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The increased use of network communications within in-
dustries, and among firms, suppliers, and customers, is
focusing greater attention on the methods and standards
for interorganizational communications. In the securi-
ties industry, the settlement and clearing of trades de-
pends on numerous messages to be sent and received by
several organizations. Using the principles of Formal
Languages for Business Communication (FLBC), we de-
velop a message representation that is flexible and self-
describing, and show how defeasible reasoning applied
to settlement messages could handle problem trades.
This application of FLBC offers advantages through
machine-to-machine error reconcilement, integration
with other market communications systems, and robust-
ness to changes in securities design and regulation.

1. Introduction

Close to one million securities trades take place daily
on U.S. stock exchanges and bond markets. The clear-
ing of these transactions involves the matching of buyers'
and sellers' submitted trade reports, and the confirming
the indicated trades. The settlement of these transactions
is the process of transferring ownership from the seller to
the buyer, and of delivering payment from the buyer to
the seller. Settling and clearing a trade requires a num-
ber of messages to pass between the two trading parties
(generally, investors or securities firms), and their bro-
kers and custodial trust agents, and the clearing houses
and depositories. These organizations and their func-
tions are described in Table 1.

Settlement and clearing is a high-volume information
processing function. Currently, different message for-
mats are used in different markets, and details of a single
trade may be entered several times into different systems.
Messages use fixed field formats, which are not easily
adapted to new securities or conditions. Exceptions re-
ports from the clearinghouse that are transmitted back to
the trading firms provide limited help resolving problem
trades. This paper describes a formal language represen-
tation for trade messages that could eventually support a
single financial transaction messaging system to be used
by banks, securities firms, institutional investors, and

other parties associated with global trading. The repre-
sentation uses a flexible and self-describing message syn-
tax, and defeasible reasoning for back-end exceptions
processing. We demonstrate the applicability of formal
business communication principles to enable reasoning
about the content of inter-organizational messages, and
we describe potential benefits.

Present arrangements for message handling are well-
suited to standard trade settlement activities, and have
proven capable of handling severe peaks in volume. The
settlement process was not interrupted at the time of the
stock market break on 19 and 20 October 1987, when
604 and 608 million shares, or more than triple the aver-
age daily volume at the time, were traded on the New
York Stock Exchange [LUCAS89]. Since 1987, capacity
has been put in place to handle a one billion share day.
However, current settlement systems are less capable of
handling non-routine events such as resolving unmatched
trades, and facilitating settlement of new types of securi-
ties. In about 1 percent of all stock market trades, and
between 20 percent and 30 percent of bond trades, the
settlement message returned to the trading parties is "un-
compared as submitted." On the New York Stock Ex-
change, about 5,000 submitted trade reports a day do not
lead to a match between the buyer's account of the trade
details and the seller's version. When an uncompared
trade often called a DK for "don't know" or QT for
"questioned trade" occurs the parties involved will nor-
mally need to contact each other manually to resolve the
reports. They will then resubmit corrected versions of
the trade details, or submit a reversal of the trade, in ef-
fect canceling it.

Across the eight financial markets in the U.S. that
clear trades through the National Securities Clearing
Corporation, nearly 15,000 submitted trade reports a day
are uncompared. At approximately $75 per item to re-
solve a problem, the annual cost of exceptions processing
is $250 million. Uncompared or open trades (that may
not eventually be settled) also expose firms to price
movements that may make completing the trade more ex-
pensive than anticipated. Adding a new security type,
such as a bond with a detachable option, requires devel-
oping a new record format for both input and output to
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the settlement system. Added strain will come from the
replacement of the current five day settlement cycle with
three day settlement, which is mandated to occur in the
U.S. before 1996.

Global initiatives. In 1989, the Group of 30 (G30),
an independent non-profit organization of managers and
representatives of financial institutions from 30 nations
began to promote greater harmonization of settlement
systems internationally. The G30 found that "present
standards were not acceptable”, and set out nine long-
term goals for "maximizing the efficiency and reducing
the costs of clearance and settlement." Two goals are
uniform, three-day (T+3) rolling settlement, and same-
day settlement payments in all markets. A 3-day settle-
ment cycle will reduce the replacement cost risk of out-
standing trading commitments that would need to be
covered if a default occurred. Same-day funds lessens the
credit exposure from outstanding payments due from
buyers of securities. Meeting the G30 objectives and en-
hancing settlement systems requires better software that
permits richer information processing, in particular, fast-
er comparison and reconcilement of uncompared trades.

Benefits of enhanced settlement messaging. This
paper will detail a representation for inter-organizational
messages that enables greater integration of front- and
back-office systems, and richer expression of settlement
messages. A better representation scheme will improve
the process of resolving mismatches, and will enable
trading in new securities to be processed without design-
ing additional, customized message formats. With the
added capabilities that we describe, trade exceptions will
increasingly be resolved via CPU-CPU conversations.

TABLE 1: GLOSSARY

BROKER: An agent representing an investor that wants to buy or sell
securities in a marketplace.

aearincHouse:  Clearinghouses guarantee the completion of trades
submitted by their member firms. Once a trade is matched and ac-
cepled, the clearinghouse becomes the counterparty to both sides of
the trade, which limits the credit risk of defaults on trades due to a
bankruptcy. In the U.S. there are three clearinghouses and three
depositories for the country's seven stock exchanges and OTC equi-
ties market. There are nine clearinghouses for the fourteen futures
exchanges, and one clearinghouse for the options exchanges. The
largest U.S. clearinghouse is the National Securities Clearing Corpo-
ration (NSCC).

custooun: Banks and securities firms provide custody services to
investors. A custodian is an agent that makes and receives pay-
ments for securities and provides safekeeping of certificates them for
investors. :

peposITORY:  Securities depositories store certificates, and oversee
book-entry transfers of ownership. Depositories and clearinghouses

are the two principal clearing organizations. The largest U.S.
depository is the Depository Trust Company (DTC).

2. Current Messaging Practices

Settlement and clearing is achieved through a com-
plex web of communications between brokers, custo-
dians, clearinghouses, and depositories sending
electronic and non-electronic messages. Existing mes-
saging systems automate earlier paper-based procedures.
The messages are based on fixed field formatting with
little flexibility, and limited expressive power.

Trading communication. The operations cycle for a
standard trade involving two investors can result in as
many as ten messages. (We refer here to an instifutional
investor, such as a mutual fund or a pension fund manag-
er, rather than an individual investor. For an individual,
the settlement process is completely handled by the bro-
ker acting on their client's behalf)) (1) To maintain a di-
versified portfolio or to raise cash or invest cash an
investor, who has decided to sell a security, phones his or
her broker to request a quote or place a sell order. (2)
The broker sends execution instructions to a trader who
finds a counterparty (or, counterparties) in the market at
an agreed upon price and quantity. An order form is par-
tially written out by the broker, and given to the trader.
It contains the customer's instructions, and is completed
by the trader afier executing the order. Figure 1 shows
the typical Order Form.

At the end of the day, (3) the brokers report the de-
tails of their "sides" of all executed trades to the clearing-
house. (4) The clearinghouse compares all submitted
trade details, and reports back the matched and un-
matched trades to traders (QTs or questioned trades,
when the parties do not agree on details, and DKs or
don't knows, when only side of a trade is reported). (5)
The broker confirms the trade to the investor and to the
investor's custodian. (6) The investor "affirms" the trans-
action to the broker, indicating that on settlement date,
shares are to be received into the broker's account from
the clearinghouse account, in the case of a purchase, or,
in the case of a sale, delivered to the clearinghouse ac-
count from the broker's account.

The clearinghouse nets all transactions (7), and
sends net obligation notices (to deliver shares/cash and
receive shares/cash) to members. (8) The clearinghouse
initiates the transfer of shares into the buying broker's ac-
count at the clearinghouse. (9) The buying broker (who
is in a net debit position) then instructs the bank to pay
funds into the clearinghouse account, at which point the
securities transfer becomes final. If either the securities
are not delivered, or the payment is not received, the
trade "fails". Failed trades are liabilities of the non-



Figure 1: Typical Order Form
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delivering party, and result in fees, interest, and borrow-
ing charges. (10) The clearinghouse pays into the ac-
count of the selling broker. Note that all but steps (8)
and (10) are inter-organizational instructions.

Figure 2
Steps #1 to #6: Order entry through investor affirmation
(Trade Execution)
1) 2 @ ¢y
Order  Execute MARKET Execute  Order
SELL >>> SELL >>>| PLACE <<<BUY <<< BUY
CUST BROKER BROKER CUST
A << A >>> <<< B >>> B
Confirm Trade Details Trade Details Confirm
(%) 3) CLEARING 3) )
>> Affirm >> (4) <<< CORPORATION |>>> (4) = << Affin<<
() ()
(Trade Comparison)
Figure 3

Steps #7 to #10: Netling, and receive and
deliver obligation reports through Cash and Share Transfers.

SELL  SELL BUY BUY
CUST BROKER BROKER CUST
A A <<< >>> B B
Obligations Obligations
(7) [ CLEARING )
ICORPORATION
Transfer (8) (Netting) (8) Transfer

(debit) Shares >>>
(credit) Cash <<< (10)

>>> Shares (credit)
<<< Cash (9) (debi)

in a trade are required to submit trade re-
ports to the NSCC by midnight on the
day of the trade (T). In the early morning
hours of T+1, the NSCC "compares" all submitted trades
"sides." Each trade has two sides, a buyer side and a sell-
er side. The comparison procedure establishes matches
between submitted sides. If a trader submits the details
of a purchase of 5000 shares at $40 from a broker with
badge number 123-789, there needs to be an offsetting
entry to sell 5000 shares at $40 from the broker with
badge number 123-789. Once a match is made the
obligations of the original counterparties are to the
NSCC, rather than to each other. The seller delivers or
transfers securities into an NSCC account at the
depository, and teceives payment from the NSCC. By
backing trades only once they have compared, NSCC has
a zero net position in funds and in shares; i.c. the funds
receivable by the clearinghouse are exactly equal to its
funds payable, and their securities deliverable equals
their securities receivable. By standing between the ulti-
mate buyer and seller, the NSCC eliminates "counterpa-
rty risk" in the market, or the chance of losses caused by
one party to a trade defaulting on its obligations.
Uncompared trades are sent back to the original
marketplace on T+1 for resolution by the trading parties.
Securities firms' Purchase and Sales (P&S) departments
receive contract sheets from the clearinghouse with com-
pared and uncompared transactions listed. To resolve
uncompareds, trading tickets and records are often ex-
amined to find the source of any error. Compared trades
that were only "suggested" by the NSCC's matching pro-
gram (because one or more of their fields may have dif-
fered), may be rejected and reversed. Only if trading
parties can correct the discrepancy and resubmit the




details for a matching by the end of the third day after the
trade (T+3) will the settlement occur in its original place
on T+5. The NSCC nets all securities and funds due it
on settlement day, and during the night of T+4 instructs
the DTC to transfer ownership of the traded securities.
The transfer is made provisionally on the morning of
T+5. If the securities are not in the selling firm's DTC
account, it has until 1:30 p.m. on T+5 to supply them to
the DTC. At 3:00 p.m., the NSCC notifies each counter-
party of its net funds liability. Once members with debit
funds positions make payment, their incoming securities
transfers (credits) are final. This payment must be made
by 7:00 p.m. on T+5, and is via a clearing bank check or
wire transfers into NSCC accounts.

Clearinghouse messages and systems. To compare
trades in a particular financial instrument (listed stocks,
over-the-counter stocks, bonds, etc.), one message per
trade side is electronically submitted to the NSCC. The
NSCC puts submitted trade reports into its Continuous
Net Settlement (CNS) system, a comparison system that
runs as a batch process in the early hours of T+1. The
comparison algorithm secks to match trades by finding
submitted reports from a buyer and a seller for the same
security reporting the same prices and number of shares
traded. The results of the comparison for each input are
transmitted back to the securities firms as output.

The Trade Detail Input and Corrections message re-
ports one side's account of the trade. The record consists
of two 80-column rows comprising 15 fields. The princi-
pal elements (not complete) of the record structure are in-
dicated in Figure 4.

The Trade Output and Adjustment message is three
132-column records that describe the results of the com-
parison. The output consists of 15 fields. Its main fea-
tures are the NSCC-assigned control number (a unique
identifier for each trade), and a trade status code report-
ing whether the trade compared or not. If there was an
exact comparison between the trade details submitted by
the buyer and the seller, the status codes are "Al", "S1%,
or "P1". If the match is inexact, there are 16 other codes
indicating the disparity. The reasons for an inexact
match include reported badge numbers that differ from
the actual, and differences in the reported times of trade
execution. There are 3 codes for uncompared trades:
"Ul", "U2", and "SA". The principal elements of the
message structure are shown in Figure 5.

Although NSCC operations use computer-to-
computer links, the participant brokerage houses do not
have any knowledge of the relationship between the
qualifiers in the output report. Thus, an uncompared
trade requires manual exceptions processing, and perhaps
telephone calls to other brokerage firms. Enhancements
to the message representation will enable the firms to

better identify the causes of a mismatch by developing in-
terpretation rules to correct it automatically.

Pressures for enhancements. Two environmental
factors call for enhanced, and more flexible clearing op-
erations.

1) Economic and regulatory pressures are growing
for the standardization of data and procedures to elimi-
nate or greatly reduce national differences.

2) Communications and the technology of the back-
office are becoming commaodities but inflexible messag-
ing limits integration across shared networks, and non-
proprietary systems from multiple vendors.

In the Market Reform Act of 1990, the U.S. Congress
directed the Securities and Exchange Commission to "fa-
cilitate the establishment of linked or coordinated facili-
ties for clearance and settlement of transactions in
securities.”

Given the external pressures, current clearing sys-
tems will be hard pressed to accommodate the necessary
changes. Substantial improvement, we argue, will come
from a better message representation. We envision more
expressive messages being transmitted back and forth be-
tween the firms and the clearinghouse, and brokerage
firms' implementation of rule-based policies that offer
greater opportunities for computer-computer reconcile-
ment of problem trades. Uncompared trades and inexact
matches will still be handled by each firm's idiosyncratic
methods.

3. Recursively-defined Settlement Messages

As electronic business communications grow, re-
searchers are seeking better methods for expressing inter-
organizational communications (Kimbrough and Moore,
1992). A goal of inter-organizational communications is
to represent messages symbolically so that they can be in-
terpreted electronically. Once received, a well-designed
representation will enable the receiver to access its mean-
ing and act on it, with little or no human intervention.
Logical inferencing and defeasible reasoning can be ap-
plied in order to initiate and complete tasks based on the
transmitted information. We adapt the notation of Kim-
brough and Moore (1993) to the securities trading
domain:

Oplwho,what) where who is the double consisting

of the executing broker and the contraparty to
the trade identified by their firm and their
badge number [eg. whol(merrill,

badge_no),(pru_bache badge_no))], and what
is a description of the transaction.

The operators relevant to securities trading include
(but are not limited to) the following predicates:



Figure 4: The Trade Detail Input and Corrections Report

FIELD NAME z : OMMENTS
BUY/SELL IND. 1 3 2=BUY, 4=SELL
T+1 REGULAR WAY 1 4 4 N | 1=T+REGULAR WAY

D=DELETE OF ORIGINAL T+1 INPUT
BROKER NUMBER 4 6 9 N | MAJOR BROKER NUMBER (NO SYMBOL)
EXEC BADGE 4 10 13 | AN | EXECUTING BADGE NUMBER
CONTRA EXEC BADGE 4 18 21 | AN | CONTRA EXECUTING BROKER BADGE
TRADE DATE 6 22 27 N | MMDDYY)
CUSIP NUMBER 9 28 36 | AN
EXCHANGE IND. 1 39 39 N | 0=NYSE, 1=AMEX, 2=0TC, 3=OTHER
QUANTITY 8 40 47 N | (99,999,999)
CONTRACT AMOUNT 12 48 59 N | (9,999,999,999.99)
TIME OF EXECUTION 4 63 66 N | HHMM (MILITARY TIME)

Figure 5: The Trade Output and Adjustment Record Format

BUY/SELL IND. 1 1 1 2=BUY, 4=SELL

AN

IACCEPT/REJECT 1 2 2 AN 0=ACCEPTED, 1= INVALID BUY/SELL OR

IND. ACTIVITY CODE, 2= INVALID TRADE
DATE, 3= INVALID CUSIP NUMBER, 4=
INVALID QUANTITY OR CONTRACT
AMOUNT, 5= INVALID TRANSACTION
TYPE, 6= INVALID DELETE, 8=
MULTIPLE ERRORS

ICONTROL NO. 10 85 94 A/N CONTROL NUMBER

TRADE STATUS 2 95 96 AN Al= EXACT MATCH USING BADGES

ICODE AND TIME A2= EXACT MATCH USING

BADGES AND DISREGARDING TIME
A3= EXACT MATCH USING ONE SET OF
BADGES AND TIME Ad= EXACT MATCH
USING ONE SET OF BADGES AND
DISREGARDING TIME A5= EXACT
MATCH USING TIME DISREGARDING
BADGES §1-55= PIECES SUMMARIZED
MATCH USING A1-A5 CRITERIA P1-P5=
MATCH USING PIECES AUDIT TRAIL
CRITERIA: M1-M4 U1= UNCOMPARED
AS SUBMITTED U2= UNCOMPARED AS
A RESULT OF SUMMARIZATION SA=
SUBMITTED ADVISORY AGAINST YOU




Op € (submitted,compared,confirmed, deleted, af-
firmed, obligated, delivered, received)

These operators apply to transactions, which are de-
fined by the following descriptors: security, date,
rate,value, quantity, price. These descriptors consist of
a number of arguents, and can be of arbitrary length.
Thus, new instruments can be incorporated by adding
additional arguments. The security traded and its de-
scription is represented with four arguments by:
security(certificate_no, when_issued, country, ex-
change). For a U.S. security the certificate number will
be its CUSIP code. A trade date and time is associated
with each trade: date(trade,time_of_exec)  We show
later that using rules, the settlement date can be inferred
from the trade date and the status of the trade compari-
son. Rates are the proportional values that apply to a
transaction: rate(currency,tax,commission) The cur-
rency is the money to be used to settle the trade. The
commission and tax are applied to the contract value of
the trade. Values are the amounts that apply to the trans-
action, and their description is represented with four ar-
guments by: value(contract_amount, accrued_interest,
commission_amount, tax_amount), Quantities are
usually the number of shares, but with a qualifier can be
expressed as units or lots. Quantities to buy or bought
are positive, and quantities to sell are negative:
quantity(Y) where Y € (shares,units,lots). Price are
indicative, or firm, or contractual:  price(Y) where Ye
(indicative, quoted, executed). Many of these could be
entered at a trading desk, using a real-time deal capture
system. Although some are mandatory, not all qualifiers
need to be specified.

Example. A standard trade message could be:

submit(((merrill, 1234), (pru_bache,7890)),
security(cusip(869267BN3),reg_way ,us,nyse),
date(930621,150333),
rate(usd,0.0015,0),
value(426250.00, 0, Commission_amount, Tax_amount),
quantity(shares(5000)),
price{executed(85.25))).

This depicts a purchase of Allied-Signal (CUSIP No.
869267BN3) by Merrill Lynch broker #1234 of 5,000
shares for $426,250, or $85.25 per share, from Pru-Bache
broker #7890 at 3:03:33 p.m. on 21 June 1993. (This
message contains propositional content, and for present
purposes, and without loss of generality, we are neglect-
ing the speech-act aspects of these messages.) At the
time of submission, the transaction is provisional. It be-
comes contractual or obligatory when it is successfully
compared with a contraparty trade report. The trade is
settled when ownership and payment have transferred.

We envision three capabilities of an industry-wide
formal language for trade clearing and settlement: (1)
generation of informative messages from the clearing-
house identifying problem trades, (2) broker-initiated
messages that will be sent to the clearinghouse and other
brokers to resolve problems, and (3) application of de-
feasible reasoning to the messages a firm receives in or-
der to understand its financial exposure, and to take
actions such as deleting a transaction from a database of
trades. We focus on the first capability in this paper, and
refer later to the benefits from the other two.

Rules: Once submitted, a transaction has a control
number, X, assigned to it. The system increments X
once after each arrival. We assign a unique control num-
ber that follows from the prior transaction. (Note that we
use declarative, Prolog rules for expositional conve-
nience. The operations described could be in a procedural
language.)

submit(S,D,R,V,Q,P,X) «— submit(S,D,R,V,Q,P),
current_transaction(W), next_transaction(X,W).

Current_transaction is only satisfied by the most recently
processed trade report. The predicate, next_transaction
assigns to X the next control number following W.
Thereafter, every transaction can be identified by its con-
trol number: transaction(X) <« submit(__,_,___X).
A set of rules contained in a knowledge base determines
the result of the comparison process for each transaction.
Two transactions, X and Y compare exactly if their sub-
mission reports indicate they are for the same security
(8), traded the same day and time (D), using the same
currency (R), for the same contract amount and accrued
interest (\), and their quantities (Q) and prices @)
match. Note that the signs of quantity traded are re-
versed to ensure that one and only one party reported it-
self to be the buyer (positive quantity), and one and only
one party reported itself to be the seller (negative quanti-
ty). An exact match is an "Al" code in the current com-
parison output.

compared(X,Y) €—
submit(((Us,Us_badge),(Contra_firm,C_badge)),
security(S1,52,53,54), date(D1,D2), rate{R1,_,_),
value(V1,V2,_,), quantity(shares(Q)),
price{executed(P)), X,
submit((Contra_firm,C_badge),
(Us,Us_badge)),security(51,52,53,54),
date(D1,02), rate(R1,_,_), value(V1,v2,__),
quantity(shares(-Q)) price{executed(P)),Y).

Any transaction, X, is compared if it compared with any
other transaction, but only one other transaction.



compared(X) €— compared(X,Y),
not{compared(X,2)), not(X=2).

Defeasibility. The submission of trade details does
not necessarily lead to contracted trades. Inexact com-
parisons are possible, and can be reversed by the trading
parties. In fact, only 53 percent of the NYSE's compared
trades are exact matches: i.e., yields "Al", "P1", or "S1"
in the Comparison Code field in the NSCC output report.
The others match on the security, price, and size of the
trade, but have discrepancies in the reported badge num-
bers, or the time of the trade. In some cases, these inex-
act matches are invalid, and the two firms involved will
"reverse” the trade. In our representation, two trade re-
ports will match with different trade times if the follow-
ing rule is satisfied. This corresponds to an A2 match in
the existing NSCC output report. Notice here that the
two reported times are returned to the brokerage firms for
their auditing. There are about 9,000 A2 match reports
daily on the NYSE:

compared(X,Y,diff_time,TX,TY) 4— not{compared(X,Y)),
submit(((Us,Us_badge),C_firm,C_badge)),
security(S1,52,53,54) date(D1,TX), rate(R1,_,_),
value(V1,V2,_,_), quantity(shares(Q)),
price{executed(P)),X),
submit(((C_firm,C_badge),
(Us,Us_badge)),
security(S1,52,53,54),
date(D1,TY), rate(R1,_,_),
value(V1,V2,_,_),quantity(shares(-Q)),
price{executed(P)),Y).

Two trade reports that misidentify the contraparty,
but match on the time of the trade will match if the fol-
lowing rule is satisfied. This corresponds to an AS
match in the existing NSCC output report. About 8 per-
cent of the daily 130,000 comparison outputs on the
NYSE are A5 matches.

compared(X,Y,no_badges XB,YB) €—
not(compared(X,Y)),
submit(((Us,Us_badge),_, ),
security(51,52,53,54),date(D1,D2), rate(R1,_, ),
value(V1,V2,_, ), quantity(shares(Q)),
price{executed(P)),X),
submit(((C_firm,C_badge),(_,_)).
security(51,52,53,54),
date(D1,D2), rate(R1,_,),
value(V1,V2,_,), quantity(shares(-Q)),
price(executed(P)),Y).

With the additional expressiveness of a recursive
syntax, more comparison information can be supplied to

the brokerage firms. Using these rules, trades will either
have an exact comparison, an inexact comparison, or no
comparison. No comparison can be inferred:

uncompared(X) €— not{compared(X,_)),
not(compared(X,_,_,_,_)),
submit(_,_,date(Trade_date, ),_,_,_, X)),
now > Trade_date+1.

Also, in Prolog, we can list all of the reasons for an inex-
act comparison of the transaction with control number X:

why_inexact() €—
not(uncompared(X), compared(X,_A,__),
write(A), nl, fail.

This constitutes a major improvement over current prac-
tice, which only reports a code e.g., "P4" but no addi-
tional output for auditing possible (but unlikely)
erroneous matches. Using a self-defining syntax, trades
that have inexact comparisons (e.g. same price and quan-
tity, but different badges or times reported), will be re-
ported with the details of the discrepancies to enable the
brokerage firm to ensure that the trade really should be
compared, and passed through for settlement.

The current clearing and messaging system could
probably be enhanced to provided more output detail, and
to add many of the capabilities described. Such modifi-
cations would be difficult, and would require major
changes to message formats, and large-scale alterations
to the structure of brokerage firms' software. The ap-
proach we describe, however, enables changes to be made
easily at the level of software modules, and at low cost.
The example programs illustrate the simplicity of captur-
ing and returning valuable information to the trading
parties. As new rules and conditions are conceived, they
can be implemented easily.

Rules can also express time, obligations, and the de-
feasibility of interim assumptions. Transactions that are
obligatory or contracted can be reflected in the firm's fi-
nancial reports.

Time. A transaction may be either provisional, con-
tractual, or settled depending on the time it was sub-
mitted, and its status in the clearing process. The system
clock-calendar increments 1 for each weekday that the
market is open. For a compared trade, the settlement
date is five days after the trade date.

settlement(X,Settle_date) €—compared(X),

submit(_,not(security(_when_issued,_,_)),
date(Settle_date-5, ),_,_,_,_X.
Thus, Settle_date for the transaction with control num-
ber X will be designated the trade date plus five, if the
transaction compared.



Contingent on external variables such as time, rules
will perform defeasible reasoning on the messages a trad-
ing firm receives from other firms and the clearinghouse.
Rules of obligation and defeasibility will provide infer-
encing capabilities within firms' clearing systems.

Reasoning on messages. Three operators can be de-
fined to apply to trading messages that a firm receives.
The first is obligation: 0¢ means it is obligatory that ¢.
Povisionally (or defeasibly) ¢ is . When conflicts oc-
cur, any fact can be undermined U. Transactions are
provisional until they are successfully compared, at
which time they become obligatory. "Now" is the current
value of the system clock-calendar, and by convention
will increment 1 for each day.

Pliransaction(X)) €— not{{compared(X),

now > Trade_date+1,

submit(_,_,date(Trade_date, ),_,_,_, ,X).

Oftransaction(X)) €— compared(X),

now < Trade_date+5.
‘We envision brokerage firms implementing systems that
maintain default hierarchies of rules to handle conflicting
obligations. (See Kimbrough and Moore (1993) for a
discussion of conflicting obligation.)

Currently, submitted trade reports that differ on the
price or security ID (CUSIP) or quantity of a trade do not
compare, and are reported only as uncompared without
indications of any identifiable causes for the mismatch.
By providing additional information along with a trans-
action's uncompared output, brokerage firms can resolve
uncompared trades using defeasible rules.

price_mismatch(X,Y,PXPY) <
not(compared(X,Y)),
submit(((Us,Us_badge),
(Contra_firm,C_badge)),
security(51,52,53,54),
date(D1,D2), rate(R1,__),
value(V1,V2,_, ),
quantity(shares(Q)),
price(PX),X,
submit(((Contra_firm,C_badge),(Us,Us_badge)),
security(S1,52,53,54),
date{D1,D2), rate(R1,_,_),
value(V1,V2,__),
quantity(shares(-Q)),
price(PY),Y).

The predicate price_mismatch(e) reports the contra-
broker who submitted a near-matching trade with a price,
PY, that differed from the other reported price, PX. For
differences less than some fraction of a percent, broker-
age firms could agree to randomly select one of the sub-
mitted prices. Similarly, a quantity mismatch can be
defined, and presented to user firms along with a report
of the two different reported quantities. Minor quantity

differences could be resolved by "splitting the difference”
or alternating which quantity is used. More advanced
clearing networks could lead to cross-organizational rules
that access to other firms' messages. For instance, if a
firm's broker submits a trade report that matches an
machine-readable order of another firm, it indicates the
likely source of the problem is the other firm's submitted
trade report.

4. Discussion

Let us catalog our progress. We have reviewed the
securities trade settlement process, and found it to be
message-intensive, costly, and time-consuming. To ame-
liorate these problems, we have following suggestions in
the literature (e.g., Kimbrough and Moore, 1992 and
1993) proposed an application of an FLBC. In the pres-
ent context, this proposal has two main parts. First,
much greater reliance should be made on formalized,
computer-to-computer messaging, as opposed to non-
formal, person-to-person messaging (e.g., telephone
calls). The current system relies on formal messaging
only in part (see Figures 4 and 5), and could benefit by
extending formal messaging to communications between
a brokerage firm and its traders, and among brokerage
firms. Second, the FLBC to be used should be a
recursively-defined, open-ended language, similar to that
illustrated in the discussion above.

We have, in addition, offered examples of trade pro-
cessing messages, and how they could be used and inter-
preted. More examples could be given, but space is
limited and we believe the point has plausibly been made
that the FLBC approach can readily handle all of the
types of messages now used, plus offer the additional in-
formation for resolving problem trades. We now list, and
briefly discuss, the principal advantages of the general
approach we are advocating for handling securities trade
settlements.

Faster responses to uncompared trades will support
the transition from a 5-day to a 3-dav settlement cvcle.
As discussed above, if the settlement cycle is to be re-
duced from 5 to 3 days, then it is imperative that uncom-
pared trades be resolved much more quickly. Introducing
further formalization of the messaging process especially
among brokers attempting to resolve uncompared trades
is really the only practicable way to effect deeper comput-
erization and with it greater speed in this process. Fur-
ther, given that further formalization will occur, use of a
well-designed, general-purpose FLBC, as discussed here
and in (Kimbrough and Thornburg, 1989, and Kim-
brough and Moore, 1992, 1993), has much to recommend
it, as the following points will indicate.




The representation method is able to integrate new
information_and securities types without adding new
message formats or standards. The language structure
remains fixed, but is able to accommodate new vocabu-
lary terms and to express an unlimited number of mes-
sages. This allows the contents of the messages to adapt
to new business requirements. While the messages may
evolve, there is no undue disruption to the systems han-
dling them (see Kimbrough and Moore, 1992).

Problem trades may be more easily reconciled, be-
cause brokers can be provided with more useful details
from the clearinghouse comparison process. In addition
to the examples discussed in Section 3, we note that there
are good opportunities to provide additional information
to the brokers. For instance, a trade report that does not
compare can be returned with the badge numbers and
identities of other traders and brokers that had problem
trades in that security that day. These are likely contra-
party candidates for resolving uncompared trades, but are
not known to the firms handling trade exceptions.

Brokers will benefit from the ability to add their
own policies and rules to interpret and process clearing-
house messages. These rules can be used to handle some
messages automatically (perhaps using in-house transac-
tion processing data), to inform workers more thorough-
ly, and even to initiate and conduct machine-to-machine
dialog with other brokers.

Labor costs can be reduced, as fewer trades require
manual exceptions processing, and when human inter-
vention is required workers have more relevant informa-

tion easily available.
The status of trades can be tracked, leading to better

control over problem trades and financial exposure.
With more expressive messaging, provisional or qualified
trades (that may not eventually settle) can be highlighted
in management accounting reports. Compared trades
may be quickly identified and reported.

The system is upgradeable and robust to change.
The representation scheme described can be integrated
with other systems in the industry, including order rout-
ing and trading systems, and payment and funds transfer
networks. Message formalization and use of a robust
FLBC thus have positive externalities with other parts of
the business. Finally, we note that these advantages
considerable as they are in the present context are ob-
tainable in many other situations in commerce.

5. Prototype

A Settlement prototype was developed on a Macintosh II
CX using Claris HyperCard Version 2.1. In the proto-
type, there are four member firms (Merrill [MER], Gold-
man [GS], Salomon [SB], and Kidder [KP]) and a

clearinghouse. A test script was created of 36 sides (18
trades); with each of the member firms making errors of
various types in their submissions to the clearinghouse.
For example, any one or more of the following might be
in error in any given trade: the contra badge, or the trade
time, the price, the quantity, etc. In the script some firms
submitted imaginary trades (ones with no counterparty).

The sides are submitted to the clearinghouse, which or-
ders them by trade time. The compare routine runs
through the pooled sides, identifying the counterparty in
the event of perfect matches or matches with one or more
fields on the trade input record in disagreement. Its out-
put is a stream of compare and miscompare messages.
Our current work is on inter-firm automated communica-
tions to resolve miscompared trades - e.g., price miscom-
pares might be reconciled using inter-firm messages and
machine reasoning. Figure 6 highlights the message re-
ceived by Merrill (MER) after the clearinghouse com-
parison process.

6. Conclusions

A trade is an elaborate information event, which
triggers a number of instructions and messages. In the
absence of exceptions, the current message representa-
tions perform adequately. When exceptions occur be-
cause errors in the operations cycle lead to offsetting
messages or confirmations not being received the trad-
ing parties undertake a costly manual procedure. Parkin-
son et al. (1992) noted in a Federal Reserve Staff Study
that "Lack of coordination among clearing organizations
can heighten credit and liquidity risk, [and] clearing or-
ganizations may not have enough information to evaluate
the riskiness of a participant that is involved with other
clearing organizations." The points we have made are a
step toward improved coordination, and generalize nice-
ly. To see this, recall Figures 2 and 3. These figures lay
out a ten-step process for after-trade processing. Eight of
the steps involve inter-organizational communications.
The discussion so far, and the implementation, have fo-
cused largely on just one of these steps, Step 4, in which
the clearinghouse reports on the results of its efforts to
compare the trades of the previous day. We have argued
that, for Step 4, the benefits of an FLBC approach would
be substantial. If there is advantage in moving to an
FLBC in Step 4 — for which a fixed-field, record-passing
scheme is already in use — then there is potentially much
greater advantage in using an FLBC approach for those
inter-organizational messages that are not now computer-
ized at all, in particular, the broker-to-broker messages
reconciling uncompared trades.

The underlying logical structure of the Step 4 mes-
sages is really quite simple; the clearinghouse reports



that it does or does not have com-
pared trades. In terms of speech

Figure 6: Prototype Screen

act theory, the clearinghouse is

merely making a series of interest-
ing assertions, which the broker-

age houses pay close attention to.
Responding to these messages,

however, is a complicated matter,
calling for messages between bro-
kerage houses. These messages,
whether or not supported by for-
malization, are logically complex.
In addition to other speech acts,
brokers will make assertions (e.g.,
"We think we traded with your
firm on this date”), ask questions
(e.g., "Do you have anything that
might match our uncompared
trade?"), and offer proposals (e.g.,
"Since we differ only in price, and
it's small, let's split the differ-

ence"). The current record pass-
ing scheme cannot hope to handle
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this complexity. An FLBC ap-

proach is virtually required if we

are to bring automatation to these communications.

Just as there is a distinction between clearinghouse mes-
sages and messages between brokers, so there is a dis-
tinction of import between messages, which
communicate meaning, and the reasoning that must be
done about the messages. When the messages are for-
malized, it is possible to implement machine-based rea-
soning about them. This reasoning, moreover, is possible
when an FLBC approach is taken. With a recursively-
defined language, it is easier and more natural to write
general rules for handling messages — e.g., involving
reasoning with time, defeasibility, and obligation. The
details of this point are beyond the scope of this paper.
The case we have made for the clearinghouse component
of the problem is a necessary first step to exploiting the
full value of an FLBC approach to the overall trade pro-
cessing problem.
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