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Systems and Methods for Analysis of Portfolio Returns and Trade Cost
Measurement Based On Fiduciary Roles

Cross-reference to Related Applications

This application claims priority to U.S. provisional patent application no.
60/359,291, filed February 22, 2002, entitled “Method for Analysis of Portfolio
Returns and Trade Cost Measurement Based On Fiduciary Roles,” the contents of

which are incorporated herein in their entirety by reference.

Background

The trading of any financial instrument involves multiple agents. Ata
minimum it involves the buyer and the seller, and in the case of institutional trading, it
may involve more than half a dozen agents on each side. Each trading agent either
adds or deducts value from the overall trading objective. From a management

perspective, questions to be considered include:
(1) How best to measure the individual contributions of each agent?

(2) How best to measure the synergistic contribution of multiple agents along

various segments of the overall trading chain?

(3) How best to measure the trading impact of various agents on the overall

portfolio return?

To address the above questions, among others, a preferred err\lbodiment of the
subject invention provides a trade cost measurement framework and methods based
on the principle that trading agents are vested with specific fiduciary roles demarcated

by hand-over instruction sets as well as the accompanying time-stamps.

Summary

Preferred embodiments of the present invention comprise, for example, a
method for measuring trade costs, comprising (1) capturing trade data over a
predetermined time period; (2) capturing time stamp data corresponding to said trade
data, wherein said time stamp data comprises open events and close.events, data

regarding when an order is received by a buy-side trading desk from a portfolio
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manager; data regarding when execution of said order is compieted, and data
regarding when a manager decides to engage in trading regarding said order; and (3)
performing an investment level analysis based on said trade data and said time stamp
data. Further embodiments comprise systems and software for implementing the

above method (and others) and utilizing information obtained therefrom.

Brief Description of the Drawings

FIG. 1 illustrates fiduciary roles contemplated by a preferred embodiment of

the invention.

FIG. 2 illustrates levels of analysis contemplated by a preferred embodiment

of the invention.

FIG. 3 depicts sample sets of client fills available in a typical securities

market.

FIG. 4 depicts available times of sale and market events of a typical securities

market.

FIG. 5 illustrates a preferred investment/order level cost analysis for an

exemplary open-close time set.

FIG. 6 illustrates a preferred order/day level cost analysis for an exemplary

open-close time set.

FIG. 7 illustrates a preferred investment/order level cost analysis for an

exemplary open-entry-execution completion-close time set.

FIG. 8 illustrates a preferred day/working level cost analysis for an exemplary

open-entry-execution completion-close time set (day 1).

FIG. 9 illustrates a preferred day/working level cost analysis for an exemplary

open-entry-execution completion-close time set (day 2).

FIG. 10 illustrates a preferred order/day reconciliation level cost analysis for

an exemplary open-entry-execution completion-close time set.

FIG. 11 illustrates a preferred investment/order level cost analysis for an

exemplary decision-open-entry-execution completion-close time set.
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FIG. 12 illustrates a preferred day/working level cost analysis for an

exemplary decision-open-entry-execution completion-close time set (day 1).

FIG. 13 illustrates a preferred day/working level cost analysis for an

exemplary decision-open-entry-execution completion-close time set (day 2).

FIG. 14 illustrates a preferred order/day level cost analysis for an exemplary

decision-open-entry-execution completion-close time set.

FIG. 15 illustrates a preferred investment/order level cost analysis for an

exemplary decision-open-entry-placement-execution completion-close time set.

FIG. 16 illustrates a preferred day/available level cost analysis for an

exemplary decision-open-entry-placement-execution completion-close time set (day

1).

FIG. 17 illustrates a preferred day/available level cost analysis for an

exemplary decision-open-entry-placement-execution completion-close time set (day

B

FIG. 18 illustrates a preferred available/workiﬁg level cost analysis for an
exemplary decision-open-entry-placement-execution completion-close time set (day

1).

FIG. 19 illustrates a preferred available/working level cost analysis for an

exemplary decision-open-entry-placement-execution completion-close time set (day
2).

FIG. 20 illustrates a preferred order/day level cost analysis for an exemplary

decision-open-entry-placement-execution completion-close time set.
FIG. 21 illustrates an exemplary return analysis for quarter 1.
FIG. 22 illustrates an exemplary retwn analysis for quarter 2.
FIG. 23 illustrates an exemplary return analysis for quarter 3.
FIG. 24 illustrates an exemplary return analysis for quarter 4.
FIG. 25 illustrates an exemplary year-end portfolio returnylanalysis.
FIG. 26 illustrates a preferred order analysis and decomposition process.

FIG. 27 illustrates a preferred market reference price assignment process.

3.
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FIG. 28 illustrates a typicél direct query or report in a relational database

SCrver.

FIG. 29 depicts a query or report phase using an OLAP processor

Detailed Description of Preferred Embodiments

I. Fiduciary Roles

One may expect to encounter certain fiduciary roles in the course of every-day
trading. Consider, for example, the trading of stock instruments at the institutional
level (see FIG. 1). An institutional buy-side manager in charge of a stock portfolio
derives his trading mandate from the fiduciary responsibility vested in him by the
various fund directors/sponsors in the fund he manages. Nevertheless note that even
though there is a fiduciary handover from the director to the manager, the director is
not relieved of his oversight responsibility. For example, Department of Labor
Release 86-1 makes this abundantly clear for pension sponsors:

- The fiduciary who appoints the investment manager is not relieved of

Jhis ongoing duty to monitor the investment manager to assure that the

manager has secured best execution of the plani’s transactions and to’

assure that the commissions paid on such transactions are reasonable in

relation to the value of the brokerage and research services provided to
the plan.

The director is thus responsible for the overall performance of the plan.

The time-horizon for the director may be in quarters or years, whereas the
time-horizon for the manager’s fiduciary responsibility may be in days, weeks,
months, quarters, or years. Given the advertised risk profile for the fund, the manager
is asked to optimize the market value of his portfolio by picking the right stocks in the
right amounts and at the right times. The strategic selection of stocks out of the
totality of all available stocks is the core function of the manager. In contrast, the

strategic selection of funds and fund managers is the core function of the director.

In executing a trading decision, a manager engages the network resources of a
buy-side trader, handing over the execution of the trade (either in total or piece-meal)
along with execution instructions. For example, if the trade is triggered from an
information-rich perspective, instructions to the buy-side trader may include explicit

mandates for a speedy execution before the market insight is diffused and diluted via

4 -
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normal market mechanisms. The resources at the command of the buy-side trader are
tactically engaged when the fiduciary responsibility is handed over to the trader.
Nevertheless, such a handover may be conditional in the sense that it may include the
constant re-adjustment of the order, based on the manager’s overall strategic objective
as well as the tactical feedback both from the trader and other trading information
sources. Thus the hand-over could be a conditional hand-over to be fully determined
by the play of unfolding events. Each trading organization has established the
vocabulary as well as the expectations involved in these conditional handovers. The
internal trading vocabulary as well as the accompanying instruction set is often unique
within each trading organization in the sense that it captures the underlying trading
philosophy of the organization. Within each trading organization, if the trade-specific
instruction sets and trading updates are captured in an explicit sense, they provide the
basis for a detailed and comprehensive analysis. However, various organizations
capture the fine granularity of trading at various levels of detail. As the industry
evolves, it is expected that trade capture will be obtainable at a sufficiently fine level
of granularity to afford a correspoﬁdiﬂgly fine- grained analysis. In any event, the
trade-cost measurement framework c'o'fhj)ri's'éfd‘ ina prefetred embodiment may be

succe'ssﬁilly applied-at various levels of 'ﬁvéillablelgrénuléﬁ}ty;

Having obtained the trading, mandate ffoni the m‘an;ager; the buy;side trader
puts into play the tactical advantages of the stock-specific trading network at his
command. This may include aggregations received from other managers engaged in
the trading of the target stock, the broker-dealer network, the execution modalities,
the available instruction set within a given modality, as well as the price/volume/time
profile he wishes to pursue based on stock-specific trading insights available to him
and which he constantly updates cognizant of the market feedback he continuously
receives. In allocating the fills he receives for a given stock (amongst the various
competing accounts he manages), the buy-side trader needs to conform to allocation
rules that provide for fair allocation amongst multiple fund managers. Also as
méntioned, the buy-side trader needs to respond to the changes he receives from the
manager upsiream. Thus in a network sense, the buy-side trader is a dynamic
information processing node (engaged in trading decisions) with many more nodes
downstream to him (i.e., the sell-side) than are upstream (i.e., the manager-side). The

time-horizon for the trader may be in days, weeks, or perhaps even months (for large
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orders). Mutual funds and pension funds show clear preferences on this dimension
reflecting their respective trading philosophies. The time-horizon for traders at mutual

funds is often at a day level, whereas for pension funds it is considerably longer.

By the time the buy-side trader engages the down-stream sell-side broker, it is
highly likely that the time horizon has shrunk to less than a day; or at most a whole
trading day. Also, the accompanying instruction set would likely be highly specific
and standardized with respect to the degrees of freedom it allows the sell-side broker
in executing the order. This is on account of the fact that with the buy-side to sell-side
fiduciary handshake, the order now has crossed organizational boundaries; it therefore
has specific contractual and other legal obligations. Furthermore, the buy-side desk
needs to restrict the level of information it reveals in the open market in order to
minimize the option value of the intent to trade. In executing large trades, buy-side
firms pay a premium to maintain both name anonymity as well as the intent of the

tdtal trade.

As per the buy-side instruction—set, the sell-side broker executes the order
using 2;11 available execution modalities 'during.the.,cqur'se of the available time. For
example, in a continuous auctip'n‘ market (such as the 'New Yo‘r.k' Stock Exchange), the-
purchase of allisted stdck by the sell-side broker may:ﬁ'r's.t_‘t;c héndléd by an exchange -
floor-broker who may either auction the tradé amoﬁg‘st other floor-brokers, or place it
with a market-making specialist to take advantage of the continuous market he
provides for the given stock. By virtue of experiencing and directly participating in
the real-time information-rich open market of the exchange floor, the floor-broker is
capable of satisfying the unique fiduciary responsibility of finding the other side at the
opportune time, price and volume. Similarly, the specialist who makes the market for
the given stock has the central fiduciary responsibility to judiciously reveal the
information accumulating at his information node including his limit book (about the
buy/sell-side pressures) without inadvertently triggering unnecessary market jumps.
Also the specialist has the added responsibility of providing market continuity by
participating on the other side when (and only when) the other market participants are
unavailable. As the order is filled, the sell-side broker reports back to the buy-side
desk. At the completion of the order, allocations are made into the various

participating buy-side portfolios. And over the course of subsequent days, the trade is
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cleared and settled between the trading firms through the offices-of institutional

clearing agents.

II. Underlying Data Structures

Throughout the life cycle of a given trade, as the trade moves from agent to

agent, there are ten distinct information-sets that may be tracked:

1. The fiduciary organizational footprint (who/at which firm/for which

accounts/in which group/and in what capacity).

2. The financial instrument description (instrument identifier, deal structure,
etc.).

3. The instruction-set flow from the buy-side towards the market center
(including volume to trade, trade-side, acceptable price-ranges, execution modalities,

settlement instructions, constraints on intent revelation, change orders, etc.).

4. The tradmg rationale Jusnfylng the trade (for an 1ntema1 audit) both by the

manager as well as the trader before the trade goes hve (1nclud1ng the

: ‘ 1nvestment/order horizon as well as the rat1ona1e for all the changes that affect the

trade dunng the course of its mvestment/ order-length hfe cycle)

5. The market feedback flow from the rnarket center towards the buy-side,
recording: (a) the before-trade market context capturing the opportunity to execute the
trading intent; (b) the dynamic market context as the order is being filled; and (c) the

post-trade market context.
6. The time-stamps as and when the above transactions/activities occur.

7. The trade/order linkages that connect individual trades by the buy-side
trader to the totality of the order (i.e., the trader-order) that he worked on behalf of all
the fund-managers he traded for.

8. The allocation-linkages that connect allocation-fills within each individual

trade back to the totality of individual requests by the various fund-managers.

9. The management/order linkages that connect the above allocation linkages
back to the totality of the order (the manager-order) as the individual fund manager

had placed it.
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10. The investment-linkages that connect individual management/order
linkages back to the totality of all the manager-orders falling within a common

investment-length time horizon.

Each of these information sets may be codified and recorded for the purposes
of on-going as well as after-the-trade analysis. However, not every information item
in the above data set is of the highest priority. Depending upon the resources at hand
as well as the underlying trading philosophy at the firm, some of the informational
1tems are more significant than others. Also, while significant, some of the
informational items may be gleaned from independent data resources, such as historic
market data from independent market data vendors. In such cases, all that is required
is the ability to cross-tag the in-house and the vendor provided data sets. Thus in the
case of market data, the problem reduces to that of capturing accurate time-stamps
(item 6 above) as well as cross-reference symbol tags (item 2 above) to match the
trade instrument. Thus an organization may either adopt a minimalist approach to
capture the above trade related data sets, or it may go the extra mile and attempt a
comprehensive all-encompassing data-capture. While the costs incurred (both
organizational as well as technological) in the latter apprddch are substantial, it has
the advantage of capturing the view available tb ,.the:tradir‘lg agent as and when it
occurs, free from any down-stream aﬁer-‘the_a‘-’fact corrections by third party market

data vendors as well as any cross-tagging issues.

In practice, each trading organization, true to its trading philosophy, records
and tracks its trades in ways that are unique to it. One of the key problems facing the
trading industry is the issue of systematizing and standardizing the variety of trade
related data sets. The measurement framework of a preferred embodiment of the
present invention provides a logical architecture for capturing the diversity of trade
related data sets by abstracting and standardizing that which is common between the
data sets while at the same time allowing client-specific data extensions for

customized analysis.

Depending on the sophistication of the firm’s order-management system,
many of the above data-capture tasks may be automated to avoid burdening the
trading agent. For example, the event-specific market-context may be automatically
captured as and when the given trading event occurs. Also, in order to allow seamless

information flow between diverse systems within and across firms, it is advisable to

-8-
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standardize that piece of information that is being transferred. The more frequent and
widespread the information transfer, the greater the incentive to standardize on the
underlying information set. And vice-versa, the less frequent and widespread the
information transfer, the lesser the incentive to standardize on the information set.
And the greater the security and proprietary concerns about a given data set, the lesser
the incentives to standardize across the user base. The trade-cost measurement )
framework of a preferred embodiment affords sufficient flexibility and generality to
embrace diverse needs and concerns without compromising the ability to measure the

cost of trading against a common benchmark (i.e., the market).

II. Framework of Time-Stamps

Depending on the data-capture resources at hand, there are four sets of

decision/hand-over/market event time-stamps that a trading desk may fruitfully use:

OC (Open-Close). This is the most rudimentary time-stamp setup that a
trading desk could capture. It consists of two-standar‘d.m:arket events: aj the open and -
b).the close events. Since both these time-stamps may be calculated from the )
independently available market-data, the main event that is captured in fhe OC model-

is simply the date-stamp of the trading day.

OEXcC (Open-Entry-eXecution completion-Close). Over and above the time-
stamps in the OC model, the OEXcC model includes two other time-stamps: a) the
time-stamp when the order enters (or reaches) the buy-side trading desk from the
portfolio manager and b) the time-stamp when the execution is completed. Inclusion
of the entry time-stamp allows the tracking of the fiduciary hand-over from the
manager to the buy-side trader. And the inclusion of the execution completion time-
stamp allows analysis of the timing decision for completion. Depending upon the-
arrangement with the sell-side, the execution completion event could be reported (in
decreasing order of precision) either at each fill, or at the end of the total execution, or

at the close of the day.

DOEXcC (Decision-Open-Entry-eXecution completion-Close). The DOEXcC
model includes every time-stamp in the OEXcC model; it also includes the time-
stamp when the manager decides to engage in trading. Instead of being a hand-over

time-stamp between two agents, the decision time-stamp marks an introspective event

-9-
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at the discretion of the manager. It marks the genesis of a given trade order; and the
regularity with which it occurs may reflect the afore-mentioned trading philosophy
within a given firm. But to the extent that the time-stamp boundary points for the
decision event may be effectively bracketed and captured within the organizational
data-capture, it adds to the tracking and therefore the analysis of the latency between

the decision and the entry events.

DOEPXcC (Decision-Open-Entry-Placement-eXecution completion-Close).
The DOEPXcC model adds the placement event to the DOEXcC model. The
placement event is a critical legal/fiduciary handover event that spans organizational
boundaries between buy and sell-side firms. The DOEPXcC time set is also referred
to herein and in the figures as the ODEPXcC time set.

While the above set contains some of the basic deoision/hand—over/markef—
event time-stamps in the realm of equity trading, it is by no means comprehensive nor
exhaustive for all trading instruments/events. Consider for example that one may
easily drop the decision event from the DOEPXcC model to arrive at a new OEPXcC.

model. Tn other words, the system may be easily extended, from the most basic

| "capture (namely the trade-date), to the most detaﬂed (mcludmg all market, decision as-

' Well as hand—over events). The underlymg approach of time stamplng the various

decision/hand-over/market events s sufﬁc1ent1y generic and may be apphed across .
the board for the analysis of trading decisions by diverse fiduciary agents.
Furthermore, as the markets evolve, finer granularity in time stamping will allow a
closer mapping of the fiduciary linkages across agents/agencies. Once again, the

underlying methodology is sufficiently generic.

IV. Levels Of Analysis

Once the trade data as well as the appropriate time-stamps have been reliably
captured, the trading value chain may be analyzed at the following nine levels (see

FIG. 2) of interest:

Level I: The Investment Level Analysis, which tracks the trading activity from
Order Open to Period Close. Note that Period Close here indicates the closing of
regular calendar periods (such as end-of-month, end-of-quarter, end-of-year, etc.)

when portfolio returns are usually evaluated and judged for performance. This

-10 -
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analysis could also be done from Investment Open to Period Close or Order Decision

to Period Close if the time-stamps are available.

Level II: The Order Level Analysis, which tracks the trading activity from
Order Open or Order Entry to Order Close.

Level III: The Investment/Order Reconciliation Level Analysis, which
reconciles and closes the gap between the Order Level and the Investment Level

outlook.

Level IV: The Day Level Analysis, which tracks the trading activity from the
Day Open (or the Day Entry, if the time-stamp is available) to the Day Close.

Level V:- The Order/Day Reconciliation Level Analysis, which reconciles and
closes the gap between the Order Level and the Day Level outlook.

Level VI. The Working Level Analysis, which tracks the trading activity from
the Day Entry (or the Day Placement, if the time-stamp is available) to the Execution
Close.

- Level VII: The Available Level Analysis, whlch tracks the tradmg act1v1ty

* from the Day Placement to the Day Closg. -

Level VIII: The Day/Working Reconciliation Level Analysis, which
reconcﬂes and closes the gap between the Day Level and Workmg Level outlook
And if the Placement Time-Stamp were available, then the Level-VIII Analysis would
be the Available/Working Reconciliation Level Analysis, which reconciles and closes

the gap between the Available Level and the Working Level outlook.

Level IX: The Day/Available Reconciliation Level Analysis, which reconciles
and closes the gap between the Day Level and the Available Level outlook.

Obviously, if the relevant time-stamps were not being captured, the level of
analysis that could be done would be limited. But at the very minimum, analysis
levels I-V would be available to all clients who at least captured the date of the trade.
Sections VI to IX below go case-by-case through the available levels of analysis for
each of the four time-sets described in Section III. Section X expands the framework

to include portfolio return analysis.

Note that in FIG. 2 the relevant time-stamps (along with the respective

symbolic representations) are as shown at the top rows. The execution time-stamp (X)

-11-
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is an unreported hypothetical time-stamp between placement (P) and execution

completion (Xc).

V. Client Execution And Market Clearing Prices From Sample Data Sets

FIGS. 3 and 4, respectively, depict sample sets of Client Fills and the

corresponding Time Of Sales available in the market.

As shown in FIG. 3 (Client Fill Summary), the (irader) order spanned two
consecutive days. On each of the two days, the client traded 10,000 shares with five
fills for Day 1 and four fills for Day 2. On Day 1 the sum of the [Price x Volume]
product totals $812,250 traded dollars. Thus, on Day 1, the Execution Volume
Weighted Average Price (VWAP) the client gets is: |

> FillPricex FillVolume 12,250

ExecVWAP(Dayl) = -
ccywARDa S FillVolume 10,000

=$81.23——- (1)

Similarly, on Day 2 the sum of the [Price x Volume] product totals 945,250

. traded dollars. Thus on Day 2, the Execution Volume Weighted Average Price

(VWAP) the client gets is:

Z FillPricex FillVolume 945250

ExecVWAP(Day2) =
ceV AR Day2) S FillVolume 10,000

=$94.53 - (2)

At the Order Level, the sum of the [Price x Volume] product totals 1,757,500
traded dollars. And the Execution Volume Weighted Average Price (VWAP) the

client gets is:

> FillPricex FillVolume 1,757,500
Y FillVolume 20,000

ExecVWAP(Order) = =$87.88-—- (3)

-12 -
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Similarly, from the Time of Sales data set (see FIG. 4) one may calculate the
Market Clearing Prices (MCP) between any pair of time points (which is the Volume
Weighted Average Price or VWAP between the two time points). For example, the

Market Clearing Price between Entry (time segment 6) and Day Close (time segment
42) for Day 1 is:

Seg42

ZPI icex Volume 7 865.600
MCP_ec(Dayl) = &8 — = = $77 .88 e (4)
< 101,000
Z Volume

Seg6

Similar calculations may be made for other time periods.

Here we have used the Volume Weighted Average Price (VWAP) as the
representative market price. The VWAP measure uses all of the traded volume to
arrive at representative number. If we assume instead that a given client trading a

given volume could at best achieve say 20% (or an alternate-stock specific normal

. rate of trading) of the total traded volume in each time segment, we may then

calcj};_late what is termed the Twenty Percent Test Measure (IPTM). To illustrate: the
10,660 share client volume for Day-1 may be executed in a 20% sense between the
entry segment (Segment 6) and Segment 14. And the volume weighted average price
of these 20% segment volumes would be the Twenty Percent Test Measure starting at
Entry:

Segld
ZPr icex 20%Volume 33.840
TPTM _e(Dayl) = 228 =-—"—=$73.384 (4
_e(Dayl) =22 0.000 (4a)

Z 20%Volume

Seg6

And 1in the equations that follow, instead of using the market VWARP as the

benchmark for comparison, we may as well use the Twenty Percent Test Measure as

shown above.

-13 -



10

15

20

25

30

WO 03/073220 PCT/US03/05562

VI. Analysis of the OC Time-Set

Consider now the example of a client who has the very minimum of all
possible time-stamps, namely the OC (the Open-Close; see FIG. 5) set. As mentioned

above, at a minimum each client is recording the date the trade occurred.

In the sample OC set (depicted in FIG. 5), the day the order opened, the stock
opened at $70.00 (the Order Open price: Order-Open). During the length of the total
order, the order executed at $87.88 (the Order-Exec). On the day the order closed, the
stock closed at §111.50 (Order_Close). And at the end of the investment period, the
stock closed at $132.50 (Period_Close). Also, during the time the order was in the
market, the order-length market-clearing price (OMCP_oc), which is the volume
weighted average price from order open to order close, is at $78.60. Given these
investment/order level price-points, one could construct Levels I, I, & III of the

cost/performance analysis as shown in FIG. 5.

~ Level I: The Investment chel Ana1y51s A preferred Level I Analysis for the

OC-set involves five separate cost numbers as follows:

Ideal Investment Level Gain/Loss: The difference between Period Close
($132.50) and Order_Open ($70.00), which amounts to $62.50, spans the full range of .
investment level gain (or loss) that may be achieved in an ideal frictionless market.
And the corresponding gain/loss factor preferably is obtained by dividing by the order
length Order_Exec. Note that these factors may also be obtained by dividing by the
appropriate Market Clearing Prices (for example, here OMCP_oc). And when
dealing with Reconciliation Levels (Levels III, V, VIII, & IX), the Market Clearing
Price associated with the longer time span ought to be used. Using the Market
Clearing Price instead of the Execution Price helps make the various factors

comparable. Thus:

Ideal Investment Level Gain/Loss = (Period_Close -
Order_Open). .....vunie i (5)

Ideal Investment Level Gain/Loss Factor = (Period Close -
Order_Open)/Order_ EXeC....ouvuieiiiuiiiiii i (6)
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Expected Investment Level Gain/Loss: The difference between Period Close
($132.50) and the order-length market-clearing price (OMCP_oc) ($78.60), which
amounts to $53.90, spans the expected investment level gain (or loss) that may be
achieved in a frictional market. And‘the corresponding gain/loss factor may be

obtained by dividing by the order length Order Exec. Thus:

Expected Investment Level Gain/Loss = (Period_Close - |

Expected Investment Level Gain/Loss Factor = (Period_Close -
OMCP_0c)/Order_ EXEC. .cuueuuiuininitiiiae it iaeaaiieieanaaaaaannns ®)

Actual Investment Level Gain/Loss: The difference between Period Close
($132.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $44.62, spans the actual _ir_w.estrrier_l‘t level ;gain;(or loss) that was achieved

by the client in a frictional market. And the cdrrespbﬁding gain/loss factor may be

* obtained by dividing by the order lerigth Order Exec. Thus:*

Actual Investment Level Gain/Loss = (Period_Close -
Order_EXEC). ..uuniii ittt ©®)

Actual Investment Level Gain/Loss Factor = (Period_Close -
Order_Exec)/Order EXeC......ociiiiiiiiiiiniiiniiiiiiiieciiaanan, (10)

Market Investment Level Gain/Loss: The difference between Order Open
(870.00) and order-length market-clearing price (OMCP_oc = $78.60), which
amounts to -$8.60, is a measure of market impact and captures the average cost of
trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:
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Market Investment Level Gain/Loss = (Order_Open -

Market Investment Level Gain/Loss Factor = (Order Open -
OMCP_o0C)/Order_ EXeC....auiuinieiiiia et eenne (12)

Execution Investment Level Gain/Loss: The difference between order-length
market-clearing price (OMCP_oc = $78.60) and the order-length execution price
(Order_Exec) (§87.88), which amounts to -$9.28, is a measure of the excess cost paid
out by the client as measured against the market average. The corresponding gain/loss

factor may be obtained by dividing by the order length Order_Exec. Thus:

Execution Investment Level Gain/Loss = (OMCP_oc -
Order_EX€C). . cuitiniiin e e (13)

Execution Investment Level Gain/Loss Factor = (OMCP _oc -
Order_EXec)/Ord'er_Exec ................ e (14)

Level II: The Order Level Analysis. A preferred Level II Analysis for the OC-

set involves five separate cost numbers as follows:

Ideal Order Level Gain/Loss: The difference between Order Close ($111.50)
and Order_Open ($70.00), which amounts to $41.50, spans the full range of order
level gain (or loss) that may be achieved in an ideal frictionless market. And the
corresponding gain/loss factor may be obtained by dividing by the order length
Order Exec. Thus:

Ideal Order Level Gain/Loss = (Order_Close -
Order_OPem). . .ueuee ittt e (15)

Ideal Order Level Gain/Loss Factor = (Order_Close -
Order Open)/Order EXeC.......ooiiiiiiiiiiiiiiiiiiiiiec e (16)
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-

Expected Order Level Gain/Loss: The difference between Order Close
($111.50) and the order-length market-clearing price (OMCP_oc) ($78.60), which
amounts to $32.90, spans the expected order level gain (or loss) that may be achieved
in a frictional market. And the corresponding gain/loss factor may be obtained by
dividing by the order length Order Exec. Thus:

Expected Order Level Gain/Loss = (Order_Close -

Expected Order Level Gain/Loss Factor = (Order Close -
OMCP_0c)/Order EXEC..c.iuuiriiiiiiiiiiinie it eeeeaa e, (18)

Actual Order Level Gain/Loss: The difference between Order Close
($111.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $23.62, spans the actual order level gain (or 1’055)} that was achieved by the.
client in a frictional market. And the correspondiﬁé géin/lc;ss factor may be obtained -

by dividing by the order length Order Exec. Thus:

Actual Order Level Gain/Loss = (Order_Close -
Order EXeC). . uuii i (19)

Actual Order Level Gain/Loss Factor = (Order_Close -
Order_Exec)/Order EXeC.....co.ioiiioiiiiiiiiiiiiiiiiaiiainana, (20)

Market Order Level Gain/Loss: The difference between Order_Open ($70.00)
and order-length market clearing price (OMCP_oc = $78.60), which amounts to -
$8.60, is a measure of market impact and captures the average cost of trading during
the length of the order. The corresponding gain/loss factor may be obtained by
dividing by the order length Order Exec. Thus:

Market Order Level Gain/Loss = (Order_Open -
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Market Order Level Gain/Loss Factor = (Order_Open -
OMCP_0c)/Order EXEC...ueuueuieiiiiiiiiiiee et (22)

Execution Order Level Gain/Loss: The difference between order-length
market-clearing price (OMCP_oc = $78.60) and the order-length execution price
(Order_Exec) ($87.88), which amounts to -$9.28, is a measure of the excess cost paid
out by the client as measured against the market average. The corresponding gain/loss

factor may be obtained by dividing by the order length Order Exec. Thus:

Execution Order Level Gain/Loss = (OMCP_oc -
Order EXeC). ...ttt (23)

Execution Order Level Gain/Loss Factor = (OMCP_oc -
Order_Exec)/Order_Exec......... N e, ci.(24)

Level III: The Investment/Order Reconcjﬂiatio:n L.e_velﬁAnalysis. A preferred
Level Il Analysis for the OC-set involves a single set of reconciliation cost numbers .

as follows:

Order Level Horizon Difference Gain/Loss: The difference between
Period_Close ($132.50) and Order_Close ($111.50), which amounts to $21, accounts
for the market gain (or loss) that occurred between order close and period close. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

Order Level Horizon Difference Gain/Loss = (Period_Close -
Order_ClOSE). .ouueei e e (25)

Order Level Horizon Difference Gain/Loss Factor = (Period_Close

Order_Close)/Order EX€C......ivuvuiiiiaiiniiiiiiiiiiieiaeieee (26)
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\ Consider now the day level analysis with the OC set (FIG. 6). On Day-1, the
stock dpened at $70.00 (the Day_Open). During the length of the day, the client
executed at $81.23 (the Day_Exec). And the stock closed at $90.50 (Day_Close).
During the time the client was in the market, the day-length market-clearing price
(DMCP_oc),‘Which is the volume weighted average price from day open to day close,
is at $75.81. On Day-2, the stock opened at $91.00 (the Day_Open). During the length
of the day, the client executed at $94.53 (the Day_Exec). And the stock closed at
$111.50 (Day_Close). During the time the client was in the market, the day-length
market-clearing price (DMCP_oc) is at $93.97. Given these day level price-points, in
a preferred embodiment Levels IV & V of the cost/performance analysis are

constructed as shown in FIG. 6.

Level IV: The Day Level Analysis. A preferred Level VI Analysis for the OC-

set involves five separate cost numbers as follows:

Ideal Day Level Gain/Loss: The difference between Day_Close ($90.50 for
Day 1 and $111.50 for Day 2) and Day_Open ($70.00 for Day 1 and -$91.00 for Day
2); which amounts to $20.50 (for each day); spans the full range of day level gain (or
lpsé) that may be achieved in an ideal -fricticl)nless mﬁrket. And ’;he correspohding

gainlloss factor may be obtained by dividing by the day 1eng;ch Day Exec. Thus:

Ideal Day Level Gain/Loss = (Day_Close -

Ideal Day Level Gain/Loss Factor = (Day_Close -
Day Open)/Day EXEC......ccuiiiiiiiiiiiiieaevieeeeaieaaenes (28)

Expected Day Level Gain/Loss: The difference between Day_Close (390.50
for Day 1 and $111.50 for Day 2) and the day-length market-clearing price
(DMCP _oc) ($75.81 for Day 1 and $93.97 for Day 2); which amounts to $14.69 for
Day 1 and $17.53 for Day 2, spans the expected day level gain (or loss) that may be
achieved in a frictional market. And the corresponding gain/loss factor may be

obtained by dividing by the day length Day Exec. Thus:
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Expected Day Level Gain/Loss = (Day_Close -

Expected Day Level Gain/Loss Factor = (Day_Close -
DMCP_0C)/DaY EXEC..ueuiuanininaiiae et e e, 30)

Actual Day Level Gain/Loss: The difference between Day Close ($90.50 for
Day 1 and $111.50 for Day 2) and the day-length execution price (Day Exec) ($81.23
for Day'1 and $94.53 for Day 2), which amounts to $9.27 for Day 1 and $16.97 for
Day 2, spans the actual day level gain (or loss) that was achieved by the client in a
frictional market. And the corresponding gain/loss factor may be obtained by
dividing by the day length Day Exec. Thus:

Actual Day Level Gain/Loss = (Day_Close -

Actual Day Level Gain/Loss Factor'= (Day_Close -
Da‘y;Exec)/Day_Exec ............................................ n(32)

Market Day Level Gain/Loss: The difference between Day Open ($70.00 for
Day 1 and $91.00 for Day 2) and day-length market-clearing price (DMCP_oc)
(875.81 for Day 1 and $93.97 for Day 2, which amounts to -$5.81 for Day 1 and -
$2.97 for Day 2, is a measure of market impact and captures the average cost of
trading during the length of the day. The borresponding gain/loss factor may be
obtained by dividing by the day length Day Exec. Thus:

Market Day Level Gain/Loss = (Day_Open -

Market Day Level Gain/Loss Factor = (Day Open -
DMCP_0C) /DAY EXEC..eutaenruanenaeaanai et ee e eeeaenn (34)
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Execution Day Level Gain/Loss: The difference between day-length market-
clearing price (DMCP_oc) ($75.81 for Day 1 and $93.97 for Day 2) and the day-
length execution price (Day_Exec) ($81.23 for Day 1 and $94.53 for Day 2), which
amounts to -$5.42 for Day 1 and -$0.56 for Day 2, is a measure of the excess cost
paid out by the client as measured against the market average. The corresponding

gain/loss factor may be obtained by dividing by the day length Day Exec. Thus:

Execution Day Level Gain/Loss = (DMCP_oc -

Execution Day Level Gain/Loss Factor = (DMCP_oc -
Day Exec)/Day EXEC....eetiaiuitiiiaeaiiieeaeieaieeieeciaeee e (36)

Level V: The Order/Day Reconciliation Level Analysis. A preferred Level V
Analysis for the OC-set involves a single set of reconciliation cost numbers as

follows:

Day Level Horizon Difference Gain/Loss: The difference between Day_Open
($91.00) for Day 2 and Last_Day_Close ($90.50) fbr Day 1, which amounts to $0.50,
accounts for the market gain (or loss) that occurred between the close and open on
consecutive days. And the corresponding gain/loss factor may be obtained by dividing
by the order length Order Exec. Thus:

Day Level Horizon Difference Gain/Loss = (Day_Open —
Last Day CloS€).....iuiiuitiiiiiiiiiiinicciii et e, 37N

Day Level Horizon Difference Gain/Loss Factor = (Day_Open -
Last Day Close)/Order EXeC.......voieiiiiiiieineiiiiiiiiaaanan.. (38)

VIIL. Analysis of the OEXcC Time-Set

Consider now the example of a client who has over and above the OC set, also
the Entry timestamps (i.e., the OEXcC set) as shown in FIG. 7. In the sample OEXcC
set, the day the order opened, the stock opened at $70.00 (the Order_Open). The
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Portfolio Manager handed over the order for trading when the stock was at $72.50
(the Order_Entry). During the length of the total order, the order executed at $87.88
(the Order_Exec). On the day the order closed, the stock closea at $111.50
(Order_Close). At the end of the investment period the stock closed at $132.50
(Period_Close). The order-length market-clearing price from order-open to order-
close (OMCP_oc) is at $78.60. Also the order-length market-clearing price from
order-entry to order-close (OMCP_ec) is at $81.28. Given these investment/order
Jevel price-points, in a preferred embodiment, Levels I, IT & IIl of the

cost/performance analysis are constructed as shown in FIG. 7.

Level I: The Investment Level Analysis. A preferred Level I Analysis for the

OEXC-set involves five separate cost numbers as follows:

Ideal Investment Level Gain/Loss: The difference between Period_Close
($132.50) and Order_Open ($70.00), which amounts to $62.5, spans the full range of
investment level gain (or loss) that may be achieved in an ideal frictionless market.
And the corresponding gain/loss factor may be obtained by dividing by the order
length Order_Exec. Thus: ' B '

' Ideal Investment Level Gain/Loss = (Period_Close -
(0)3: 5 K 6] 415 1) FOUROUP PR PP P PRTERE 39)

Ideal Investment Level Gain/Loss Factor = (Period_Close -
Order_Open)/Order EXeC....cvuniiiimrimiiiiiiiiiiiiiiiniinnnaens (40)

Expected Investment Level Gain/Loss: The difference between Period_Close
($132.50) and the order-length market-clearing price (OMCP_oc) ($78.60), which
amounts to $53.9, spans the expected investment level gain (or loss) that may be
achieved in a frictional market. And the corresponding gain/loss factor may be

obtained by dividing by the order length Order_Exec. Thus:

Expected Investment Level Gain/Loss = (Period_Close -
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Expected Investment Level Gain/Loss Factor = (Period_Close -
OMCP_0C)/Order BXEC......ceeeeeeeeeiiiieee e, (42)

Actual Investment Level Gain/Loss: The difference between Period Close
($132.50) and the order-length execution price (Order Exec) ($87.88), which
amounts to $44.62, spans the actual investment level gain (or loss) that was achieved-
by the client in a frictional market. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Actual Investment Level Gain/Loss = (Period_Close -
Order_EXeC)....cuiuiiiiiiiiiiia et (43)

Actual Investment Level Gain/Loss Factor = (Period_Close -
Order_Exec)/Order_Exec...............................; ............... (44)

"+ " Market Investment Level Gain/Loss: The difference between Order Open
(870.00) and order-length market-clearing price (OMCP_oc = $78.60), which
amounts to -$8.60, is a measure of market impact and captures.the average cost of
trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Market Investment Level Gain/Loss = (Order_Open -

Market Investment Level Gain/Loss Factor = (Order_Open -
OMCP_oc)/Order EXEC....cuuiuiiraeeeaieeiiie i (46)

Execution Investment Level Gain/Loss: The difference between order-length
market-clearing price (OMCP_oc = $78.60) and the order-length execution price
(Order_Exec) ($87.88), which amounts to ~$9.28, is a measure of the excess cost paid
out by the client as measured against the market average. The corresponding gain/loss

factor may be obtained by dividing by the order length Order Exec. Thus:
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Execution Investment Level Gain/Loss = (OMCP_oc -
Order EXEC). . uniniit it 47)

Execution Investment Level Gain/Loss Factor = (OMCP_oc -
Order_Exec)/Order_EXEC......cuuuiiuiimiiiteiniiiiieieiieaeeaen (48)

Level II: The Order Level Analysis. A preferred Level IT Analysis for the

OEXcC-set involves five separate cost numbers as follows:

Ideal Order Level Gain/Loss: The difference between Order Close ($111.50)
and Order_Entry (872.50), which amounts to $39.0, spans the full range of order level
gain (or loss) that may be achieved in an ideal frictionless market by the trader. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

Ideal Order Level Gain/Loss = (Order_Close -

Order_BDfry)........cc.ccoveeenens e, e (49)

Ideal Order Level Gain/Loss Factor = (Order_Close -
Order_Entry)/Order EXeC.......ociuiiiiiiieeiiiiiii i, (50)

Expected Order Level Gain/Loss: The difference between Order Close
($111.50) and the order-length market-clearing price from entry to close (OMCP_ec)
($81.28), which amounts to $30.22, spans the expected order level gain (or loss) that
may be achieved in a frictional market. And the corresponding gain/loss factor may be

obtained by dividing by the order length Order Exec. Thus:

Expected Order Level Gain/Loss = (Order_Close -

Expected Order Level Gain/Loss Factor = (Order_Close -
OMCP_ec)/Order_EX€C.....ceuuuiriinniiiiieiiiieaee e, (52)
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Actual Order Level Gain/Loss: The difference between Order Close
($111.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $23.62, spans the actual order level gain (or loss) that was achieved by the
client in a frictional market. And the corresponding gain/loss factor may be obtained

by dividing by the order length Order Exec. Thus:

Actual Order Level Gain/Loss = (Order_Close -
Order_EXeC)...cuuiieiniiiit i (53)

Actual Order Level Gain/Loss Factor = (Order_Close -
Order_Exec)/Order_EXEC.....uiouiiiiiniiiiiiiiiaiiiiieiieieeeeneae (54)

Market Order Level Gain/Loss: The difference between Order_Entry ($72.50)
and order-length market clearing price from entry to close (OMCP_ec = $81.28),
which amounts to -$8.78, is a measure of market impact and.captures the average cost
of trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thlé.s:

Market Order Level Gain/Loss = (Order_Open -

Market Order Level Gain/Loss Factor = (Order_Open -
OMCP_ec)/Order EXEC...cueiiiiiiiiiiiiiiiie e (56)

Execution Order Level Gain/Loss: The difference between order-length
market-clearing price from entry to close (OMCP_ec = $81.28) and the order-length
execution price (Order_Exec) ($87.88), which amounts to -$6.60, is a measure of the
excess cost paid out by the client as measured against the market average. The
corresponding gain/loss factor may be obtained by dividing by the order length.
Order_Exec. Thus:
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Execution Order Level Gain/Loss = (OMCP_ec -
Order_ BXEC) .. ut ittt ittt (57)

Execution Order Level Gain/Loss Factor = (OMCP_ec -
Order_Exec)/Order, BXEC......coveviiiiiiiiiiiiiiiiiiiiiiiiiaeneaeen. (58)

Level III: The Investment/Order Reconciliation Level Analysis. A preferred
Level III Analysis for the OEXcC-set involves three reconciliation cost numbers as

follows:

Order Level Horizon Difference Gain/Loss: The difference between
Period_Close ($132.50) and Order_Close ($111.50), which amounts to $21, accounts
for the market gain (or loss) that occurred between order close and period close. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

‘Order Level Horizon Difference Gain/Loss = (Period. Close -

Order Close)....o.oeveiniinianalld ST S PP ORPPR v....(59)

Order Level Horizon Difference Gain/Loss Factor = (Period_Close

Order Close)/Order EXeC.....c.vuiiiieiiiiaiiiiiiiinianiaeaiaan, (60)

Order Level Timing Market Gain/Loss: The difference between order-length
market-clearing price from open to close (OMCP_oc = $78.60) and order-length
market-clearing price from entry to close (OMCP_ec = $81.28), which amounts to -
$2.68, accounts for the market impact of delaying the hand—over of the order to the
desk between market open and entry. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Order Level Timing Market Gain/Loss = (OMCP_oc -
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Order Level Timing Market Gain/Loss Factor = (OMCP _oc - |
OMCP_ec)/Order BXEC......vwmeneeeeseeeeeseeeeee e (62)

Order Level Timing Gain/Loss: The difference between Order_Open ($70.00)
and Order_Entry ($72.50), which amounts to -$2.50, accounts for the timing factor,
i.e., the gain (or loss) that occurred while waiting to enter the market. Note that over
and above the timing gain/loss, the market impact of the timing issue is captured in
equations 61 & 62. And the corresponding gain/loss factor may be obtained by
dividing by the order length Order Exec. Thus:

Order Level Timing Market Gain/Loss = (Order_Open -
Order Entry)....oceiiiiiiiie e (63)

Order Level Timing Market Gain/Loss Factor = (Order_Open -
Order_Entry)/Order BXeC.....c.oviviiiiiiiiiiiiiiiiiaeieean. (64)

Consider now the day level analysis with the OEXcC set (FIG. 8 forDay-1 &
FIG. 9 for Day-2). On Day-1, the entry was at $72.50 (the Day_Entry). During the
length of the day, the client executed at $81.23 (the Day Exec). When all the fills
were returned and the execution was complete (i.e., the day-execution-close event),
the corresponding strike at that time was (the Day _Exec_Close) at $85.50. And the
stock closed at $90.50 (Day_Close). During the time the client was in the market, the
day-level market-clearing price from day-entry to day-execution-close (DMCP_exc),
was at $76.42. And the day-level market-clearing price from day-entry to day-close
(DMCP_ec), was at $77.88. On Day-2, the entry was at $91.00 (the Day_Entry).
During the length of the day, the client executed at $94.53 (the Day Exec). When all
the fills were returned and the execution was complete (i.e., the day-execution-close
event), the corresponding strike at that time was (the Day_Exec_Close) at $97.50.
And the stock closed at $111.50 (Day_Close). During the time the client was in the
market, the day-level market-clearing price from day-entry to day-execution-close
(DMCP_exc), was at §94.17. And the day-level market-clearing price from day-entry
to day-close (DMCP_ec), was at $93.97. Given these day level price-points, in a

-27 -



10

15

20

25

WO 03/073220 PCT/US03/05562

preferred embodiment Levels IV, VI & VIII of the cost/performance analysis are

constructed as shown in FIG. 8 (Day-1) & FIG. 9 (Day-2).

Level IV: The Day Level Analysis. A preferred Level IV Analysis for the

OEXcC-set involves five separate cost numbers as follows:

Ideal Day Level Gain/Loss: The difference between Day_Close ($90.50 for
Day-1 and $111.50 for Day-2) and Day_Entry ($72.50 for Day-1 and $91.00 for Day-
2), which amounts to $18.00 for Day-1 and $20.50 for Day-2, spans the full range of
day level gain (or loss) that may be achieved in an ideal frictionless market. And the
corresponding gain/loss factor may be obtained by dividing by the respective day
length Day Exec. Thus: '

Ideal Day Level Gain/Loss = (Day_Close -
Day BOtry)..ceueeieeieeei e e ..(65)

Ideal Day Level Gain/Loss Factor = (Day_Close -
Day. Entry)/Day_Exec............c........ e e e .-..(66)

Expected Day Level Gain/Loss: The difference between Day Close ($90.50
for Day-1 and $111.50 for Day-2) and the day-length market-clearing price from day-
entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97 for Day-2), which
amounts to $12.62 for Day-1 and $17.53 for Day-2, spans the expected day level gain
(or loss) that may be achieved in a frictional market. And the corresponding gain/loss

factor may be obtained by dividing by the day level Day Exec. Thus:

Expected Day Level Gain/Loss = (Day_Close -

Expected Day Level Gain/Loss Factor = (Day_Close -
DMCP_ec)/Day EXEC...uuut it (68)
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Actual Day Level Gain/Loss: The difference between Day Close ($90.50 for
Day-1 and $111.50 for Day-2) and the day-level execution price (Day_Exec) ($81.23
for Day-1 and $94.53 for Day-2), which amounts to $9.27 for Day-1 and $16.98 for
Day-2, spans the actual day level gain (or loss) that was achieved by the client in a
frictional market. And the corresponding gain/loss factor may be obtained by dividing
by the day level Day Exec. Thus:

Actual Day Level Gain/Loss = (Day_Close -
Day EXEC). . it (69)

Actual Day Level Gain/Loss Factor = (Day_Close -
Day Exec)/Day EXeC.....iuiueniiriaii it (70)

Market Day Level Gain/Loss: The difference between Day Entry ($72.50 for
Day-1 and $91.00 for Day-2) and day-length market-clearing price from day-entry to
day-close (DMCP_ec) ($77.88 for Day-1 and-$93.97 for Day-2), which amounts to -
$5.38 for Day-1 and -$2.97 for Day—?, 1sa measux;e of markgt impact and captures the
average cost of trading during the length of the day order. The corresponding

gain/loss factor may be obtained by dividing by the day level Day Exec. Thus:

Market Day Level Gain/Loss = (Day_Entry -

Market Day Level Gain/Loss Factor = (Day_Entry -
DMCP_€c)/Day EXEC.....cuuiiieeiiaieiit e e (72)

Execution Day Level Gain/Loss: The difference between day-length market-
clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97
for Day-2) and the day-level execution price (Day_Exec) ($81.23 for Day-1 and
$94.53 for Day-2), which amounts to -$3.35 for Day-1 and -$0.56 for Day-2, is a
measure of the excess cost paid out by the client as measured against the market
average. The corresponding gain/loss factor may be obtained by dividing by the day
level Day_Exec. Thus:
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Execution Day Level Gain/Loss = (DMCP_ec -

Execution Day Level Gain/Loss Factor = (DMCP_ec -
Day Exec)/Day BXec.....ccooviiiiiiiiiiiiiaiiiiiii it e (74)

Level VI: The Working Level Analysis. A preferred Level VI Analysis for the

OEXcC-set involves five separate cost numbers as follows:

Ideal Working Level Gain/Loss: The difference between Day Exec Close
($85.50 for Day-1 and $97.50 for Day-2) and Day_Entry ($72.50 for Day-1 and
$91.00 for Day-2), which amounts to $13.00 for Day-1 and $6.50 for Day-2, spans the
full range of working level gain (or loss) that may be achieved in an ideal frictionless
market. And the corresponding gain/loss factor may be obtained by dividing by the .
respective day level Day Exec. Thus:

© " “Ideal Working Level Gain/Loss - (Day Exec_Close -

Expected Working Level Gain/Loss: The difference between Day Exec_Close
($85.50 for Day-1 and $97.50 for Day-2) and the day-length market—cleéring price
from day-entry to day-exec-close (DMCP_exc) ($76.42 for Day-1 and $94.17 for
Day-2), which amounts to $9.08 for Day-1 and $3.33 for Day-2, spans the expected
working level gain (or loss) that may be achieved in a frictional market. And the
corresponding gain/loss factor may be obtained by dividing by the day level
Day Exec. Thus:

Expected Working Leve] Gain/Loss = (Day Exec_Close -
DMCP_€XC)eueneeinanninineinaaanannnns ettt aeaas 77
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Expected Working Level Gain/Loss Factor = (Day_Exec Close -
DMCP_eXC)/DaY BXEC..1uttaeiataeianiniiiiiiiiine e iaeeiaeeans (78)

Actual Working Level Gain/Loss: The difference between Day Exec_Close
(385.50 for Day-1 and $97.50 for Day-2) and the day-level execution price
(Day_Exec) ($81.23 for Day-1 and $94.53 for Day-2), which amounts to $4.27 for
Day-1 and $2.97 for Day-2, spans the actual working level gain (or loss) that was
achieved by the client in a frictional market. And the corresponding gain/loss factor
may be obtained by dividing by the day level Day Exec. Thus:

Actual Working Level Gain/Loss = (Day_Exec_Close -

Actual Working Level Gain/Loss Factor = (Day_Exec Close -
Day Exec)/Day EX€C.....tuiiuiiiiiiaiiii i, (80)

Market Working Level Gain/Loss: The difference between Day_Entry ($72.50
for Day-1 and $91.00 for Day-2) and day-length market—ﬁiéaring price from day-entry
to day-exec-close (DMCP_exc) ($76.42 for Day-1 and $94.17 for Day-2), which
amounts to -$3.92 for Day-1 and -$3.17 for Day-2, is a measure of market impact and
captures the average cost of trading during the length of working the day order. The
corresponding gain/loss factor may be obtained by dividing by the day level
Day_Exec. Thus:

Market Working Level Gain/Loss = (Day_Entry -
DMOCP _€XC) e enineniii it e (81)

Market Working Level Gain/Loss Factor = (Day_Entry -
DMCP_exc)/Day EXeC...c.tutueniaeiieianiiiiae e (82)

Execution Working Level Gain/Loss: The difference between day-length
market-clearing price from day-entry to day-exec-close (DMCP_exc) ($76.42 for
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Day-1 and $94.17 for Day-2) and the day-level execution price (Day_Exec) ($81.23
for Day-1 and $94.53 for Day-2), which amounts to -$4.81 for Day-1 and -$0.36 for
Day-2, is a measure of the excess cost paid out by the client as measured against the
market average. The corresponding gain/loss factor may be obtained by dividing by

the day level Day Exec. Thus:

Execution Working Level Gain/Loss = (DMCP_exc -
Day EXEC). .. e (83)

Execution Working Level Gain/Loss Factor = (DMCP_exc -
Day Exec)/Day EXeC. ...ttt eaiiieieieeee e eeee e (84)

Level VIII: The Day/Working Reconciliation Level Analysis. A preferred
Level VIII Analysis for the OEXcC-set involves two reconciliation cost numbers as

follows:

Working Level Horizon Difference Gain/Loss: The difference between
Day_Close (§90.50 for Day-1 and $111.50 for. Day-2) and Day_Exec_Close ($85.50
for Day-1 and $97.50 for Day-2),: which amoﬁnts to $5.00 for Day-1 and $14.00 for
Day-2, accounts for the market gain (or loss) that occurred Between Day_Eiec_Close
and Day_Close. And the corresponding gain/loss factor may be obtained by dividing
by the day level Day Exec. Thus:

Working Level Horizon Difference Gain/Loss = (Day_Close -
Day Exec ClOSE).. .. ciuutiiiaiiiaiiaaie e ee e aeaeeanens (8%)

Working Level Horizon Difference Gain/Loss Factor = (Day_Close
Day Exec_Close)/Day Exec..........ccceuvuenn... e (86)

Working Level Timing Market Gain/Loss: The difference between day-level
market-clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and
$93.97 for Day-2) and day-level market-clearing price from day-entry to day-exec-
close (DMCP_exc) ($76.42 for Day-1 and $94.17 for Day-2), which amounts to $1.46
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for Day-1 and -$0.20 for Day-2, accounts for the market impact of completing the day
order before the market close. And the corresponding gain/loss factor may be

obtained by dividing by the day level Day Exec. Thus:

Working Level Timing Market Gain/Loss = (DMCP_ec -
DMOECP )t ittt e 87

Working Level Timing Market Gain/Loss Factor = (DMCP_ec -
DMCP_exc)/Day EXEC....couuiuieiiiitiinin e, (88)

Level V: The Order/Day Reconciliation Level Analysis. A preferred Level V
Analysis (see FIG. 10) for the OEXcC-set involves a single reconciliation cost

number as follows:

Day Level Horizon Difference Gain/Loss: The difference between Day Open
(891.00) for Day 2 and Last_Day_Close (390.50) for Day 1, which amounts to $0.50, -

accounts for the market gain (or loss) that occurs between the close and open on:

" consecutive days. And the corresponding gain/loss factor may be obtained by dividing -
* by.the order length Order Exec. Thus:

) Day Level Horizon Difference Gain/Loss = (Day_Open —
Last Day ClOSE).....ccoutuiuiieiuiiniiiiiiia i (89)

Day Level Horizon Difference Gain/Loss Factor = (Day_Open -
Last Day_Close)/Order_ExXec......ccoooiiiiiiiiiiiiiiiiiiiaannn. (90)

VIIL Analysis of the DOEXcC Time-Set

Consider now the example of a client who has over and above the OEXcC set,
also the Decision timestamps (i.e., the DOEXcC set, also referred to herein and in the
figures as the ODEXcC time set), shown in FIG. 11. In the sample DOEXcC set, the
day the order opened, the stock opened at $70.00 (the Order Open Price, or
Order_Open). The Portfolio Manager decided to trade when the stock was at $71.00
(the Order_Decision). The Portfolio Manager then handed over the order for trading
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when the stock was at $72.50 (the Order_Entry). During the length of the total order,
the order executed at $87.88 (the Order Exec). On the day the order closed, the stock
closed at $111.50 (Order_Close). At the end of the investment period the stock closed
at $132.50 (Period_Close). The order-length market-clearing price from order-
decision to order-close (OMCP_dc) was at $78.84. Also the order-length market-
clearing price from order-entry to order-close (OMCP_ec) is at $81.28. Given these
investment/order level price-points, in a preferred embodiment Levels I, IT & III of

the cost/performance analysis are constructed as shown in FIG. 11.

Level I: The Investment Level Analysis. A preferred Level I Analysis for the

DOEXcC-set involves five separate cost numbers as follows:

Ideal Investment Level Gain/Loss: The difference between Period Close
(8132.50) and Order_Decision ($71.00), which amounts to $61.5, spans the full range

of investment level gain (or loss) that may be achieved in an ideal frictionless market.

‘And the corresponding gain/loss factor may be obtained By dividing by the order
" length Order Exec. Thus:

" Ideal Investment Level Gain/Loss = (Period_"Closé -
OFder_DECISION). ...« oeveeeeeeeeeeeeeee e o1

Ideal Investment Level Gain/Loss Factor = (Period_Close -
Order_Decision)/Order BXeC....c.ocoeuiiiiiiiiiaiiiiiiiniiian., (92)

Expected Investment Level Gain/Loss: The difference between Period Close

($132.50) and the order-length market-clearing price from decision-to-close

(OMCP_dc=5$78.84), which amounts to $53.66, spans the expected investment level
gain (or loss) that may be achieved in a frictional market. And the corresponding

gain/loss factor may be obtained by dividing by the order level Order Exec. Thus:

Expected Investment Level Gain/Loss = (Period_Close -

[

OMCP_dC)....oevemeeeeeeeeen. e (93)
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Expected Investment Level Gain/Loss Factor = (Period_Close -
OMCP_dc)/Order EXEC. . uvieien it ieaieeeraneanannn. (94)

Actual Investment Level Gain/Loss: The difference between Period Close
(5132.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $44.62, spans the actual investment level gain (or loss) that was achieved
by the client in a frictional market. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Actual Investment Level Gain/Loss = (Period_Close -
Order_EXEC). .. ettt (95)

Actual Investment Level Gain/Loss Factor = (Period_Close -
Order Exec)/Order EXEC......coeuiiriiiiiiiiiiiiaie e, (96)

Market Investment Level Gain/Loss: The difference between Order Decision
($71.00) and order-length market-clearing price (OMCP._ dc = §78.84), which
amounts to -$7.84, is a measure of market impact and captures the average cost of
trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Market Investment Level Gain/Loss = (Order Decision -
OMOCP _dC). e 97)

Market Investment Level Gain/Loss Factor = (Order Decision -
OMCP_dc)/Order_EXeC......oeiiniiiiiiiiiiiiiiiaiii e (98)

Execution Investment Level Gain/Loss: The difference between order-length
market-clearing price (OMCP_dc = $78.84) and the order-length execution price
(Order_Exec) ($87.88), which amounts to -$9.04, is a measure of the excess cost paid
out by the client as measured against the market average. The corresponding gain/loss

factor may be obtained by dividing by the order length Order Exec. Thus:
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Execution Investment Level Gain/Loss = (OMCP_dc -
Order_BXEC). . uiiniiiiiiee ettt e (99)

Execution Investment Level Gain/Loss Factor = (OMCP_dc -
Order Exec)/Order EXeC.....ccovciiuirimiiiiiaiiniiieeiiinannn. ‘ ..(100)

Level II: The Order Level Analysis. A preferred Level II Analysis for the

DOEXcC-set involves five separate cost numbers as follows:

Ideal Order Level Gain/Loss: The difference between Order_Close ($111.50)
and Order_Entry ($72.50), which amounts to $39.0, spans the full range of order level
gain (or loss) that may be achieved in an ideal frictionless market by the trader. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

Ideal Order Level Gain/Loss = (Order_Close -

. Order_Entry)............ s eraseresans et e teanetanans A(IOl)

*" Ideal Order Level Gain/Loss Factor = (Order_Cldse -
Order_Entry)/Order EXeC....cccoevuiiiiiiiiiiiiieeiaiieiaeaan (102)

Expected Order Level Gain/Loss: The difference between Order Close
(8111.50) and the order-length market-clearing price from entry to close (OMCP_ec)
($81.28), which amounts to $30.22, spans the expected order level gain (or loss) that
may be achieved in a frictional market. And the corresponding gain/loss factor may be

obtained by dividing by the order length Order Exec. Thus:

Expected Order Level Gain/Loss = (Order_Close -

Expected Order Level Gain/Loss Factor = (Order_Close -
OMCP _ec)/Order EXeC...uveimieitiiiiiai i (104)
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Actual Order Level Gain/Loss: The difference between Order Close
(3111.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $23.62, spans the actual order level gain (or loss) that was achieved by the
client in a frictional market. And the correspoﬁding gain/loss factor may be obtained

by dividing by the order length Order Exec. Thus:

Actual Order Level Gain/Loss = (Order_Close -
Order_Exec)

Actual Order Level Gain/Loss Factor = (Order_Close -
Order Exec)/Order EXeC.....cciiuiiiieniiiieiiaiiaaeiiaianannnann, (106)

Market Order Level Gain/Loss: The difference between Order_Entry ($72.50)
and order-length market clearing price from entry to close (OMCP_ec = $81.28),
which amounts to -$8.78, is a measure of market impact and captures the average cost .
of trading during the length of the order. The corresponding gain/loss factor may be -
obtained by dividing by the order length Order Exec. Thué:

Market Order Level Gain/Loss = (Order_Entry -

Market Order Level Gain/Loss Factor = (Order_Entry -
OMCP_ec)/Order EXe€C...ooiiiniiiiiaeniannnnns e (108)

Execution Order Level Gain/Loss: The difference between order-length
market-clearing price from entry to close (OMCP_ec = $81.28) and the order-length
execution price (Order_Exec) ($87.88), which amounts to -$6.60, is a measure of the
excess cost paid out by the client as measured against the market average. The
corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:
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Execution Order Level Gain/Loss = (OMCP_ec -
(0] (s[5 i 25 (<) TSP (109)

Execution Order Level Gain/Loss Factor = (OMCP_ec -
Order Exec)/Order EXeC.....cicccieiiiiiiniiiiiiiiiiaiiiiiiieeane (110)

Level II: The Investment/Order Reconciliation Level Analysis. A preferred
Level III Analysis for the DOEXcC-set involves three reconciliation cost numbers as

follows:

Order Level Horizon Difference Gain/Loss: The difference between
Period_Close ($132.50) and Order_Close ($111.50), which amounts to $21, accounts
for the market gain (or loss) that occurred between order close and period close. And

the corresponding gain/loss factor may be obtained by dividing by the order length

~ Order_Exec. Thus:

* Order Level Horizon Difference Gain/Loss =.(Period_Close -
Order_CIoSe).....oviiiiiiiiiiiiii i e, (111)

Order Level Horizon Difference Gain/Loss Factor = (Period_Close
Order Close)/Order EX€C....o.iuiiiiiiiiiiniiiiiiiieiaiiaeanean. (112)

Order Level Timing Market Gain/Loss: The difference between order-length
market-clearing price from decision to close (OMCP_dc = $78.84) and order-length
market-clearing price from entry to close (OMCP_ec = $81.28), which amounts to -
$2.44, accounts for the market impact of delaying the hand-over of the order to the
desk between market open and entry. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Order Level Timing Market Gain/Loss = (OMCP_dc -
OMOCP_€C). .o (113)
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Order Level Timing Market Gain/Loss Factor = (OMCP_dc -
OMCP_ec)/Order EXeC.....ccuvenieniniaiiiiiniainiaaeneeiaiannene (114)

Order Level Timing Gain/Loss: The difference between Order Decision
($71.00) and Order_Entry ($72.50), which amounts to -$1.50, accounts for the timing
factor, i.e., the gain (or loss) that occurred while waiting to enter the market. Note
that over and above the timing gain/loss, the market impact of the timing issue is
captured in equations 115 & 116. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Order Level Timing Gain/Loss = (Order_Decision -
Order_Entry). ..ot (115)

Order Level Timing Gain/Loss Factor = (Order Decision -

Order Entry)/Order EXe€C.....ccviiiiiiiiiiiiineinininiannns. ---(116)

Consider now the day level analysis with the DOEXcC set (FIG. 12 for Day-1
& FIG. 13 for Day-2). On Day-1, the entry was at $72.50 (the Day_Entry). During the
length of the day, the client executed at $81.23 (the Day Exec). When all the fills
were returned and the execution was complete (i.e., the day-execution-close event),
the corresponding strike at that time was (the Day Exec Close) at $85.50. And the
stock closed at $90.50 (Day_Close). During the time the client was in the market, the
day-level market-clearing price from day-entry to day-execution-close (DMCP_exc),
was at $76.42. And the day-level market-clearing price from day-entry to day-close
(DMCP_ec), was at $77.88. On Day-2, the entry was at $91.00 (the Day_Entry).
During the length of the day, the client executed at $94.53 (the Day Exec). When all
the fills were returned and the execution was complete (i.e., the day-execution-close
event), the corresponding strike at that time was (the Day_Exec Close) at $97.50.
And the stock closed at $111.50 (Day_Close). During the time the client was in the
market, the day-level market-clearing price from day-entry to day-execution-close
(DMCP_exc), was at $94.17. And the day-level market-clearing price from day-entry
to day-close (DMCP_ec), was at $93.97. Given these day level price-points, in a
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preferred embodiment Levels IV, VI & VIII of the cost/performance analysis are

constructed as shown in FIG. 12 (Day-1) & FIG. 13 (Day-2).

Level VI: The Day Level Analysis. A preferred Level VI Analysis for the

DOEXcC-set involves five separate cost numbers as follows:

Ideal Day Level Gain/Loss: The difference between Day Close ($90.50 for
Day-1 and $111.50 for Day-2) and Day_Entry ($72.50 for Day-1 and $91.00 for Day-
2), which amounts to $18.00 for Day-1 and $20.50 for Day-2, spans the full range of
day level gain (or loss) that may be achieved in an ideal frictionless market. And the
corresponding gain/loss factor may be obtained by dividing by the respective day
length Day Exec. Thus:

Ideal Day Level Gain/Loss = (Day_Close -
Day Bntry). . eoe it (117)

Ideal Day Level Gain/Loss Factor = (Day_Close -
Day_Entry)/Day BXeC.........c.cooieeiiiiiiii i, eenennan(118)

Expected Day Level Gain/Loss: The difference between Day Close ($90.50
for Day-1 and $111.50 for Day-2) and the day-length market-clearing price from day-
entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97 for Day-2), which
amounts to $12.62 for Day-1 and $17.53 for Day-2, spans the expected day level gain
(or loss) that may be achieved in a frictional market. And the corresponding gain/loss
factor may be obtained by dividing by the day level Day Exec. Thus:

Expected Day Level Gain/Loss = (Day_Close -
DMOCP_€C) .t eeiiiii et (119)

Expected Day Level Gain/Loss Factor = (Day_Close -
DMCP_ec)/Day EX€C...uuumriitiiii i, (120)
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Actual Day Level Gain/Loss: The difference between Day Close ($90.50 for
Day-1 and $111.50 for Day-2) and the day-level execution price (Day Exec) ($81.23
for Day-1 and $94.53 for Day-2), which amounts to $9.27 for Day-1 and $16.98 for
Day-2, spans the actual day level gain (or loss) that was achieved by the client in a
frictional market. And the corresponding gain/loss factor may be obtained by dividing
by the day level Day_Exec. Thus:

Actual Day Level Gain/Loss = (Day_Close -
Day BXEC). ..ot (121)

Actual Day Level Gain/Loss Factor = (Day_Close -
Day Exec)/Day EXeC...ciuiiiuiieiiiiiiieiiaeaieiieienianinenan, (122)

Market Day Level Gain/Loss: The difference between Day Entry ($72.50 for
Day-1 and $91.00 for Day-2) and day-length market-clearing price from day-entry to .
day-close (DMCP_ec) ($77.88 for Day-1 and $93.97 for Day-2), which amounts to -
$5.38 for Day-1 and -$2.97 for Day;2, 1s a measure of market impact and captures the
averége cost of trading during the length of the day ordér. The corresponding
gain/loss factor may be obtained by dividing by the day level Day_Exec. Thus:

Market Day Level Gain/Loss = (Day_Entry -

Market Day Level Gain/Loss Factor = (Day_Entry -
DMCP _ec)/Day EXeC..cuuiuitieniiaiaiii e (124)

Execution Day Level Gain/Loss: The difference between day-length market-
clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97
for Day-2) and the day-level execution price (Day_Exec) ($81.23 for Day-1 and
$94.53 for Day-2), which amounts to -$3.35 for Day-1 and -$0.56 for Day-2, is a
measure of the excess cost paid out by the client as measured against the market
average. The corresponding gain/loss factor may be obtained by dividing by the day
level Day Exec. Thus:
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Execution Day Level Gain/Loss = (DMCP_ec -

Execution Day Level Gain/Loss Factor = (DMCP_ec -
Day Exec)/Day EXeC.....ccuureiuiiiiiiieiiiiiiiaiiinieei e (126)

Level VI: The Working Level Analysis. A preferred Level VI Analysis for the

DOEXcC-set involves five separate cost numbers as follows:

Ideal Working Level Gain/Loss: The difference between Day Exec Close
($85.50 for Day-1 and $97.50 for Day-2) and Day_Entry ($72.50 for Day-1 and
$91.00 for Day-2), which amounts to $13.00 for Day-1 and $6.50 for Day-2, spans the
full range of working level gain (or loss) that may be achieved in an ideal frictionless
market. And the corresponding gain/loss factor may be obtained by dividing by the

respective day level Day Exec. Thus:

** Ideal Working Level Gain/Loss = (Day_Exec;Clése -

DAY BIIY). v e (127)

Ideal Working Level Gain/Loss Factor = (Day_Exec_Close -
Day Entry)/Day EX€C...c.ctiimiiiiiiiiiiieeece e, (128)

Expected Working Level Gain/Loss: The difference between Day Exec Close
(385.50 for Day-1 and $97.50 for Day-2) and the day-length market-clearing price
from day-entry to day-exec-close (DMCP_exc) ($76.42 for Day-1 and $94.17 for
Day-2), which amounts to $9.08 for Day-1 and $3.33 for Day-2, spans the expected
working level gain (or loss) that may be achieved in a frictional market. And the
corresponding gain/loss factor may be obtained by dividing by the day level
Day Exec. Thus:

Expected Working Level Gain/Loss = (Day_Exec Close -
DMOCP_EXC) .o ittiitieieiae ettt (129)
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Expected Working Level Gain/Loss Factor = (Day_Exec_Close -
DMCP_eXC)/DaY EXEC..uueuinirintniniieiieieeaieeeaeaan e (130)

Actual Working Level Gain/Loss: The difference between Day_Exec_Close
($85.50 for Day-1 and $97.50 for Day-2) and the day-level execution price
(Day_Exec) ($81.23 for Day-1 and $94.53 for Day-2), which amounts to $4.27 for
Day-1 and $2.97 for Day-2, spans the actual working level gain (or loss) that was
achieved by the client in a frictional market. And the corresponding gain/loss factor
may be obtained by dividing by the day level Day Exec. Thus:

Actual Working Level Gain/Loss = (Day_Exec_Close -
Day EXEC). ettt (131)

Actual Working Level Gain/Loss Factor = (Day_Exec_Close -
Day Exec)/Day EXeC......cccciuiiimiiiiiiaiiiiiiiiiiiiieeean, (132)

Market Working Level Gain/Loss: The differencé’ between Day_Entry (872.50
for Day-1 and $91.00 for Day-2) and day-length market-clearing price from day-entry
to day-exec-close (DMCP_exc) ($76.42 for Day-1 and $94.17 for Day-2), which
amounts to -$3.92 for Day-1 and -$3.17 for Day-2, is a measure of market impact and
captures the average c;,ost of trading during the ‘Iength of working the day order. The
corresponding gain/loss factor may be obtained by dividing by the day level
Day_Exec. Thus:

Market Working Level Gain/Loss = (Day_Entry -

Market Working Level Gain/Loss Factor = (Day_Entry -
DMCP_exc)/Day EXec.....c.ooiiiiiiiiiiiiiiiiie e (134)

Execution Working Level Gain/Loss: The difference between day-length
market-clearing price from day-entry to day-exec-close (DMCP_exc) ($76.42 for
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Day-1 and $94.17 for Day-2) and the day-level execution price (Day_Exec) ($81.23

for Day-1 and $94.53 for Day-2), which amounts to -$4.81 for Day-1 and -$0.36 for
Day-2, is a measure of the excess cost paid out by the client as measured against the
market average. The corresponding gain/loss factor may be obtained by dividing by

the day level Day Exec. Thus:

Execution Working Level Gain/Loss = (DMCP_exc -

Execution Working Level Gain/Loss Factor = (DMCP_exc -
Day_Exec)/Day EXeC....c.ciiiiiiiiiiiiiiiiiiciiiiiiiaiee i (136)

Level VIII: The Day/Working Reconciliation Level Analysis. A preferred
Level VIII Analysis for the DOEXcC-set involves two reconciliation cost numbers as

follows:

Working Level Horizon Difference Gain/Loss: The difference between

~ Day_Close (890.50 for Day-1 and $111.50 for Day-2) and Day_Exec_Close ($85.50

for Day-1 and $97.50 for Day-2), Which amounts to $5.00 for Day-1 and $14.00 for’
Dé&-2; accéunts for the rﬁarket géin (or loss) that occurred between Day_Exec Close
and Day_Close. And the corresponding gain/loss factor may be obtained by dividing
by the day level Day Exec. Thus:

Working Level Horizon Difference Gain/Loss = (Day_Close -
Day EXeC ClOSE). . euuuiniin it (137)

Working Level Horizon Difference Gain/Loss Factor = (Day Close
Day Exec Close)/Day EXeC....eoiiuiiiiiiiiiiaiiaee e (138)

Working Level Timing Market Gain/Loss: The difference between day-level
market-clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and
$93.97 for Day-2) and day-level market-clearing price from day-entry to day-exec-
close (DMCP_exc) ($76.42 for Day-1 and $94.17 for Day-2), which amounts to $1.46
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for Day-1 and -$0.20 for Day-2, accounts for the market impact of completing the day
order before the market close. And the corresponding gain/loss factor may be

obtained by dividing by the day level Day_Exec. Thus:

Working Level Timing Market Gain/Loss = (DMCP_ec -
DMCP_€XC)eniniiiiiiiiii it (139)

Working Level Timing Market Gain/Loss Factor = (DMCP_ec -
DMCP_exc)/Day BXeC....ecuiuiuiiniiiiieiaiaeaiieae e (140)

Level V: The Order/Day Reconciliation Level Analysis. A preferred Level V
Analysis (see FIG. 14) for the DOEXcC-set involves a single reconciliation cost

number as follows:

Day Level Horizon Difference Gain/Loss: The difference between Day _Open

(891.00) for Day 2 and Last_Day Close ($90.50) for Day 1, which amounts to $0.50 - .. .
- accounts for the market gain (or loss) that occurs between the close and open on
" “consecutive days. And the corresponding gain/loss factor tay be obtained by dividing

- by the order length Order Exec. Thus:

Day Level Horizon Difference Gain/Loss = (ﬁay;Open -
Last Day CloSE)...cuuuiuiiiiiiiiii i et (141

Day Level Horizon Difference Gain/Loss Factor = (Day_Open -
Last Day Close)/Order EX€C....cccuiveniiiiiiainiiinineenannn., (142)

IX. Analysis of the DOEPXcC Time-Set

Consider now the example of a client who has over and above the DOEXcC
set, also the Placement timestamps (i.e., the DOEPXcC set) as shown in FIGS. 13-19.
In the sample DOEPXcC set, the day the order opened, the stock opened at $70.00
(the Order_Open). The Portfolio Manager decided to trade when the stock was at
$71.00 (the Order_Decision). The Portfolio Manager then handed over the order for
trading when the stock was at $72.50 (the Order_Entry). On Day-1, the buy-side
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trader placed the order with the sell-side desk (FIGS. 16 & 18) when the stock was at
$77.50 (the Day_Placement). On Day-2, the buy-side trader placed the order with the
sell-side desk (FIGS. 17 & 19) when the stock was at $92.00 (the Day_Placement).
During the length of the total order, the order executed at $87.88 (the Order_Exec).
On the day the order closed, the stock closed at $111.50 (Order_Close). At the end of
the investment period the stock closed at $132.50 (Period_Close). The order-length
market-clearing price from order-decision to order-close (OMCP_dc) was at $78.84.
Also the order-length market-clearing price from order-ehtry to order-close
(OMCP_ec) was at $81.28. Given these investment/order level price-points, in a
preferred embodiment Levels I, II & IIT of the cost/performance analysis are

constructed as shown in FIG. 15.

Level I: The Investment Level Analysis. A preferred Level I Analysis for the

DOEPXcC-set involves five separate cost numbers as follows:

Ideal Investment Level Gain/Loss: The difference between Period_Close

*"($132.50) and Order_Decision ($71.00), which amounts to $61.5, spans the full range

" of investment level gain (or loss) that may be achieved in an ideal frictionless market.

And the corresponding gain/loss factor may be obtained by dividing by the order
length Order Exec. Thus:

Ideal Investment Level Gain/Loss = (Period_Close -
Order_DECISION). ..uvurnrnrerrrueeneeenriamiiiseanasennasseeeaaaes (143)

Ideal Investment Level Gain/Loss Factor = (Period_Close -
Order Decision)/Order_Bxec.........ccoiiiiiiiiiii e (144)

Expected Investment Level Gain/Loss: The difference between Period Close
($132.50) and the order-length market-clearing price from decision-to-close
(OMCP_dc=$78.84), which amounts to $53.66, spans the expected investment level
gain (or loss) that may be achieved in a frictional market. And the corresponding

gain/loss factor may be obtained by dividing by the order level Order_Exec. Thus:
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Expected Investment Level Gain/Loss = (Period_Close -
OMCP_dC)....ooiiiiiiiiiieieii (145)

Expected Investment Level Gain/Loss Factor = (Period_Close -
OMCP_dc)/Order BXeC......cuouiiniiiiaiiiiiiieeee e, (146)

Actual Investment Level Gain/Loss: The difference between Period Close
(8132.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $44.62, spans the actual investment level gain (or loss) that was achieved
by the client in a frictional market. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Actual Investment Level Gain/Loss = (Period_Close -
Order_EXEC). . ..eiitiiiiieii e (147)

Actual Investment Level Gain/Loss Factor = (Péridcf;'Clbse -

‘Order_Exec)/Order_Exec........ USSR i, (148)

Market Investment Level Gain/Loss: The difference between Order Decision
($71.00) and order-length market-clearing price (OMCP_dc = $78.84), which
amounts to -$7.84, is a measure of market impact and captures the average cost of
trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Market Investment Level Gain/Loss = (Order_Decision -
OMOCP_dC). e eieeieeie e, (149)

Market Investment Level Gain/Loss Factor = (Order_Decision -
OMCP_dc)/Order EXeC....uuuuuniuraniiiiiii et (150)
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Execution Investment Level Gain/Loss: The difference between order-length
market-clearing price (OMCP_dc = $78.84) and the order-length execution price
(Order_Exec) ($87.88), which amounts to -$9.04, is a measure of the excess cost paid
out by the client as measured against the market average. The corresponding gain/loss

factor may be obtained by dividing by the order length Order_Exec. Thus:

Execution Investment Level Gain/Loss = (OMCP_dc -
Order Exec).....ccovvvennnnn... et ettt eaeeiteaeaaaaas (151)

Execution Investment Level Gain/Loss Factor = (OMCP_dc -
Order Exec)/Order BXeC........coceeieiueiieniieeie e, (152)

Level II: The Order Level Analysis. A preferred Level Il Analysis for the

DOEPXcC-set involves five separate cost numbers as follows:

Ideal Order Level Gain/Loss: The difference between Order_Close ($111.50)
and Order_Entry ($72.50), which amounts to $39‘.Q,‘spans the full range of order level
gain (or loss) that may be achieved in an idfca_l ﬁictionless market by the trader. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order Exec. Thus:

Ideal Order Level Gain/Loss = (Order Close -
Order Bntry). .o (153)

Ideal Order Level Gain/Loss Factor = (Order_Close -
Order_Entry)/Order_ EXec.......cooviiiiiiiiiiiiiiaiiaeaiainene, (154)

Expected Order Level Gain/Loss: The difference between Order_Close
($111.50) and the order-length market-clearing price from entry to close (OMCP_éc)
($81.28), which amounts to $30.22, spans the expected order level gain (or loss) that
may be achieved in a frictional market. And the corresponding gain/loss factor may be

obtained by dividing by the order length Order Exec. Thus:
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Expected Order Level Gain/Loss = (Order_Close -

Actual Order Level Gain/Loss: The difference between Order_Close
($111.50) and the order-length execution price (Order_Exec) ($87.88), which
amounts to $23.62, spans the actual order level gain (or loss) that was achieved by the
client in a frictional market. And the corresponding gain/loss factor may be obtained

by dividing by the order length Order_Exec. Thus:

Actual Order Level Gain/Loss = (Order_Close -
Order EXEC). . uciuuimiiiiit it (157)

Aktual Order Level Gain/Loss Factor = (‘Order'_.Clos'e"-'- .

Market Order Level Gain/Loss: The difference between Order_Entry ($72.50)
and order-length market clearing price from entry to close (OMCP_ec = $81.28),
which amounts to -$8.78, is a measure of market impact and captures the average cost
of trading during the length of the order. The corresponding gain/loss factor may be
obtained by dividing by the order length Order Exec. Thus:

Market Order Level Gain/Loss = (Order_Entry -

Market Order Level Gain/Loss Factor = (Order_Entry -
OMCP _ec)/Order BXEC...uiuiniiiiiiiiiiiiiiiiiiiiiicce e (160)
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Execution Order Level Gain/Loss: The difference between order-length
market-clearing price from entry to close (OMCP_ec = $81.28) and the order-length
execution price (Order_Exec) ($87.88), which amounts to -$6.60, is a measure of the
excess cost paid out by the client as measured against the market average. The
corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

Execution Order Level Gain/Loss = (OMCP_ec -
(0331 [ 25.0) RO U SOPPPPPPR PP P PR PRIED (161)

Execution Ordef Level Gain/Loss Factor = (OMCP_ec -
Order_Exec)/Order_EXeC......coveriieiiiiiiiniiiiiiiiiiiein (162)

Level III: The Investment/Order Reconciliation Level Analysis. A preferred
Level II Analysis for the DOEPXcC-set involves three reconciliation cost numbers as

follows:

Order Level Horizon Difference Gain/Loss: The differéncé bet\&een
Period Close ($132.50) and Order_Close ($111.50), Which amounts to $21, accounts
for the market gain (or loss) that occurred between order close and period close. And
the corresponding gain/loss factor may be obtained by dividing by the order length
Order_Exec. Thus:

Order Level Horizon Difference Gain/Loss = (Period_Close -
Order ClOSE). .. eueuiiaenin et sie st etaee e aaanaeees (163)

Order Level Horizon Difference Gain/Loss Factor = (Period_Close

Order_Close)/Order_EX€C.........oveeneiimimineiiniinniinnn. R (164)

Order Level Timing Market Gain/Loss: The difference between order-length
market-clearing price from decision to close (OMCP_dc = $78.84) and order-length
market-clearing price from entry to close (OMCP_ec = $81.28), which amounts to -
$2.44, accounts for the market impact of delaying the hand-over of the order to the
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desk between market open and entry. And the corresponding gain/loss factor may be

obtained by dividing by the order length Order Exec. Thus:

Order Level Timing Market Gain/Loss = (OMCP_dc -

Order Level Timing Market Gain/Loss Factor = (OMCP_dc -
OMCP_ec)/Order EXEC....cvuiieiiit it aecieai e (166)

Order Level Timing Gain/Loss: The difference between Order Decision
($71.00) and Order_Entry ($72.50), which amounts to -$1.50, accounts for the timing
factor, i.e., the gain (or loss) that occurred while waiting to enter the market. Note
that over and above the timing gain/loss, the market impact of the timing issue is
captured in équations 165 & 166. And the corresponding gain/loss factor may be
obtained by dividing by the order length Order_Exec. Thus:

Order Level Timing Gain/Loss = (Order_Decision -

-Order_ Entry).....cooveviiiiiniiaiiis et e e (167)

Order Level Timing Gain/Loss Factor = (Order_Decision -
Order Entry)/Order_EXec.....c.oeieiiiiiiiiiiiiiiiiiiiiiiiiiiaaan, (168)

Consider now the day level analysis with the DOEPXcC set (FIGS. 16 & 18
for Day-1 and FIGS. 17 & 19 for Day-2). On Day-1, the entry was at $72.50 (the
Day_Entry) and the placement was at $77.50 (the Day Placement). During the length
of the day, the client executed at $81.23 (the Day Exec). When all the fills were
returned and the execution was complete (i.e., the day-execution-close event), the
corresponding strike at that time was (the Day Exec Close) at $85.50. And the stock
closed at $90.50 (Day_Close). The day-level market-clearing price from day-entry to
day-close (DMCP_ec), was at $77.88. The day-level market-clearing price from day-
placement to day-execution-close (DMCP_pxc), was at $81:48. The day-level market-
clearing price from day-placement to day-close (DMCP_pc) was at $83.63. On Day-2,
the entry was at $91.00 (the Day_Entry) and the placement was at $92.00 (the
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Day_Placement). During the length of the day, the client executed at $94.53 (the
Day_Exec). When all the fills were returned and the execution was complete (i.e., the
day-execution-close event), the corresponding strike at that time was (the
Day_Exec_Close) at $97.50. And the stock closed at $111.50 (Day_Close). The day-
level market-clearing price from day-entry to day-close (DMCP_ec), was at $93.97.
The day-level market-clearing price from day-placement to day-execution-close
(DMCP_pxc), was at $95.10. The day-level market-clearing price from day-
placement to day-close (DMCP_pc), was at $94.71. Given these day level price-
points, in a preferred embodiment Levels VI, VII & IX (see FIG.16 for Day-1 and
FIG. 17 for Day-2) and Levels VI, VII, and VIII (see FIG. 18 for Day-1 and FIG. 19
for Day-2) of the cost/performance analysis are constructed as follows (note that

Level VILis repeated in the figures in order to provide continuity between the panels).

Level VI: The Day Level Analysis. A preferred Level VI Analysis for the

DOEPXcC-set involves five separate cost numbers as follows:

Ideal Day Level Gain/Loss: The difference between Pay_Close ($90.50 for
Day-1 and $111.50 for Day-2) and Day_Eniry ($72.50 for Day-1 and $91.00 for Day-
2), which amounts to $18.00 for Day-1 and $20.50 for Day-2, spans the full range of . -
day level gain (or loss) that may be achieved in an ideal frictionless market. And the
corresponding gain/loss factor may be obtained by dividing by the respective day
length Day Exec. Thus:

Ideal Day Level Gain/Loss = (Day_Close -
Day Bitry). . ooeeeeii e (169)

Ideal Day Level Gain/Loss Factor = (Day Close -
Day Entry)/Day EXEC.....ouiiiiiiniiiiaae e aeene (170)

Expected Day Level Gain/Loss: The difference between Day_Close ($90.50
for Day-1 and $111.50 for Day-2) and the day-length market-clearing price from day-
entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97 for Day-2), which
amounts to $12.62 for Day-1 and $17.53 for Day-2, spans the expected day level gain
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(or loss) that may be achieved in a frictional market. And the corresponding gain/loss
factor may be obtained by dividing by the day level Day_Exec. Thus:

Expected Day Level Gain/Loss = (Day_Close -
DMOCP_EC). .ottt e e, (171)

Expected Day Level Gain/Loss Factor = (Day_Close -
DMCP_ec)/DaymExec..............................................;...(172)

Actual Day Level Gain/Loss: The difference between Day Close ($90.50 for
Day-1 and $111.50 for Day-2) and the day-level execution price (Day_Exec) ($81.23
for Day-1 and $94.53 for Day-2), which amounts to $9.27 for Day-1 and $16.98 for
Day-2, spans the actual day level gain (or loss) that was achieved by the client in a
frictional market. And the corresponding gain/loss factor may be obtained by dividing
by the day level Day Exec. Thus:

- . Actual Day Level Gain/Loss = (Day .Close - -

Actual Day Level Gain/Loss Factor = (Day_Close -
Day Exec)/Day_EXeC.......ccviiuiiierimiiiniiiiiii i (174)

Market Day Level Gain/Loss: The difference between Day_Entry ($72.50 for
Day-1 and $91.00 for Day-2) and day-length market-clearing price from day-entry to
day-close (DMCP_ec) ($77.88 for Day-1 and $93.97 for Day-2), which amounts to -
$5.38 for Day-1 and -$2.97 for Day-2, is a measure of market impact and captures the
average cost of trading during the length of the day order. The corresponding
gain/loss factor may be obtained by dividing by the day level Day Exec. Thus:

Market Day Level Gain/Loss = (Day Entry -
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Market Day Level Gain/Loss Factor = (Day_Entry -
DMCP_ec)/Day BXEC...uuetuuniieniniiiiiciiieii e ennen (176)

Execution Day Level Gain/Loss: The difference between day-length market-
clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and $93.97
for Day-2) and the day-level execution price (Day Exec) ($81.23 for Day-1 and
$94.53 for Day-2), which amounts to -$3.35 for Day-1 and -$0.56 for Day-2, is a
measure of the excess cost paid out by the client as measured against the market
average. The corresponding gain/loss factor may be obtained by dividing by the day
level Day Exec. Thus:

Execution Day Level Gain/Loss = (DMCP_ec -

Execution Day Level Gain/Loss Factor = (DMCP_ec -
Day_Exec)/Day EXe€C........ceevivininnnanen... RO eereennenn(178)

Level VII: The Available Level Analysis. A pféferred Level VII Analysis for

the DOEPXcC-set involves five separate cost numbers as follows:

Ideal Available Level Gain/Loss: The difference between Day_Close ($90.50
for Day-1 and $111.50 for Day-2) and Day Placement ($77.50 for Day-1 and $92.00
for Day-2), which amounts to $13.00 for Day-1 and $19.50 for Day-2, spans the full
range of placement level gain (or loss) that may be achieved in an ideal frictionless
market. And the corresponding gain/loss factor may be obtained by dividing by the

respective day level Day_ Exec. Thus:

Ideal Available Level Gain/Loss = (Day_Close -
Day Placement)........ociiiieniiiii e (179)

Ideal Available Level Gain/Loss Factor = (Day Close -
Day_Placement)/Day EXEC..........oieccieeereneninaniniinaanann. (180)
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Expected Available Level Gain/Loss: The difference between Day Close
($90.50 for Day-1 and $111.50 for Day-2) and the day-length market-clearing price
from day-placement to day-close (DMCP_pc) ($83.63 for Day-1 and $94.71 for Day-
2), which amounts to $6.87 for Day-1 and $16.79 for Day-2, spans the expected
placement level gain (or loss) that may be achieved in a frictional market. And the
corresponding gain/loss factor may be obtained by dividing by the day level
Day_Exec. Thus:

Expected Available Level Gain/Loss = (Day_Close -

Actual Available Level Gain/Loss: The difference between Day Close
(890.50 for Day-1 and $111.50 for Day-2) and the day-level execution price
(Day_Exec) ($81.23 for Day-1 and $94.53 for Day-2), which amounts to $9.27 for

~ Day-1 and $16.97 for Day-2, spans the actual placement level gain (or loss) that was
" achieved by the client in a frictional market. And the corresponding gain/loss factor

may be obtained by dividing by the day level Day Exec. Thus:

Actual Available Level Gain/Loss = (Day_Close -

Market Available Level Gain/Loss: The difference between Day Placement
($77.50 for Day-1 and $92.00 for Day-2) and day-length market-clearing price from
day-placement to day-close (DMCP_pc) ($83.63 for Day-1 and $94.71 for Day-2),
which amounts to -$6.13 for Day-1 and -$2.71 for Day-2, is a measure of market

impact and captures the average cost of trading during the length of working the day
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order. The corresponding gain/loss factor may be obtained by dividing by the day
level Day Exec. Thus:

Market Available Level Gain/Loss = (Day_Placement -

Execution Available Level Gain/Loss: The difference between day-level
market—cléaring price from day-placement to day-close (DMCP_pc) ($83.63 for Day-
1 and $94.71 for Day-2) and the day-level execution price (Day Exec) ($81.23 for
Day-1 and $94.53 for Day-2), which amounts to $2.40 for Day-1 and $0.18 for Day-2,
is a measure of the excess cost paid out by the client as measured against the market
average. The corresponding gain/loss factor may be obtained by dividing by the day
level Day Exec. Thus: :

Level IX: The Day/Available Reconciliation Level Analysis. A preferred
Level IX Analysis for the DOEPXcC-set involves two reconciliation cost numbers as

follows:

Available Level Timing Market Gain/Loss: The difference between day-level
market-clearing price from day-entry to day-close (DMCP_ec) ($77.88 for Day-1 and
$93.97 for Day-2) and day-level market-clearing price from day-placement to day-
close (DMCP_pc) ($83.63 for Day-1 and $94.71 for Day-2), which amounts to -$5.75
for Day-1 and -$0.74 for Day-2, accounts for the market impact of delaying the hand-
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over of the order to the desk between market open and entry. And the corresponding

gain/loss factor may be obtained by dividing by the day level Day_Exec. Thus:

Available Level Timing Market Gain/Loss = (DMCP_ec -

Available Level Timing Market Gain/Loss Factor = (DMCP_ec -
DMCP _pc)/Day BXeC.....ciueiiiuiiiiiiiiiiiiiii e eeeeeens (190)

Available Level Timing Gain/Loss: The difference between Day_Entry
($72.50 for Day-1 and $91.00 for Day-2) and Day_Placement ($77.50 for Day-1 and
$92.00 for Day-2), which amounts to -$5.00 for Day-1 and -$1.00 for Day-2, accounts
for the timing factor, i.e., the gain (or loss) that occurred while waiting to enter the
market. Note that over and above the timing gain/loss, the market impact of the
timing issue is captured in equations 189 & 190. And the corresponding gain/loss
factor may be obtained by dividing by the order length Day Exec. Thus:

Available Level Timing Gain/Loss =(Day Entry - .
Day Placement). ........oooiiiiiiiiii i e (191).

Level VI: The Working Level Analysis. A preferred Level VI Analysis for the

DOEPXcC-set involves five separate cost numbers as follows:

Ideal Working Level Gain/Loss: The difference between Day Exec Close
($85.50 for Day-1 and $97.50 for Day-2) and Day Placement ($77.50 for Day-1 and
$92.00 for Day-2), which amounts to $8.00 for Day-1 and $5.50 for Day-2, spans the

full range of working level gain (or loss) that may be achieved in an ideal frictionless

market. And the corresponding gain/loss factor may be obtained by dividing by the

respective day level Day Exec. Thus:
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Ideal Working Level Gain/Loss = (Day_Exec_Close -
Day Placement).........ouiiiiien e (193)

Ideal Working Level Gain/Loss Factor = (Day_Exec_Close -
Day_Placement)/Day Exec.......... TSSOSO RSSO (194)

Expected Working Level Gain/Loss: The difference between Day Exec_Close
($85.50 for Day-1 and $97.50 for Day-2) and the day-length market-clearing price
from day-placement to execution-close (DMCP_pxc) ($81.48 for Day-1 and $95.10
for Day-2), which amounts to $4.02 for Day-1 and $2.40 for Day-2, spans the
expected placement level gain (or loss) that may be achieved in a frictional market.
And the corresponding gain/loss factor may be obtained by dividing by the day level
Day Exec. Thus:

Expected Working Level Gain/Loss = (Day_Exec_Close -
DMCP_PXC). vnivininnanannn, et RO SO (195)

Expected Working Level Gain/Loss Factor = (Day Exec Close -
DMCP_pxc)/Day EXEC. .. cueeiuneniniiiiiiie e (196)

Actual Working Level Gain/Loss: The difference between Day Exec_Close
($85.50 for Day-1 and $97.50 for Day-2) and the day-level execution price
(Day_Exec) ($81.23 for Day-1 and $94.53 for Day-2), which amounts to $4.27 for
Day-1 and $2.97 for Day-2, spans the actual placement level gain (or loss) that was
achieved by the client in a frictional market. And the corresponding gain/loss factor

may be obtained by dividing by the day level Day Exec. Thus:

Actual Working Level Gain/Loss = (Day_Exec_Close -

Actual Working Level Gain/Loss Factor = (Day Bxec_Close -
Day Exec)/Day BXeC......coouiimineiiii i, (198)
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Market Wofking Level Gain/Loss: The difference between Day Placement
(877.50 for Day-1 and $92.00 for Day-2) and day-length market-clearing price from
day-placement to day-exec-close (DMCP_pxc) ($81.48 for Day-1 and $95.10 for
Day-2), which amounts to -$3.98 for Day-1 and -$3.10 for Day-2, is a measure of
market impact and captures the average cost of trading during the length of working
the day order. The corresponding gain/loss factor may be obtained by dividing by the
day level Day Exec. Thus: ‘

Market Working Level Gain/Loss = (Day Placement -
DMCP_PXC).eiaeiiiiii it (199)

Market Working Level Gain/Loss Factor = (Day_Placement -
DMCP_pxc)/Day EXEC....uiuiaiiiiieiaiaiaeieeieieeeeee e (200)

Execution Working Level Gain/Loss: The difference between day-level
market-clearing price from day-placement to day-exec-close (DMCP_pxc) ($81.48
for Day-1 and $95.10 for Day-2) and the day-level execution price (Day_Exec)
(881.23 for Day-1 and $94.53 for Day-2), which amounts to $0.25 for Day-1 and
$0.57 for Day-2, is a measure of the excess cost paid out by the client as measured
against the market average. The corresponding gain/loss factor may be obtained by

dividing by the day level Day Exec. Thus:

Execution Working Level Gain/Loss = (DMCP_pxc -

Execution Working Level Gain/Loss Factor = (DMCP_pxc -
Day EXec)/Day EXEC....euouieeiieiiieuneme e eaeee e (202)

Level VIII: The Available/Working Reconciliation Level Analysis. A
preferred Level VIII Analysis for the DOEPXcC-set involves two reconciliation cost

numbers as follows:
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Working Level Horizon Difference Gain/Loss: The difference between day-
close (Day_Close) ($90.50 for Day-1 and $111.50 for Day-2) and Day Exec_Close
($85.50 for Day-1 and $97.50 for Day-2), which amounts to $5.00 for Day-1 and
$14.00 for Day-2, accounts for the market gain (or loss) that occurred between
Day Exec_Close and Day_Close. And the corresponding gain/loss factor may be
obtained by dividing by the day-level Day_Exec. Thus:

Working Level Horizon Difference Gain/Loss = (Day_Close -
Day Bxec ClOSE). ... ciuuiminirinariiieiaiiiiiiriiieaaaaen (203)

Working Level Horizon Difference Gain/Loss Factor = (Day_Close -
Day Exec_Close)/Day_EXeC.......cccoeviiiiiiiiiiiiniinininn (204)

Working Level Timing Market Gain/Loss: The difference between day-level
market-clearing price from day-placement to day-close (DMCP_pc) ($83.63 for Day-

1 and $94.71 for Day-2) and day-level market-clearing price from day-placement to .

day—exec—close (DMCP_pxc) ($81.48 for Day-1 and $95.10 for Day-2), which
amounts to $2.15 for Day-1 and -$0.39 f_'or>Day-2, accounts for the market impact of

. completing the day-order at the day-exec-close instead of at the day-close. And the

corresponding gain/loss factor may be obtained by dividing by the day level
Day_Exec. Thus:

Working Level Timing Market Gain/Loss = (DMCP_pc -
DIMOCP _PXC) . eeeevneenrmmranesematiacetianrenaansanaanaarransaanascasas (205)

Working Level Timing Market Gain/Loss Factor = (DMCP_pc -
DMCP_pXC)/Day EXEC...uitiiuaiiiiniiiiiiierieiainaaanins (206)

Level V: The Order/Day Reconciliation Level Analysis. A preferred Level V
Analysis (see FIG. 20) for the DOEPXcC-set involves a single reconciliation cost

numbers as follows:
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Day Level Horizon Difference Gain/Loss: The difference between Day Open

($91.00) for Day 2 and Last_Day Close ($90.50) for Day 1, which amounts to $0.50,

accounts for the market gain (or loss) that occurs between the close and open on
consecutive days. And the corresponding gain/loss factor may be obtained by dividing

by the order length Order_Exec. Thus:

Day Level Horizon Difference Gain/Loss = (Day_Open —
Last Day ClOSE)...couiuuiiniiiiiiiiiiieie e (207)

Day Level Horizon Difference Gain/Loss Factor = (Day Open -
Last Day Close)/Order EXeC......oevviiiiiiieiiiiiaiiiiin., (208)

X. Portfolio Inventory Tracking

Within a given firm, if the accounting systems as well as the order-

management systems (the systems that track information sets -- see Section II) are

* and settlement activities. Such a system provides avenues to analyze the actual -
" returns against the expected/ideal returns. In this section we'show how to integrate the -

trade-cost measurement framework with the cash-flow analysis approach to obtain

portfolio return figures that incorporate the cost of trading. FIGS. 21 through 25

depict a sample portfolio that trades in 16 stocks over a period of one year.

FIG. 21 shows the return analysis for Q1. Consider first the stock transactions.
The portfolio manager started with an empty portfolio (as shown in column 3). He
then bought four stocks (stocks A, B, C, & D) over the length of the quarter and paid
a sum of $35,000 for the purchases (as shown at the bottom of column 14). Column 4
contains an index that keeps track of whether the stock transaction was a buy (+1)
order or a sell (-1) order. Cash flows are recorded as: (0). The amounts of stocks
purchased and the ending inventories are as shown in columns 5 & 6. The dividends
that were paid out over the quarter are as shown in column 7. The actual price that
was paid to purchase stock is as shown in column 8; while the expected (i.e., the
market-clearing price) and the ideal (i.e., the price that was prevalent when the trade
order was first revealed in the mérket) prices are as shown in columns 9 & 10. The

respective stock prices available at the Beginning-Of-Quarter (BOQ) are as shown in
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column 11. And likewise, the prices available at the End-Of-Quarter (EOQ) are as
shown in column 12. Any commissions/taxes that were paid for the various stock
transactions are as shown in column 13. The actual, expected and ideal stock positions
may be obtained as in columns 14, 15, & 16 by multiplying the respective prices (in
columns 8, 9 & 10) with the transaction amount (in column 5) and the buy/sell (+1/-1)
index (column 4). Also, the Beginning-Of-Quarter (BOQ) as well as the End-Of-
Quarter (EOQ) positions may be obtained by ﬁmltiplying the respective prices (in
columns 11 & 12) with the respective inventory positions (beginning inventory in
column 3 & ending inventory in column 6). The stock summaries are as shown at the
boﬁom of the table in light green. Thus at the end of the quarter, the mark-to-market
valuation of the stocks in the portfolio is at $40,000.

Now consider the cash transactions in the cash account for Q1. At the
beginning of the quarter the cash inventory (column 3) is net zero. During the course
of the quarter, an amount equal to $40,000 (column 4) is added into the inventory as

new funds are deposited. At the end of the quarter, the cash resources are at $5,200

_'(column 6), which is also reflected in column 14 (entltled Actual Position). In

contrast the Expected (column 15) and Ideal (column- 16) Posmons contain the end- .

_of- quarter cash inventories based on the Expected and Ideal Pnces repofced in

columns 9 & 10.

The Payout account reports the actual amounts that were paid out (column 14)
to the fund owners over the quarter. For Q1, the payout was zero. Given these
accounts, we may now calculate the portfolio (actual, expected and ideal) returns for

Q1 using the following three formulations:

Return (Actual) = [[Cash (Actual) + Stock (Period End) + Pay Out]-
[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)]]/

[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)] ........(209)

Thus
Return (Actual) = [[5,200 + 40,000 + 0] ~ [0 + 40,000 + O]}/

[0 + 40,000 + 0]
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=13%

Return (Expected) = [[Cash (Expected) + Stock (Period End) + Pay Out]—
[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)]}/

5 [Cash (Begin) + Cash (Inflow) + Stock (Period Begin)] ........ (210)-

Thus
Return (Expected) = [[6,200 + 40,000 + 0] — [0 + 40,000 + 01y/
{0 + 40,000 + 0]

10 =15.5%

Return (Ideal) = [[Cash (Ideal) + Stock (Period End) + Pay Out]—
[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)]}/ -
" [Cash (Begin) + Cash'(:mﬂdw) -»F“S"i:oclvc_}(lfle.riod Begin))] ........(211)

Thus
Return (Ideal) = [[7,200 + 40,000 + 0] — [0 + 40,000 + 0]}/
[0 + 40,000 + 0]
=18%
20

On similar lines, FIGS. 22, 23, and 24 contain return analyses for Q2, Q3, &
Q4 respectively.

If the granularity of the period of analysis is at a year-level instead of a
quarter-level, then the year-end summaries as well as return analysis may be
25  performed as depicted in FIG. 25.

Over the given one-year period, the portfolio took in an amount equal to

$102,000 in cash. During this period it paid-out an amount equal to $11,248 to the
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fund owners. The portfolio paid $87,600 for the stocks it purchased which appreciated
to an year-end position of $109,000 with a capital-gain of $21,600. At the end of the
year, the actual amount of cash in the cash account was $3,887. For example, using

Equation 209 we may calculate the actual return experienced by the portfolio as:

Return (Actual) = [[Cash (Actual) + Stock (Period End) + Pay Out]-
[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)])/
[Cash (Begin) + Cash (Inflow) + Stock (Period Begin)]
=[[3,887 + 109,200 + 11,248] — [0 + 102,000 + 0]}/
{0+ 102,000 + 0]
=21.9%
XI. A Computer System Implementing the Framework

We now describe a preferred computer system and software that implements

the framework of measurements. The system preferably comprises four parts.

The first part obtains information from an order management system to

produce a sequence of transactions to be measured.

The second part collects and organizes market information about all
transactions in the market for the securities of interest, over the time period of interest.

These first two parts are independent.

The third part calculates gain-loss amounts (preferably as described herein) for
each of the transactions in the sequence from part 1, using the market information

from part 2.

The fourth part selects and summarizes information from these augmented
transactions to obtain measurement gain/loss amounts and factors required for a

particular query or report.

We also describe an alternate implementation of the fourth part, using a

multidimensional (OLAP) database.

Part 1. Order Analysis and Decomposition

- 64 -



10

15

20

25

30

WO 03/073220 PCT/US03/05562

A typical order processing system maintains records in the form of files or
tables in a data management system. Such records include entries that correspond to

each trading event that occurs during the duration of each order.

The Order Analysis and Decomposition process (see FIG. 26) of a preferred
embodiment analyzes order management system data to create a series of Allocated
Transaction items. Each item represents some number of shares, that are part the same
investment, ordered for the same account, by the same manager, traded on the same

day, placed with the same broker, executed, and allocated to the same account.

For example, if an investment involves 3 accounts, traded over 2 days, using 2
brokers, this process may create 3 X 2 X 2 = 12 Allocated Transaction items for that
investment. The total share quantity of these 12 items will equal the total shares
traded for the investment. Thus, each order is decomposed into pieces so that each
piece will have a single value for each descriptive dimension, and a single value for

each timestamp.

'Each Allocated Transaction record preferably cairies: the trade date, security
identification, buy or sell indication, and a number of shares, manager, account,
broker, and trader involved in the transaction. Optionally, also carried are order
numbers or other identifiers from the order management éystem as may be useful for
verifying the correct operation, and values for the timestamps, volumes, and average
execution prices required by the measurement formulae. Each Allocated Transaction
includes the decision and order-entry timestamps of the particular corresponding
manager order entry event; the day-entry time of the corresponding day order; the
placement time from the corresponding broker order; the latest execution time from
execution reports recorded for that broker order, for the day, and for the full order
term; the number of shares and average price-per-share for the corresponding day
order; the number of shares and average price-per-share for the corresponding broker

order; and the number of shares and average price-per-share for the whole order term.

Part 2. Market Data Management

Market Data Management provides the representative prices for market
trading in the securities being measured. This market data may originate from an
online market feed (“the ticker tape”,) or from data files offered by markets and by
third party market data vendors (“times and sales files.”)
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This data comprises a series of items, each describing one market transaction.
Each item contains a timestamp, a symbol designating the instrument, the number of
shares in the transaction, the price, and a condition code. The condition code indicates
whether a trade is unusual in any of several ways. Relevant condition code values
report that a particular trade was reported out of sequence (that is, with a later
timestamp than the actual trade time,) or negotiated at a price that does not reflect

trading in the general market, or a correction to a previously misreported item.

A preferred Market Data Management process (see top of FIG. 27) organizes
this information to provide price data for the measurement process. The process
maintains, for each instrument, a record of each days published open and close price
for the instrument. Given a symbol and a date, it can determine the market opening

and closing prices for that date.

The process preferably maintains a synopsis of time and sales information.
This information is organized in a manner suitable for three basic inquiries: First,
given a symbol and a date and time within the investment period being measured, it
provides a representative market p_rice for public trades around that time. This inquiry

form is used to obtain, for example, the market price at the time of order entry.

Second, given a symbol, a start date and time; and an end date-and time, it
provides the market-clearing-price (an average price per share,) for all shares of that
security publicly traded during the designated time period. This inquiry form is used

to obtain, for example, a market clearing price from order entry to final execution.

Third, given a symbol, a starting time, and some number of shares, it provides
the market-clearing-price for the requested number of shares, assuming shares were
purchased starting at the requested time, continuing until the number of shares traded
in the market reaches the requested amount. This inquiry form is used, for example, to
find the market-clearing-price fo.r the “twenty percent” test, by requesting the market-

clearing-price for 5 times the number of shares on the order.

To create this synopsis, the Market Data Management process accepts the
market time-and-sales data, and removes transactions that have unwanted condition
codes. This is, it ignores transactions that were not representative of the public

market, and transactions known to have inaccurate timestamps. It also ignores
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transactions with prices that deviate greatly from others for the same security and

proximate time; these generally represent reporting errors.

Market Data Management may summarize transactions to reduce the amount
of data storage required. For example, all reports for the same stock traded during the
same minute can be recorded as a single transaction, with a number of shares that is

the total of the items, and a price that is the average price-per-share of those shares.

Market Data Management may provide a cache of results from previous
inquiries, in the form of an in-memory data structure, database table, or other
computer file. Market Reference Price Assignment can formulate several requests for
the same price information. Using this cache, repeated requests can be answered

quickly.
Part 3. Market Reference Price Assignment

The Market Reference Price Assignment process (see FIG. 27) augments the
Allocated Transactions from Step 1 with per-share gain/loss information. It considers

each Allocated Transaction item in turn.

For each Allocated Transaction, Market Referencé Price Assignment queries

_ the Market Data Management process to obtain open and close prices, intraday

.representative market prices, and market clearing prices as required by the previously

described gain/loss formulae.

Using the market prices thus obtained, together with the per-share execution
prices that appear in the Allocated Transaction item, Price Assignment computes per-
share gain/loss amounts previously described by the formulae. Computing the

corresponding amounts and factors will be done in a later stage.

The per-share gain/loss amounts become part of the Allocated Transaction
item for subsequent processing. These are shown in the diagram as “Allocated
Transaction Costs.” The resulting items are stored in a relational database, multi-

dimensional (OLAP) database, or file system.
Part 4. Direct Query or Reporting

The allocated transaction costs are computed and stored at the finest level of
detail that the method describes. Analysis and interpretation of the data generally

requires several more concise summaries of the information. The summarizing
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function is implemented using either a commercially available relational database
server, or a multi-dimensional online analytics processing (OLAP) database server.

FIG. 238 illustrates a typical report or query in a relational database server.

A query or report specification is data that describes the desired analysis. It
will specify which of the measures previously described are to be displayed. It will
specify whether to include transactions for all, or only a particular subset, of the -
orders, instruments, brokers, managers, accounts, and traders that are represented in

the system.

It will specify whether to show detail or summary for each of the identifying
elements of the Allocated Transactions. That is, one query may request factors per
account per manager, and another request factors for each manager, with the
managers’ accounts summarized into a single measurement. It will also specify the

desired sequence of the results.

A series of query or report specification may be created at one time to be used

repeatedly, or may be created when needed. The latier mode of operation

rcharactenzes a user doing analysm with the result of one 1nqu1ry motivating the next. :

' The results for a query are obtamed n several stages W1th the result of each

stage being provided as input data to the next

The Selection stage chooses items from the analysis data, based on the query
or report specification. Items for orders, instruments, brokers, etc. that are to be

reported are retrieved and passed to the next stage. Other items are ignored.

The Grouping stage arranges the results of selection into groups such that,
according to the query or report specification, each group corresponds to one detail

line in the final display or report.

The Aggregation stage summarizes the items within each group, as follows:
The average order execution price for each item is multiplied by the corresponding
share amount, and the resulting numbers are totaled. The result is total order principal

represented for the group.

Similarly, average day execution price is multiplied by shares and totaled to
get total day principal amount. Similarly, each allocation item per-share gain/loss

amount is multiplied by the item share amount, and totaled, to give a corresponding
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total gain/loss amount for the group. Allocated Transaction share amounts are totaled

within each group to get the number of shares represented by the group.

The result of Aggregation is a series of items similar to Allocated Transaction
items, except: first, no timestamps are present; second, the dimensions not specified
for grouping are not present, (for example, if the specification requests managers and
brokers, but not accounts, then broker and manager name will appear, but no account
number will appear); and, third, day and order execution, and gain/loss figures

represent total amounts, rather than per-share amounts.

The grouping and aggregation operations may be performed for the same data
at several different levels for a particular report or query, to obtain subtotal and grand

total aggregations for a display or report.

The Factor Computation stage applies the formulae previously described to the

aggregated items.

To obtain per-share amounts, aggregate price and gain/loss figures in each

“aggregate itern are added or subtracted as described by the formula then divided by
' 'the aggregate itern’s share amount. To obtam factors, aggregate pnce and gam/loss

.. - figures in each aggregate item are-added or subtracted as described by the formula, -

then divided by the aggregate item’s day or otder execution amount, as described in

the formulae.

The result of Factor Computation is a series of row, each containing the
broker, trader, manager, etc. identifiers from the grouping stage, and the principal
traded amount, gain/loss amounts, shares traded, gain/loss per share amounts, and

gain/loss factors.

The Presentation stage arranges the results on a printed report, or on a display
screen. It may also provide the results in the form of a data file or database table for
further manipulation. The particular system described here uses a commercially
available report-generator software package to format paper reports, and an

interactive spreadsheet program for on-screen presentation.
Part 4 (Alternate) Pre-Aggregated Query or Report

FIG. 29 depicts the Query or Report phase in an alternate implementation,
using a commercially available Online Analytics Processing (OLAP) processor. In the
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alternate implementation, the Order Analysis, Market Data Management, and the
Order Analysis and Decomposition stages are as described above. However, the steps
involved in queries and reports are rearranged in a way that can improve performance

for interactive queries.

The fundamental distinction for this implementation is that grouping and
aggregation steps are performed ahead of time, with the results stored within the
OLAP system. An Aggregation Specification is configuration data that describes
which combinations of grouping dimensions are to be pre-calculated. It is provided to
guide the OLAP system to calculate those aggregations most likely to be used. The
OLAP system can produce an Aggregation Specification when none is provided,

based on input data statistics.

The OLAP system also stores the formulae needed to sum items in the
Aggregation phase, and to provide per-share amounts and factors during the Factor
Computation phase. This simplifies and speed online queries, since data retrieved

from the OLAP server may be displayed d1rect1y, w1thout any intermediate

calculatlons

The Query/Report Spec1ﬁcat10n is 31m11a;r to that in the Dlrect Query
descnptlon but here it directs the Selection phase to select rows from the pre-

computed aggregates.

The Presentation stage in this implementation is a spreadsheet program. The
spreadsheet program has a built-in interface to the OLAP service, through which

query specifications may be formulated.
XIL. Conclusions

Herein (in equations 1-211) we have described the kemnel-set calculations that
form the base of a preferred calculation engine for trade cost measurement. The

kernel-set provides the lowest granularity of calculations for trade-cost measurement.

We have also described exemplary and preferred software for aggregating and
summarizing calculations and results from the kernel-set described herein. The
invention clearly encompasses other means for summarizing and aggregating the
kernel set described herein, as well as obvious variations thereof, that are apparent to

those skilled in the art.
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Claims

What is claimed is:

1. A method for measuring trade costs, comprising:

capturing trade data over a predetermined time period;

capturing time stamp data corresponding to said trade data, wherein
said time stamp data comprises open events and close events, data regarding when an
order is received by a buy-side trading desk from a portfolio manager; data regarding
when execution of said order is completed, and data regarding when a manager
decides to engage in trading regarding said order; and

performing an investment level analysis based on said trade data and

said time stamp data.

2. A method as in claim 1, wherein said time stamp data further

comprises data regarding placement of said order.

3. A method as in claim 1, wherein said investment level analysis

comprises calculation of ideal investment level gain/loss.

4, A method as in claim 1, wherein said investment level analysis

comprises calculation of expected investment level gain/loss.

5. A method as in claim 1, wherein said investment level analysis

comprises calculation of actual investment level gain/loss.

6. A method as in claim 1, wherein said investment level analysis

comprises calculation of market investment level gain/loss.

7. A method as in claim 1, wherein said investment level analysis

comprises calculation of execution investment level gain/loss.

8. A method for measuring trade costs, comprising:
capturing trade data over a predetermined time period;
capturing time stamp data corresponding to said trade data; and
performing an order level analysis based on said trade data and said

time stamp data.

9. A method as in claim 8, wherein said order level analysis comprises

calculation of ideal investment level gain/loss.
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10. Software for implementing the method of claim 1, comprising:

(2) software for obtaining information from an order management
system to produce a sequence of transactions to be measured;

(b) software for collecting and organizing information regarding
securities transactions in a market of interest over the predetermined time period of
claim 1;

() lsoftware for calculating the investment-level analysis of claim 1,
based on information received from (a) and (b); and

(d) software for selecting and summarizing information from (c) in

response to a particular query.

11. Software for implementing the method of claim 8, comprising:

(a) software for obtaining information from an order management
system to produce a sequence of transactions to be measured;

(b) software for collecting and organizing information regarding
securities transactions in a market of interest over the predetermined time period of
claim &; o

(c) software for calculating the or_der—levql analysis of claim 8, based
on information received from (a) arlld. (b), and

(dj software for selecﬁﬁg and sﬁmmarizing information from (c)in

response to a particular query.
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