded;

rounding said number to a round lot of shares so
as to form a rounded share number; and

incorporating said rounded share number within the

corresponding one instruction.

17. The apparatus in claim 13 wherein the computer
system has computer executable instructions (1000) for,
during operation in said cash investment mode:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that
consumes, amongst all of the possible trades, a largest
amount of the cash;

issuing an instruction, to an electronic trading
network, containing said selected one trade so as to

execute said one possible trade; and

This Sheet Has Been Replace.
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24 said one security, after said associated trade is 25 execut ed,

w Il approximate the vari abl e wei ghting 26 determ ned for said one
security. 1 26. The apparatus in_claim?25 wherein the conputer 2
system has conput er executable i nsﬂrﬂ%lsq)_@@-f;_gj‘rg BEEN calculating a
nunber of shagggshfyrsai d one 4 hSECUrgiy, d@cie trgded; SPCT/USIE/20469
roundi ng sai d nunber to a round | ofl_of-_shares—so=6—=* as to forma rounded
share nunber; and 7 i ncor por atjqRg said rounded share nunber
within the 8 correspondi ng one digital trading instruction. 1 27.
The apparatus in claim23 wherein the conputer 2 system has conput er

execut abl g i nstructi eamotig shird Bglécted apertataden firomsaaddchbs$t | nvest nent
node:

13 and repeating said selecting, issuing and removing

14 operationa, in seriatim, to generate additional trades
15 for execution until said cash decreases below said

16 predefined threshold.

18. The apparatus in claim 12 wherein the share
information comprises an identifier of each of said

securities in the index and a number of shares

oW

currently outstanding for said each security.

19. The apparatus in claim 12 wherein said circuitry
comprises first and second data sources (10,15) for
providing first and second digital data streams,
respectively, wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer
network, to a remote server; and

O W 3 o s W N

said second data source comprises a radio or

[y
o

television receiver, or a telephonic or dedicated

| ot
[

connection, through a computer network, to a remote
server.

pud
N

20. The apparatus in claim 19 wherein said first data
source further comprises a satellite receiver (10),
connected to a satellite antenna (7), for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

W N oY s W N

digital data stream containing said price information.

s
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4 generating a list of possible trades for each 5 security in

the set; 6 sel ecting one of the possible trades that 7
consunes, anongst all of the posthLa;k&&desf?&i?"gest 8 amount of the
cash; 9 i ssuing an el efftfgeignEEAstARET 0, to an 10

electronic tradi ng network, cont

i Ni NgREALACER
to execute ¥PYZBHE possi bl e trade:

d 11 n rade so as
rennﬁqﬁ§éﬁéo sel ected

one trade fromsaid list 13 and repeating said selecting, issuing and
renovi ng 14 operations, in seriatin$0to generate additional trades 15
for execution until said cash decreases bel ow said 16 predefined
thresholg. 21. The apparatus in claim 12 wherein the

2 capitalization weighted index is the S & P 500,

3 Financial Times Stock Exchange 100, TOPIX or Russell

4 1000 stock index.

22. The apparatus in claim 2 wherein function S is

given by the following egquation:

3
n
4 S(Wl,Wz,...,Wn)= zw? lip
i=1

5
6 where: p is a predefined constant.
1 23. The apparatus in claim 22 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variabie weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
B during the cash investment mode at least one other
9 trading instruction is issued so as to consume an

10 amount of cash then existing in the portfolio that

11 exceeds a predefined threshold.
1 24, The apparatus in claim 23 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1

25. The apparatus in claim 22 wherein the computer
system has computer executable instructions (700,
800,900) for:

R i




-86- 1 28. The apparatus in claim22 wherein the share 2

i nformati on conprises an identifjier of eaeh- 3 securities in the
index and a nunber of shares 4 ‘!1}mygﬂgntH%Sfff%tmnding for said each
security. 1 29. The apparatjis i n i whellein said circuitry 2
conpri ses fi r‘f‘g%ﬁﬁ@l, gsecond data : Fprovidi ng 3 PCITIUSS4/2086%0 _
second digita ata streans, respectively, 4 wherein: 5 sai d
first data source conprises a satellite_g;_ receiver, a radio or
television receiver, or a 7 t el ephonic or dedicated connection, through
a conputer
4 determining, in response to the share information
5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
8 the index;
95 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
12 ascertaining a current proportion for each of said
13 securities in the set, said current proportion being
14 reflective of a proportion of a total wvalue of the
15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
18 relationship between said variable weighting and said
19 current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
21 instructions, the corresponding one instruction
22 representing an associated trade involving said
23 corresponding one security such that a proportion of
24 the portfolio that will be held in said one security,
25 after said associated trade is executed, will
26 approximate the variable weighting determined for said
27 one security.
1 26. The apparatus in claim 25 wherein the computer
2 system has computer executable instructions (925) for,
3 during said instruction generating:
4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
1 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one instruction.

Sheet Has Been Replaced
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8 network, to a renote serveti—apd -OQ-———-—==== said second data source

conprises a radio or 10 tel¢vwsmqu{aue¢wet;N a tel ephonic or
dedi cated 11 connection, thriough a&svoapiler nefwork, to a renote 12
server. 1 30. The apparatué;tn:e#aFﬁngzﬁﬁ%rern said first data 2
source further conprises a satellite receiver, 3 connegéﬁﬂ&k
satellite anVOP227F or receiving 4 terrestrially broad LTI
di stributed by 5 satellite and containing said current price 6
i nformation, for producing a received si8fmal and 7 form ng, in response
to the received signal, the first 8 digital data stream containing said
price information. 1 31. The apparatus in claim22 wherein the

1 27. The apparatus in claim 23 wherein the computer

2 system has computer executable instructions (1000) for,

3 during operation in said cash investment mode:

4 generating a list of possible trades for each

5 security in the set;

© selecting one of the possible trades that

7 consumes, amongst all of the possible trades, a largest

8 amount of the cash;

9

issuing an instruction, to an electronic trading

10 network, containing said selected one trade so as to
11 execute said one possible trade; and

12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said

16 predefined threshold.

1 28. The apparatus in claim 22 wherein the share

2 information comprises an identifier of each of said

3 securities in the index and a number of shares

4 currently outstanding for said each security.

1 29. The apparatus in claim 22 wherein said circuitry
2 comprises first and second data sources (10,15) for

3 providing first and second digital data streams,

4 respectively, wherein:

5 said first data source comprises a satellite

) receiver, a radio or television receiver, or a

7 telephonic or dedicated connection, through a computer
8 network, to a remote server:; and

9 said second data source comprises a radio or

10

television receiver, or a telephonic or dedicated

This Sheet Has Been Replaced
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2 capitalization weighted index is the S & P 500 3 Fi nanci al Ti nes
St ock Exchange 100, TOPI X or Russel ‘i ndex and p has a

val ue of. .76. -87- 1 32. Th 'HpSéﬁafus)Twﬁﬁﬁ \nll wherein the
conputer 2 system has conput er xecut%bﬁe‘ TS ons for 3

sel ectively oppieakiong i n either a reba}an0|ﬁ§'or ~cash 4 PCTIUSS 20460 t

node, during the rebal ancing node said 5 vari abl e wei ghts are

determ ned and, in response 6 t heret@s-said digital trading

i nstructions are issued 7 so as to dynam cally rebal ance the portfolio,
and

11 connection, through a computer network, to a remote

12 server.

30. The apparatus in claim 28 wherein said first data
source further comprises a satellite receiver (10},
connected to a satellite antenna (7), for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

W N oY oW NP

digital data stream containing said price information.

31. The apparatus in claim 21 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell
1000 stock index and p has a value of .76.

W N

32, The apparatus in claim 1 wherein the computer
system has computer executable instructions for
selectively operating in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response
thereto, said digital trading instructions are issued
S0 as to dynamically rebalance the portfolio, and

during the cash investment mode at least one other

[C-TN = - TR N )R 5 B R V5 B A

trading instruction is issued so as to consume an

=
o

amount of cash then existing in the portfolio that
exceeds a predefined threshold.

[
-

33. The apparatus in claim 32 wherein the rebalancing
mode is invoked at periodic intervals and the cash

investment mode is invoked selectively whenever the

oW N

cash in the portfolio exceeds the predefined threshold.
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8 during the cash investnent node at | east one other 9 di gital
trading instruction is issued so as to consuag_lﬂ__n an anmount of cash
then existing in the portfolio th qg§§l predefined threshol d.
1 33. The apparatus in clai 3@“%@%5 ?%%ye reljal anci ng 2 node is

I nveked at periodic intervals andijjthe #;§:w~— est ne I nvoked
sel ectivel y WR&R20Br the 4 cash in the portfolio exceggnﬁgﬂéuﬁékdeflned
threshold. 1 34. The apparatus in claiml1l wherein the conputer 2
syst em has conputer executable instruct$éns for: 3 determning, in
response to the share |nfornat|on 4 and to the current price

current Caplta I on wel each of safﬁ’g 5&r|t|es in
system has computer executable instructions (700,

infornat%on fogqea %ggaéus i %gﬁﬂﬁ%al%ﬁekﬁlﬁhﬁllndex a_normalized
2

3 800,200) for:
4 determining, in response to the share information
5 and to the current price information for each of the
6 securities in the index, a normalized current
7 capitalization weighting for each of said securities in
B the index;
9 determining, in response to said normalized
10 capitalization weighting, the variable weighting for
11 each security in the set;
12 ascertaining a current proportion for each of said
13 securities in the set, said current proportion being
14 reflective of a proportion of a total value of the
15 portfolio attributable to said each security in the
16 set; and
17 generating, in response to a predefined
i8 relationship between said variable weighting and said
io current weighting, for each corresponding one of the
20 securities in the set, a corresponding one of the
21 instructions, the corresponding one instruction
22 representing an associated trade involving said
23 corresponding one security such that a proportion of
24 the portfolio that will be held in said one security,
25 after said associated trade is executed, will
26 approximate the variable weighting determined for said
27 one security.
1 35. The apparatus in claim 34 wherein the computer
2 system has computer executable instructions (925) for,
3 during said instruction generating:
4 calculating a number of shares in said one
5 security to be traded;

(TR H“ﬂ ‘l““ “l m Il




7 the index; 8 determ ning, in response to said normalized 9

capitalization weighting, the variable melghL’ r 10 each security
in the set; 11 ascertalgggg:a;eurﬁf cgEoportion for each of said
12 securities in the set, saljdiesci&Rl ,}Sr:g)portl n being 13

reflective of rtion of a fotal HETYE = 14 PeE ik hfaso
attributabl e v'92%ﬁdgeach securléyﬁFﬁ:Fﬁé 15 set; and -88- 16
generating, in response to a predefined

-85-

6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and

8 incorporating said rounded share number within the
) corresponding one instruction.

1 36. The apparatus in claim 1 wherein the computer

2 system has computer executable instructions (1000) for:
3 generating a list of possible trades for each

4 security in the set;

5 selecting one of the possible trades that

6 consumes, amongst all of the possible trades, a largest
7 amount of the cash;

8 issuing an instruction, to an electronic trading
9 network, containing said selected one trade so as to
10 execute said one possible trade; and

11 removing said selected one trade from said list
12 and repeating said selecting, issuing and removing

13 operations, in seriatim, to generate additional trades
14 for execution until said cash decreases below said
15 predefined threshold.

1 37. The apparatus in claim 1 wherein the share

2 information comprises an identifier of each of said

3 securities in the index and a number of shares

4 currently outstanding for said each security.

1 38. The apparatus in claim 1 wherein said circuitry

2 comprises first and second data sources (10,15) for

3 providing first and second digital data streams,

4 respectively, wherein:

5 said first data source comprises a satellite

6 receiver, a radio or television receiver, or a

7 telephonic or dedicated connection, through a computer
B8 network, to a remote server; and

| O H“m l|||“ “||||| l




17 rel ati onshi p between said variable weighting and said 18 current
wei ghting, for each correspondingﬁone of the 19 securities in the set,

a correspondi ng one of the 20 111 @ trgqﬁgﬁ1 I'nstructions, the
correspondi ng one 21 digitalltra gn representing an
associ ated 22 trade invol vi nt wc ﬁLEspnndLﬁg one securlt such 23

that a propdY@P¥R0%f the portfolio that will be held in 24€T # one
security, after said associated trade is 25 executed, will approximte
the variable weighting 26 det er mi ne®6f or said one security. 1 35.
The apparatus in clain134 mherein t he conputer 2 systen1has conput er
execut able instructiq SLar urce al culatin unber of shares in
sai d one’4 secU FS Bg ??%ﬁéﬁz €onprises's radic or
10 television receiver, or a telephonic or dedicated
11 connection, through a computer network, to a remote
12 server.,
1 39. The apparatus in claim 38 wherein said first data
2 source further comprises a satellite receiver (10),
3 connected to a satellite antenna (7), for receiving
4 terrestrially broadcast signals distributed by
5 satellite and containing said current price
6 information, for producing a received signal and
7 forming, in response to the received signal, the first
8

digital data stream containing said price information.

1 40. The apparatus in claim 1 wherein the

2 capitalization weighted index is the S & P 500,

3 Financial Times Stock Exchange 100, TOPIX or Russell

4 1000 stock index.

1 41. A method for managing a portfolio having a set of
2 financial securities, wherein said set comprises a

3 plurality of said securities contained as members

4 within a predetermined capitalization weighted index,
5 said method comprising the steps of:

6 providing, in response to signals containing data
7 having current price information on each of said

8 securities and on constituent securities currently

9 contained within said index, digital data containing
10 the price information and containing share information
11 for each of the constituent securities that currently
12 forms the index; and

13 in a computer system, responsive to said digital
14 data:

is Sheet Has Been Replaced
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5 roundi ng said nunber to a round Iot of shares so 6 as to
forma rounded share nunber; and 7 ating said rounded

share nunber w thin the 8 corr g"ngW one BHEEY \al tradi ng
instruction. 1 The appar a §*$q.cﬂauﬁm1 when'ei n the conputer 2
system has c xecutable i nst\ruct L.ops=feF—3 PCHEHLEY NG A
| ist of possﬁgpg%?@éges for each 4""’§€?ﬁ}|ty in the set; 5

sel ecting one of the possible trades that - consunes, annngst all of
the possible trades, a largest 7 anount of the cash; 8

I Ssui ng an el ectroni ¢ instruction, to an 9 el ectroni ¢ tradi ng network,

contai ni ngs sai d sel ect ed détermindig bl 8£i A9 ASdiGhAAGUEST S8 ch W
possi bl e trade; and
16 the securities in the set as a non-constant function of

17 current capitalization weights associated with the
18 index, so as to define a set of variable weights; and
19 issuing, in response to the set of variable
20 weights, digital trading instructions such that current
21 assets held in the portfolio are to be distributed
22 amongst the securities in the set in proportion to and
23 as defined by the variable weights so as to dynamically
24 rebalance the portfolio, each of said instructions
25 representing a desired trade in a corresponding one of
26 the securities in the set thereby defining a plurality
27 of trades to be executed.
1 42. The method in claim 41 wherein said each of the
2 variable weights, V; (for 1 = 1, 2, ...n), is given by
3 the following equation:
4
. , s FV.Z).S(W’ Wa,y.o W’)
- D;S"(,WIWWz, an)“_g D, A .
(R IR TR
6
7 wherein: Wy, W2, ..., W, are the current capitalization
8 weights for securities in the set;
9 D; and Dj are partial derivative operators with
10 respect to i¥ and j® ones of the current
11 capitalization weights;
12 S is a twice continuously differentiable
13 function; and
14 n is a number of securities in the set.

43. The method in claim 42 further comprising the

2 steps, in the computer system, of selectively operating

A A H“““ﬁ““s“mm“\d



-89- 11 renoving said selected one trade fromsaid list 12

and repeating said selecting, issuing and renpving 13 operations, in
seriatim to generate additionat=tfades T ;ﬂwjbr execution until said
cash decreases bel ow said 15 | T“ﬁéﬁ’ﬁ;@fﬁ P FHT eﬁhol d. 1 37. The
apparatus in claim1l wherein tfe shafe =" ipter mation ' an
identifier HOBVIRH30f said 3 Securities in the index ?&%bénhﬁr%i er of
shares 4 currently outstanding for said each security. 1 38. The

apparatus in claimi1 wherein said circtB8Ty

3 in either a rebalancing of cash investment mode,

4 wherein

5 during the rebalancing mode:

6 determining said variable weights and,

7 issuing, in response to said variable

8 weights, said digital trading instructions so as to
g dynamically rebalance the portfolio, and
10 during the cash investment mode:
11 issuing at least one other trading
12 instruction so as to consume an amount of cash then
13 existing in the portfolio that exceeds a predefined
14 threshold.

1 44, The method in claim 43 further comprising the

2 steps, in the computer system, of:

3 invoking the rebalancing mode at periodic

4 intervals; and

5 invoking the cash investment mode selectively

6 whenever the cash in the portfolio exceeds the

7 predefined threshold.

1 45. The method in claim 42 further comprising the

2 steps, in the computer system of:

3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current

6 capitalization weighting for each of said securities in
7 the index;

B8 determining, in response to said normalized

) capitalization weighting, the variable weighting for
10 each security in the set;

11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13

reflective of a proportion of a total value of the
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2 conprises first and second data sources for providing 3 first and

second digital data streans, respectively, 4 ___ wherein: 5 sai d
first data source conprises a 0 oo g¢ iver, a radio or
i si i e |
television receiver, or a7 i, £ edl cat ed connection, through
a conputer 8 B%g\ork, to alfenot 856 VEY ;ﬁ;gl;g pCT/88dsBodsecond
971 . = .
data source Cgﬁbrlses a radio or 10 tel evision receiver, or a
t el ephonic or dedicated 11 connecti(ybgj:hrough a conmputer network, to a
renote 12 server. 1 39. The apparatus in claim38 wherein said
first data 2 source further conprises a satellite receiver, 3
connectedi40 a ReFbiie a0t LiMAaler tbes8ididikh security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 instructions, the corresponding one instruction
21 representing an associated trade involving said
22 corresponding one security such that a proportion of
23 the portfolio that will be held in said one security,
24 after said associated trade is executed, will
25 approximate the variable weighting determined for said
26 one security.
1 46. The methed in claim 45 further comprising the
2 steps, in the computer system during said instruction
3 generating step and during said rebalancing mode, of:
4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
B incorporating said rounded share number within the
9 corresponding one instruction.

47. The method in claim 43 further comprising the
steps, in the computer system during said cash
investment mode, of:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that

consumes, amongst all of the possible trades, a largest
amount of the cash;

O N oy s W N
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4 terrestrially broadcast signals distributed by —satet T i tTaEgnd
containing said current price 6 information, for pbidiGudt gh$gggﬂved
signal and 7 forming, in response to the received|si gnaREPLAGED first] 8
digital data stream containing said price information. -90- 1 ~ = 40.
The .apparatus in claim1l wherein the 2 capitalization weighted index is

the S & P 599742075  [jnancial Times Stock Exchange 100, FEBP®$GMussel| 4
1000 stock i ndex.

_90_

9 issuing an instruction, to an electronic trading
10 network, containing said selected one trade so0 as to
11 execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.

1 48. The method in claim 42 wherein the share

2 information comprises an identifier of each of said

3 securities in the index and a number of shares

4

currently outstanding for said each security.

49. The method in claim 42 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.

50. The method in claim 42 wherein the function S is
given by the following equation:

n
4 S(WI,WZ,...,Wn)='—‘ZWiani.
i=1
1 51. The method in claim 50 further comprising the
2 steps, in the computer system, of selectively operating
3 in either a rebalancing or cash investment mode,
4 wherein
5 during the rebalancing mode:
6 determining said variable weights and,
7 issuing, in response to said variable
B weights, said digital trading instructions so as to
9

dynamically rebalance the portfolio, and

0 " i



-91- 41. A method for managing a portfo
securities, wherein said set conp Y
contai ned as nenbers within a pre eTé‘gnhgedAC'a‘@it Lizat | on weppphpeEp | ndex
said nmethod conprising the steps : ' '%ﬁﬁ“TTT?esp,ﬂsc t-6—-St-ghat-s—
contai ni ng da‘évggl;@ﬁi,glg current price information on each of perighsa®searities
and on constituent securities currently contained within said index,

digital data containing the price informghion and containing share

i nformati on for each of the constituent securities that currently forns

set _of financial

et PESN df s RTHISS GHERT HABSBEEN

10 ' during the cash investment mode:
11 issuing at least one other trading
12 instruction so as to consume an amount of cash then
13 existing in the portfolio that exceeds a predefined
14 threshold.
1 52. The method in claim 51 further comprising the
2 steps, in the computer system, of:
3 invoking the rebalancing mode at periodic
4 intervals; and
5 invoking the cash investment mode selectively
6 whenever the cash in the portfolio exceeds the
7 predefined threshold.

1 53. The method in claim 50 further comprising the
2 steps, in the computer system of:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index:
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total wvalue of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20

instructions, the corresponding one instruction

RN N Th”ﬁ”ﬁ“‘““lllﬁl\d




the index; and in a conputer system having. -8

menory storing conputer executabl¢w7'§ﬁ§gq§hmﬁ%8 her

further. conprises the steps, in raspdi¥s ;igﬁﬁﬁ@ d instructions and the
digital data, of, in the processor P g a variable weighting for
each of the securities in the set as to define a set o

wei ght s, di WO%21973 r om a set of current capitalization me?%ﬁ?gsdﬁggggci at ed
with the index, such that each of the variable weights is a non-constant

mat henmati cal function of solely the cuf*&nt capitalization weights; and

I ssuing, in response to the set of variable

r and a nmenory, the
i n, wherein the method

21 representing an associated trade involving said
22 corresponding one security such that a proportion of
23 the portfolio that will be held in said one security,
24 after said associated trade is executed, will
25 approximate the variable weighting determined for said
26 one security.
1 54. The method in claim 53 further comprising the
2 steps, in the computer system during said instruction
3 generating step and during said rebalancing mode, of:
4q calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one instruction.

1 55. The method in claim 51 further comprising the

2 steps, in the computer system during said cash

3 investment mode, of:

4 generating a list of possible trades for each

5 security in the set;

6 selecting one of the possible trades that

7 consumes, amongst all of the possible trades, a largest

8 amount of the cash;

9 issuing an instruction, to an electronic trading
10 network, containing said selected one trade so as to
11 execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
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wei ghts, digital trading instructions such tha

ent assets held in the
portfolio are to be distributed a T '
i 'e

s in the set in

proportion to and as defined by theTw&r ole. ,so as to dynam cally
rebal ance the portfolio, each of i d gfﬁigﬁl -92- instructions
representi ng ywipépshised trade in a e6rrespondi ng one of the POFAISHE/I04ES | N
the set thereby defining a plurality of trades to be executed; and

executing each of said digital trading Lggtructions so as to effectuate the
trades.

56. The method in claim 50 wherein the share
information comprises an identifier of each of said

securities in the index and a number of shares

D W NN

currently outstanding for said each security.

57. The method in claim 50 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.

58. The method in claim 42 wherein function S is given
by the following equation:

n
4 S(W W, ,...,W): S wpl/p
n il
1=

6 where: p is a predefined constant.

59. The method in claim 58 further comprising the
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable

weights, said digital trading instructions so as to

O @ 1 o e W N

dynamically rebalance the portfolio, and

[
o

during the cash investment mode:

issuing at least one other trading

-
N

instruction so as to consume an amount of cash then

[
W

existing in the portfolio that exceeds a predefined
threshold.

-
oo
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-93- 1 42. The nethod in cIa|n141 wh ch of the 2

vari abl e weights, V[err] (for i f&ﬁé ug@rHASb;ﬁW n by 3 t he
foll owi ng equation: 4 [err] 6 7 \ ?epanNiemr] err], ..., Werr]

are the current capitalization 8 | s for securities in
WenSe © wosmans | SLeCt) ond XS] are part Rl e LGl gasReT 2t or s
~-94-
1 60. The method in claim 58 further comprising the
2 steps, in the computer system, of:
3 invoking the rebalancing mode at periodic
4 intervals; and
5 invoking the cash investment mode selectively
6 whenever the cash in the portfolioc exceeds the
7 predefined threshold.
1 61. The method in claim 58 further comprising the
2 steps, in the computer system of:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index:;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 instructions, the corresponding one instruction
21 representing an associated trade involving said
22 corresponding one security such that a proportion of
23 the portfolio that will be held in said one security,
24 after said associated trade is executed, will
25 approximate the variable weighting determined for said
26 one security. -
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11 capitalization weights; 12 Sis atwce

continuously differentiable 13 function, and 14

nis a nunber of securities in the s method in claim42
further conprising the 2 st eps ﬁ”ﬁﬁé*hﬁ [§r sy henl of selectively
operating 3 woghkhe® t her a rebal anciin; grr_na Nt wONes6/40469
wherein 5 during the rebal ancing node: det er m ni ng
said variable weights and, 7 ~95- ISSUIng, in response to said
vari able 8 wei ght s, said digital trading instructions so as to 9
dynami cal ly rebal ance the portfolio, and 10 during the cash

i nvest ment node:

1 62. The method in claim 61 further comprising the

2 steps, in the computer system during said instruction

3 generating step and during said rebalancing mode, of:

4 calculating a number of shares in said one

5 security to be traded;

6 rounding said number to a round lot of shares so

7 as to form a rounded share number; and

8 incorporating said rounded share number within the

9 corresponding one instruction.

1 63. The method in claim 59 further comprising the

2 steps, in the computer system during said cash

3 investment mode, of:

4 generating a list of possible trades for each

5 security in the set;

6 selecting one of the possible trades that

7 consumes, amongst all of the possible trades, a largest

8 amount of the cash;

9 issuing an instruction, to an electronic trading
10 network, containing said selected one trade so as to
11 execute said one possible trade; and
12 removing said selected one trade from said list
i3 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.

1 64. The method in claim 58 wherein the share

2 information comprises an identifier of each of said

3 securities in the index and a number of shares

4

currently outstanding for said each security.

This Sheet Has Been Replaced
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11 I ssuing at | east one ot her trading 12

I nstruction so as to consune an a T - Bher {13 existing in the
portfolio that exceeds a predefin Ay 1 -94- 1 44,
The method in claim43 further co {ﬂﬁhgégi:==:%teps, in the conputer
system of: 3 I nvoki ng t —anci ng node at Welo|l

i %t erval s;: WRJ7/22075 i nvogi ng the cash i n\g}est nent ngg‘fa’b%g{zg“gféi vely 6
whenever the cash in the portfolio exc%%ds t he

65. The method in claim 58 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock

Exchange 100, TOPIX or Russell 1000 stock indices and p
has a value of .76.

BWw N =

66. The method in claim 41 further comprising the

steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,

wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable

weights, said digital trading instructions so as to

W @ ~ o0y U W N

dynamically rebalance the portfolio, and

[}
o

during the cash investment mode:

[
—

issuing at least one other trading

-
N

instruction so as to consume an amount of cash then

=
w

existing in the portfolio that exceeds a predefined
threshold,

[
o>

67. The method in claim 66 further comprising the
steps, in the computer system, of:

invoking the rebalancing mode at periodic
intervals; and

invoking the cash investment mode selectively
whenever the cash in the portfolio exceeds the
predefined threshold.

N 0 s W N

68. The method in claim 41 further comprising the
steps, in the computer system of:

determining, in response to the share information
and to the current price information for each of the

(€, TR - % B\ B

securities in the index, a normalized current

This Sheet Has Been Replaced
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7 predefined threshold. 1 45. The nethod:isn claim42 further
conprising the 2 steps, in the conﬁuter RY e f: 3
determ ning, in response to the shaw€bﬁhfbrnq§10n 4 1 and to the current

price information for each of thngFFG%;ég’ n the index, a
normal i zed cuw?egg hads capitali wei ghting for each etr®8dsi0469

securities the I ndex; 8 determ ning, in response to said
normalized 9 capltallzatlon wei ghtingy, the variable weighting for 10
each security in the set; 11 ascertaining a current proportion
for each of said 12 securities in the set, said current proportion
being 13 6 refdapithYezfich WeiRORingNfot @adwicd sedldugeeliribees in
7 the index;
8 determining, in response to said normalized
) capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 instructions, the corresponding one instruction
21 representing an associated trade involving said
22 corresponding one security such that a proportion of
23 the portfolio that will be held in said one security,
24 after said associated trade is executed, will
25 approximate the variable weighting determined for said
26 one security.
1 69. The method in claim 68 further comprising the
2 steps, in the computer system during said instruction
3 generating step of:
q calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one instruction.

This Sheet Has Been Replaced
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14 portfolio attributable to said each security in the 15 set;

16 generating, in respons 7 rel ati onsh

bet ween sai d variabl e wei ghting and |lsmis SHEET HA E ﬂ wei ghting, for

correspondi ng one of the 19 sec |t|e§rPhAp E _set.a corresponding

of the 20 digital trading instr e correspon

digital trad/® '%%Wst ruction representing an associ at ed ZZq,I&J(’JUSthaégy1

i nvol ving said correspondlng one securltg such 23 that a proportion
the portfolio that will be held in 24

said one security, after said

associ ated trade is

1

O O oy U1 WN
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70. The method in claim 66 further comprising the
steps, in the computer system during said cash
investment mode, of:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that
consumes, amongst all of the possible trades, a largest
amount of the cash;

issuing an instruction, to an electronic trading
network, containing said selected one trade so as to
execute said one possible trade; and

removing said selected one trade from said list
and repeating said selecting, issuing and removing
operations, in seriatim, to generate additional trades
for execution until said cash decreases below said
predefined threshold.

71. The method in claim 41 wherein the share
information comprises an identifier of each of said
securities in the index and a number of shares

currently outstanding for said each security.

72. The method in claim 41 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.
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-95- 25

executed, will approximate the variable weighting 26

determined for said one securi ty. 1 46. The nethod in gtp{mgﬂ;ﬁ:mugﬁmr

conprising the 2 steps, in the conputer system during sg FAS-Uet-0h
3 generat i
calculating a
roundi ng said
share nunber

within the 9

The method in
system during

2

W 0 Jd o U = W

10

12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ng step and during said rebalancing node, off:

nunber of shares in said gg security |td b&atAﬁ@éﬂmJ6
ares so

nunber to a round | ot of 7 as |tq_forma rounde¢d

and 8 i ncorporating said rounded ghare nunber
correspondi ng one digital trading instrudt-on—1 47

claim43 further conprising the 2 steps, in the conputer

satd caBpparatus for managing a portfolio hav1ng a set of
financial securities, wherein said set comprises a
plurality of said securities contained as members
within a predetermined capitalization weighted index,
said apparatus comprising:
circuitry, responsive to signals containing data
having current price information on each of said
securities and on constituent securities currently
contained within said index, for providing digital data
containing the price information and containing share
information for each of the constituent securities that
currently forms the index; and
a computer system, the computer system having a
processor and a memory, the memory storing computer
executable instructions therein, wherein the processor
in response to the executable instructions and to said
digital data:
determines a variable weighting for each of
the securities in the set so as to define a set of -
variable weights, distinct from a set of current
capitalization weights associated with the index, such
that each of the variable weights is a non-constant
mathematical function of solely the current
capitalization weights; and
issues, in response to the set of variable
weights, digital trading instructions which are iﬁ turn
executed to effectuate securities transactions such
that current assets held in the portfolio are to be
distributed amongst the securities in the set in
proportion to and as defined by the variable weights so
as to dynamically rebalance the portfolio, each of said

digital trading instructions representing a desired

A

\&(ge |00




3 investnent node, of: 4 generating a Ii_st of pPsSI L raHes
for each 5 security in the set; 6 sel ecting anEE‘fACEh@MIr ﬂrEET
possi bl e trades that 7 consunes, -anmongst all of the pogsilble trades, a
| ar gest 8 amount of the cash; 9 _ i ssuing an el e¢t rpgi QUG 2000
I nstruction, to an 10 el ectronic tr§g| ng network, contaihing said
selected 11 one trade so as to execut® said one possible e and 2
removi ng sai d sel ected one trade from said list 13 and{repeating said
sel ecting, issuing and renoving 14 operations, in seriatim to generate
additional trades 15 for execution until said cash decreases bel ow said
16 pr edéf i nedtiadestial @ corresponding one of the securities in the
34 set thereby defining a plurality of trades to be
35 executed.
1 2. The apparatus in claim 1 wherein said each of the
2 variable weights, V; (for i =1, 2, ...n), is given by
3 the following equation:
4
~ D.S(W w,,.. W) n W.D.S(WI,WZ,...,W)
b H4 b n
‘=1 .
S(WI’WZ””’Wn) J S(WI’WZ’ ’Wn)
6
7 wherein: W;, Wz, ..., W, are the current capitalization
8 weights for securities in the set;
9 D; and D;j are partial derivative operators with
10 respect to i*™ and j* ones of the current
11 capitalization weights, respectively;
12 S is a twice continuously differentiable
13 function;
— 14 and
15 n is a number of securities in the set.
1 3. The apparatus in claim 2 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variable weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
9 digital trading instruction is issued so as to consume

T ) O



-96- 1 48. The nethod in claim42 wherein the shafe.Q infornatibn

-conprises an identifier of each of said 3 securities |Rfot_m@gwr~:tegpgﬂd a
nunber of shares 4 currently outstanding for said e ocyur.k,
49. The nethod in claim42 wherein the capitalization 2 agted i ndgx
Is the S & P 500, Financial Tines Stocﬁgﬁ Exchange 2100, 302000
Russel|l 1000 stock index. 1 “met hod in claimd42 wherein the
function Sis 2 gi ven by the follomnng equation: 3
10 an amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.
1 4. The apparatus in claim 3 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.

1 5. The apparatus in claim 2 wherein the computer
- 2 system has computer executable instructions for:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
= 13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated
22 trade involving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is

AN TG
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[err] 1 51. The nmethod in claim50 further conprisingthe—2
in the conputer system of selectively operating 3 i n leiRERGACEMENT SHEET
rebal anci ng or cash investnent node, .4 wherein 5 _ aurtmgthe
rebal anci ng node: 6 determining said variabl e m@gg&@s&@ﬂﬂ, 7
I ssuing, in response to said variable 8 wei ght's, said (dijgi tal P g
I nstructions so as to 9 dynanically7ﬁebalance the portjf ot+-es—and-10
during 't he cash investnent node: 11 i ssuirng at | east one
other digital trading 12 instruction so as to consune an anount—of—cash
then 13 existing in the portfolio that exceeds a predefined
25 executed, will approximate the variable weighting
26 determined for said one security.
1 6. The apparatus in claim 5 wherein the computer
2 system has computer executable instructions for:
3 calculating a number of shares in said one
4 security to be traded;
5 rounding said number to a round lot of shares so
6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.
1 7. The apparatus in claim 3 wherein the computer
2 system has computer executable instructions for, during
3 operation in said cash investment mode:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
e S issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
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12 t hr eéshol d. -97- 1 52. The method in claim31gE

conprising the 2 steps, in the conputer system of:

t he rébal anci hg node at periodic 4. intervals; and 5

t he cash investnent node selectively 6 whenever the chs
portfolio exceeds the 7 predefined_fhreshold. 1

claimb50 further conprising the 2 4 eps, in the conp

8. The apparatus in claim 2 wherein the share
information comprises an identifier of each of said

securities in the index and a number of shares

=W N

currently outstanding for said each security.

9. The apparatus in claim 2 wherein said circuitry
comprises first and second data sources for providing
first and second digital data streams, respectively,
wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer

network, to a remote server; and

O © 9 O O & W N P

said second data source comprises a radio or

o
o

television receiver, or a telephonic or dedicated

Pt
f—

connection, through a computer network, to a remote

juy
N

server.

10. The apparatus in claim 9 wherein said first data
source further comprises a satellite receiver,
connected to a satellite antenna, for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

o N oY s W N

digital data stream containing said price information.

11. The apparatus in claim 2 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell
1000 stock index.
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determ ning, in response to the share informtipm=4 ¢

. the current price information for each of the 5 secur it REBLAGEMENE SHEET
i ndex, a normalized current 6 capitalization weighting flor each of5aid
securities in 7
normal i zed 9
each security in the set; 11 'g certai ning a currgnt—proeperti r
each of said 12
reflective of a proportion of a total value of the 14 portforio

a1, +
CATT T

O
O ——y

t he i ndex; 8 determ ni ng, in{rdsppas i
capitalization weightiyag, the variable mEight?gdﬁy%?m@g

securities in the set, said current proportion being 13

attrihutable to said each security in the 15 set; and 16
generatingl in rt8pon¥het eppaprsdsfinedlaim 2 wherein the function S is

2
3

W O N o s WN

=
= o

~N oy s W

given by the following equation:

n
,...,Wn) = —'ZIW;. In#, .
I=

13. The apparatus in claim 12 wherein the computer
system has computer executable instructions for
selectively operating in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response
thereto, said digital trading instructions are issued
so as to dynamically rebalance the portfolio, and
during the cash investment mode at least one other
digital trading instruction is issued so as to consume
an amount of cash then existing in the portfolio that

exceeds a predefined threshold.

14. The apparatus in claim 13 wherein the rebalancing
mode is invoked at periodic intervals and the cash
investment mode is invoked selectively whenever the

cash in the portfolio exceeds the predefined threshold.

15. The apparatus in claim 12 wherein the computer
system has computer executable instructions for:
determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in

the index;
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17‘ relatfonship betmeen sai d variabl e meighting and said 18 ___ current

wei ghti-ng, for each corresponding one of the 19  secur FR@?AEPME@?E§EE{M
a correspondi ng one of the 20 digital trading instrucliprss—the
correspondi ng one 21 ~digital trading instruction represent!ng an
associ ated 22 trade involving sald_ga;respondlng one selcurli& uswzmuz
that a proportion of the portfolio that Il be held in 24| ___ said one
security, after said associated trade is -98- 25 ﬁxeputed, WITT‘_
approxi mate the vari abl e wei ghting 26 determ ned for 'sa-d-one_security|

8 determining, in response to said normalized

9 capitalization weighting, the variable weighting for

10 each security in the set;

11 ascertaining a current proportion for each of said

12 securities in the set, said current proportion being

13 reflective of a proportion of a total value of the

14 portfolio attributable to said each security in the

15 set; and

_ 16 generating, in response to a predefined

17 relationship between said variable weighting and said

18 current weighting, for each corresponding one of the

19 securities in the set, a corresponding one of the

20 digital trading instructions, the corresponding one

21 digital trading instruction representing an associated

22 trade involving said corresponding one security such

23 that a proportion of the portfolio that will be held in

24 said one security, after said associated trade is

25 executed, will approximate the variable weighting

26 determined for said one security.

~

16. The apparatus in claim 15 wherein the computer
system has computer executable instructions for:

calculating a number of shares in said one
security to be traded;

rounding said number to a round lot of shares so
as to form a rounded share number; and

incorporatihg said rounded share number within the

corresponding one digital trading instruction.

O o



1 54. The method in claimb53 further conpri si ng t he 2 - ———St-eps, N

i

4
LS Yo

the conputer systemduring said instruction 3 gener at i hRELaptiahiel SHEET
during said rebal anci ng node, of: 4 . calculating ajn er—of—Sharegs
in said one 5 security to be traded; 6 roundi hg squpAgﬁpygm tio
a round | ot of shares so 7 as to forma rounded share wu[ber nd
I ncorporating said rounded share nunber-8& thin the 9 cor kespondi-ng- one
digital trading instruction. 1 55. The nethod in clai 51 further
conprising the 2 steps, in the conputer system during Sard-castr3
I nvest mrent node, of: 4 generating a list of possible trades for
each 5 Lecurilths i Theh@pparatus in claim 13 wherein the computer
2 system has computer executable instructions for, during
3 operation in said cash investment mode:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;
9 issuing an electronic instruction, to an
= 10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.
1 18. The apparatus in claim 12 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
~ 4 currently outstanding for said each security.
1 19. The apparatus in claim 12 wherein said circuitry
2 comprises first and second data sources for providing
3 first and second digital data streams, respectively,
4 wherein:
5 said first data source comprises a satellite
6 receiver, a radio or television receiver, or a
7 telephonic or dedicated connection, through a computer
8 network, to a remote server; and
9 said second data source comprises a radio or
10 television receiver, or a telephonic or dedicated

I
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éelecting one of the possible trades that 7 consunes,

containing said selected 11 one trade so as to execu

possi bl e trade;

list 13 and repeating said selectir

of the possible trades, a |l argest 8 annu1fﬁg§ﬁ§
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connection, through a computer network, to a remote

server.

20. The apparatus in claim 19 wherein said first data
source further comprises a satellite receiver,
connected to a satellite antenna, for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and
forming, in response to the received signal, the first

digital data stream containing said price information.

21. The apparatus in claim 12 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell
1000 stock index.

22. The apparatus in claim 2 wherein function S is

given by the following equation:

n
- p|l/p
S(Wl,Wz ,...,Wn)— -lei
i=

where: p is a predefined constant.

23. The apparatus in claim 22 wherein the computer
system has computer executable instructions for
selectively operating in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response

thereto, said digital trading instructions are issued

A



8 AUG 20001 -99- 1 56. The method in claimb50 whereij REReAGHIAINT BlppT
.information conprises an identifier of each of said 3 SETUrtti-es—-n-ihg
i ndex and a nunber of shares 4 currently outstanding if dr Zsig gaoh
security. 1 57. The method in clai m50 wherein the qaplt i S 2800 2
wei ghted index is the S & P 500, FlnanCéEJ Times Stock 3} «.Exchange 10
TOPI X or Russell 1000 stock index. B58. The net hod |n cIa|n142 ~J

wherein function Sis given 2 by the foll owi ng equati
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
9 digital trading instruction is issued so as to consume
10 an amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.
1 24. The apparatus in claim 23 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
~ 4 cash in the portfolio exceeds the predefined threshold.
1 25. The apparatus in claim 22 wherein the computer
2 system has computer executable instructions for:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
~ 10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated

* c L M S *



6 ‘ where: pis a predefined constant. 1 59. The ne hggﬂggf,\
further conprising the 2 steps, in the conputer syste nﬁ - 'Lﬁ@
de, 4

T \BéIERT

———————

operating 3 in either a rebal ancing or cash investnent ,
wherein 5 ~ during the rebal ancing node: 6 | 18dAUBYﬂ%@i 9
said variable weights and, 7 I ssuing, in response to sa
vari abl.e 8 wei ghts, said digital tr§§rng instructions [so as To 99—
dynam cally rebal ance the portfolio, and 10 duri cash
i nvest ment node: 11 i ssuing at | east one other digita
trading 12 instruction so as to consune an anmount of cash then 13
exi sting i22 the pofddelimvdhainexatiRtiscoar Egseidiegl one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is
25 executed, will approximate the variable weighting
26 determined for said one security.
1 26. The apparatus in claim 25 wherein the computer
2 system has computer executable instructions for:
- 3 calculating a number of shares in said one
| security to be traded;
5 rounding said number to a round lot of shares so
6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.
1 27. The apparatus in claim 23 wherein the computer
2 system has computer executable instructions for, during
3 operation in said cash investment mode:
4 generating a list of possible trades for each
- 5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
8 amount of the cash;.
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.

W



14 t hreshol d. -100- 1 60. The nethod in claim5 rther
conprising the 2 steps, in the conputer system of: 3 RH%ACEM

t he rebal anci ng node at periodic 4 . intervals; and 5 -l VO

t he cash investnent node selectively 6 whenever the cash |n the ]
portfolio exceeds the 7 predeflned %Breshold 1 61. Thé&m&tﬂqﬂmgn
claim58 further conprising the 2 in the conputer LX%LEEL?f i

e e

———— .

28. The apparatus in claim 22 wherein the share
information comprises an identifier of each of said

securities in the index and a number of shares

=W N

currently outstandihg for said each security.

29. The apparatus in claim 22 wherein said circuitry
comprises first and second data sources for providing
first and second digital data streams, respectively,
wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer

network, to a remote server; and

W O Jd 60 &= W N

said second data source comprises a radio or

=
o

television receiver, or a telephonic or dedicated

bt
[

connection, through a computer network, to a remote

-
N

server.

30. The apparatus in claim 29 wherein said first data
source further comprises a satellite receiver,
connected to a satellite antenna, for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

@ N A e W N

digital data stream containing said price information.

31. The apparatus in claim 22 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell

S Ww N

1000 stock index and p has a value of .76.
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3 determning, in response to the share informti aRe-1-0
.the current price information for each of the 5 securi |%§%ﬂhch@TSdEfr
i ndex, a normalized current 6 capitalization weighting|f eacn of—sa

securities in 7
nornal i zed 9

each security in the set; 11
each of said 12

the index; 8 determning, in [ep 2$%quﬁ
capltallzatlon melghtlgg the variable we ghtlng
ertaining a current*-preporti.an. fgr
securities in the set, said current prloportion being 13

reflective of a proportion of a total value of the 14 portTorto
attributable to said each security in the 15 set; and 16
generating,l1in, r¥spories tapgamatenefimedlaim 1 wherein the computer
2 system has computer executable instructions for
3 selectively operating in either a rebalancing or cash
4 investment mode, during the rebalancing mode said
5 variable weights are determined and, in response
6 thereto, said digital trading instructions are issued
7 so as to dynamically rebalance the portfolio, and
8 during the cash investment mode at least one other
_ 9 digital trading instruction is issued so as to consume
= 10 an amount of cash then existing in the portfolio that
11 exceeds a predefined threshold.
1 33. The apparatus in claim 32 wherein the rebalancing
2 mode is invoked at periodic intervals and the cash
3 investment mode is invoked selectively whenever the
4 cash in the portfolio exceeds the predefined threshold.
1 34. The apparatus in claim 1 wherein the computer
2 system has computer executable instructions for:
3 determining, in response to the share information
~ 4 and to the current price information fo} each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index;
8 determining, in response to said normalized
9 capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and

R




17 relatiohship bet ween said vari abl e meighting and said

-wei ghting, for each correspondi ng one of the 19 securitips ﬁﬂﬁﬁﬁﬂwagﬁEgr
a correspondi ng one of the 20 digital trading instructionsy, T —
correspondi ng one 21 digital trading instruction represgnti .
associ ated 22 trade invol ving said rrespondi ng one se urhty }SE 2ﬂ§0~’
that a proportion of the portfolio that™®|| be held in 24
security, after said associated trade is -101- 25 ex cuted will
approxi mate the variable weighting 26 determ ned for said on
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated
22 trade involving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is
= 25 executed, will approximate the variable weighting
26 determined for said one security.
1 35. The apparatus in claim 34 wherein the computer
2 system has computer executable instructions for:
3 calculating a number of shares in said one
4 security to be traded;
5 rounding said number to a round lot of shares so
6 as to form a rounded share number; and
7 incorporating said rounded share number within the
8 corresponding one digital trading instruction.

36. The apparatus in claim 1 wherein the computer
system has computer executable instructions for:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that
consumes, amongst all of the possible trades, a largest
amount of the cash;

issuing an electronic instruction, to an

electronic trading network, containing said selected

© W W Jd o0 B W N

[

one trade so as to execute said one possible trade; and

LR



1 62. The net hod ih claim6l1l further conprising the

-the conputer systemduring said instruction 3 gener atijn
during said rebal anci ng node, of: 4. cal cul ating e _
in said one 5 security to be traded; 6 roundfn s;as%ﬂu
a round |l ot of shares so 7 as to fcgégaa rounded shar e ninber 7“ah
I ncorporating said rounded share nunbef®Stithin the 9 ' on
digital trading instruction. 1 63. The nethod in cldim59 further
conprising the 2 steps, in the conputer systemduring sa
i nvest ment node, of: 4 generating a list of possible trades for
each 5 1llsecurity iFemeyigg ;said selected one trade from said list
12 and repeating said selecting, issuing and removing
13 operations, in seriatim, to generate additional trades
14 for execution until said cash decreases below said
15 predefined threshold.
1 37. The apparatus in claim 1 wherein the share
2 information comprises an identifier of each of said
3 securities in the index and a number of shares
- 4 currently outstanding for said each security.

38. The apparatus in claim 1 wherein said circuitry
comprises first and second data sources for providing
first and second digital data streams, respectively,
wherein:

said first data source comprises a satellite
receiver, a radio or television receiver, or a
telephonic or dedicated connection, through a computer

network, to a remote server; and

W O N & W N =

said second data source comprises a radio or

L

[
(=]

television receiver, or a telephonic or dedicated

[
[

connection, through a computer network, to a remote

[
N

server.

39. The apparatus in claim 38 wherein said first data
source further comprises a satellite receiver,
connected to a satellite antenna, for receiving
terrestrially broadcast signals distributed by
satellite and containing said current price
information, for producing a received signal and

forming, in response to the received signal, the first

O N s W N

digital data stream containing said price information.

A
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sel ecting one of the possible trades that 7 REGDA
of the possible trades, a largest 8 anmoyntf~

i ssuing an electronic instruction, to an 10 el ectroni
containing said selected 11 one trade so as to execyt
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40. The apparatus in claim 1 wherein the
capitalization weighted index is the S & P 500,
Financial Times Stock Exchange 100, TOPIX or Russell
1000 stock index. '
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S102- 1 ' 64. The method in claim58 wherein the share 2 infornation
-conprises an identifier of each of said 3 securities in tmﬁﬁﬁﬁamgﬁhﬁﬁéﬁf
nunber of shares 4 currently outstanding for said each pegurtty:—1

65. The nethod in claim58 wherein the capitalization 2 Mﬂégﬂ&ﬂ‘h&;ex
Is the S & P 500, Financial Tinmes Stock 3 Exchange 100, { TOPI 6 9
Russel |l 1000 stock indices and p 4 Bds a value of .76. | 66 The
met hod in'claim41l further conprising the 2 steps, in the conputer
system of selectively operating 3 in either a rebal anckng—or—eash

I nvest ment node, 4 wherein 5 during the rebal anci ng node:

41. A method for managing a portfolio having a set of
financial securities, wherein said set comprises a
plurality of said securities contained as members within
a predetermined capitalization weighted index, said
method comprising the steps of:

providing, in response to signals containing
data having current price information on each of said
securities and on constituent securities currently
contained within said index, digital data containing the
price information and containing share information for
each of the constituent securities that currently forms
the index; and

in a computer system having a processor and a

memory, the memory storing computer executable
instructions therein, wherein the method further
comprises the steps, in response to the stored
instructions and the digital data, of, in the processor:

determining a variable weighting for each‘of
the securities in the set so as to define a set of
variable weights, distinct from a set of current
capitalization weights associated with the index, such
that each of the variable weights is a non-constant
mathematical function of solely the current
capitalization weights; and

issuing, in response to the set of variable
weights, digital trading instructions such that current
assets held in the portfolio are to be distributed
amongst the securities in the set in proportion to and as
defined by the variable weights so as to dynamically

rebalance the portfolio, each of said digital trading

A



6 | | determning said variable weights and, Ze

issuing, in response to said variable 8 wei ghts, sai ¢l REmiseal,-LEaq
instructions so as to 9 dynam cal ly rebal ance the pojt ﬂ%ﬁggﬁa%gﬁiﬁg?_'
during the cash investnent node: 11 i ssuj ng at | east one
other digital trading 12 instruction _so as to consu an1£hﬂUGtmmb agh
then 13 existing in the portfolio t#98t exceeds a pregddfined 14
threshold. 1 67. The method in claim66 further conprising the 2

steps, in the conputer system of: 3 i nvoki ng t
at periodic 4 intervals; and 5 i nvoki ng the cash investnen
node sel ectively

instructions representing a desired trade in a

corresponding one of the securities in the set thereby

defining a plurality of trades to be executed; and
executing each of said digital trading instructions

s0 as to effectuate the trades.

Iy
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6 whenever the cash in the portfolio exceeds the 7 predefined

-threshol d. -103- 1 68. The nethod in claim4l furthel REPORCENFNTYSHEET
the 2 steps, in the conputer systemof: 3 deter lﬁFﬁgvﬂ%ﬁwmvaj
response to the share information 4 and to the current prife - :
infornation for each of the 5 securé%ies in the index, a nor 8 AEGJZ020
current 6 capitalization weighting™or each of said secufigies_in 7
t he i'ndex; 8 i zed
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determ ning, in response to said norna

42. The method in claim 41 wherein said each of the
variable weights, V; (for i =1, 2, ...n), is given by

the following equation:

[%S(ﬂq,ﬂi,m,wz)

n J
P}: +1- 2
S(W W. ""Wn) J=1 S(WI,W W

1’2

wherein: Wy, Wz, ..., W, are the current capitalization
weights for securities in the set;

D; and Dj are partial derivative operators with
respect to i*® and j*® ones of the current
capitalization weights;

S is a twice continuously differentiable

function; and

n is a number of securities in the set.

43. The method in claim 42 further comprising the
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable
weights, said digital trading instructions so as to
dynamically rebalance the portfolio, and
during the cash investment mode:
issuing at least one other digital trading
instruction so as to consume an amount of cash then
existing in the portfolio that exceeds a predefined
threshold.



9 capitalization weighting, the variable weighting for 1Q each
.security in the set; 11 ascertai ning a current propdr REBIAGEMENEBHEET
of said 12 securities in the set, said current proportior ;e:ng T3 l
reflective of a proportion of a total value of the 14 port flo ; ;
attributable to said each security in the 15 set; and 16 J'QAUG_ZGGD ’
generating, in response to a predefined917 rel ati onshi p Betlween _sai d i
vari abl e wei ghting and said 18 current weighting, for eagh _
correspondi ng one of the 19 securities in the set, a corresponmding—one-—— -
of the 20 digital trading instructions, the correspondi ng one 21

digital trading id!r uitie orettept dyerilaign 4B abschiad esbprising rese
i nvol vi-ng %Qid(xggéggonﬂinqlone security such

in the computer system, of:
3 invoking the rebalancing mode at periodic
4 intervals; and
5 invoking the cash investment mode selectively
6 whenever the cash in the portfolio exceeds the
7 predefined threshold.

o 1 45. The method in claim 42 further comprising the
- 2 steps, in the computer system of:
3 determining, in response to the share information
4 and to the current price information for each of the
5 securities in the index, a normalized current
6 capitalization weighting for each of said securities in
7 the index;
8 determining, ih response to said normalized
S capitalization weighting, the variable weighting for
10 each security in the set;
11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being
e 13 reflective of a proportion of a total value of the
14 portfolio attributable to said each security in the
15 set; and
16 generating, in response to a predefined
17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated
22 trade involving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is

A T



23 that a proportion of the portfolio that will be held

-one security, after said associated trade is 25 execut ed
approxi mate the variabl e wei ghting 26 determ ned for sai[d
1 69. The nethod in claim®68 further conprising the 2
t he conputer systemduring said |nstrucéh generatin
calculating a nunber of shares in said security t . Lrac
-104- 6 roundi ng said nunber to a round | ot of shares so  ————.
25 executed, will approximate the variable weighting
26 determined for said one security.
1 46. The method in claim 45 further comprising the
2 steps, in the computer system during said instruction
3 generating step and during said rebalancing mode, of:
4 calculating a number of shares in said one
5 security to be traded;
6 rounding said number to a round lot of shares so
- 7 as to form a rounded share number; and
8 incorporating said rounded share number within the
9 corresponding one digital trading instruction.
1 47. The method in claim 43 further comprising the
2 steps, in the computer system during said cash
3 investment mode, of:
4 generating a list of possible trades for each
5 security in the set;
6 selecting one of the possible trades that
7 consumes, amongst all of the possible trades, a largest
~ 8 amount of the cash;
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said
16 predefined threshold.

I
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7 as to forma rounded share nunber; and 8 ; _ihC_er?Fﬁ ﬂhﬁagg””

-rounded share nunber within the 9 correspondi ng one di gi
i nstruction. 1 70.  The nmethod in claim®66 further conprjising the 2 ,
steps, in the conputer systemduring said cash 3 I nvest nent ﬁﬁd&uaqmm]4‘
generating a |list of possible trades for _each 5 securityl ijn the set; 6 ;
sel ecting one of the possible trades t m96-7 consunes, anopngst arr-of =
the possible trades, a largest 8 anount of the cash; 9 | :
i ssuing an electronic instruction, to an 10 el ectronic trading network,
contai ning said selected 11 one trade so as to execute said one
possi bl e trlade; &8l The method in claim 42 wherein the share

2 information comprises an identifier of each of said

3 securities in the index and a number of shares

4 currently outstanding for said each security.

1 49. The method in claim 42 wherein the capitalization

2 weighted index is the S & P 500, Financial Times Stock

3 Exchange 100, TOPIX or Russell 1000 stock index.

1 50. The method in claim 42 wherein the function S is

2 given by the following equation:

3

. n
4 S(Wl,Wz,...,Wn)=—_ZWi1nWi.
i=1

1 51. The method in claim 50 further comprising the

2 steps, in the computer system, of selectively operating

3 in either a rebalancing or cash investment mode,

4 wherein

~ 5 during the rebalancing mode:

6 determining said variable weights and,

7 issuing, in response to said variable

8 weights, said digital trading instructions so as to

9 dynamically rebalance the portfolio, and

10 during the cash investment mode:

11 issuing at least one other digital trading
12 instruction so as to consume an amount of cash then
13 existing in the portfolio that exceeds a predefined
14 threshold.

L



12 fennving said sel ected one trade from said Iist'fﬁpbﬂxmgwq

SHEET |
- repeating said selecting, issuing and renoving 14 oper atfi n§T*rﬁ-~;mi;T
seriatim to generate additional trades 15 for executio nt{éfﬁggd
cash decreases below said 16 predefined threshold. 1 1. 2000
method in claim4l wherein the share 2 i nformati on conpfi _~J
i dentifier of each of said 3 securﬁykes in the index and a nunber of "

shares 4 currently outstanding for said each security. he

met hod, in claim4l wherein the capitalization

1 52. The method in claim 51 further comprising the

2 steps, in the computer system, of:

3 invoking the rebalancing mode at periodic

4 intervals; and

5 invoking the cash investment mode selectively

6 whenever the cash in the portfolio exceeds the

7 predefined threshold.

1 53. The method in claim 50 further comprising the

- 2 steps, in the computer system of:

3 determining, in response to the share information
4 and to the current price information for each of the

5 securities in the index, a normalized current

6 capitalization weighting for each of said securities in
7 the index;

8 determining, in response to said normalized

9 capitalization weighting, the variable weighting for
10 each security in the set;

11 ascertaining a current proportion for each of said
12 securities in the set, said current proportion being

et 13 reflective of a proportion of a total value of the

14 portfolio attributable to said each security in the

15 set; and

16 generating, in response to a predefined

17 relationship between said variable weighting and said
18 current weighting, for each corresponding one of the
19 securities in the set, a corresponding one of the
20 digital trading instructions, the corresponding one
21 digital trading instruction representing an associated
22 trade inveolving said corresponding one security such
23 that a proportion of the portfolio that will be held in
24 said one security, after said associated trade is

O



'meighted index is the S & P 500, Financial Tines St ock Exchpnge +06—FOR-X

. or Russell 1000 stock index. (EPLACEMENT SHEET
18 AUG 2000
-08-
25 executed, will approximate the variable weighting
26 determined for said one security.

54. The method in claim 53 further comprising the
steps, in the computer system during said instruction
generating step and during said rebalancing mode, of:
calculating a number of shares in said one
security to be traded;
rounding said number to a round lot of shares so
as to form a rounded share number; and

incorporating said rounded share number within the

W W ~J & U1 s W N =

corresponding one digital trading instruction.

55. The method in claim 51 further comprising the
steps, in the computer system during said cash
investment mode, of:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that

consumes, amongst all of the possible trades, a largest

X N o O W N

amount of the cash;,
9 issuing an electronic instruction, to an
10 electronic trading network, containing said selected
11 one trade so as to execute said one possible trade; and
12 removing said selected one trade from said list
13 and repeating said selecting, issuing and removing
14 operations, in seriatim, to generate additional trades
15 for execution until said cash decreases below said

16 predefined threshold.
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56. The method in claim 50 wherein the share
information comprises an identifier of each of said
securities in the index and a number of shares

currently outstanding for said each security.

57. The method in claim 50 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.

58. The method in claim 42 wherein function S is given

by the following equation:

n
- pll/p
S(Wl,Wz ,...,Wn)- .ZIWI.
1=

where: p is a predefined constant.

59. The method in claim 58 further comprising the-
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable
weights, said digital trading instructions so as to
dynamically rebalance the portfolio, and
during the cash investment mode:
issuing at least one other digital trading
instruction so as to consume an amount of cash then

existing in the portfolio that exceeds a predefined

LT
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60. The method in claim 58 further comprising the
steps, in the computer system, of:

invoking the rebalancing mode at periodic
intervals; and

invoking the cash investment mode selectively
whenever the cash in the portfolio exceeds the

predefined threshold.

61. The method in claim 58 further comprising the
steps, in the computer system of:

determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in
the index;

determining, in response to said normalized
capitalization weighting, the variable weighting for
each security in the set;

ascertaining a. current proportion for each of said
securities in the set, said current proportion being
reflective of a proportion of a total value of the
portfolio attributable to said each security in the
set; and

generating, in response to a predefined
relationship between said variable weighting and said
current weighting, for each corresponding one of the
securities in the set, a corresponding one of the
digital trading instructions, the corresponding one
digital trading instruction representing an associated
trade involving saia corresponding one security such
that a proportion of the portfolio that will be held in

said one security, after said associated trade is

A I
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executed, will approximate the variable weighting

determined for said one security.

62. The method in claim 61 further comprising the
steps, in the computer system during said instruction
generating step and during said rebalancing mode, of:

calculating a number of shares in said one
security to be traded;

rounding said number to a round lot of shares so
as to form a rounded share number; and

incorporating said rounded share number within the

corresponding one digital trading instruction.

63. The method in claim 59 further comprising the
steps, in the computer system during said cash
investment mode, of:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that
consumes, amongst all of the possible trades, a largest
amount of the cash;-

issuing an electronic instruction, to an
electronic trading network, containing said selected
one trade so as to execute said one possible trade; and

removing said selected one trade from said list
and repeating said selecting, issuing and removing
operations, in seriatim, to generate additional trades
for execution until said cash decreases below said

predefined threshold.
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64. The method in claim 58 wherein the share
information comprises an identifier of each of said
securities in the index and a number of shares

currently outstanding for said each security.

65. The method in claim 58 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock indices and p

has a value of .76.

66. The method in claim 41 further comprising the
steps, in the computer system, of selectively operating
in either a rebalancing or cash investment mode,
wherein
during the rebalancing mode:
determining said variable weights and,
issuing, in response to said variable
weights, said digital trading instructions so as to
dynamically rebalance the portfolio, and
during the cash investment mode:
issuing at least one other digital trading
instruction so as to consume an amount of cash then
existing in the portfolio that exceeds a predefined

threshold.

67. The method in claim 66 further comprising the
steps, in the computer system, of:

invoking the rebalancing mode at periodic
intervals; and

invoking the cash investment mode selectively

whenever the cash in the portfolio exceeds the

) O A

predefined threshold.
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68. The method in claim 41 further comprising the
steps, in the computer system of:

determining, in response to the share information
and to the current price information for each of the
securities in the index, a normalized current
capitalization weighting for each of said securities in
the index;

determining, in response to said normalized
capitalization weighting, the variable weighting for
each security in the set;

ascertaining a current proportion for each of said
securities in the set, said current proportion being
reflective of a proportion of a total value of the
portfolio attributable to said each security in the
set; and

generating, in response to a predefined
relationship between said variable weighting and said
current weighting, for each corresponding one of the
securities in the set, a corresponding one of the
digital trading instructions, the corresponding one
digital trading instruction representing an associated
trade involving said corresponding one security such
that a proportion of the portfolio that will be held in
said one security, after said associated trade is
executed, will approximate the variable weighting

determined for said one security.

69. The method in claim 68 further comprising the
steps, in the compufer system during said instruction
generating step of:

calculating a number of shares in said one

L

security to be traded;
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rounding said number to a round lot of shares so
as to form a rounded share number; and
incorporating said rounded share number within the

corresponding one digital trading instruction.

70. The method in claim 66 further comprising the
steps, in the computer system during said cash
investment mode, of:

generating a list of possible trades for each
security in the set;

selecting one of the possible trades that
consumes, amongst all of the possible trades, a largest
amount of the cash;

issuing an eleptronic instruction, to an
electronic trading network, containing said selected
one trade so as to execute said one possible trade; and

removing said selected one trade from said list
and repeating said selecting, issuing and removing
operations, in seriatim, to generate additional trades
for execution until said cash decreases below said

predefined threshold.

71. The method in claim 41 wherein the share
information comprises an identifier of each of said
securities in the index and a number of shares

currently outstanding for said each security.

Ly
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72. The method in claim 41 wherein the capitalization
weighted index is the S & P 500, Financial Times Stock
Exchange 100, TOPIX or Russell 1000 stock index.
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Abstract of the Disclosure

Apparatus and methods for automatically
modifying a financial portfolio having a pre-defined
universe of securities, such as, e.g., an index fund,
that tracks a given capitalization weighted index,
through dynamic re-weighting of a position held in each
such security. Specifically, in a computer system (50,
60), a target weight is accorded to each such security,
relative to others in the portfolio, in proportion to a
non-constant function of current capitalization weights
of the securities in the index. Once these target
weights are determined, then, in response to both the
target weight of each such security and an actual
weight, as a proportion of the portfolio, in which that
security is currently held, a trade will be generated
by the system in order to conform, within a predefined
band, the actual weight to the target weight so as
to rebalance the holdings in the portfolio. The system
can selectively operate in either one of two modes: a
dynamic rebalancing mode for calculating new target
weights and issuing appropriate trades, or a cash
investment mode for issuing one or more trade(s) to

consume excess cash then held in the portfolio.
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1. Apparatus for managing a portfolio having a set of

financial securities, wherein said set comprises a
plurality of said securities contained as members
within a predetermined capitalization weighted index,
said apparatus comprising:

circuitry, responsive to signals containing data
having current price information on each of said
securities and on constituent securities currently
contained within said index, for providing digital data
containing the price information and containing share
information for each of the constituent securities that
currently forms the index; and

a computer system, the computer system having a
processor and a memory, the memory storing computer
executable instructions therein, wherein the processor
in response to the executable instructions and to said
digital data:

determines a variable weighting for each of

‘the securities in the set so as to define a set of

variable weights, distinct from a set of current
capitalization weights associated with the index, such
that each of the variable weights is a non-constant
mathematical function of solely'the current
capitalization weights; and

issues, in response to the set of variable
weights, digital trading instructions which are iﬁ turn
executed to effectuate securities transactions such
that current assets held in the portfolio are to be
distributed amongst the securities in the set in
proportion to and as defined by the variable weights so
as to dynamically rebalance the portfolio, each of said

digital trading instructions representing a desired
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trade in a corresponding one of the securities in the

 set thereby defining a plurality'bfuirades to be

executed.
2. The apparatus in claim 1 wherein said each of the
variable weights, V; (for i =1, 2, ...n), is given by

the following equation:

'FVND.S(W’JV,.", )

V _ DiS(u,l:WZ,-.o,W'Ll +l _ % J _] 1 2 Wn W

i ~ i
S(WI’WZ’""Wn) Jj=1 S(Wl’Wz'""Wn)

wherein: W, Wz, ..., Wy are the current capitalization
weights for securities in the set;
D; and Dj are partial derivative operators with
respect to i*" and j*® ones of the current
capitalization weights, respectively;

S is a twice continuously differentiable

function;
and . ]
n is a number of securities in the set.
3. The apparatus in claim 2 wherein the computer

system has computer executable instructions for
selectively operatipg in either a rebalancing or cash
investment mode, during the rebalancing mode said
variable weights are determined and, in response
thereto, said digital trading instructions are issued
so as to dynamically rebalance the portfolio, and
during the cash investment mode at least one other

digital trading instruction is issued so as to consume




